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Note Packet Unit 8:
Kinetics, Thermodynamics, &
Equilibrium

Kinetics:
e Reaction Rate
e Collision Theory
e Reaction Mechanism
e Factors Affecting Rate of Reaction:
o Nature of Reactants

o Concentration Equilibrium:

o Surface Area e Physical Equilibrium
o Pressure e Phase Equilibrium

o Catalyst e Solution Equilibrium
o Temperature e Chemical Equilibrium

e Le Chatelier's Principle
o Temperature Changes
o Pressure Changes
o Effect of a Catalyst
e Enthalpy
e Entropy

Thermodynamics:
¢ Potential Energy Diagrams
¢ Heat of Reactions
» Endothermic Reactions
» Exothermic Reactions
e Activated Complex
e Activation Energy
o Effect of Catalyst on Reaction
e Stability (Table I)




SB Notes KineticsEquilibrium.notebook

Kinetics = study of the RATE or SPEED at which REACTIONS occur

A REACTION is the BREAKING and REFORMING of BONDS to make
entirely new compounds as products

Reaction Mechanism = STEP BY STEP PROCESS needed to make a

W _n

product; how you get from "a” to "b" (like a recipe)

REACTANTS - PRODUCTS

e Just like when we bake a cake we must follow directions
o CANT OMIT any STEPS!
o CAN'T CHANGE THE ORDER of the steps!
o CANT OMIT any REACTANTS (ingredients)

Determine whether each of the following chemical reactions is an example of a
slow or fast reaction. Explain why knowing this relative rate of rxn is significant.

Rusting S / o/

August 09, 2023

alka seltzer in water ‘LO&S%

styrofoam decomposing \/€/\j \S( ow

weathering of rocks slow

bleach removing color \C‘G\«b ‘\—'

WHAT DETERMINES THE RATE OF A REACTION?

IS stepsvs 2step

1. NUMBER OF STEPS = more steps can mean a slower reaction

2. RATE DETERMINING STEP = the SLOWEST STEP of the reaction; most
important factor influencing reaction rate

Rate Determining Step

A+ B+ C—> ABC (2 steps)
A+ B —> AB (slow)
AB+C —> ABC (fast)

Ll/n\{
7

\
i
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Collision Theor'y: In order for a reaction to occur, reactant PARTICLES
MUST COLLIDE and have the following when doing so:

1. Proper amount of ENERGY

2. Proper ALIGNMENT/DIRECTION/ORIENTATION

®_ o

*Only when particles collide with these fwo conditions are met will there be
an EFFECTIVE COLLISION, resulting in a reaction

EXOTHERMIC

activated
complex
Potential | ¢+ 7 @ W\ 4
energy reactants
() = R

y

products
[ = =

——— —— — —— ——— S WY WA WS W WS S G S S -

reaction pathway
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THE 6 Factors Affecting Rate of Reaction:

Factor How Rate is Why Rate is Affected
Affected
» GASES = FASTER than solids or
liquids
1. » AQUEOQUS = FASTER than solids or

Nature of liquids

Reactants | PHASE/STATE Combustteo
of matyer CHag) + Oz(g) — COzg) + 2H20¢

Ntdane

*SOLIDS = SLOWEST

CasHsa(s) + Ozig) — COz(gy + 2H20¢¢)

BOND TYPE
» TONIC = FAST (at 25°C)
*This should
NaCl + AgNO — NaNO + AqCl
Pa—— aClag) + AGINUsag) alNUiag) + AgLls)
asterisk and | cOVALENT = SLOW (at 25°C)
the Regents

overgeneralizes | 2C0Oyg) + Ozg) — 2C0zq)
in this case.
However, it may
end up on the
June exam...
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The MORE PARTICLES in a given

2. INCREASE space, the LESS SPACE b/w
Concentration | concentration, particles > MORE COLLISIONS
& W8 | INCREASE rxn
| rate ¥ X4 bh L
\F ZL N AT
moEn oS AR
INCREASE Increasing pressure DECREASES
3. pressure, VOLUME which DECREASES
Pressure | INCREASE rxn SPACE b/w particles > MORE
rate (affects COLLISIONS
GASES ONLY!)
Greater SPEED - MORE total
a. fg’;;;ﬁfﬁe COLLISIONS
Temperature ' Greater AVERAGE KE - collisions
INCREASE rxn :
take place with MORE energy
rate
INCREASE the Increasing surface area EXPOSES
surface area (by | MORE REACTANT PARTICLES to
making PIECES possible collisions
5. SMALLER)

Surface Area

INCREASES the
rxn rate

(How many
surfaces are
there?)
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6.
Catalyst

SPEEDS UP THE RXN
WITHOUT CHANGING
THE NATURE OF THE
REACTANTS/PRODUCTS

Provides a SHORTCUT or
ALTERNATIVE PATHWAY
for the mechanism
Lowers the ACTIVATION

ENERGY for the reaction

How to speed up chemical reactions,

Energy

reactants
e.g. C;H,,0,+ 0,

MnOz
HzOz - Oz + Hzo
without enzyme
activation
energy without
enzyme
pnzyme activation

energy with
enzyme

overall energy
released during

reaction

products
CO,+H,0

Reaction coordinate

Y



SB Notes KineticsEquilibrium.notebook August 09, 2023

Potential Energy Diagrams
Recall, we have talked about chemical bonds having stored energy (AKA potential
energy). For that reason, chemists use diagrams called Potential Energy Diagrams
to illustrate the potential (or stored) energy changes that occur during specific
chemical reactions.

Recall: A reaction is the breaking and reforming of bonds

BREAK BONDS -> FORM BONDS
C\_\a\/\?{ A + B -2 C + D

Heat of Reaction (AH) = the amount of HEAT ENERGY LOST or GAINED

throughout a REACTION (AH = entHalpy)
PE OF THE PRODUCTS - PE OF THE REACTANTS

PE ?mduc( S
EHE byl - PE recctanfs
Also recall, there are two (2) types of reactions: AT A

1. Reactions that release energy > EXOTHERMIC
e AHis NEGATIVE (-)

enerqgy released (on right)
A + B > C + D + ENERGYY

10 Iy
Ex: Sodium in water — heat (and fire!) as product A H= —10K)Y

2. Reactions that absorb/gain energy > ENDOTHERMIC
o AHisPOSITIVE (+)

energy absorbed (on left)

A + B + ENERGY > C + D
Q K3

Ex: baking (need oven to supply heat) A H= 2U<D
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Whatever you do to a chemical equation, you also must do to the AH.

Ex 1: If you REVERSE a reaction (flip the products and reactants), then
you must _ CCVTC ’%t/’l[l',lo the sign for AH.

Ex 2: If you double the equation (or the coefficients), then you must
ClOUb[ < the AH.

Table I (of the Reference Tables) tells us if particular reactions are
exothermic or endothermic based on sign of the A H value.

A H (kJ/mol) Endothermic/Exothermic

L Nag) + 20g) > 2NO(g) 160U | Endomerth'c

Lo the om C

Endotherpm,c
~AK 1.0 | ExolhermC
COdg) > 0@ + 10:d9) | L 043 5 | Eadobems

2. Nag) + 3Hag) > 2NHs(g) _9l<%

3. 2NHs3(g) =~ Nz(g) + 3H2(9) ’)—91 Q&

4. 2C(s) + 20x(g) > 2C0(g)

=
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Forward Reaction = reading LEFT TO RIGHT in a reaction; reaction moves
toward the right

A + B =2 C + D

Reverse Reaction = reading RIGHT TO LEFT in a reaction; reaction moves
toward the left

A + B € ¢ + D

Activation Energy = amount of ENERGY NEEDED TO GET A REACTION
STARTED or to FORM THE ACTIVATED COMPLEX of a reaction (you must get
"over the hump" in order for a reaction to occur)

http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/activa2.swf

N i[/] chirated Cehmplt)& f)\g:g
20 O without enzyme AN ‘-% /é §
7
/L(,Jr'p”" ( OVLFH}( activation
energy without
/26 nzyme “[activation SIS lﬂl 5
energy with > /[_%05 Ve j

reactants
e.g. C,H,,0, + O,

overall energy
released during

reaction

B o products
CO,+H,0

S
Reaction coordinate =

HOW EXACTLY DOES A CATALYST SHORTEN THE REACTION
TIME NEEDED FOR A REACTION TO COMPLETE?

The ACTIVATED COMPLEX is lowered .. OR
The ACTIVATION ENERGY is decreased ... OR

The REACTION PATHWAY is shortened
10
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ENDOTHERMIC Potential Enerqgy Diagrams > POSITIVE AH

* Product side (to the R) always HIGHER than the reactant side (to the L)
meaning that ENERGY is ABSORBED

ENDOTHERMIC

activated

Potential |
energy

(kJ)

reactants

reaction pathway

Label the following: A = Potential Energy of the Reactants
B = Potential Energy of the Products
C = Potential Energy of the Activated Complex
D = Activation energy of the Forward rxn
E = Activation Energy of the Reverse rxn

F = Heat of the Reaction (AH = H, - H,)

ACTIVATED COMPLEX = HIGHEST energy point of the reaction;
this is where full REARRANGEMENT of the reactants occurs.

*Remember, this must happen for the reaction to be successtul,

11
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EXOTHERMIC Potential Enerqy Diagrams > NEGATIVE AH

* Product side (to the R) always LOWER than the reactant side (to the L)
meaning that ENERGY is RELEASED

EXOTHERMIC

activated
complex C.
N O SRS = i R w=—
Potential j _________________ A
energy reactants
(kJ) E
y
g CT VAL AR e IECT, i LS (i, l
products %

reaction pathway

Label the following: A = Potential Energy of the Reactants
B = Potential Energy of the Products
C = Potential Energy of the Activated Complex
D = Activation energy of the Forward rxn
E = Activation Energy of the Reverse rxn

F = Heat of the Reaction (AH = H, - H,)

Question: If a catalyst were added to the above diagram, which letter
quantities would change within the diagram?

Answer: (_ ) D)r,

Question: How does the addition of a catalyst change the heat of
reaction (AH)? (Increase, decrease, or remains the same)

Answer: AN H PO NS —I/qu Saunt

Question: What are the benefits to addirzg a catalyst? J,o 7% 7[
A : S e
nswer: < Pffé S L/E flkﬂ ) €S5S 6/16/9?

2
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EQUILIBRIUM

Some physical and chemical reactions are capable ;f eaching equilibrium.
Equilibrium occurs WHEN THE RATE OF THE FORWARD REACTION
EQUALS THE RATE OF THE REVERSE REACTION in a closed system.
When equilibrium is reached, IT DOES NOT MEAN that the reactants and
products are of equal QUANTITIES. So...

o Equilibrium is represented by DOUBLE ARROWS S instead
of a single arrow. This allows us to illustrate that the
reactions are proceeding in both directions (forward and
reverse).

o Equilibrium is DYNAMIC which means that it is constantly
CHANGING or FLUCTUATING

o Equilibrium means that reactant and product
CONCENTRATIONS are CONSTANT.

*Equilibrium does NOT mean that reactant and product
concentrations are equal,

Define eguilibrium | m Ter'ms of reactant and product concentrations:

@qw V\/V’ (or’\Cf’rv\-»oJ—\‘O"lb arc (OMBA"/VL

Define equilibrium in terms of forward and reverse reaction rates:

= ke

13
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TYPES OF EQUILIBRIUM

(all occur in CLOSED SYSTEMS)
*IT'S ALL ABOUT THE EQUAL RATES!

1. Physical Equilibrium: Equilibrium that involves physical changes

a) Phase Equilibrium - occurs during a PHASE CHANGE
Examples:
(s) S () RATE of MELTING = RATE of FREEZING
(sealed container @ 0°C)
(€) S (9) RATE of EVAPORATION = RATE of

CONDENSATION
(sealed container @ 100°C)

b) Solution Equilibrium - occurs at a solution's SATURATION POINT

RATE of DISSOLVING = RATE of CRYSTALLIZATION

example: NaClsy S NaClygg

2. Chemical Equilibrium:

RATE of the FORWARD RXN = RATE of the REVERSE RXN
OR
RATE of BREAKING BONDS = RATE of FORMING BONDS

The fprwand process: A+ B= G+ D
decreases in rale. os time inoreases.

Al eauilibrium, the
forward and reverse rates
become equal,
LaBZCaD

W:m-

/;h:;mqenm:pa D>A+B
increases in rate, as fime increases.

REACTION RATE

Flg. 2  TIME -
14
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LE CHATELIER's PRINCIPLE

Le Chatelier's principle explains HOW A SYSTEM AT _EQUILIBRIUM WILL RESPOND \
TO STRESS.

STRESS - Any change in TEMPERATURE, CONCENTRATION, or PRESSURE put upon
an system at equilibrium

When a STRESS is added to a system at equilibrium, the system will SHIFT in order fo
relieve that stress and reach a new equilibrium.

SHIFT = anincrease in the RATE of EITHER the forward OR the reverse rxn

SHIFT TO RIGHT (TOWARD PRODUCTS):
Rate of FORWARD reaction INCREASES (—)

Reactants <+ Products

*Favors PRODUCTS

SHIFT TO LEFT (TOWARD REACTANTS):
Rate of REVERSE reaction INCREASES («—)

Reactants <« Products

*Favors REACTANTS

15
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DIFFERENT TYPES OF STRESSES:

1) Concentration as initial stress: Equilibrium changes (or shifts) when a
reactant or product is added (introduced) or decreased (taken away) in a
reaction that is at equilibrium

When the concentration of a reactant or product is INCREASED:
the reaction will SHIFT AWAY from the increase (use up the excess)
= %0
Example 1: 4NH;(g) + 50,(g) S 4NO(g) + 6H,0(g) + HEAT

1. If we add Hz0(g), the system would shift to the leld
and the [NH;]would __ JncvreoasSE , .

2. If we add Oz(g), the system would shift to the _1"*9 \r\““
and the [NOJwould T v{recs € .

3. If we add H,0(g), the system would shift to the _|-€ £+
and the [NO] would decreast

4. If we added NO(g), which concentration(s) would
decrease? __ L 2O ; h ot

When the concentration of a reactant or product is DECREASED:
the reaction will SHIFT TOWARD the side that has experienced the
decrease in concentration (replaces what was taken)

Example 2:  4NH,(g) + 50,(2) S 4NO(g) + 6H,0(g) + HEAT

1. If we remove oxygen, the system will shift to the ,Q—Pl—
and the [NHJwill __ 1 NCrea € _
2. If we remove water, the system will shift to the Y| %h ’
and the [NOJ will __jn CyEas€
3. If we remove ammonia, which concentration(s) will decrease?
O, HyD, et

4. If we remove NO(g), which concentration(s) would increase?
Ly o, e

TRICK = AA - what YOU ADD, the SYSTEM shifts AWAY from
TT - what YOU TAKE, the SYSTEM shifts TOWARDS

16
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2) Temperature as initial stress: (involves increasing or decreasing
the "HEAT" component of a reaction)

NOTE: HEAT/ENERGY/J/KJ will either be a reactant or a product
A+ B S ¢+ D+ HAT LEXO
A + B + energy S5 C + D £ DO

When temperature (or HEAT) is increased: the reaction will SHIFT
AWAY from the rxn side containing "HEAT"
(in the ENDOTHERMIC direction)

When temperature (or HEAT) is decreased: the reaction will SHIFT
TOWARD the rxn side containing "HEAT"
(in the EXOTHERMIC direction)

Example #1: 4NH;(g) + 504(g) S 4NO(g) + 6H,O(g) + HEAT

1. If we added heat, which concentration(s) will decrease?

S NO Y, HJL 9, T
2. If we added heat, which concentration(s) will increase?

NH'B/ 001

Example #2:  CO,(g) + H,O(f) +890.4 kJ 5 CH,(g) + 20,(g) Fdo

3. If we remove heat, which concentration(s) will decrease?

4. If we remove heat, which concentration(s) will increase?

O ,#}D

17
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3) Pressure as initial stress: Recall, pressure affects GASES ONLY! So
every other state (s, ¢, aq) in the reaction is UNAFFECTED for this type
of stress

INCREASE PRESSURE: rxn shifts fo side with LEAST # GAS
MOLECULES (or least # moles of gas)

DECREASE PRESSURE: rxn shifts to side with GREATEST # GAS
MOLECULES (or greatest # moles of gas)

NOTE: If the rxn contains NO GAS MOLECULES or if the rxn has
the SAME # GAS MOLECULES on each side, there is NO EFFECT and
NO SHIFT results from an increase or decrease in pressure

—2
Example 1 [ COxg) S COxag)

1. If we increase the pressure, the concentrations of which
species will increase? C O‘;_ ( ful_)

2. If we increase the pressure, the concentrations of which
species will decrease? CO) (g )

3. If we decrease the pressure, the concentrations of which
species will increase? < C OQ\C )

4. If we decrease the pressure, the concentrations of which

species will decrease? C 0’1 (= g )

18
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Q@ yYwmel Awol (O

Example 2: N»(g)+ 3Ha(g) S 2NHs(g)

1. If we increase the pressure, in which direction will the ? h‘,‘
equilibrium shift? (Count moles of gases on each side 1“)

2. If we increase the pressure, the concentration of which
species will increase initially? N H?)

3. If we decrease ’rhe F.Jcessure the concentration of which

e H

species will decrease |n|’r|ally‘) N 3

4. If we decrease the pressure, the concentration of which

species will increase initially? Ué& ) ‘HQ\

AND LASTLY..
WHY DO CHEMICAL AND PHYSICAL CHANGES OCCUR?

Turn the page please...

19
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ENTROPY (AS): degree of RANDOMNESS or CHAOS or DISORDER or
"MESSINESS" in a system; nature tends to proceed to a state of

GREATER entropy, or disorder.

The MORE ORDER you have, the LESS ENTROPY in your system.
The LESS ORDER you have, the MORE ENTROPY in your system.

PHASE CHANGE is the most significant factor in determining AS:
Changing from (s) = (€) = (aq) = (g) = INCREASED ENTROPY

Draw particle diagrams to illustrate each of the following phases:

333883

r')ofp D%OO
[4

o Yo
&=
OO 030 -

aq 9

*Entropy INCREASES when a compound is broken down.
*Entropy DECREASES when a compound is created and bonds are formed.

NOTE: If there is no phase change, count up the # molecules on each side

(RULE: # moles ¥ = ENTROPY \ = -AS, # moles 1 = ENTROPY 1 = +AS)

For the following determine if there is an increase, decrease, or no change in entropy:

1

2.

2KCl035) > 2KClsy + 302

o (3’)—(,,))
H20ny =2 H20(
deC (D74
Nag) + 3Hzg) > 2:[\|H3(9)
“ étc L\MOL_7 1V\°I
NaClsy = NG’(aq) + CI_(qq)
N (S laq)
KClsy > KClgy
G )7 (4)
COzs) 2 COgzy
LA ()9 (a)
H'eq *+ C2H302aq) > HC2H303¢)

e Caa)> (D)
Cis) + Oz 2> COz)

T C (D (o)

20

ANENCY| X o
9 Hzy + Clzy 2 2HCly)

Mo chonge
eclJﬁ( Vol
10. Ag*(uq) * Cr(uq) > AQCI(S)
11. 2NsO5y > 2NOZ(9)3+ ﬁZl(Q)
12. 2Als) '+ 2Tz > 2AIT3)
d-ec el
13 H+(aq) + (D}"{-(Gq)9 HZO 0]
deC S(e)
Nzg)™* Oz
o le\qf\?&ﬁ

15. H20g = Hz0¢)

A net

A
14. 2NOy,) >
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ENTHALPY (AH) = the ENERGY in a system; nature tends to proceed
to a state of LOWER enthalpy, or energy

Exothermic reactions = RELEASE energy & move to LOWER energy
state

** Most common types of rxns because less energy has to be put in
to get the rxn started (LOWER activation energy)

EXOTHERMIC

activated
complex

] activation

Potential
energy

(kJ)

" products

reaction pathway

Endothermic reactions > ABSORB energy & move to a HIGHER
energy state (HIGHER ACTIVATION ENERGY NEEDED)

** Not as common because more energy must be put in to get
the rxn started (HIGHER activation energy)

ENDOTHERMIC

activated
complex

<\\\\TEEEF“

AH

S, S

reactants

Potential
energy activation

kJ energy
(kJ) Ea

reaction pathway

21



