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Spectrochemical series

I'<Br <CI' <F <H,0 <NHj; <en<NO, (N-bonded) <CN <CO

Solubility Tables:

Water soluble compounds contain: ' Exceptions:

Acetate None

Nitrate None

Iodide, Bromide, and Chloride Compounds of Ag', Hg,”', and Pb*"

Sulfate Compounds of S, Ba2+,Hg22f, and Pb”"

Water insoluble compounds contain: Exceptions:
Sulfide, Hydroxide Compounds of the alkali metal cations,
‘ Ca®*, Sr**, Ba®*, and NH,"
Carbonate, Phosphate Compounds of the alka1+i metal cations, and
NH,4

Useful equations:
K.=[H'][OH] (K = 1.00x10™* at 25°C), K.Kts=Ky,
pX =-log [X], [X] =107, log(xy) = log x + log y
S=kzglnW, AG=AH-TAS, AG=AG +RTInQ, AG=-RTInK

0.0592V
E'cen=Eed (cathOde) —E eq (anOde), AG=-nFEcy, Ecen=Ecai—

Na =6.022 x 102, R =8.314 J/mol’K = 0.08206 L-atm/mol-K
c=2998x10°m/s, h=6.626x10*J-s, 1e =1.60x107°C
1V=1J/1C, 1W=1J/1s, 1kW-h=3.6x10°J
F=96,485 J/V-mol = 96,486 C/mol ¢
tin = 0.693/k (first order), In[A];— In[A], = —k¢ (first order)
InK =—AH’/R(I/T) + C

logQ



Table of solubility product constants at 25°C

Substance Ksp Substance Ksp
-13
AgBr 5.4x1o_10 FeCO, 3.1x10™
AgCl 1.8)(10—17 Fe(OH)Z 4.9)(10—17
ﬁglco g-ixig_u Fe(OH)s 2.6x10—::
AX . —
Aﬁiu&, 1.1x107? Fes” 1'6X10_7
Ag3P04 8.9X10_17 Hg2504 6.5X10
Ag,S* 6.7x107° Mg(OH), 1.8x10™
Ag,S0,4 1.2x107° MnS* 3.0x10°4
Al(OH); 1.8x107% NiCO; 1.4x1077
AIPO, 9.8x107% Ni(OH), 2.8x107%
BaCO; 2.6x107° NiS* 1.1x107
Ba§r04 i.;xigj PbBr, 6.3x10'§
BaF, -8x PbCl, 1.7x10°
Bas(POy), 1.3x107% Pbl, : 9.8x10™°
BasO, 1.1x107° PbCO; 1.5x107"
Bi(OH), 3.2x107% PbCro, 1.8x107™
BiPO, 1.3x107% Pb(OH), 1.4x107%°
Bi,S3* 1.8x107° ‘ Pbs* 9.0x107
-8
CaCO3 ‘ 5-0)(10—9 Pb504 1.8)(10
CaF, 1.5x10™° Sb,S3* 1.6x10™
Ca(OH), 5.0x10°° SnS* 1.0x10°%
y —33
(c::;(goa)z i'i:ig_s ZnCo, 1.2x107%°
¢ T Zn(OH), 3.0x107*°
Cd(OH), 2.5x10 Zn3(PO,), 9.1x107®
CoCO; 8.0x10° 8 ZnS* 2.9x107%
Co(OH), 1.1x107"
Co3(PO,), 2.1x107% *For the reaction: M,S,, (s) + m H,0 (1)
CoS* 4.0x107% “=—" nM™ +m SH (ag) + m OH™ (aq)
Cr(OH); 3.0x107%
Crs(PO,), 2.4x107%
CuCO; 2.5x107%°
Cu(OH), 2.2x107%°
Cus(PO,), 1.4x107¥
CuS* 1.3x107%

Violet 400-430 nm
Blue 430-490 nm
Green 490-560 nm
Yellow 560-580 nm
Orange 580-650 nm
Red 650-750 nm

CopppaE 0 Poess Pranica vak .



APPENDIX

P

Standard Reduction
Potentials at 25 °C

Half-Reaction E°(V) Half-Reaction E°(V)
Agtag) + e — Ag(s) +0.799 2HO() + 2" — Hy(g) + 2 OH (ag) -0.83
AgBr(s) + e —> Ag(s) + Br(aq) +0.095 HO; (ag) + HyO(l) + 2™ — 30H" (ag) +0.88
AgCl(s) + e — Ag(s) + Cl(ag) +0.222 HyO5(aq) + 2H*(aq) + 2¢™ —> 2 H,O0) +1.776
Ag(CN); (ag) + e — Ag(s) + 2CN (ag) -0.31 Hg22+(aq) +2e” — 2Hg() +0.789
AgCrOq(s) +2e” — 2 Ag(s) + CrO4*(ag) +0.446 2Hg*(ag) + 2¢” —> Hgy?*(ag) +0.920
Agl(s) + e — Ag(s) + I (ag) —-0.151 Hg2+(aq) +2e” — Hg()) +0.854
Ag(Sgog)ZB‘(aq) +e — Ag(s) +2 82032_(aq) +0.01 Is) + 27— 2 I (aq) +0.536
AP*(ag) + 3™ — Al(s) -1.66 21057(aq) + 12H*(ag) + 10~ —>
H3AsO4(aq) + 2H*(ag) + 2~ — Ix(s) + 6 HO(l) +1.195

H3As03(ag) + H,O(l) +0.559 K'(ag) + e — K(s) —2.925
Ba**(aq) + 2~ — Ba(s) -2.90 Li*(ag) + e~ — Li(s) —3.05
BiO™(ag) + 2 H*(ag) + 3 e~ — Bi(s) + HyO()) +0.32 Mg?*(ag) + 2™ —> Mg(s) -2.37
Bry()) + 2e” — 2 Br(ag) +1.065 Mn**(ag) + 2™ —— Mn(s) -1.18
2BrOs;™(aq) + 12H*(ag) + 10e~ —> MnOy(s) + 4H*(aq) + 2™ —>

Bry(l) + 6 HO() , +1.52 Mn**(ag) + 2 HyO() " 4+1.23
2COyg) + 2H*(ag) + 2¢” —> HyCy04(aq) —0.49 MnO, (ag) + 8 H*(ag) + 5 —>
Ca®*(ag) + 2™ — Ca(s) -2.87 Mn**(aq) + 4 H,0() +1.51
Cd**(ag) + 2™ — Cd(s) —0.403 MnO4 (aq) + 2H,O() + 3¢~ — .
Ce4+(aq) +e —> Ce3+(aq) +1.61 MnO,(s) + 4 OH (aq) +0.59
Cly(g) + 2™ —> 2Cl7(ag) +1359  HNOyag) + H'ag) + & —> NO(g) + H,O) 4100
2HCIO(aq) + 2 H*(ag) + 2™ —> ‘ Na(g) +v4 H,O0) + 4e™ — 4OH (aq) + N,Hy(ag) —1.16

Cly(g) + 2 H,0()) +1.63 Nag) + 5H'(ag) + 4™ —> N,Hs*(ag) -0.23
ClO™(ag) + HpO() + 2 €™ — Cl(ag) + 2 OH (ag) +0.89 NO;™(ag) + 4 H'(ag) + 3e™ — NO(g) + 2H,0() +0.96
2CIO5 (ag) + 12H*(ag) + 10~ — Na*(ag) + e~ — Na(s) -271

Clx(g) + 6 H,O() +1.47 Ni**(ag) + 2 e~ — Ni(s) —0.28
Co*(ag) + 2€™ — Co(s) -0.277 0,(8) + 4H'(ag) + 4e~ — 2 H,0()) +1.23
Co®*(ag) + e~ —> Co%*(ag) +1.842 O2(8) + 2H0() + 4™ — 4 OH (aq) +0.40
Cr3+(aq) +3e” — Cr(s) —0.74 Oax(g) + 2H"(ag) + 2™ —> H,04(ag) +0.68
Cr**ag) + e —> Cr**(ag) -0.41 Os(8) + 2H"(ag) + 2e” — Oy(g) + H,O(l) +2.07
CrO;* (ag) + 14H*(ag) + 6™ —> Pb**(ag) + 2 €™ — Pby(s) -0.126
. 2Cr*(ag) + 7H,0() +1.33 PbO,(s) + HSO4 (aq) + 3 H'(ag) + 2~ —>
CrO4% (ag) + 4 HO(l) + 3¢~ —> PbSO4(s) + 2 HyO(J) +1.685

Cr(OH)s(s) + 5 OH (ag) —0.13 PbSOy(s) + H*(aq) + 2e™ — Pb(s) + HSO4 (aq) —0.356
Cu’*(aq) + 2&~ — Cu(s) +0.337 PtCly* (aq) + 2 €™ — Pi(s) + 4 Cl (aq) +0.73
Cu**(ag) + e~ — Cu*(ag) +0I53 S(s) + 2HY(ag) + 26 —> H,S(g) +0.141
Cu'(ag) + e —> Cu(s) +0.521 H3805(aq) + 4H'(ag) + 4™ —> S(s) + 3 H,O(0) +045
Cul(s) + €™ — Cu(s) + I(ag) —0.185 HSO4 (aq) + 3H*(ag) + 2™ —>
Fy(g) +2e” — 2F (ag) o _+287 H,505(ag) + HyO(l) +0.17
Fe®(ag) + 26 — Fe(s) o —0440  Sn™'(ag+2e” —> Sn(s) (136
Fe’*(ag) + ¢ — Fe?*(ag) +0.771 Sn*(aq) + 2™ — SnEg————u 10154
Fe(CN)>(ag) + e —> Fe(CN)s*(ag) +0.36 VO;*(aq) + 2H(ag) + e~ —> VO*(ag) + HyO(l) +1.00
2H"(ag) + 2¢” —> Hy(g) 0.000 Zn2+(uq) +2e” — Zn(s) —0.763

1117




Equilibrium constants for of complex-ion formation reactions. Cations that form complex

ions with OH™ and NHj are given for: Ag, Al, Bi, Co, Cr, Cu, Fe, Ni, Zn.

Formation reaction K
Ag +2 Cl” =— AgCl,” 1.8x10°
Ag +2NH; = Ag(NH3), 1.6x10’
Pb”" + 3 CI” =— PbCls” 2.4x10'
Co”" + 6 NH; = Co(NH3)s"" 5.0x10*
~ Co”" 4+ 6 NH; =— Co(NH3)s" 4.6x10>
Cr' + 6 NH; «—~ Cr(NH3)s"' 5.8x10°
Cu”’ + 4 NH; ~—> Cu(NH3);"" 1.1x10"
Ni’" + 6 NH; = Ni(NH3)¢" 2.0x10°
Zn” + 4 NH; =~ Zn(NH3),"" 7.8x10°
Cu”" +4 OH =—~ Cu(OH)s~ 1.3x10™
Zn"' + 4 OH == Zn(OH);" 4.6x10"
Pb”" +3 OH == Pb(OH);" 3.8 x10™
Al'"+ 4 OH «—~ Al(OH)4” 7.7x10%
Cr'+4OH ——= Cr(OH)s; 8x10”
hydrogen helium
1 2
H He
1.0079 4.0026
lithium berytlium boron earbon nitrogen oxygen fluorine neon
3 4 5 6 7 8 9 10
Li | Be B|C|N|O| F|Ne
6941 90122 10811 12.011 14.007 15.999 18.998 20.180
sodium magnesium aluminium silicon phosphorus sulfur chiorine argon
1" 12 13 14 15 16 17 18
Na|M Al | Si| P | S |Cl|Ar
22.9% 24@% _ _ _ _ _ _ 26,982 2336 30.974 22.065 35453 30.948
P | 20 | M | | T || 2 | 2 |z | B | % | w |Tm| w || s | e
K | Ca Sc|Ti|V|Cr|Mn|{Fe|Co|Ni|Cu|[{Zn|Ga|Ge|As | Se | Br| Kr
33{3% :o.o':]s ;4"3‘56 47.867 5&9_42 51.99% 54.938 55,845 ;%9_33 5&93 635:«6 caads.qg tia"%m 7%51 ;1;.922 : 7;;.96 7&904 g.:o
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb| Sr Y |Zr |[Nb(Mo|Tc |Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|Te| | | Xe
85.468 87:82 £8.906 91.224 92.906 95.94 (8] 101.07 10291 10§.42 107.87 11241 114:32 118.71 12178 127.60 126.90 131.20
T | s | s | | T | T | M | "7 | 7o | 7 | "o | T | 5o | st | sz | s> | Tee | ss | 6
Cs|Ba| * |[Lu|{Hf [ Ta| W |Re|Os| Ir | Pt | Au|Hg| Tl |Pb| Bi | Po| At | Rn
132.91 137.33 174.97 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204.38 207.2 208.98 209 2100 2221 |
francium radium dubnium bohrium hassium
87 88 89-102 103 104 105 106 107 108 109 110 11 12 114
Fr | Ra|**| Lr | Rf | Db| Sg | Bh | Hs | Mt |Uun|Uuu|Uub) Uuql
1223 226 [262] 261] [262] [266] 2641 ] {269 [268] [271] 272} igil
T s e | e e | e | e | e | es |Tee | 67 | “es | e | 70
*Lanthanide series
La|Ce|Pr|Nd|Pm|Sm|Eu|Gd|{Tb|Dy|Ho| Er {Tm|Yb
128.01 14012 140.91 144.24 [145] 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.04
** Actinide series acg;m mg:m 91 o 93 94 95 ‘%6 ’ 9; 98 ag ﬁ;mo;m mﬁ?m %un
Ac| Th|Pa| U [Np|Pu|/Am|{Cm|Bk| Cf | Es |Fm|Md| No
| [227) 232.04 231.04 23803 | (237 [244] [243 [247) [247) _[251) [252) [257) [258] [259 |




1. [7 Points] Rank the states below in order of increasing entropy.

o

a. (a) <(c) <(b)
b. (b)<(c)<(a)
c. (9<((®)<()
d. (@<(®)<(9)
e. (c)<(a)<(b)

2. [7 points] Which change is likely to be accompanied by an increase in entropy?

Na(g) + 3Ha(g) — 2NH;(g) at 25°C
Ag'(aq) + CI"(aq) — AgCl(s) at 25°C
CO;,(s) — COy(g) at —70°C

H,0(g) — H>O(1) at 100°C

Both (c) and (d)

o a0 o

3. [7 points] For the reaction:

20(g) — Ox(g)
What are the signs of the enthalpy and entropy changes?

Both are negative. ‘

The enthalpy change is negative, while the entropy change is positive.
The enthalpy change is positive, while the entropy change is negative.
Both are positive.

Not enough information is given.

o a0 o

4. [7 Points] A reaction is spontaneous at all temperatures. The reaction is:

exothermic and decreases the entropy of the system.
exothermic and increases the entropy of the system.
endothermic and decreases the entropy of the system.
endothermic and increases the entropy of the system.
no reactions are spontaneous at all temperatures.

o a0 e



5. [7 Points] Consider the reaction:

A(g) +2B(g) — C()

In order for this reaction to be spontaneous under standard conditions, the reaction must:

a. result in an increase of the entropy of the system.
b. take place in the presence of a catalyst.

C.
d
e

be exothermic.

. take place at high temperatures.
. this reaction could not be spontaneous under standard conditions.

6. [7 Points] Suppose a scientist made a claim that all spontaneous reactions are exothermic.
Which of the following would provide the strongest challenge to their claim?

a.

An endothermic reaction that only proceeds when coupled to an exothermic
reaction.

An endothermic reaction that only proceeds at a reasonable rate when a catalyst is
present. '

An endothermic reaction which is not spontaneous.

d. An exothermic reaction which is not spontaneous.

€.

All of the above

7. [7 Points]For this reaction at 25°C, AH® = —1854 kJ and AS® = 236 J- K~

CH3COCH;(g) + 405(g) — 3COx(g) + 3H,0(l)

‘What is the value for AG’ for this reaction?

o a0 T

-1784 kJ
—-1848 kJ

1924 kJ

—2736 kJ
68500 kJ

8. [7 Points] Below what temperature does the following reaction become nonspontaneous?

2 HNOj(aq) + NO(g) — 3 NOy(g) + H,O(l); AH = +136.5 kJ; AS = +287.5 J/K

o a0 o

475K

151K

392K

This reaction is nonspontaneous at all temperatures.
This reaction is spontaneous at all temperatures.



9. [7 Points] Calculate AGr, at 298 K under the conditions shown below for the following

reaction.
SO;(g) + HyO(g) — HaS04(1); AG®=-90.5 kJ
Pg,o3 = (.20 atm, PH20 = (.88 atm
a. +159kJ
b. +51.4KkJ
c. —90.5kJ
d. -86.2KkJ
e. —304kJ

10. [7 Points] Determine the equilibrium constant for the following reaction at 498 K.

2 Hg(g) + Ox(g) — 2 HgO(s); AH® = -304.2 kJ; AS° =-414.2 J/K

a. 4.33x 10"

b. 8.10x 10!

c. 534x10™"

d. 2.31x107%

e. 1.87x10"

11. [7 points] Which of the following is true concerning oxidation and reduction half-
reactions?
a. A reduction half reaction can occur by itself if the reduction half-reaction

potential is applied across the reaction.

A reduction half reaction can occur by itself if the negative of the reduction half-
reaction potential is applied across the reaction.

Oxidation and reduction must take place simultaneously.

d. Reduction can only occur by itself in the presence of a strong reducing agent.

Both (a) and (d)

12. [7 Points] A copper wire is placed in a solution of AgNO;. Is there a reaction?

O a0 o

No, because silver ions cannot oxidize copper.
No, because silver ions cannot reduce copper.
No, because a salt bridge must be present.
Yes, because silver ions can reduce copper.
Yes, because silver ions can oxidize copper.



13. [7 points] Suppose an electrolytic cell utilizes the following half-reactions:

Anode:

Mg(s) > Mg’ (aq) +2 €

Cathode:

Cu’(aq) + € — Cu(s)

How many moles of magnesium need to be oxidized in order to reduce three moles of
copper ions?

o 0 o

2/3
372

AN W N

14. [7 Points] What is the simplified balanced redox reaction for the reaction below occurring
in basic solution.

CN (aq) + MnOy4 (aq) — CNO ™ (aq) + MnO,(s)

6 OH (aq) + 3CN (aq) + 4 HyO(l) + 2 MnOy4 (aq) —

3CNO (aq) + 3H,0(1) + 2 MnO,(s) + 80OH (aq)
3e +20H (aq) + CN (aq) + 2 H,O(1) + MnO4 (aq) —

CNO (aq) + H,O(1) + MnOy(s) + 80OH (aq) + 2¢~
3CN (aq) + H,0(1) + 2 MnOy4 (aq) — 3CNO (aq) + 2MnO,(s) + 20H (aq)

d. 3CN'(aq) +2MnOy (aq) — 3CNO (aq) + 2MnOy(s)

none of the above

15. [7 Points] Consider an electrochemical cell that utilizes lithium and zinc:

Li (aq) +e — Li(s) E’=-3.05V
Zn**(aq) +2¢” — Zn(s) E’=-0.76 V

What is the standard voltage for this cell?

oo o

0.00V
1.90V
229V
381V
534V



16. [7 Points] Consider a cell making use of the following half-reactions:

Anode:
Mg(s) — Mg2+(aq) +2e
Cathode:
MnO,(s) + 4H(aq) + 2¢— Mn?*(aq) + 2H,0

Under standard conditions, this cell yields a potential of 3.6V. If the pH were then
increased to 7 and the concentrations of the other ions maintained at 1 M, the cell
potential would most likely:

Decrease

Increase

Stay the same

Asymptotically approach 1 V

Would increase only if a strong acid is used

o a0 op

17. [7 Points] The standard potential of a galvanic cell is +2.03 V. Which of the following
must be true of the cell?
I. K>1
II. AS°>0
III. AS° <0

II only

I'and II only
II and III only
I and III only
L II, and III

o oo o

18. [7 Points] In the Thermochemistry MC assignment, the i image below represented a
spontaneous, gaseous reaction at constant temperature.

e g H ”ﬁ«
Srll=l Ay
Predict the sign of AH, AS, and AG.
a. AH=+ AS=+ AG=-
AH=— AS =— AG=+
AH=— AS =+, AG=-

AH=— AS =— AG=—
AH =+, AS=—, AG=—

o po o

10



19. Consider the decomposition of barium carbonate:

BaCOj(s) < BaO(s) + CO,(g)

At 298 K, the equilibrium pressure of CO, was determined to be 6 x 1073 atm and AH°=269.3
kJ, AS"=171.92 J/K, and AG"= 218.1 kJ. What is the equilibrium pressure of CO, at 1450 K?

°oap ow

1.4x 107 atm
0.19 atm

0.98 atm

1.0 atm

5.2 atm

20. [7 Points] Consider the unbalanced hydrogenation reaction of acetylene:

C;Hy(g) + Ha(g) — C,He(g)

Given the following data, what is the K,, for the reaction?

e S

Substance AG¢(kJ/mol)

CoH,(g) 209.2
Ha(g) 0
CoHe(g) ~32.89
3.6x107%
0.90
1.1
2.7x107%

None of the above

21. [7 Points] AgyCrOy has a solubility in water, at 25°C, of 6.7 x 10> mol/L and its AH’=
51.8 kJ/mol. What is its solubility at 75.5°C?

o Ao o p

1.8x10™
3.1x10™
6.7 x107°
93 x107®
25x 1071

11



22. [7 Points] For the reaction:

2 Co*(ag) + 2CI(aq) — 2Co**(aq) + Clx(g) E =071V

what is the cell potential at 25 °C if the concentrations are [Co>*] = 0.156 M, [Co™]=0.624 M,
and [C1"] = 0.723 M and the pressure of Cl, is Pci, =9.10 atm?

oo ow

Ecell: 0.604 V
Ecel] =0.638V
Ecell= 0.659V
Ece]]= 0741V
Ece]1= 0774V

23. [7 points] How many minutes will it take to electroplate 33.1 grams of chromium by
running 5.00 amps of current through a solution of Cr**(aq)?

o 0 o

204
408

614

1.54 x 10*
3.69 x 10*

24. [7 Points] Calculate the concentration of Cu®* remaining in 455 mL of solution that was
originally 0.350 M CuSOj after the passage of 4.57 amps for 3.50 minutes.

° po o

0.0110 M
0.0220 M
0328 M
0.339M
0.349M

25. [7 Points] The K, of Ca(OH), is 6.5 x 107°. Find the E.q for the following half reaction:

oo o

Ca(OH)(s) + 2 <> Ca(s) + 2 OH (aq)

-2.81V
287V
293V
297V
-3.06 V

12
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