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Conquering the Final Exam

*  Study the formula sheet
. Know what is on it and what is missing

Be able to put all equations and concepts in your own
words

The final exam is heavily conceptual, so make sure you
don’t overlook the fun(},amental relationships that
underlie the equations
*  When you study the midterms, don’t just study the
questions. Also make sure you understand the
underlying concepts

. You’re going to see variations of midterm questions on
the exam, but not duplicates. Be able to apply the
equations or concepts in midterm questions to unique
questions

* As always, put in the (genuine) work and you will be
rewarded

5() ('S EVUt
W A'J#Iulvhoq
U hhoued acrviy

S p\ld S



Semester Big Picture

This semester we examined the relationship between AG, K, and E’

AG = AH -TAS AG.°=-RTInK
AG® = —nFE° ’ o _ 0.0591610gK
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Unit One: Physical Changes

VAPOR PRESSURE, FREE ENERGY OF PHYSICAL CHANGES, STABILITY
OF SOLUTIONS



Phase Diagram Checklist

*  Phase diagrams show the lowest free energy phase of a substance at a given temperature and

pressure.
o N Identify the key features of the diagram:
-+ / . .
Supercritical Fluid N ¢ What is the stable phase a'g a certain
- Melting Line temperature and pressurer
Liquid > «  Identify the normal boiling point, melting point,
— Critical Point
o etc.
3 1.00 atm + S Vaponza“on Line N Identify the trlple pOint
o ol Pokd *  Identify the critical point
o . What phase transition does a specific line
T Vs Sublimation Line represent?
Gas el > . How does this change for a solution versus a
pure solvent?
ok ok wox Moving along the diagram:
Temperature . What phase transitions do you go through if

you go from point A to point B on the graph?



Vapor Pressure Big Picture

* If Vapor Pressure is the pressure of gas above a liquid in a closed container at a given temperature,
we can easily determine that a sample with High IMF’s will have a Low VP (less molecules able to
overcome the IMFs and be “lifted into the gas phase).

Strong IMF - > low VP (and high boiling point, high AH, )
Weak IMF -> high VP (and low boiling point, low AH,, )

Solution VP < Pure Liquid VP
—) Higher Temperature = Exponentially Higher Vapor Pressure

Changing the surface area, size of the container, amount of water, and
,7 so on does not change the vapor pressure.




Free Energy and Spontaneity

In unit one, we looked at a few types of physical changes and what conditions

“favor” spontaneity (AG < 0): |
AG =AH -TAS AbS

|ncres{
Fusion, boiling, sublimation: CRE + - ‘\'Jl\ + ?“””(
. Freezing, condensation, deposition: - ) e C-) - lcw (“)
¥ - Solids dissolving in liquid: (-') z (+) - h,,[‘ (4})
*  Gases dissolving in liquid: Y = ) - Tew c..)
Liquids mixing: (-) = (4) - L‘.gk (‘l’)
¥ Typie| Sol b dtselvhe T et b merc



Melting, Boiling, Sublimation

* Each of these phase changes has (+)AH and (+)AS

AG =AH -TAS

AG > 0; non-spontaneous

What do the signs of AG mean? AG

1. AG <0 (negative) ; your reaction is spontaneous, the
temperature is high enough

T

AG < 0; spontaneous

2. AG =0 (zero) ; your reaction is at equilibrium, the

temperature =T, .. AG = AH-TAS

3. AG> 0 (positive) ; your reaction is nonspontaneous, the —— £S>0, AH> 0; spontaenous at high temperatures
temperature is too low



Freezing, Condensation, Deposition

* Each of these phase changes has (-)AH and (-)AS

AG =AH -TAS

What do the signs of AG mean?
1. AG <0 (negative) ; your reaction is spontaneous, the temperature is low enough
2. AG =0 (zero) ; your reaction is at equilibrium, the temperature =T, .
3. AG >0 (positive) ; your reaction is nonspontaneous, the temperature is too high

Summary: Temperature is the “balance” between a phase change that is spontaneous or non-spontaneous.
Whether you want temperature to be high or low depends on the signs of AH, AS




* AH solution is O for an ideal solution. For your typical salts, it is slightly endothermic. There
are plenty of examples of both endothermic AND exothermic solid dissolution processes

Thermodynamics of Solution

7 Slt"},y
Salt Dissolving in Water ( (4') Gas Dissolving in Water

AH + AH = 0* AH + AH = Negative

solution — AHIattice energy solvation = solution — AHIattice energy solvation —
@) ) z )

AS = Positive AS = Negative

solution — S(aqueous) - S(solid) - solution — S(aqueous) - S(solid) -

AGsqution = AHsqution - TASsqut'on = Negative AGsqution = AHsqution - TASsqution = Negative
AGsqution = (0*) T +) AGsqution =_(_'2 -T (')
Dissolution of salt is typically an entropy- Dissolution of gas is typically an enthalpy-
driven process, favored at high driven process, favored at low temperatures
temperatures and high pressures o —
—




Like-Dissolves-Like: Miscibility

Like the dissolution of a solid, liquids mixing is typically an entropy-
driven process, favored at high temperatures:

i
C.H..,, CCl,, CO,, F, etc.
= AHsqution - TASsqution = Negative < o * v

AGsqution = (+) - T(+) W

CH,0, CH;COCH,, AsCls, etc.

AG

solution

Once again, this is an entropy-driven process. There are two |
important points here: H-bonding:

1. Enthalpy is important when mixing two liquids. Matching the CH,OH, H,0, HF, NH,, etc.
IMF’s of two liquids MINIMIZES the AH term.

2. Increasing temperature increases solubility



Free Energy and Spontaneity

*  One of those things we forget is what is “driving” the reaction to have a

negative AG. Here it is outlined:
AG =AH -TAS

*  Fusion, boiling, sublimation: +AH, +AS (entropy driven, high temperatures)

*  Freezing, condensation, deposition: -AH, -AS (enthalpy driven, low temperatures)
*  Solids dissolving in liquid: +AH, +AS (entropy driven, high temperatures*)
~——— S ——
* Gases dissolving in liquid: -AH, -AS (enthalpy driven, low temperatures, & high pressures)

* Liquids mixing: +AH, +AS (entropy driven, high temperatures, choose two liquids that have
similar IMF’s to minimize AH



\F Aé— 40, ’P‘“’f'l"c*‘J are moe Stablg
Free Energy and the Solution

E !:ocusing on just solutions now, it is Which of the following best compares a 2.1
lmportant to understand that what we m KNOj3; aqueous solution to pure water at
did was ShOW that When a Solid }l(lll()sl)h(‘l'i(‘ I)I'(‘SSIII'(".)

?pOﬂtEﬂEOUSl}’ ?\'SSOIVES‘. Ina Iqu|dI the @\'hv water in the KNOj solution exists in

ree energy ot the reaction system liquid phase at a wider range of tempera-
decreased. tures than pure water

his means that the solution is more 2. The pure water has a lower free energy at vy
stable. room temperature than the KNOj solution OP'."

° And th|s IS prEC|Se|y Why the vapor 3. The KNOj; solution has a higher vapor = .’.H
pressure |OW€fS, the freezing point pressure than pure water 0‘ ‘
depresses, the boiling point elevates, 4. The pure water has a higher boiling po =

. . > e water has a hmgher bouing point
and an osmotic pressure can be than the KNOj3 solution ay oS+
. ; \
formed across a semipermeable
2 lls""

membrane 5. The KNOj solution has a higher free en- 0P|
ergy than pure water




Colligative Property Summary

Vapor Pressure Lowering (Raoult’s Law):
> Solves for the new, lower vapor pressure (P,) of a solution, based on the mole fraction of the solvent (X,)
PA= XAPOA

Freezing Point Depression:
> Solves for the negative change in the freezing point (AT;), based on the molality of the solute (m)
© ATe =1 kfm

Boiling Point Elevation:
> Solves for the positive change in the boiling point (AT,), based on the molality of the solute (m)
ATy =1 kbm

Osmotic Pressure:

> Solves for the pressure exerted by a fluid to physical equilibrium of osmosis against the hydrostatic
pressure, based on the molarity of the solute (M)

M =iMRT



Boiling Point Elevation,
Freezing Point Depression

* Using the following equations, you are solving for the change in the freezing
point or boiling point. Remember: you are solving for a change (AT;is
always negative, AT, is always positive) and you are NOT solving for the

final temperatures.

Freezing Point Depression: Boiling Point Elevation:
Solves for the negative change in Solves for the positive change in
the freezing point (AT;), based on the boiling point (AT,), based on
the molality of the solute (m) the molality of the solute (m)
AT:=ikim AT, =ik, m




Vapor Pressure Lowering

* Vapor Pressure is lower when a liquid is more stable. Therefore, it should
make sense that when you create a lower free energy solution from a pure
solvent, the vapor pressure goes down.

* Mathematically, vapor pressure looks like this: You WILL have to
account for electrolytes
in the “total moles” of
this mole fraction term,

Vapor Pressure Lowering (Raoult’s Law):

Solves for the new vapor pressure (P,) of a even though you don’t

solution, based on the mole fraction of the ;eea Van’t Hoff Factor
ere.

solvent (X,) and the vapor pressure of the

\%\

| \
pure solvent (P°,) /\/_// 5 ,M-(-’—I—A/' 'V.
Py = XAPOA MolA o ""fo\vk“




Vapor Pressure Big Picture |l
MOV \5“'9‘(

Solution VP < Pure Liquid VP

/ o / Y,
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Osmotic Pressure

* Osmotic pressure is the pressure exerted
by a fluid to restore osmotic equilibrium.

* The basicidea is that fluid will flow from the
less concentrated to the high concentrated
side of a semipermeable membrane (only
allows the flow of the solvent; blocks

Initial Equilibrium

solute). —

* Again, this property is due to the fact that
the solution is lower in energy. This is why s s e e
water flows toward the solution (going e s e et

from high to low energy). [1=IMRT




Mogp - L Mshed Q.34-5= 1.7
van’'t Hoff Factor

17 4
A 0.34 m solution of lead(IV) nitrate would

* The van’t Hoff Factor is our “correction be expected to have the same boiling point as

factor” for the colligative properties which of the following solutions’
equat.lons that helps. us qu.antlf.y the @.85771, cuso, (0-$5:2°: [.7 =
effective concentration of ions in —_
solution 2.0.34m sucrosej

Oig picture: the reason for this lies in the 3. 0.34 m NaCl

fact that AS is greater for ionic solids that
dissociate into more ions, resulting in a
greater effect of the colligative property 5. 0.85 m KySOy4

4. 1.7 m Ba(NO3), k, |'7 '3; g. ,

What will have the HIGHEST BP?

—



Unit 2,3: Chemical Equilibria

CHEMICAL EQUILIBRIUM, ACID+BASE CHEMISTRY, SOLUBILITY
EQUILIBRIUM



Brief overview of Equilibrium Terminology

* We use Kand AG" to express which side of a reaction is “favored”
e |fK>1,the products are favored (AG’ is negative)

* |fK<1,thereactants are favored (AG® is positive)
O We use the relationship between Q and K to explain which way a reaction

will progress toward equilibrium
* [fthe starting point of a reaction is Q <K, the reaction moves forward toward
equilibrium

* Ifthe starting point of a reaction is Q > K, the reaction moves backward toward
equilibrium.

*  We stress a system at equilibrium to examine how a reaction will “shift” to
oppose the stress

»  Stressing equilibrium can either change Q or K, resulting in more products or
reactants formed



Free Energy vs K

*  When Kis small (less than 1),
only a small fraction of your
reactants becomes products.
A reaction with a small K
reacts to a small extent.

. : g, reactants
When K is large (greater than ’PFOAVC“ _ “MJ
1), a greater amount of ° <
products are formed than A AG values
reactants remain. A reaction (7 L0
with a large K reacts to a > /’ forward reaciion
large extent. l/\ 5




a: a:
a: a:
Q vs K: Chemical Equilibrium Terminology

aA+ bB=cC+dD K =

1. Q<K :reaction moves forward toward equilibrium +¥ om ‘PN""’d' f ke
/. Q=K":reactionis at equilibrium (lowest energy state)

3. Q>K:reaction moves backward toward equilibrium X 0w l‘cw,'M" {WLL

Q<K ’ “ Q>K

Forward Reverse

< >
K=4




U= 6.632= FS'o -k,
Q vs K: RICE Tables (zﬂ (,() Yx3

1. Q<K :“x"” goes on reactant side ; “+x” goes on 7 _ o Z

product side Con31der the following decomposition reac-

K.
2. Q=K:reactionis at equilibrium (just right) 700
- 207{ s @o Oo(

3. Q>K:“+x” goes on reactant side ; “-x” goes on (5) 2(8) + O2(e)

reactant side If K, = 0.032 at this temperature, what

will be the equilibrium overall pressure start-

ing from pure CaSOy(s)?

2(“ S&ll —/ 2(“0 +- ZS.OZ 402 1. 0.40 bar ?lok’z ?Sozf POZ
) [ Q % % 2. 0.20 bar 2)( + Y

,—27( 4.0.011 bar %)( = O'(?

A= TP

- \ox' ,Z)‘ 2’( 5. 0.22 bar




Le Chatelier’s Principle

1. Adding or removing species:
o Adding: reaction shifts toward the opposite side of the addition

Removing: reaction shifts toward the same side as the removal

2. Increasing or decreasing the volume (gases):
o |ncreasing volume (decreasing pressure): shifts toward the side with the most gas moles

o Decreasing volume (increasing pressure): shifts toward the side with the least gas moles

3. Diluting or concentration a solution (aqueous):
> Diluting: shifts toward the side of the most aqueous moles

> Concentration: shifts toward the side of least aqgueous moles

4. Changing the temperature:
o Endothermic: increasing T shifts toward products ; decreasing T shifts toward reactants

o Exothermic: increasing T shifts toward reactants ; increasing T shifts toward products



PH/J\ "acw"**/\\\,/ cw3 ),
Quantifying Acids and Bases

*  The standard units of measurement for acids and bases are pH and pOH

pH=-log|H"] pOH=-log[OH ]

In a strong acid or strong base solution, we can use this relationship:

pH=-log[C,] pOH=-log[C,]

pH and pOH can beinterconverted using the relationship based on pK,, (14):

pH=14-pOH) (pOH =14-pH




Quantifying Weak Acids and Bases

For a weak acid, we are dealing with a more interesting equilibrium (additional
steps). The approximation formulas are below:

[H*]=C,, K, [OH 1=,/C, K,

Don’t forget that at any time you can convert between different terms:

o
KW =1.10—14 =[H+][OH—] KW_K 1M‘Nl‘
Ka b NOT oN
K, =KX, e ] e




wc*l‘ L::;:'\t‘f-l"l Lew o/s Lomszaben
exe ad base

Quick Condept Check 3 |
You have & 15 M soltig of met¥lamine CHg Nl *He0e CHyN B +Gh

CH3NH,. You expec gentration of /l\

methylammonium ion in this solu-
tion to be 1\ 'P I“aO(VC - / ‘(
1. Slightly greater than 1.5 M (I‘,‘“k b(&}( l I
Very Sma
— Y

2. Much greater than 1.5 M

3.1.56M

uch lower than 1.5 M C{I“II e ":)

5. Slightly lower than 1.5 M - { ‘ S- M

— —
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Neutralizatioﬁ Reactions

3M HNO}) . The final solution will be

k ku"\
Acid, Neuk?o

You@lo mL of 3M LiOH with 10 mL of l0°'/° rlizaheg




(C;HSN pKa=5—.26 ) JAJ“| qu\e r
Buffer Big Picture z’:,l I:Iﬁ z.on

Mixing the contents of which two solutions . By definition, a buffer is made lo'f
will result in an ideal buffer at pH = 5.267 ! . .
——— * A weak acid and its salt (conjugate base)
1. 40 mL 0.2 M HCI and 160 mL 0.1 M * A weak base and its salt (conjugate acid)
CgH;NH, * By definition, a buffer is made from:
* A weakacid + strong base
2. 180 mL 0.3 N HCIl and 60 mL 0.1 N . A weak base + strong acid
CsH5N

‘3. 60 mL 0.3 M HCI] and 180 mL 0.1 M ,1 f\'\dllj “(( - Mcl(> CS HS M
CsHsN j W_/

) mL 0.3 M HCI and 180 mL 0.1 M ey, P t

)| Mo\() [—SIJBNH*: Mal&) CS"IS'M

5. 50 mL 0.3 M HCI and 150 mL 0.1 N
CeH;NH,



Ko
? K.
Acid and Base Difficult@ues |

A @ by e 0.40 ol L\ y  + [ A LN
s vas prepared by mixing 0.40 moles —
0 hflamine (CH3NHz) and 0.40 moles P -P j H A-<

of methylammonium chloride (CH3NH3Cl) to L
form an aqueous solution with a total volume I() (3 I
of 800 mL. After that solution came to equi-

librium, 0.10 moles of HBr was to the - 6 M-0)+
buffer solution. What is the @f the C\’\ 3 N HZ LI

solution?

Kg = 4.4 x 10




A’UC‘{'B&JC p— gq“' + L\)a,{-er‘

R MW+ B = 8% Ha O
T o1 04 O
c 61 ol ™ )
T Jd o3 0.5

I' p”’Pk“*/ﬁ(f“

0.%
.S



Solubility Equilibria, KSp

Ksp IS AUNIQUE FORM OF EQUILIBRIUM THAT QUANTIFIES THE DISSOLUTION
OF A SOLID SALT INTO ITS AQUEOUS PRODUCTS.

WE MOSTLY FOCUS ON SPARINGLY SOLUBLE SALTS



Ksp Question Types

There are three main scenarios of solubility equilibria:

1. You add a chunk of a sparingly soluble salt to deionized water and calculate the molar
solubility from the K, and stoichiometry (or vice versa).

Kep = [PBZ*][1]% = (x)(2x)? = 4x3
x is your molar solubility; x and 2x are your ion concentrations here (NOT x and (2x)?)

2. You add a chunk of a sparingly soluble salt to a a solution with a common ion already in
solution

Ksp = [PBZ*][I]% = (x)(0.05M - 2x)* = 4x3
x is still your molar solubility, but much lower than in the previous example

Hint: the math is always easier when you ignore the variable subtracted from the given concentration (the 2x in
this example)

3. You mix two aqueous solutions to perform a double displacement precipitation reaction
; Q,, = [PL*][I']?
If Q > K, a precipitate forms

You can use stoichiometry to determine how much precipitate forms (For small Ksp values, you can assume 100%
precipitation to solve for the mass of ppt)




Ko to Molar Solubility ¢ -y 3, s

What is the molar solubility of Li;PO,? The K fof Li;PO, s 3.2 x 10°. L: g s Y

K_=[Li'T[PO;
/ sp [Li" ]| | (@;)3)(:[(

K is the “Solubility Product,” Ksp = 3X)3 X)= 27)64

which is a constant unique to
a particular compound that
represents the product of ion

x represents the “Molar Solubility,”

K which is a direct measurement of
concentrations that are 4| P — y < solubility. Molar solubility is the
present at equilibrium 27 concentration of a solute that dissolves

in molarity (M) for a reaction.

x=3310"M




Ksp @nd the common ion effect

What is the apparent molar solubility of Li;PO, when added to a 0.5M solution of LiCI? The K, of

K, =[Li'T[PO; ]
K, = (0.5)° x

K, remains constant (because /

it is a constant). Therefore,

you should predict that the K K

presence of a common ion X = P _ __Sp Notice how the molar solubility here is
decreases the overall (O .5)3 12 much less than that of the last problem
“apparent” molar solubility of / we solved. |/
your compound. Y2256 IO-SM




Kep VS. Qg

What happens when you mix 135mL 0.2M lithium nitrate and 250mL 0.1M potassium phosphate? The
Kyp Of LisPO, is 3.2 x 102,

Here you are given “starting o+ 13 3—
point” concentrations of — Qsp = [Ll ] [P04 ]
lithium and phosphate ions. / /

Therefore, your ion product

Willbe Q. 0, =(0.07M) (0 065M)=22-10"
+ for~$
Qsp > Ksp > M QM

You have oversaturated your solution. The
reaction will run backwards until equilibirium is
reached, resulting in a solid Li;PO, precipitate.




Ksp 10 Molar Solubility

Solid silver phosphate is allowed to equlhbrat
with water at 25°C until the sols
urated. What is the silver ioy
in this saturated solution?

equal to 8.9 X
1.43x107°M
2.5.6x107°M
3.1.5x107% M
4.28x107%M
5.2.1x 107 M

6.1.3x107*M

conccntratlo

, for Ag3P Oy )8

Kp is the “Solubility
Product,” which is a

constant unique to a

particular compound that
represents the product of
ion concentrations that are
present at equilibrium

AO;PW 7 gA.‘I

x represents the “Molar
Solubility,” which is a direct

10-17
4 ﬂ =X measurement of solubility. Molar
27 o solubility is the concentration of a
solute that dissolves in molarity
(M) for a reaction.
x=426-10"M

l [Ag*]1=3x=1310"M
—



+ A|Q/
Saturation: Qg vs. K, —73/%61 ALy

* K, represents the ion product of a saturated solutlon in
terms of molar solubility (x). You can think of it as a
measurement of the maximum saturation capacity of a

solution.

* Q, represents the ion product of the actual
concentrations of ions at any given time. You can

control these concentrations experimentally. You can 2. No precipitate (. 1-
think of Q, like a starting point O.61S ?0‘1
3. AIPOy4 only J -
| 0.01 AP
L. Qg <K, (unsaturated) ; more solid can NG omiy— ¢
dissolve if added to the solution

2. Qg =K, (perfectly saturated) ; your reaction is Ci.(p,lo.z:( I/S" - CA | ‘Q-I-] C’PGI’;-}

at equilibrium

3. Q> K, (over saturated) ; precipitation occurs
unF';lIO,sz-K >>>k59 O\ 6 015 ) (6 0“!)

Gise




Ksp SOlubility Comparison

Which of the following salts is more soluble? v y Sb‘ﬂ- _G' ~ ?( )

L/ L— MC‘R‘\ Nf"" oa kS? alone

@(sp =3.2x 107) or Fe(OH), (K,, = 8 x 10°%°)
VoY S




CO"V\VMV\ [0 :> Soll\j:\\ll"y 304 ((awm N

(ormmea Lif 1S phn

Ksp Solubility Comparison I

In which of the following solutions is your Li;PO, least soluble? Li;PO, (|(Sp =3.2x 107)
L J

—I1) 0.5 M Nacl |
) o02smLc 9-25m

) 0.25MNapo, 025 M Py :
0°25ME.2.CO3 O2SM*>L=6.SMm Li

‘3-

In which of these is your Li;PO, most soluble?

\

-




Unit Four: Kinetics




Introduction to Kinetics

Tlhere are four types of kinetics calculations that we have discussed in this
class:

1. Relative rates of a reaction (think stoichiometry): If you can measure the rate of
formation for a product, you can use stoichiometry to determine the rates for all
other products and reactants

These work well
for initial rates

2. Rate Laws: The rate law is a fundamental equation used to calculate the rate of a
reaction from the rate constant, k, and the concentrations of the reactants raised to
the power of their “order”. The overall reaction order is the sum of the orders of the

reactants.
3. Empirical Rate Law: Because the order of reactants are not necessarily based
on s;qlthometr¥, you must run an experiment to measure this value based on Takes into
the initial rate of reaction at different starting concentrations account the fact

. . i that the rate can
4. Integrated Rate Law: Knowing the order of a reaction, you can determine the change over time

rate or concentrations of a reactant at any given point in time (calculusis
necessary here because if the rate is dependent on concentration, the rate is
changes as the reaction proceeds)




The Four Factors that Affect Rates

1. Nature of reactants/ Availability of the molecules ,
Increase the rate without
Larger surface area = faster rate changing the rate constant

Ex: this is the reason why we chew our food (mechanical digestion)

2. Concentration (and pressure)
0 Higher concentration, higher rate if your reaction is first order or higher
Increases the rate based on the fact that the rate law is concentration dependent. How much your rate

changes as a factor of concentration is based on the order of that reactant.
Increase the rate by

3. Tempe rature < increasing the rate constant
Higher temperature, higher rate always (in this class) /
° Increases the rate based on the fact that the rate constant in temperature dependent

4. Catalysts
Catalysts decrease the activation energy, which increases the rate based on the Arrhenius Equation
The activation energy is decreased by modifying the substrate orientation
Increases the rate based on the fact that the rate constant is proportional to the negative activation energy



NG 420, —2 N0,
Big Picture Exam Questions

A mechanism for the W ras phase
oxidation O to NO, ed to be:
{ Step (1: 2NOJ/= N20O, (Fast) 6 1 E 4 FE

Step 2: )+1\20)—)‘)NO
s rxn — rxn —
Which of the following reaction pruhlos best
fit this data? _/\/‘\\
. . E
What is the rate law of the overall rea 2 E .
rxn — rxn —

K-l i K CO ‘Sc N(’] TXn — rxn —
A 1
e /




K: W Oz.]

Cno)&

Big Picture Exam Questions
A mechanism for the endothermic gas plmso/_ 7 k\ C N 01 Z: k - l C N 7 6 ? ]

oxidation of NO to NO, is proposed to be:

Step 1: 2NO = N2O (Fast) 7

Step 2: O3 + N2Oy — 2NO; (Slow) K\ C N? 02 3
o l/

Which of the following reaction profiles best

fit this data? K-~ Nb}
What is the relationship between the rate constant
and the equilibrium constant?

Mc (0"’\

boﬁK



Unit Five: Electrochemistry




Unit 5 Outline: Electrochemistry

. Understand fundamental redox reactions
Balancing redox reactions

Assigning oxidation numbers
Identifying the roles of the different species in the reaction

Il.  Combine half-reactions into standard cells (voltaic and electrolytic)
g Important: Electrolytic applications (electrolysis and electroplating)

I1l. - Apply the concepts of electrochemical cells to non-standard conditions
. Concentration Cells

Nernst Potential

V. Complete the stor?llines of thermodynamics and equilibrium by converting
electrical potential into K and AG.

V. Common applications of batteries
Primary and secondary cells
Fuel Cells
Lead-Acid (car) Batteries



Unit 5 Equations

1. Electrochemical Cell Potential 8;” = gc"athode — 8;n0de
2. Faraday’s Law, plating a metal, electrolysis I
o = moles created
3. Convert between electrical potential (g) n
and free energy/ maximum electrical work AG = -nFE AG’ = —nFE°
(AG)
4. Convert between electrical potential (¢ . RT . 0.05916
’ (€) E'=—IK E = logK
and the equilibrium constant (K) nk n
5. Non-standard Cell Potential E=E — Ean AND: £=8°—0'0591610gQ
nkF n



Electrochemistry Definitions

1. Redox Reaction: a chemical reaction that involves the
tra n?fer of elecgrons from c()jne species t% angther,
resulting in a change in oxidation state. A redox reaction 2+ 3+
involves one species undergoing reduction and another 3Cu™ +2Al = 3Cu + 2Al
undergoing oxidation.

2. Reduction: a species gains electrons in a half-reaction, Cu**+2¢ — Cu
resulting in a lower oxidation state

3. Oxidation: a species loses electrons in a half-reaction, i ~
resulting in a higher oxidation state Al — Al” 4+ 3¢

4. Oxidizing Agent: the species that drives the oxidation of
another species in a redox reaction ; the oxidizing agent is
always the species undergoing reduction as a reactant LEO says GER

5. Reducing Agent: the species that drives the reduction of OILRIG
another species in a redox reaction ; the reducing agent is
always the species undergoing oxidation as a reactant




Electrochemical Cell Definitions

1. Anode: the site of oxidation (An Ox) ; gives electrons to the wire

2. Cathode: the site of reduction (Red Cat) ; takes in electrons from the wire

3. Voltage: the difference in potential per unit charge (J/Cor V); a
measurement of the “pulling power” on the electrons

4. Voltaic Cell (Galvanic Cell): an electrochemical cell with a positive
standard cell potential ; the redox reaction of the cell occurs without an
external power source (spontaneous) ; €° .inode 2 € anode (Feduction
potentials)

5. Electrolytic Cell: an electrochemical cell with a negative standard cell
potential ; the redox reaction of the cell relies on an external power

source (non-spontaneous) €° < €°, .4 (reduction potentials)

cathode



Electrochemical Cells

Voltaic Cells Electrolytic Cells
Cathode (rxn and charge) Reduction, + Reduction, -
Anode (rxn and charge) Oxidation, - Oxidation, +
Direction of e flow Anode to cathode Anode to cathode
Direction of current flow Cathode to anode Cathode to anode
€° + -
AG - +
K >1 <1
Work - (by system) | + (on system)
Flow of anions Anode Anode

Flow of cations Cathode Cathode



Equilibrium Constant Problem
Calculate the equilibrium constant for the fol- /— 7 K

lowing reaction by using a table of standard
potentials.

3Cu + 2Bi** & 3Cu®* + 2Bi Cu2*/Cu ; potential = 0.34V
Bi3*/Bi ; potential =,0.20V

s (E. 18- B .‘)x? ath - Lot

2.8.0 x 108 R _ O.’ZO -
@um-15 (CU —) (uz 126 ))‘3 : -0.14
4.1.8x107° >

B30 N\ = ée, AG >C)

-6V —— X9



A

‘U



herg 1
Equilibrium Constant Probleny~”’ ip{fuk

/ 7 L6’9<
5100 J“" ‘ ,'q,m\*4

What is the volume of Hy produced through e ’ [/I |
the electrolysis of water at 300 K and 2.1 atm 1"‘%§ - ,\/\0 ¢ ) Z ?'/ ame
after a total charge of 5.28 x 10" C is applied? 1 '\-F e

—

—
1. 241 L 2“44?f . ”Z @\Oﬁgwémlk

G U (7 300K

3.4.01 L

4. 1.60 L nl‘r/
5. 2.92 L 'PV;/\RT V- —




Exam 5 Nernst Problem o

(0.050 M) (0.50 M) (0,010 M)

L J ] . ’
The experimental cell potential for the cell is € = 6 ,65. - -7———‘/ij O\

Consider the following voltaic cell: \
i s || A |«g 0,65V

closest to

1. 0.561 V S‘n'u' —) S.f\ ‘“‘f 2& o

2. 0.798 V (A_a t te” — A:j ) X Z

3. 0.650 V

4. 0502V o ¥ A —_— %
5. 0354V ‘l *Z 3 ) gnlkl

6. 0.946 V [\ ?_ 0\ Egnl’l CA’f,} ~—

7. 0.739 V




