ASSIGNMENT SHEET #12 -ELECTRO - ANSWERS

4
ai) 1.5 ¢ zn [ 20920 _ 6 6229 mole Zn 0251 [LLIMOICAT | _ ) 1575 mole Ag’
65.4g L
2moleAd

0.0229 mole Zn
ImoleZn

) =0.0458 mole Ag" needed to react with all the Zn

! Ag" = Limiting factor

1moleZn

aii.) 0.0275 mole Ag" ( ) =0.0138 mole Zn reacted = moles Zn"* produced

2moleAg”

"0.0138mole?

I [Zn™]= =0.055M
0= 5L &

b) EoredAg+ + Eooxid Zn — Eocen 1 080V + 076 V =156V

c.) " G®=-nFE’.; = - (2 mole €) (96,500 J/V-mole €") (0.46 V) =- 88,780 J

Cu+2
d) Ecell = Eocell - (E) In Q where Q = [ l
nF [Ag*]
(8'314moli— K)(ZQSK) 0.045
' Ecen =046V - n — =046 V- 00784 V= 0382V

2
(2moless )| 96500 (0.01)
V —molee

e.) Yes, because Ece; >0 .

10

d.) solution 3 (with MnO, ™)

Why? Mn04'1 is highest on the E°.quction table. The oxidation # of Mn in MnO4’1 is 7, therefore it is
good at gaining electrons. Therefore, MnO,' is good at causing other things to lose electrons.
Chlorine (Cl,) is the product.
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a.) Redox. Look at the E°.quction table; any substance listed higher than I,

13

ai) Zng # Zn” +2¢

ii.)  Zng + Co™ # Zn"™ + Co

iii.)  E’en = E’edcorz + E’oxiazn = -.028V + 0.76 V = 0.48 V
bi) "G® = -nFE° = -(2)(96,500) (0.55 V) =- 106,150 J

(Why is n =2? In the reaction: H,O, # O, + 2 e, the oxidation # of oxygen goes from -1 to 0. In
the reaction: H,O, + 2e” # 2 H,0, the oxidation # of oxygen goes from -1 to -2 .)

AG®  -106,150J

ii.) "G® = -RT InK | InK = = = 4.05x 10"
-RT  —(8.314)(298)
0o RT Eocell OSSV 18
OR...E%q= —mhK | InK= = = 4.05x 10
T "TRT (8.314)(298) X
nF AT
(2)(96,500)
iii.) O, +4H +4¢ # 2H0 E%q = 123V
+2H,0, # 0, + 2H + 2¢) + E%ia= XV
2H,0, # O, + 2H,0 E’en= 055V

Solving for E°yq, we get-0.68 V ! E°. = 0.68V

" o oy ( % 204 0
¢) | hour d_3600s,dq100C0ulé91 molee .d‘lmoleCu( iy 63.55g+2 v o 118.5 grams Cu
# o & s 6,500C0ul<§2 molese ﬁlmoleCu 8

If that seems like a lot, you can check yourself by calculating the initial mass of Cu'? available:

+2
5L (2moleCu )( 63.55¢

i T—— +2) = 635.5 grams of Cu+2 originally. That works!
moleCu
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a.) anode = Zn||Zn+2 cell where the reaction is: Zn(s)# Zn™> + 2¢
b) Zl’l(s) + Ni+2 # Zl’l+2 + Ni(s)

Eorxn = EoredNi+2 + EooxidZn =-025V + 076 V =051V

. . RT [2n?]
c.) Given that Ecey = E'cey - — In Q, where Q = ye)
nF [Ni ]
1.0M
Since Q = —— =10, In Q = (+) value.
Q 0.1M Q=)
Using the above equation, you ultimately subtract from E°. in order to solve for Ecer ! Ecent < E’celt

OR ... thinking in terms of Le Chatelier, if [Ni+2] decreases, the reaction shifts left (favors the reverse
reaction) to compensate, causing voltage to decrease.

d.) Given " G° = - nFE’, since E°en = (+),"G=(-)! K¢ >1 Note: only true for a redox rxn!

OR ... given that at equilibrium, E°.¢; = R—; In K, since E%j = (1), Keg > 1 .
n
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a.) mass2molesC x 100 = 228+ 100 = 15.9%
molar mass BeC,0, "3H,0 151g

# " &
o%moleBeC204 3H20( = 0.0213 moles of the hydrate
$ 151g

bi.) 3.21 g BeC,0,"3H,0

You lose 3 moles of H,O for each mole of hydrate, therefore:

3 moles H,0

0.0213 moles hydrate
1 mole hydrate

) =0.0638 moles H,O

n 0
0.0638 moles H,O %]1%,; — 1.15 grams H,0
oLe

I' mass of BeC,04 = 3.21 grams — 1.15 grams = 2.06 grams

NRT _ (0.0638n01)(0.082)(220+ 273

i1.) Given PV =nRT, V = 735mmHg = 2.67L
760mmHg
Katm
ci). H + 2MnO," + 5 # 2Mn” + 10CO, + 8 H,0 C,047 is the reducing agent
ii.) 17.80 mL =0.0178 L (w) =0.000267 mole MnO,"

# EY:
| 0.000267 mole MnO;" 9oM1eSE: ' 000668 moles C,0,
$2molesMnQ

0.000668moleC,0,” _ 0.00334noleCO,™
20mL portion 100mL solution

iii.)

n ()/
iv.) 0.00334 mole BeC,04 iL =0.324 gram BeC,0,4
moleBeCO, &

0.324g BeC,0,
0.345g sample

! x 100 =94%
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a) 2Ag" + Cdey # 2Ags + Cd”
Eocen = EoredAg+ + Eooxid(jd =080V + 040V =120V
b.) Anions (-) flow to the Cd||Cd+2 half-cell to neutralize the newly-produced Cd** ions.

c.) Think in terms of Le Chatelier: if the [Ag'] increases, the forward reaction will be favored,
therefore causing an increase in voltage.

+2
OR ... since Ecey = Bl - ﬂ In Q, where Q = [—l , the new Q = ﬂ which means that the
nF [ Ag*] >1M

new In Q is a negative number. Therefore, using the equation, you will add to E°.

d.) You will form AgCl precipitate, therefore the [Ag'] decreases, therefore the E.q; decreases
(according to the equation in part ¢ above).

e.) Ecenn = E’cenn - RT In m

nF [ Ag* ]2
Therefore, you subract from E°.y;, making the voltage decrease.

Since [Ag '] is squared, the ratio of the ions does not equal one.
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a.) The anode is where oxidation occurs, therefore C1" will be forced to oxidize, forming Cl, gas.

3600s)/0.250Coul\[ 1moles
b.) 2 hours
hour S 96,500Coul

) = (0.0187 mole of electrons delivered

0.521 gram Fe lmoleFe
55.85¢

) =0.0093 mole Fe were produced

Since we used 0.0187 mole electrons per 0.00933 mole Fe, we delivered 2 electrons per Fe. Therefore,
the iron ion must have been Fe+2, and the material was FeCl,.
c.) FeClz(aq) # Feg) + Clz(g)

d.) moles of CI, produced = moles of Fe produced (according to the equation in part ¢ above).

nRT _ (0.0093%101)(0.0823(

25427
Since PV = nRT, V = % = +213 _ (23 LofcCl, gas

750mmHg
760mmHg
latm

) = 0.423 mole CI, produced per hour

ImoleCl,

e.) 3 grams Cl
)3¢g z( 71g

3600s|( X Coul\ 1molee” | 1moleCl,
so, 1 hour

=(0.0423 mole Cl,
1hour S 96,500 Coul)\ 2moles

I' X Coul =2.27

I the current = 2.27 amps
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. RT
a.) E%en = (+) due to the large K¢q since E’cey = vy nK.
n

OR ... Think that if K¢ = HUGE, " G°=(-) ! E°.n=(+) since " G°=- nFE’ .

b.) MgJr2 1s the oxidizing agent since it undergoes reduction.

+2
. RT .
c.) Given E¢ey = E%cent - o In Q, where Q = [[ ] as temperature increases, you subtract a larger

n Mg+2] ’
number from E°.j;. Therefore, E.; decreases.
Another perspective: The reaction is faster at a higher temp, therefore it goes to completion faster.
But, if the reaction is exothermic, increasing the temp will decrease the K (think Le Chatelier).
Therefore, increasing the temp and decreasing the K., may offset one another.

d.) Given the equation in part ¢ above, if Q = ?Ol—m =0.1,thenIn Q= (-)

I you add to the standard cell potential (E°y;), and the voltage increases.

e.) Eceu =0

67

¢.) Zn will be plated with Cu due to the E°q of Cu relative to the E°u;q of Zn; the E°, >0 .
Ag will remain unchanged because E°, between Ag and Cu”isa negative value.



