AP Chemistry
Exam Review




Big Idea 1
Chemical Reactions




Changes in matter
INnvolve the
rearrangement
and/or

reorganizations of
atoms and/or the
transfer of electrons.




Source

+ Types of Chemical Reactions

Synthesis Decomposition
A+B-> AB AB->A+B

Video

2ZHgCHs) - 2Hglf) + Osla
tercury(llf oxide tcroury Chygen

Single Displacement Double Displacement
A+BC-S AC+B AB+CD9AD+CB
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Hydrogen

Images from: Wilbraham, Antony C. Pearson Chemistry. Boston, MA: Pearson, 2012. Print.
LO 3.1: Students can translate among macroscopic observations of change, chemical

equations, and particle views.


http://chemwiki.ucdavis.edu/Core/Analytical_Chemistry/Chemical_Reactions/Chemical_Reactions
http://www.bozemanscience.com/ap-chem-032-chemical-change-evidence

Source

+ Types of Chemical Reactions

Combustion Acid-Base (Neutralization)
C.H, + O, > CO; + H,O HA + BOH - H;O + BA

COMg)  + 2H,Olg) p—— I
Carbon dioxide Water
/a.) 777-‘-\ R —

5 Video
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Oxidation-Reduction Precipitation
A*t+e 2 A AB (aq) + CD (aq)~> AD (aq) + CB (s)

B 2> B+e

r
La)” j radox-reaction i
electron donor  electron receptor oxidized reduced
& electron
O molecule A
D molecule B

LO 3.1: Students can translate among macroscopic observations of change, chemical
equations, and particle views.



http://www.bozemanscience.com/ap-chem-032-chemical-change-evidence

+ Balanced Equations

Source

[ ]
Complete Molecular: AgNOs;(aq) + KCl(aqg)—— AgCl(s) + KNOs (aq)
Complete Ionic: Ag*(aq) + NOs(aq) + K*(aq) + Cl'(aq)—— AgCl(s) + K*(aq) + NOz(aq)
NetIonic: Ag*(aq) + Cl(aq)—— AgCl(s)

Copyrighl © The McGraw-Hill Companies, Inc. Permission reguired for reproduction or display.

TABLE 4.2 b sl Bl

Soluble Compounds Insoluble Exceptions

Compounds containing
alkali metal ions (Li~, Na ",
K", Rb", Cs™) and the
ammonium ion (NHy )

Nitrates (NO; ), bicarbonates
(HCO; ), and chlorates

(ClO;)

Halides (C1, Br , 1) Halides of Ag®, Hg3", and Ph*"

Sulfates (SO ) Sulfates of Ag*, Ca’*, Sr*", Ba®*, Hg3", and Pb**
Insoluble Compounds Soluble Exceptions

Carbonates (CO3 ). phosphates Compounds containing alkali metal ions

{POi_), chromates (_Cr(}i_), and the ammonium ion

sulfides (87)

Hydroxides (OH") Compounds containing alkali metal ions

and the Ba®" ion

Video
Quizlet

Spectator ions should not be included
in your balanced equations.

Remember, the point of a Net Ionic
Reaction is to show only those ions that
are involved in the reaction. Chemists
are able to substitute reactants
containing the same species to create
the intended product.

You only need to memorize that
compounds with nitrate, ammonium,
halides and alkali metals are soluble.

LO 3.2: The student can translate an observed chemical change into a balanced
chemical equation and justify the choice of equation type (mnolecular, ionic, or net
ionic) in terms of utility for the given circumstances.


http://chemwiki.ucdavis.edu/Wikitexts/Sacramento_City_College/SCC:_Chem_309/Chapters/06:_Quantities_in_Chemical_Reactions/6.07:_Balancing_Chemical_Equations
http://www.bozemanscience.com/ap-chem-027-chemical-equations
https://quizlet.com/45555836/solubility-rules-flash-cards/

Source

+ Making Predictions

Solid copper carbonate is heated strongly:

Click reveals answer and explanation.

What evidence of a chemical change would be observed with this reaction? Video

Click reveals answer and explanation.

What is the percent yield of CO;if you had originally heated 10.0g CuCO3 and captured 3.2g
CO;?

Click reveals answer and explanation.

How could you improve your percent yield?

Click reveals answer and explanation.

LO 3.3: The student is able to use stoichiometric calculations to predict the results of
performing a reaction in the laboratory and/or to analyze deviations from the
expected results.


https://www.youtube.com/watch?v=LQN9lH9WAVQ

Source

+ Limiting Reactants — D.A.
Al,S; + 6 Hz0 ---> 2A1(OH); + 3 HS

15.00 g aluminum sulfide and 10.00 g water react

a) Identify the Limiting Reactant Video
Sim

pHet

Click reveals answer and explanation.

b) What is the maximum mass of H>S which can be formed from these reagents?

Click reveals answer and explanation.

¢) How much excess reactant is left in the container?

Click reveals answer and explanation.

**Dimensional Analysis is not the only way to solve these
problems. You can also use BCA tables (modified ICE charts),
which may save time on the exam -2

LO 3.4: The student is able to relate quantities (measured mass of substances, volumes of solutions, or volumes and pressures of
gases) to identify stoichiometric relationships for a reaction, including situations involving limiting reactants and situations in
which the reaction has not gone to completion.


http://www.chemteam.info/Stoichiometry/Limiting-Reagent.html
http://www.bozemanscience.com/ap-chem-028-stoichiometry
http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/stoichiometry/empirical.html
https://phet.colorado.edu/sims/html/reactants-products-and-leftovers/latest/reactants-products-and-leftovers_en.html

Source

+ Limiting Reactants — BCA Table

15.00 g aluminum sulfide and 10.00 g water react according to the following equation:

Al,S3 + 6 H2O ---> 2A1(OH)3 + 3 H2S

a) Identify the Limiting Reactant Video

Click reveals answer and explanation.

b) What is the maximum mass of HyS which can be formed from these reagents?

Click reveals answer and explanation.

c¢) How much excess reactant is left in the container?

Click reveals answer and explanation.

LO 3.4: The student is able to relate quantities (measured mass of substances, volumes of solutions, or volumes and pressures of
gases) to identify stoichiometric relationships for a reaction, including situations involving limiting reactants and situations in
which the reaction has not gone to completion.


https://www.youtube.com/watch?v=iBT-nyVukfc

Source

+ Experimental Design

Synthesis

A sample of pure Cu is heated in excess pure oxygen. Design an
experiment to determine quantitatively whether the product is CuO or
Cuz0.

Video

Click reveals basic steps

Decomposition CaCOs(s) > CaO(s) + CO2(g)

Design a plan to prove experimentally that this reaction illustrates conservation
of mass.

Click reveals basic steps

LO3.5: The student is able to design a plan in order to collect data on the synthesis or
decomposition of a compound to confirm the conservation of matter and the law of
definite proportions.


http://www.wiredchemist.com/chemistry/instructional/laboratory-tutorials/gravimetric-analysis
http://www.bozemanscience.com/ap-chem-029-synthesis-decomposition-reactions

Source

+ Data Analysis

When tin is treated with concentrated nitric acid, and the resulting mixture is strongly heated, the
only
remaining product is an oxide of tin. A student wishes to find out whether it is SnO or SnO2.

Mass of pure tin 5.200 grams.

Mass of dry crucible 18.650g Video
Mass of crucible + oxide after first heating 25.500 g —
Mass after second heating 25.253 g

Mass after third heating 25.252 g

How can you use this data, and the law of conservation of mass, to determine the
formula of the product?

Click reveals answer and explanation.

LO 3.6: The student is able to use data from synthesis or decomposition of a
compound to confirm the conservation of matter and the law of definite proportions.


http://www.unomaha.edu/tiskochem/Chem1180/Lecture_Handouts/Solution_Stoichiometry_notes.pdf
https://www.youtube.com/watch?v=KfzRWfKjrBM

+ Bronsted-Lowery Acids & Bases

According to Bronsted-Lowery (B.L.)
an acid is a "proton donor" and a
base is a "proton acceptor.” The
proton here is shown as a hydrogen.

w@® - &
The acid’s conjugate base is the Acid Base
anion.

The base’s conjugate acid now has

: Reactants
the proton (hydrogen ion).

» Hydrogen fluoride: A Brgnsted-Lowry acid

l v
HF(aq) + H,0(l) = H;0*(aq) + F~(aq)
Acid

Base Conjugate Conjugate
acid base

I 4
» Ammonia: A Brgnsted-Lowry base

| .
NHj(aq) + H,O(l) = NH,*(aq) + OH~(aq)
Acid Conjugate Conjugate

‘ acid base
A

Base

Source

+
— @ - 06
Conjugate Conjugate

Base Acid Video

Products Quizlet

Amphoteric nature of water
Water acts as both an acid & a base.

H—ngf H—E:f\@

H,0 as an acid H20 as a base

H,O &<-> H* + OH-
2H,O > H;O* + OH-

LO 3.7: The student is able to identify compounds as Bronsted-Lowry acids, bases
and/or conjugate acid-base pairs, using proton-transfer reactions to justify the

identification.


http://chemed.chem.purdue.edu/genchem/topicreview/bp/bronsted/bronsted.html
http://www.bozemanscience.com/ap-chem-030-neutralization-reactions
https://quizlet.com/_oyam1

Redox Reactions

B When an electron is transferred, it is called a redox reaction. When
something is reduced, the RED part of redox, it gains electrons. You may have
a difficult time with this definition because when something is reduced, it

inc ions will react with aluminum metal according to the following chemical reaction:

2 ALy +3 Eﬂ‘z'.;a_q:. — 21‘5;13'.;3.;_];. + 3 Eﬂ.;q]
ased on this chemical reaction how many moles of electrons w

o
C

e correct answer is 2.0 moles. For each Zn?' ion 2 electrons are needed to conver

. 0.33 moles

©2011, Aaron Glimme, LearnAPChemistry.com

LO 3.8: The student is able to identify redox reactions and justify the identification in
terms of electron transfer


https://online.science.psu.edu/biol011_sandbox_7239/node/7381
https://youtu.be/lQ6FBA1HM3s

Source

+ Redox Titrations

A redox titration (also called an

oxidation-reduction titration) can accurately

determine the concentration of an unknown analyte

by measuring it against a standardized titrant. A Video
common example is the redox titration of a

standardized solution of potassium permanganate

(KMnO,) against an analyte containing an unknown KMRO
concentration of iron (II) ions (Fe?*). The balanced n 4

reaction in acidic solution is as follows:
MnOg4 + 5Fe2* + 8H* — B5Fed* + Mn2* + 4H,0

In this case, the use of KMnO, as a titrant is particularly
useful, because it can act as its own indicator; this is
due to the fact that the KMnO, solution is bright i’

purple, while the Fe?* solution is colorless. It is

therefore possible to see when the titration has

reached its endpoint, because the solution will -

remain slightly purple from the unreacted KMnO,

LO 3.9: The student is able to design and/or interpret the results of an experiment
involving a redox titration


https://www.boundless.com/chemistry/definition/ion
https://www.boundless.com/chemistry/textbooks/boundless-chemistry-textbook/aqueous-reactions-4/oxidation-reduction-reactions-48/redox-titrations-248-1533/
https://www.khanacademy.org/science/chemistry/acid-base-equilibrium/titrations/v/redox-titration

Source

Note: it is a common
misconception that boiling
water makes Oz and H; gas.

Notice that the water
molecule stays intact as the

o ater boils. Covalent
Production ¢ W - YOV milar visible evidence (i.e.

2KCIOs3 (5) + h. bqnds ar.e not broken with xeates “bubbles,” but bonds are
this physical change- only «d reformed. No new substances
intermolecular attractions

(hydrogen bonds) between

Change in color. water molecules.

Two white solids rea. a
yellow and a white solia ... <L Ally!
Pb(NO3)z ) T 2KI (s) — Pb’ TN

Formation of
AgNOs3) (aq t+

~ o\~

Production of heat*:
2Mg ) + Oz — 2MgO s, seat
*can also include the absorption of heat

LO 3.10: Evaluate the classification of a process as a physical, chemical, or ambiguous
change based on both macroscopic observations and the distinction between
rearrangement of covalent interactions and noncovalent interactions.



http://slideplayer.com/slide/263226/
https://www.youtube.com/watch?v=cZMkqagL8Ps
https://www.youtube.com/watch?v=uVJypmKjevg
https://www.youtube.com/watch?v=IIu16dy3ThI&nohtml5=False

Source

+ Energy Changes

= Chemical reactions involve the formation of new products

= Bonds between atoms or ions in the reactants must be BROKEN (the
enthalpy of the system is increasing ... ENDOTHERMIC process)

= Bonds are then FORMED between atoms or ions to make the producsts .
of the reaction. (the enthalpy of hte system is Video
decreasing... EXOTHERMIC process)

Video
activation s
energy activation
& energy
>
>
o 4
= [
* =
T bz w
E reactants = products
[=] B,
- /‘ =
. o
b B s | —---%=
0 energy products o recactants energy
released absorbed
»

Reaction Progress Reaction Progress
Exothermic Endothermic
reaction reaction

LO 3.11: The student is able to interpret observations regarding macroscopic energy changes associated with a reaction or

process to generate a relevant symbolic and/or graphical representation of the energy changes.


https://www.boundless.com/chemistry/textbooks/boundless-chemistry-textbook/thermochemistry-6/energy-57/energy-changes-in-chemical-reactions-274-3509/
https://www.youtube.com/watch?v=L-G7pLufXAo&nohtml5=False
https://www.youtube.com/watch?v=RnRV-x2etWQ

==

Galvanic
Cell
Potential

Question:

The following question is based on combining the three different half cells listed below:
Half Cell 1: Sn?* + 2e-—=Sn
Half Cell 2: Ag* + e —> Ag
Half Cell 2: Cr** + 3e-—=Cr

Galvanic Cell Half Cells Reaction E"cen (V)
X 182 Sn + 2Ag* —> 2Ag + Sn2+ 0.94
Y 2&3 Cr + 3Ag* —>3Ag + Cr¥ 1.54
Fd 1&3 2Cr + 35n2* —= 35n + 2Cr? 7

What is the cell potential of galvanic cell Z?7
a.026V
b.0.60V
c.248V
d. 590V

@2014, Aaron Glimme, LearnAPChemistr}r.cnm

Click reveals answer and explanation.

Source

Video
Video

LO 3.12: Make qualitative or quantitative predictions about galvanic or electrolytic
reactions based on half-cell reactions and potentials and/or Faraday’s laws.


http://chemwiki.ucdavis.edu/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_Chem1_(Lower)/24:_Electrochemistry/24.2:_Galvanic_cells_and_electrodes
https://www.youtube.com/watch?v=9Xncz_mMc5g&nohtml5=False
https://www.youtube.com/watch?v=Rt7-VrmZuds&nohtml5=False

Source

Redox Reactions and Half Cells

Question:

The following question is based on combining the three different half cells listed below:
Half Cell 1: Sn*' + 2e-—=>5n
Half Cell 2: Ag' + e —> Ag

Half Cell 2: Cr¥ + 3e- —> Cr Video
Video
Galvanic Cell Half Cells Reaction E®can (V)
X 1&2 Sn + 2Ag" —=> 2Ag + Sn2+ 0.94

L

e correct answer is “c”, oxidation occurs in cell X and reduction in cell Z. In galvanic

1l X the tin is losing electrons to form the Sn*' ion, this is oxidation. In galvanic cell Z

d. Reduction occurs in cell X and oxidation in cell Z.

©2014, Aaron Glimme, LearnAPChemistr}tcnm

LO 3.13: The student can analyze data regarding galvanic or electrolytic cells to
identify properties of the underlying redox reactions


http://chemwiki.ucdavis.edu/Core/Analytical_Chemistry/Electrochemistry/Writing_Equations_for_Redox_Reactions
https://www.youtube.com/watch?v=IV4IUsholjg&nohtml5=False
https://www.youtube.com/watch?v=mVP93e8PNmw&nohtml5=False

Big Idea #4
Kinetics




+ Factors Affecting Reaction Rate

reactant
orientations
critical!

activated
complex

=

B Factors that Affect Reaction Rate

Collision theory states that reactants
must collide in the correct
orientation and with enough energy
for the molecules to react; changing
the number of collisions will affect
the reaction rate

Rate is the change in
concentration over time
A[A] / t

LO 4.1:

source
B Rate increases as state changes from|!)
solid - gas as increased molecular

movement allows for more opportunity for
collision

B State of reactants

B Greater surface area of solids will increase
rate as more reactant is exposed and able
participate in collisions

B Temperature - more kinetic energy leads to
more successful collisions between
molecules

B Concentration — more reactants 2 more
collisions

M Use of a catalyst — affect the mechanism of
reaction leading to faster rate

The student is able to design and/or interpret the results of an experiment regarding

the factors (i.e., temperature, concentration, surface area) that may influence the rate of a

reaction.


https://www.chem.tamu.edu/class/majors/tutorialnotefiles/factors.htm
https://www.youtube.com/watch?v=1jLoUaCaVQk

Source

+ Determining Rate Order

B Rate law for a reaction has the form: rate = k [A]™[B]"... (only reactants are part of the rate law)
B Exponents (m, n, etc. ) are determined from examining data, not coefficients:

for A+ B =2>C
When [A] is

doubled, the Trial | Initial [A] | Initial [B] [ Initial Rate
rate do not (mol/L) (mol/L) | (mol/(Les)

change, so the
reaction is zero 1 0.100 0.100 0.002

When [B] is
doubled, the
rate doubles, so

. the reaction is
order with 2 0.200 0.100 0.002 first order with

respect to A
5 3 0.200 0.200 0.004 respect to B

B The overall rate expression for the reaction is rate = k [B]

B kis the rate constant and is determined experimentally by plugging in data into the rate expression

Plot to create a straight line graph:
Zeroth Order First Order Second Order

. [A] / Time InfA] / Time 1/[A] / time TR e S S
order integrated rate

laws can be found on
the Kinetics section of
the AP Equations Sheet

MLFa TGN

LO 4.2: The student is able to analyze concentration vs.
zeroth-, first-, or second-order reaction.

time data to determine the rate law for a


http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Kinetics/Methods_of_Determining_Reaction_Order/Using_Graphs_to_Determine_Rate_Laws
https://www.youtube.com/watch?v=WDXzVI8SmfE

Source

+ Half-life (First Order)

B Time needed for the concentration of reactant

In[A]=—kt+In[A4], to reach half its initial value
[A] B Time to reach half concentration is dependent
0 ey .
In—==—kt+In[ 4], on k, not initial concentration :
Video

B Half life remains constant in a first order

In[A],—In2=—kt+In[4], .
reaction
In[A],~In[4],—In2=—Fkt
B Example: when t;2= 30 sec, the concentration
=i is halved each 30 seconds
In2=kt
o ° ® ® o
e @ ()
g o
e o ® ® o
The first order half ®
life equation is ® ® o ol
derived from the o o
first order Initial Conditions After 30 seconds After 60 seconds
integrated rate law (12 molecules) (6 molecules) (3 molecules)

LO 4.3: The student is able to connect the half-life of a reaction to the rate constant of a first-order
reaction and justify the use of this relation in terms of the reaction being a first-order reaction.


http://www.chem1.com/acad/webtext/dynamics/dynamics-2.html
https://www.youtube.com/watch?v=e4qci9b2d3U

Source

+ Collision Theory and Reaction Mechanisms |I

M In a successful collision
B Molecules have enough energy to overcome E;

B Molecules collide with proper orientation to break the bonds.

B In a Mechanism Video

B The rate law of any elementary reaction can be written from its stoichiometry.

B The rate law of the slow step is the rate law of the overall reaction.

B The larger the rate constant, the larger the percentage of molecules having
successful collisions.

The reaction 2N;0; — 4NO, + O, takes place in 3 steps
Step 1 NoOs — NO, + NO; SLOW
Step2 NO; + NO3 —— NO + NO; + O, FAST

Step3 NO + NO; — 2NO, fromanotherStep1 FAST

Click here after you identify the rate determining step AND have

written the rate law



http://images.slideplayer.com/1/266799/slides/slide_38.jpg
http://www.bozemanscience.com/ap-chem-037-the-rate-constant

Source

+ Successful and Unsuccessful
Molecular Collisions

Assume that all of these curves show the distribution
of molecular speeds for the same substance.

Video

Click here after you have

chosen the correct curve and
justified your answer.

number of particles

0 1000 2000

molecular speed / ms-1

Question: Which curve indicates the particles most likely to produce collisions
that result in a chemical change? Justify your selection.

LO 4.5: The student is able to explain the difference between collisions that convert
reactants to products and those that do not in terms of energy distributions and
molecular orientation.


http://ibchem.com/IB/ibfiles/states/sta_img/MB2.gif
http://www.bozemanscience.com/ap-chem-039-unsuccessful-reactions

Source

+Temperature and Reaction Rate

Energy Energy

Reaction Coordinate Reaction Coordinate

Reaction A Reaction B

In order for both Reaction A and
Reaction B to proceed in the
forward direction at the same
rate, which reaction would need
to be at the higher temperature?
Justify your choice.

Click here to see answer and

justification.

LO 4.6: The student is able to use representations of the energy profile for an
elementary reaction (from the reactants, through the transition state, to the products)
to make qualitative predictions regarding the relative temperature dependence of the
reaction rate.


http://images.slideplayer.com/25/8042910/slides/slide_4.jpg
http://www.bozemanscience.com/ap-chem-039-unsuccessful-reactions

Source

+Reaction Mechanisms

X, + Y, 5 XY rate = k[X;]

A reaction and its experimentally determined rate law are represented above. A
chemist proposes two different possible mechanisms for the reaction, which are give

below. Video
Mechanism 1 Mechanism 2
X, —»> 2X (slow) Xy —> 2X (slow)
X + Y, > XY (fast) X+Y, > XY +Y (fast)
X + XY; - XY, (fast) X + XY - XY (fast)
XY +Y - XoY, (fast)

Based on the information above, which of the mechanisms is/are consistent with the
rate law? List the intermediates in each mechanism:

Answer: Both are consistent. In both mechanisms, the molecularity of the slow, rate
determining step is consistent with the rate law. Furthermore, the sum of the elementary steps

for both mechanisms gives the overall balanced equation for the reaction.

Intermediates in mechanism 1: X, XY2. Intermediates in mechanism 2: X, XY, Y, X2Y

LO 4.7: Evaluate alternative explanations, as expressed by reaction mechanisms, to determine
which are consistent with data regarding the overall rate of a reaction, and data that can be used
to infer the presence of a reaction intermediate.


http://apchemistrynmsi.wikispaces.com/file/view/12%20Kinetics.pdf/522333370/12%20Kinetics.pdf
http://www.bozemanscience.com/ap-chem-043-reaction-intermediates

Source

* Reaction Mechanisms
The rate law for a reaction is found to be Rate = k[A]?[B]. What is the

intermediate? Which of the following mechanisms gives this rate law?

Video
. A+ B < E (fast) Answer: E is the intermediate. Only
E+B —>C + D (slow) Mechanism II is consistent with the rate law.
Whenever a fast equilibrium step producing
II. A+ B = E (fast) an intermediate precedes the slow rate
E+A —>C + D (slow) determining step and we want to remove the
intermediate from the rate law, we can solve
II. A+ A — E (slow) for the concentration of the intermediate by

assuming that an equilibrium is established
in the fast step. The concentration of the
intermediate in the rate determining slow

E+B —>C + D (fast)

Al step can be replaced with an expression
B. II derived from the equilibrium constant [E]
C. III =Keq[A][B]. This substitution gives us the

D. Two of these desired rate law: rate = k’[A]?[B]

LO 4.7 The student is able to evaluate alternative explanations, as expressed by reaction mechanisms, to
determine which are consistent with data regarding the overall rate of a reaction, and data that can be used to

infer the presence of a reaction intermediate.


http://apchemistrynmsi.wikispaces.com/file/view/12%20Kinetics.pdf/522333370/12%20Kinetics.pdf
http://www.bozemanscience.com/ap-chem-043-reaction-intermediates

=t=  Reaction Mechanisms and Energy Profiles — Practice Problem

Draw and label axes for the energy profiles below. Match the curves with the
appropriate description.

A. exothermic reaction with a 2 step D. endothermic reaction with a 2 step
mechanism where the first step is mechanism where the first step is
slow. slow.

B. endothermic reaction with a 2 step E. exothermic reaction with a 1 step
mechanism where the second step is mechanism.
slow

C. exothermic reaction with a 2 step F. endothermic reaction with a 1 step
mechanism where the second step is mechanism.
slow.

D] C | F o
é 8 £ Reaction pathway

Reaction pathway Reaction pathway

S, B>
>
E § 1
& B ¢ g
5} M A‘ &
3 o g
£ 2 B
5 g 5
o o °
¥ A &

Reaction pathway Reaction pathway Reaction pathway

LO 4.7 Cont. Dena K. Leggett, PhD Advanced Chemistry Teacher Allen High School Copyright 2015



Source

+ Catalysts

a. A catalyst can stabilize a transition state, lowering
the activation energy.

b. A catalyst can participate in the formation of a new reaction intermediate,
providing a new reaction pathway. Video

The rate of the Haber process for the synthesis of ammonia is increased
by the use of a heterogeneous catalyst which provides a lower energy
pathway.

N2(g) + 2H:z (g) = iron-based catalyst + 2NHj3 (g)

Rate-determining step

@

L.y & K X L & N B B E B L K
. x ¥ K & 3 E R B B E N R R

L. A E E K E X N B E E R E
. 2 E ¥ K E N K X 3 3 K E J |

IIIII n:l
M. dissociation MN—H , formation

Iron based catalyst

LO 4.8 The student can translate among reaction energy profile representations, particulate representations, and symbolic
representations (chemical equations) of a chemical reaction occurring in the presence and absence of a catalyst.


http://apchemistrynmsi.wikispaces.com/file/view/12%20Kinetics.pdf/522333370/12%20Kinetics.pdf
http://www.bozemanscience.com/ap-chem-044-catalysts

Source

catalysts provide alternative mechanisms with
+ Catalysts | oot

lower activation energy

a. In acid-base catalysis, a reactant either gains or loses a proton,
changing the rate of the reaction.

b. In surface catalysis, either a new reaction intermediate is formed or Video
the probability of successful collisions is increased.

c. In Enzyme catalysis enzymes bind to reactants in a way that lowers the
activation energy. Other enzymes react to form new reaction intermediates.

Uncatalyzed reaction

Catalyzed
28 reaction
. )
Homogeneous catalysis 5| , H,0, +
of the decomposition of H-O- % 2 Br— + 2 HY |
{'_-J II
& H202 = S Hzo & Brz

2H,O+ O, +
2Br +2H"

Reaction pathway

LO 4.9 The student is able to explain changes in reaction rates arising from the use of acid-base catalysts, surface catalysts, or
enzyme catalysts, including selecting appropriate mechanisms with or without the catalyst present.


http://wps.prenhall.com/wps/media/objects/3312/3391801/blb1406.html
http://www.bozemanscience.com/ap-chem-045-catalyst-classes

Big Idea #5
Thermochemistry




+ Bond Enerqgy, Length & Strength

B Bond strength is determined by the distance between the atoms in a
molecule and bond order. Multiple bonds shorten the distance &
increase the force of attraction between atoms in a molecule.

Source

B Bond Energy is ENDOTHERMIC —the energy needed to break the bond. Y9€0

Bond Length (pm) | Energy (kJ/mol) |
c-C 154 346
C=C 134 612
C=C 120 835
C-N 147 305
C=N 132 615
C=N 116 887
c-0 143 358
Cc=0 120 799
c=0 113 1072
N -N 145 180
N=N 125 418
N=N 110 942

3 Factors

1) Size:H-Clis .. ]
smaller than  energy ) )
H-Br 74 pm

2) Polarity: HCI
is more polar
tha.n H-C repulsive

forces

attractive forces

436 f----- .-\

3) Bond Orde]_' elimol “ most stable state
(length) C=C
involves more

e- is shorter
than C-C.

Lowest PE =Bond Energy

LO: 5.1 The student is able to create or use graphical representations in order to connect the dependence of
potential energy to the distance between atoms and factors, such as bond order and polarity, which influence

the interaction strength.


http://chemwiki.ucdavis.edu/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_Chem1_(Lower)/09._Chemical_Bonding_and_Molecular_Structure/9.01:_Molecules:_Properties_of_Bonded_Atoms
https://www.youtube.com/watch?v=I9jd1Ew_YGU

+ Maxwell —Boltzmann Distributions

Temperature is a measure of the average Kinetic
Energy of a sample of substance.

Particles with larger mass will have a lower
velocity but the same Average KE at the same
Temperature.

Kinetic Energy is directly proportional to the
temperature of particles in a substance. (if you
double the Kelvin Temp you double the KE)

The M-B Distribution shows that the distribution of
KE becomes greater at higher temperature.

The areas under the curve are equal and therefore
the number of molecules is constant

Increasing Temperature (KE) increases the number
of particles with the Activation Energy necessary
to react.

Activation Energy is not changed with temperature
but may be changed with a catalyst.

Humber of molecules

Source

Video

Low T

High T

Activation
Energy

Kinetic Energy

LO 5.2: The student is able to relate Temp to motions of particles in particulate representations
including velocity , and/ or via KE and distributions of KE of the particles.


http://www.digipac.ca/chemical/mtom/contents/glossary/k.htm
https://www.youtube.com/watch?v=glSIFkGl63E

Source

+ Thermodynamic vocabulary

B Universe: The sum of the system and surroundings
B System: The species we want to study
B Surroundings: the environment outside the system

B Endothermic: Heat flows to the system from the surroundings (surroundin§iieo
temperature drops-i.e. beaker feels cold)

B Exothermic: Heat flows from the system to the surroundings. (surroundings
temperature rises-i.e. beaker feels hot)

System Boundary

¥

Thermodynamic |

System L4 A /
v

Thermadynamic .,
System Thermodynamic

Ful |
Surroundings !
g 2 System Boundary

o

Thermodynamic
Surroundings

A
L—_—
LO 5.3: The student can generate explanations or make predictions about the transfer of thermal energy
between systems based on this transfer being due to a kinetic energy transfer between systems arising from

molecular collisions.



http://www.learnthermo.com/T1-tutorial/ch01/lesson-C/pg02.php
https://www.youtube.com/watch?v=jR8vZHtOLdA

Source

+ Heat Transfer

B Kinetic energy transferred between particles of varying
temperature is heat energy.

B Heat flows from particles of higher energy (hot) to those of :
lower energy (cold) when particles collide. Video

B When the temperature of both particles are equal the
substances are in thermal equilibrium.

B Not all particles will absorb or
release the same amount of heat
per gram.

Heat flow

B Specific Heat Capacity is a
measure of the amount of heat
energy in Joules that is absorbed
to raise the temperature of 1 gram
of a substance by 1 degree Kelvin.

B Heat transfer can be measured g=mcpAT

LO 5.3: The student can generate explanations or make predictions about the transfer of thermal
energy between systems based on this transfer being due to a kinetic energy transfer between

systems arising from molecular collisions.


http://www.physicsclassroom.com/class/thermalP/Lesson-1/Methods-of-Heat-Transfer
https://www.youtube.com/watch?v=B6hAwZH2mmA

Source

+ Conservation of Energy

B 15t Law of Thermodynamics: Energy is
conserved

B Temperature is a measure of the Video
average Kinetic energy of particles in a
substance

B Energy can be transferred as Work or Work (w Heatiq)
Heat |

B AE = gtw

B Work = -PAV (this is the work a gas
does on the surroundings i:e the
volume expanding a piston) a gas does

no work in a vacuum.

LO 5.4: The student is able to use conservation of energy to relate the magnitude of
the energy changes occurring in two or more interacting systems, including

identification of the systems, the type (heat vs. work), or the direction of the energy
flow.


https://www.chem.tamu.edu/class/majors/tutorialnotefiles/law1.htm
https://www.youtube.com/watch?v=fe_fFFrVl7U

Source

+ Conservation of Energy

on surroundings as gas expands,
pushing piston up distance Ah

{ System does work w = —PAV }

F/A Video

B Expansion/Compression
of a gas

B Volume increases, work
is done by the gas

Volume B Volume decreases, work

Gas enclosed change is done on the gas

in cylinder

Cross-sectional
Initial area = A Final
state state

& 2012 Pearson Education. inc

LO 5.4: The student is able to use conservation of energy to relate the magnitude of
the energy changes occurring in two or more interacting systems, including
identification of the systems, the type (heat vs. work), or the direction of the energy
flow.


http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Thermodynamics/Path_Functions/Work
https://www.youtube.com/watch?v=qVAvmieRM1E

Source

+ Conservation of Energy when
Mixing
B Energy is transferred between systems in contact
with one another

Video
B Energy lost by one system is gained by the other T,
so that total energy is always conserved.
B -Q lost by system = +Q gained by surroundings
B For example :
B When room temperature water T1 (system) is tm,,ff;m rangfg.rm

mixed with cold water T2 (surroundings), the
final temperature T3 will be in-between.

B Q1+ Q2=0and energy is conserved
T, >T,>T,

LO 5.5: The student is able to use conservation of energy to relate the magnitudes of
the energy changes when two non reacting substances are mixed or brought into
contact with one another.


https://www.learner.org/courses/chemistry/text/text.html?dis=U&num=Ym5WdElUQS9PQ289&sec=YzJWaklUQS9OeW89
https://www.youtube.com/watch?v=SAR-5wdQKSY

source
+ Calorimetry: an experimental technique used to determine the

heat transferred in a chemical system. System can be a chemical
reaction or physical process. -

Coffee Cup Calorimeter
» Can use Calorimetry to solve for Heat Capacity of a P

calorimeter (C),, specific heat of a substance, (c¢), and
AHvap, Afus, AHrxn.

» The data handling and math: Stirrer

Video

Thermometer

B Law of Conservation of Energy: Q system +
Qsurroundings = 0

B Qsystem = - Qsurroundings where System =

Insulated Exampl
reaction, Surroundings = calorimeter pie

& “Siappse roblem
B SO:Q rxn = - Q calorimeter L P

B Heat Transfer due to Temperature Change in the & @ Nested
Calorimeter: Reaction 1N 1 Insulated
\ Cups

B Q=CAT,or Q= mc AT where Qin],CinJ/K,ming, M~iure:
cin]/g-K, AT inK

B Q rxn = - Q calorimeter = - CAT if the calorimeter

Heat Capacity is Known, or can be determined. Flgiwe 110 Dofios Ghip Celothneter

When a chemical reaction occurs in the coffee cup, the heat

| Q rxn = - Q calorimeter - chT fOI' reactions in generated by the reaction will be absorbed by the water in the cup.
) Because Styrofoam is a good insulator, nearly all the thermal energy
SO].'L'I.thII.. from the reaction will stay in the cup and not be lost to the
. . surroundings during the experiment. (Unit 7, Section 7)
» When calculating AH, must take into account the & Sekbnes Nedlia Group.

mass of reactant that caused Q rxn.

LO 5.5: The student is able to use conservation of energy to relate the magnitudes of the energy changes when
two non-reacting substances are brought into contact with one another.


https://www.learner.org/courses/chemistry/visuals/visuals.html?dis=U&num=Ym5WdElUQS9PQ289
https://www.youtube.com/watch?v=JuWtBR-rDQk&nohtml5=False

Heating Curve

Sfo,

P combint

(1) to (g)

boiling point-
b i oy |' eNaparadrion

Source

Chemical Systems undergo 3 main processes that change their energy:
heating/cooling, phase transitions, and chemical reactions.
; 1. Heat Transfer due to Temperature Change: (kJ)
Q= mcAT
2 m= mass (g), c= specific heat capacity (J/g-°C), AT= Temp.
change in °C

Q is + for Heating, - for cooling

Video

Temperature 1) s
() e e ) 2. Heat Transfer due to Phase Change: (kJ/mol )
melting point- () to () Q= AH phase change
o Ti‘ : Q phase change = + for AH fusion, AH vaporizing, AH
me

subliming, - for AH freezing, AH condensing, AH deposition

3. Q for a chemical reaction at constant pressure = AH
rxn

When calculating AH rxn from Q, remember AH rxn must

- geerensel . . . . . . .
?E? =-Jm+w* agree with the stoichiometric coefficients in the reaction.
— ¥ (g) to (1) Units of AH rxn are kJ/mol rxn.
oiling point o e — ) )
o M 4. When a gas expands or contracts in a chemical
Temperature ' e dercona(1) reaction, energy is transferred in the form of Pressure-
o poraTont
0 Volume work. W= -PAV (I-atm)
melting point- NG w+  Gas Expands — Does work on surroundings (system loses
5
re o soli d1FcD‘hOf'l energy)

Time

Gas Contracts — Work done on the gas (system gains
energy) No change in volume, no work done.

LO 5.6: The student is able to use calculations or estimations to relate energy changes associated with
heating/cooling a substance to the heat capacity, relate the energy changes associated with a phase transition
to the enthalpy of fusion/vaporization, relate energy changes associated with a chemical reaction to the

enthalpy of the reaction, and relate the energy changes to PAV work.


http://www.worldwisetutoring.com/heating-and-cooling-curves/
http://glencoe.com/sites/common_assets/advanced_placement/chemistry_chang10e/animations/enm1s3_4.swf

Calorimetry: an experimental technique used to determine the heat ~SQuice

transferred in a chemical system. System can be a chemical reaction
or physical process.

Question:

A student is using a calorimeter made from a polystyrene cup and a thermometer 1o
determine the specific heat capacity of an unknown solid. The cup was weighed, then
filled with 100mL of water. After the water reached equilibrium with the room the Video
temnperature was measured at 25.0°C. A piece of the unknown metal was found to -
weigh 50.0 g, the solid was heated to 100.°C, After the solid was placed in the water the

e correct answer is “b”, the calculated value would be too small because of the heat
pst to the surroundings. As the temperature of the water increases energy will be lost to
1e cooler surroundings. Having a top on the cup will minimize that loss, with out the

p the measured temperature will be lower than it should be, giving a lower value for

SUrrOUNAIngs.

d. The calculated value would be too small because of the heat absorbed from the
surroundings.

e. The calculated value would not be changed.

LO 5.7 The student is able to design and/or interpret the results of an experiment in which
calorimetry is used to determine the change in enthalpy of a chemical process.

(heating/cooling, phase transition, or chemical reaction) at constant pressure.


http://www.learnapchemistry.com/potd/problem.php?pc=47c090b3fca47b99118e7653c667e609
https://www.youtube.com/watch?v=DLi72thhck4

source
The net energy change during a reaction is the sum of the energy required to

+ break the reactant bonds and the energy released in forming the product
bonds. The net energy change may be positive for endothermic reactions
where energy is required, or negative for exothermic reactions where energy
is released.

Activation Activation
4 energy 4 energy
Any bond that can be formed can be broken. - &
These processes are in opposition. (their enthalpy o o .
changes are equal in magnitude, opposite sign) & 0 y m
> AH bonds breaking > ENDOTHERMIC (+) o | Pecinnts :[ K Prodects
) £ = *. energy
» AH bonds forming > EXOTHERMIC (-) 4 [e—— / _____ 2 - == - absorbed
L=
> To find AHrxn, apply Hess’s Law: o OWey, TIowcie g, | TR
> AHrxn = £AH bonds breaking (+) + Z AH Reaction Progress' Reaction Progress
bonds forming (-) .
Exothermic Endothermic
reaction reaction

To calculate or estimate AHrxn from Bond
Energy: _ ’ If a reaction is EXOTHERMIC, there is a net
1. Draw the Lewis Structure. Don't forget about release in energy, since weaker bonds break and

double and triple bonds! : .
2 Add ub AH bonds breaking. I's + (kJ stronger bonds form. Product has higher kinetic

' up onds breaking. It's + (kJ) energy and lower potential energy than reactant.

3.  Add up AH bonds forming. It’s - (kJ).

4. Add the two terms. Units are kd/mol rxn.
If a reaction is ENDOTHERMIC, there is a net

To calculate AH°.., from a table of standard absorption of energy, since stronger bonds break,
enthalpies of formation: and weaker bonds form. Product has lower kinetic

AH°xn = 2AH® products - 2AH® reactants energy, and higher potential energy than reactant.

LO 5.8: The student is able to draw qualitative and quantitative connections between
the reaction enthalpy and the energies involved in the breaking and formation of

chemical bonds.


http://cammyscomiccorner.com/photowfd/enthalpy-level-diagram
https://www.youtube.com/watch?v=DbzXKxp4V-Q

Source

Electrostatic forces exist between molecules as well as between atoms
or ions, and breaking these intermolecular interactions requires
energy.

The Stronger the IMF the more energy required to break it, the Higher the Boiling
Point, the Lower the Vapor Pressure.

Intermolecular Forces Listed from weakest to strongest. Thus the boiling points and vapor V1de o
pressure of molecular substances can be ordered based on IMF strength:

1. Dispersion (Induced Dipole- Induced Dipole): Caused by distortion of electron cloud. The larger the
Weaker IMF, electron cloud, and the more surface area, the more polarizable the cloud, the stronger the dispersion
Lower Boiling, force. Thus the boiling point trend in halogens is I >Br.>Cl2> F, and n-butane (30.2° C) has a
Higher Vapor higher boiling point than isobutane (-11 °C). All substances have dispersion forces, as all
PIessure electron clouds distort. Nonpolar molecules and atoms have only dispersion forces, as they have no
permanent dipoles.

2. Dipole- Induced Dipole: Occurs between a polar molecule (HCI) and a nonpolar molecule. (Cl2) The
nonpolar molecule’s cloud distorts when affected by a dipole.

3. Dipole-Dipole: Occurs between 2 polar molecules. (HCI-HCI)

Hydrogen Bond: An extreme case of Dipole — Dipole. Occurs between molecules containing a H
covalently bonded to F,O, or N. The “bond” occurs between the lone pair of F, O, or N, and the H

Stronger IMF, . .
EliGakiecuRailisicn which is attached to one of those elements. o O
Lower Vapor :
8 m B *r
| : | <O
N H N AT S He™ e H
H \I H \4 H w H -0 o .,?/'__”
H }_"1 Ilf H ||'| {3) é H
w

LO 5.9: Make claims and/or predictions regarding relative magnitudes of the forces acting
within collections of interacting molecules based on the distribution of electrons within the
molecules and the types of intermolecular forces through which the molecules interact.


http://www.bing.com/images/search?q=hydrogen+bond&view=detailv2&id=F8A5D410C2D17CB2972181441BFAEA33AB836E05&selectedindex=38&ccid=wOTYHWAt&simid=608002323058197825&thid=OIP.Mc0e4d81d602d37d12ecb36603a40b626o0&mode=overlay&first=1
https://www.youtube.com/watch?v=BqQJPCdmIp8&nohtml5=False

Intermolecular }&F"‘J- I
nter vs Intra
Chemical vs. Physical

d

[f you are asked to rank molecules in order of melting point, boiling point, viscosity, surface tension or
vapour pressure ... what they are actually asking 1s for you to rank them by strength of intermolecular
forces (either mcreasing or decreasing),

Here 1s my strategy for this:

I. Look for molecules with hydrogen bonding capability will have the strongest intermolecular
forees.

2. Look for molecules with dipoles. These will have the next strongest intermolecular forces.

3. Larger molecules will have stronger London dispersion forces. These are the weakest
intermolecular forces but will often be the deciding factor in multiple choice questions

Strong IMF= High BP, High MP, High viscosity, high
surface tension, low vapor pressure!

LO 5.10: The student can support the claim about whether a process is a chemical or
physical change (or may be classified as both) based on whether the process
involves changes in intramolecular versus intermolecular interactions.


http://www.slideshare.net/gabelpam/power-point-solids-liquids
http://www.chem.ucla.edu/~harding/notes/notes_14C_noncoval02.pdf
http://lessons.chemistnate.com/uploads/5/0/2/9/5029141/__which_substance_has_the_highest_lowest_melting_boiling_points_etc.pdf
http://ch301.cm.utexas.edu/imfs/#forces/forces-attraction-all.php
https://www.youtube.com/watch?v=ziQtpXVDpn0&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ&index=55

+IMF and Biological/Large Molecules

Intermolecular forces in liquids and solids

Weak intermolecular forces (non-covalent interactions)
act between molecules, causing them to be attracted to each
other in varying degrees. The strength of these forces at

a particular temperature determines whether a molecular
substance is a gas, a liquid, or a solid at that temperature.
Mon-caovalent forces also contribute to the secondary, tertiary, or quaternary

structures of biopolymers (namely proteins a nucleic acids), maintain the
stability of biomembranes, and play important roles in highly specific biological

interactions (enzyme — substrate, antigen — antibody, signal molecules — receptor.

Types of intermolecular forces:
— hydrogen bonds,
— dipole—dipole interactions,

— dispersion forces (London forces).
Dipole—dipole and dispersion forces are sometimes referred collectively
to as van der Waals forces.

43

CH,—OH --—------0
/' Hydrogen bond
between side chain |

CH, H,C
Hydrophobic
interactions
(van der Waals
interactions)

H
Hydrogen bond between
two side chains

Disulfide bond

This image shows the tertiary structure of a protein segment, Tertiarfy structure results from different
interactions, or forces, between groups. Mave the example of each force to the appropriate description an
the protein. Then identify the major force controlling tertiary structure.

| Il ydrogen bon .. N et
|I 'II || GH
[ OH
| jonic bond § RO CHa &= 0 CH;
G 1

|
CHy—MNHy O—C—CHy |
| hydrophobic interaction [

CH; —§—S8—CH;

| UL DU BT

, CHs H3C\_ =
—CH’ HE — : [
- CH, H_«C'/ CHa—HNHz; O=—C—CHz

\ &

CH; —8§—5—CH;

continued

LO 5.11: The student is able to identify the noncovalent interactions within and
between large molecules, and/or connect the shape and function of the large
molecule to the presence and magnitude of these interactions.


https://www.studyblue.com/notes/note/n/bio-181-study-guide-2013-14-mor/deck/8698279
http://image.slidesharecdn.com/0introductoryrecapitulation1-110914014701-phpapp01/95/0-introductory-recapitulation-43-728.jpg?cb=1315964921
https://www.youtube.com/watch?v=8Stbg8HCOw4&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ&index=56

+ Entropy- Embrace the Chaos!

Entropy Changes that result
ina +AS:

Increasing moles
Increasing temperature
Increasing volume

Solid to liquid to gas
Forming more complicated
molecules. (More moles of
electrons)

..rqu:l -
‘ - ﬂ -~
.‘!‘J' n.-j:. —p ﬂf,.-.u *
22 “‘*;g} .

More gas in product - Entropy *

Increasing entropy

Crystalline solid

Liquid

Gas

Source

Video

LO 5.12: The student is able to use representations and models to predict the sign
and relative magnitude of the entropy change associated with chemical or physical

processes.


http://www.slideshare.net/wkkok1957/ib-chemistry-on-entropy-and-laws-of-thermodynamics-51984667
http://chemwiki.ucdavis.edu/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_Chemistry_(OpenSTAX)/16:_Thermodynamics/16.2:_Entropy
https://www.youtube.com/watch?v=MALZTPsHSoo&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ&index=57

Predicting How Reactions Will Go

AG=AH—-TAS when will delta G <0

AH AS Thermodynamic Favorability Video #1
Video #2
k e af spontanecus at all temperatures Source

+ non-spontaneous at all temperatures

spontaneous at low temperatures
non-spontaneous at high temperatures

+ + spontanecus at high temperatures
non-spontaneous at low temperatures

AG (Gibbs Free Energy)

System temperature

K)
\ Entropy

r ™y

!ntropy 1S

typically given in
J/K so you MUST
convert to KJ!

L

Free E
cLe:ngge(rEj}_—’ AG=AH-TAS <« Change (/)

/

Enthalpy
change (kJ)

If G <0, i.e. negative, the reaction is
thermodynamically favored (spontaneous.)

2

LO 5.13: The student is able to predict whether or not a physical or chemical process
is thermodynamically favored by determination of (either quantitatively or
qualitatively) the signs of both delta H° and delta S°, and calculation or estimation of

delta G° when needed.


https://www.youtube.com/watch?v=PFQM20ugoT8&index=60&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ
https://www.youtube.com/watch?v=huKBuShAa1w
http://cstuart7.blogspot.com/

?
K
N\
08 f// \\v"c\ﬁ AG" E'.y K Direction of Reaction
How can I g:/ \\ 5 <0 >0 =1 spontaneous inforward direction
('3{?/ | \\ %71 >0 <0 <1 spontaneous in reverse direction
c al cu 1 at e -7_/ \\ 0 0 1 no net reaction: system at equilibrium
E"ce”/ AT : K
AG? £ (.E:Jln K

AG and K

« Standard free energy change is related to the

thermodynamic equilibrium constant, K, at equilibrium. o T Go _ G°
— IF areactionis NOT at equilibrium, it is proceeding in some AG°ra=ZA (products) ZA (reatianty}
direction (forward or reverse) depending on Q, reaction quotient.

— That means there exists energy to do work (make reaction AGG — A HU _ TA SG

proceed)

« AG=AG°+RTInQ AG o — ”Fé

+ At equilibrium:
— A G =0, because there is no ability to do any more useful work
—and Q=K

+ So we get:
- AG°=-RTInK

LO 5.14: Determine whether a chemical or physical process is thermodynamically
favorable by calculating the change in standard Gibbs free energy


http://chemwiki.ucdavis.edu/Core/Analytical_Chemistry/Electrochemistry/Electrochemical_Cells_and_Thermodynamics
http://images.slideplayer.com/9/2539417/slides/slide_41.jpg
http://www.bozemanscience.com/ap-chem-058-thermodynamically-favored-processes
https://www.youtube.com/watch?v=huKBuShAa1w&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ&index=59&nohtml5=False
https://www.youtube.com/watch?v=8Cs4PUO_1JA

Coupling
# Reactions

E The sum of the free energy for these two reactions gives the overall E
to d A for this process (AG =-16.7 kJ/maol), which is very
thermodynamically favorable. Another way in which reactions can
be coupled is by breaking down a high energy compound with an
enzyme, trapping that energy and using it to drive an endergonic
reaction. You can think of energy as chemical currency used to
—1conduct business in the cell. Taking this energy-as-money analogy a 1
bit further, the coupling of the reactions is like what REobin Hood did
in the Sherwood forest; stole from the rich and gave to the poor.
Coupling reactions is a way to take the energy from the “rich™ and E—

E:lbring it to the "poor” that really need it. I:Ifa‘gll;h



http://www.wiley.com/college/boyer/0470003790/reviews/thermo/thermo_coupled.htm
https://www.youtube.com/watch?v=PFQM20ugoT8&index=60&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ
https://www.youtube.com/watch?v=PFQM20ugoT8&index=60&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ
https://www.chem.wisc.edu/deptfiles/genchem/netorial/modules/thermodynamics/altdefs/coupling.htm
https://www.chem.wisc.edu/deptfiles/genchem/netorial/modules/thermodynamics/altdefs/coupling.htm

" Coupled Reactions and
LeChatelier

C+D
D+E =——

eactions can be coupled together if they share a commaon /ﬂ'l + B i
ntermediate. In this example, the two reactions share the
omponent "D".

et us assume that the first reaction has an Kgq much less than 1, while the K for the second
eaction is much greater than 1.

hat will happen? Most of the D formed by the first reaction (which is not much), will react with E
assuming E is present) and be removed from the system.

his will inhibit the C+D "back reaction”. while the A+B "forward reaction” will continue.

ore D will be produced, even though the reaction that produces it is unfavorable.

LO: 5.16 The student can use LeChatelier's principle to make qualitative predictions
for systems in which coupled reactions that share a common intermediate drive
formation of a product.


http://www.chem1.com/acad/webtext/thermeq/TE5.html
https://www.youtube.com/watch?v=7IqgrcBkGRU&nohtml5=False

==
COUPLING OF REACTIONS

Manipulating K,,

(. INOF
Wl —
(1) Ngg + Oy = 2NO, " INJIO,]
¢ = NOF
(2) ZNO(Q) + OZ(g) =¥ ZNOE(Q) eq2 = m
Determine the chemical equation for the
overall process
What is the equilibrium constant for the overall Jﬁ:
process? How does it depend on the value of e
Kc, and Kc.?
NOJ? NO,J?
NOY NG, s Ry KKy

eq
2
[Nz][oz] [NO] [Oz] % UA GenChem

A—B AGY,
B—siC AG,
Sum: A—— C AG0, + AG',

This principle of bioenergetics explains how a
thermodynamically unfavorable (endergonic)
reaction can be driven in the forward direction by
coupling it to a highly exergonic reaction through a
common intermediate



http://www.slideshare.net/fatimafizan/bioenergetics-and-thermodynamics
http://www.slideshare.net/chelss/intro-to-equilibrium-abbrev-alg
https://www.youtube.com/watch?v=F1k8TJsVg_g&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ&index=71&nohtml5=False

Is it thermo, Kkinetics, or K?

Relationship Between AG°and K at 298 K

Equilibrium Description Standard Gibbs
constant Free Energy
K= Neither reactant nox AG®° = ()
product favored
K>1 Product favored AG° <0
(thermodynamically
favorable)

“Thermodynamically UNFAVORABLE” (aka non-spontaneous) reactions will run in

reverse when set up with standard conditions (1M/latm of ALL reactants and
products) BUT can be made to proceed forward under different conditions. "

L 5.18: Explain why a thermodynamically tavored chemical reaction may not
produce large amounts of product (based on consideration of both initial conditions
and kinetic effects), or why a thermodynamically unfavored chemical reaction can
produce large amounts of product for certain sets of initial conditions.


http://www.slideshare.net/Kumar4556/chemical-kinetics-55894275
http://www.slideshare.net/caneman1/new-chm-152-unit-6-power-points-sp13
https://www.youtube.com/watch?v=F1k8TJsVg_g

