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    
       
 




 












 





 



 








































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
















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Factors that affect 
the rate of  

chemical reactions	
Chemistry 200 

Video Lesson 12.1 

 	
  

Objective:	

How can different factors change the rate 
of a chemical reaction?	

 	
  

Kinetics	

• the branch of chemistry dealing w/ rates of chem reaction

Collision Theory	

• reactions occur when reactant particles collide.  Anything
that increases the number of collisions will increase the  
rate of the reaction.	

**Reactions only occur if the colliding particles positioning (orientation) 	
   is correct & they have enough kinetic energy to support the rxn.	
   If either or both do not occur, no products are formed & no reaction 	
   has not occurred**	

 	

 	  
Factors Affecting Rate of Rxn	

1. Nature of Reactant

• covalent or molecular substances react slower than
ionic substances because more bonds are present

• if more energy is needed to break bonds, less energy is
available for reaction

2. Concentration

• rate of reaction will be faster if the concentration of one or
more of the reactants is increased

 	  
3. Surface Area

• the greater the surface area exposed, the more possibility of
collisions, therefore an increased rate of reaction
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4. Pressure (liAle to no effect on solids or liquids, 	

	 	 	HUGE effect on gases)	

• increasing pressure on a gas is like increasing concentration,
resulting in an increased rate of reaction.  The same mass of
gas is squeezed into a smaller volume. 

		

 	

6. Temperature (measure of avg. Kinetic Energy) 	
• an increase results in increased K.E., therefore more mvmt

& collisions of particles --> increase rate of reaction	

5. Presence of a Catalyst

• a catalyst is a substance that increases the rate of a reaction
by creating an alternate pathway.  This uses less energy &
does not alter the product.  Enzymes are a common example.	

		
	** catalyst remains unchanged**	

Potential Energy 
Diagrams 

	
Chemistry 200 

Video Lesson 12.2 

Objectives	
• Describe how to express the rate and heat of 

reaction using potential energy diagrams. 

Rate of a Chemical Reaction	
• The rate of a chemical change or the reaction rate

is usually expressed as the amount of reactant 
changing per unit time. 

• The more effective collisions between reacting 
particles the faster the rate of change from 
reactants to products. 

Potential Energy Diagram	
• Chemical Bonds have stored energy (AKA potential

energy) 
• Potential Energy Diagrams used to illustrate how

energy changes during a chemical reaction 

A  +  B  à  AB  +  energy	

AB  + energy à  A  +  B	
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Activation Energy	
• The minimum energy that colliding particles must 

have in order to react is called the activation 
energy. 

Potential Energy Diagram 
Endothermic	

+ ΔH

Always Higher 	
Than Reactants	

Energy is Absorbed	

PE of Reactants	 PE of Products	

PE of AC	

Activiation Energy 	
of forward Rxn	

Activiation Energy 	
Of Reverse Rxn	

Heat of Reaction	

Potential Energy Diagram 
Exothermic 

Energy is Released	

Always lower 	
Than Reactants	

- ΔH

Potential Energy 	
of Reactants	

Potential Energy 	
Of Products	

Potential Energy 	
Of Activated Complex	

Activation Energy 	
For Forward Rxn	 Activation Energy 	

For reverse rxn	

Heat of Reaction	
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A Catalyst (enzyme): Lowers the 
amount of activation energy	

Enthalpy 
 &  

Entropy	
Chemistry 200 

Video Lesson 12.3 

  

Objective:	

How do we determine the heat of reaction, 
if particle disorder is increasing or 
decreasing and how these two factors 
influence the spontaneity of the reaction? 

	
 	 		

Enthalpy vs. Entropy	

Enthalpy (Heat of reaction) 	
∆H = HP – HR (change in P.E. btwn reactants & products) kJ	

• in nature the tendency for rxns is to move towards a lower
energy state or lower enthalpy (-∆H)

• reactions tend to move in an exothermic direction (-∆H)
	 	rather than endothermic (+∆H) **	

• This is due to activation energy being less for exothermic 
reactions vs. endothermic reactions**

 	
• -∆H = exothermic (look at the boDom)

• Coefficients represent molar
quantities.

• If molar quantities change, ∆H 
also changes proportionally.

• If the reaction in question is
opposite the reaction on Table I,
∆H is reversed.

Entropy  (∆S)	
• the more disorder a system gets, the more this system moves 

from a state of: 
low entropy (less disorder) ---> high entropy (great disorder) 

-∆S +∆S

ex:  Phase ∆�s 	
(s) <----------> (l) <------------> (g) <----> (aq)

less disorder	
 low entropy	

more disorder	
higher entropy	

max. disorder	
highest entropy	
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 	Rule one (phase rule) – a reaction that involves making more  
	disorganized phases of maAer has an increase in entropy 	

H2O(s) à H2O(l)

CaCO3(s) à CaO(s) + CO2(g)	

NaCl(s) à NaCl(aq)	

Entropy increases +∆S	

Entropy increases +∆S	

Entropy increases +∆S	

Determining Change in Entropy (applied in this order)	

 	Rule two (particle rule) – a rxn that involves creating more 
	particles than you began w/ has an increase in entropy. 	

2CO2(g) à 2CO(g) + O2(g)

3 A(g) + B(g) à 2 C(g) + D(g)

N2(g) + O2(g) à 2NO(g)	

Entropy increases +∆S 	

Entropy decreases -∆S 	

Entropy remains the same ∆S = 0 	

 	

low enthalpy     &    high entropy	

-∆H +∆S
exothermic 	high disorder

Spontaneity  **Has nothing to do w/ rate of reaction**	
Will a reaction occur on its own?	

Yes -->	

No -->	

It’s spontaneous	

It’s not spontaneous, but can be forced	
	to happen, just not by itself	

Most Ideal Situation for a spontaneous rxn	

	
  	

∆H	
Enthalpy

∆S	
Entropy	 Spontaneous?	

â (-∆H)
Exothermic rxn

á (+∆S) Always	

á (+∆H)

Endothermic rxn
â (-∆S) Never	

â (-∆H)
Exothermic rxn

â (-∆S)
Sometimes at low temps	
H2O(l) ---> H2O(s) + Energy	

á (+∆H)

Endothermic rxn
á (+∆S)

Sometimes at high temps	
H2O(l) + Energy ---> H2O(g) 	

Physical & 
Chemical 

Equilibrium	
Chemistry 200 

Video Lesson 12.4 

  

Objective:	

How do we determine the difference 
between physical & chemical equilibrium?	
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Equilibrium	

Relationship btwn Forward & Reverse Rxns	

Equilibrium	
• when both the forward & reverse rxns occur at the same 

rate & time indicated w/ a 	     or

ex:  A  +  B 	       C  +  D

• Concentrations of reactant & products of a system are at 
equilibrium when concentrations remain constant (unchanged).

• Concentrations of reactant & product
do not have to be equal to each other & 
usually are not.

Physical Equilibrium	
• equilibrium occurring during a physical process like

dissolving or a phase change
2 Types	
A. Phase Equilibrium exists btwn the phases of the same substance	

1. freezing/melting point of a solid phase ∆ 	

H2O(s)	 H2O(l)	 H2O(g)	

2. boiling/condensation point of a liquid

 	
 

B. Solution Equilibrium  occurs in saturated solutions where the 
	dissolved & undissolved solutes (solids or gases) are at  
	equilibrium with each other.	

1. Solid in a liquid
• solids dissolve in a liquid until the solid starts seAling on the 

boAom.  At this point, saturation has been reached & the 
system is at equilibrium.
Rate of dissolving = Rate of recrystallization	

ex: C12H22O11(s) C12H22O11(aq)

 	
  

2. Gas in a liquid (closed system)	

• equilibrium reached when a gas is dissolved in
a liquid & undissolved gas remains

ex: Closed can/boAle of soda	 CO2(g)	       CO2(aq) 	

 	
  

Chemical Equilibrium	
• when the forward & reverse chemical reactions occur 

simulataneously at the same rates.

**Observable changes (color, temp., pressure) no longer occur**	

ex: CH4(g) + 2H2O(g)	            4H2(g) + CO2(g) 	

CH
4  + 2H

2 O ---> 4H
2  + CO

2   

4H 2 +
 CO 2 -

--> 
CH 4 +

 2H 2O
 

CH4 + 2H2O <---> 4H2 + CO2   
Le Chatelier’s 

Principle	
Chemistry 200 

Video Lesson 12.5 
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Objectives	
• Describe how the amounts of reactants and

products change in a chemical system at 
equilibrium. 

• Identify three stresses that can change the 
equilibrium position of a chemical system. 

Chemical Equilibrium	
• Rate of forward reaction equal rate of reverse

reaction. 
o Rate at which products are made is equal to the rate in

which reactants are made. 

• Explains how a system in equilibrium will respond to 
STRESS 
o STRESS is any change in: 

• Concentration 
• Pressure 
• Temperature 

Le Chatielers Principle	
• When a stress is applied, the system or reaction will

shift in order to relieve that stress and reach a new 
equilibrium 

• SHIFT: an increase in the RATE of EITHER the forward
or reverse reaction. 

• Shift to right (towards the products)

• Shift to left ( towards the reverse reaction)

Equilibrium	
Rate Forward = Rate Reverse	

Add more reactant 	
Increase concentration of reactants	

Produce more products	
Rate of forward reaction increases	
Shift left	

Return to equilibrium	
Rate of forward =rate of reverse	

Concentration	
• Concentration 

o When the concentration of a reactant or 
product is increased: the reactions shifts away
from the increase 

o When the concentration of a reactant or 
product is decreased the reaction will shift 
toward the side that has experienced the 
decrease 

• Replaces what was taken! 
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3H2  +  N2  ßà  2NH3	

• Temperature 
o Involves increasing or decreasing “Heat” 

• When temp is increased reaction shifts
away from the side containing heat 

• When temp is decreased the reaction 
shifts towards the side containing heat 

Temperature	

Add heat	Shift Right  	
Or reverse	

If we added heat, which concentrations will decrease?	

NO and H2O	

If we added heat, which concentrations will increase?	

NH3 and O2	

• Pressure: Affects GASES ONLY! 
o Increase in Pressure 

• Reaction shifts to the side with the LEAST # of 
gas molecules (moles) 

o Decrease in Pressure 
• Reaction shifts to the side with the GREATEST #

of gas molecules (moles) 
★Note: if rxn contains no gas molecule or the rxn has 

same # of mols on reactant and product sides NO 
SHIFT★ 

Pressure	

CO2 (g)    CO2 (aq)	

If we increase the pressure, the concentration of 	
which species will increase?	

CO2 (aq)	
If we decrease the pressure, the concentration 
of which species will increase?	

CO2 (g)	

153



Sketch Notes 
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Practice	Packet:	Kinetics	&	Equilibrium	

http://drshanzerchemistry.weebly.com	

Video	12.1:	Collision	Theory	
1. Indicate	whether	each	of	the	following	would	increase	or	decrease	the	rate	of	reaction.

1. adding	heat
2. adding	a	catalyst
3. diluting	a	solution
4. removing	an	enzyme
5. lowering	the	temperature
6. decreasing	the	surface	area
7. increasing	the	concentration	of	a	solution
8. breaking	a	reactant	down	into	smaller	pieces

2. Identify	which	situation	would	have	a	higher	reaction	rate.	Then	state	the	factor	that
affected	the	rate	of	reaction	in	each	situation.	

Situation	X	 Situation	Y	 Higher	
reaction	rate	
(X	or	Y)	

Factor	affecting	the	
rate	of	reaction	

A	 1	g	of	sugar	cubes	 1	g	of	sugar	granules	

B	 H2O	at	50°C	 H2O	at	0°C	

C	 1M	NaCl(aq) 5M	NaCl(aq)	

D	 Protein	synthesis	w/	
enzymes	

Protein	synthesis	
w/o	enzymes	

E	 3M	CO2(aq)	@	1atm	 3M	CO2(aq)	@	2atm	

3. _____	Which	of	the	following	are	true	about	how	temperature	affects	the	rate	of	reaction?
I. heating	causes	the	particles	of	the	reactants	to	move	quickly
II. lowering	the	temperature	will	raise	the	energy	of	the	particles
III. increasing	the	temperature	results	in	more	collisions	between	the	particles

1. I	and	II	only
2. I	and	III	only

3. II	and	III	only
4. I,	II	and	III

4. _____	Increasing	which	of	the	following	will	increase	the	frequency	of	collisions?
I. temperature
II. surface	area
III. concentration

1. I	and	II	only
2. I	and	III	only

3. II	and	III	only
4. I,	II	and	III

5. _____	Which	of	the	following	will	lower	the	rate	of	reaction?
1. adding	an	enzyme	to	the	reaction
2. decreasing	the	temperature	from	40°C	to	10°C
3. breaking	a	chunk	of	calcium	up	into	smaller	pieces
4. increasing	the	amount	of	solute	dissolved	in	a	solution
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�����&ROOLVLRQ�7KHRU\�	�5HDFWLRQ�5DWH

�� IHZHU�SDUWLFOH�FROOLVLRQV�RFFXU
�� PRUH�HIIHFWLYH�SDUWLFOH�FROOLVLRQV�RFFXU
�� WKH�UHTXLUHG�DFWLYDWLRQ�HQHUJ\

LQFUHDVHV
�� WKH�FRQFHQWUDWLRQ�RI�WKH�UHDFWDQWV

LQFUHDVHV

�� $V�WKH�WHPSHUDWXUH�RI�D�FKHPLFDO�UHDFWLRQ
LQ�WKH�JDV�SKDVH�LV�LQFUHDVHG��WKH�UDWH�RI
WKH�UHDFWLRQ�LQFUHDVHV�EHFDXVH

�� WKH�SDUWLFOHV�DUH�KHDWHG
�� WKH�DWPRVSKHULF�SUHVVXUH�GHFUHDVHV
�� WKHUH�LV�D�FDWDO\VW�SUHVHQW
�� WKHUH�DUH�HIIHFWLYH�FROOLVLRQV�EHWZHHQ

WKH�SDUWLFOH

�� $�FKHPLFDO�UHDFWLRQ�EHWZHHQ�LURQ�DWRPV
DQG�R[\JHQ�PROHFXOHV�FDQ�RQO\�RFFXU�LI

�� 7KH�DFWLYDWLRQ�HQHUJ\�RI�WKH�UHDFWLRQ
LQFUHDVHV�

�� 7KH�DFWLYDWLRQ�HQHUJ\�RI�WKH�UHDFWLRQ
GHFUHDVHV�

�� 7KH�QXPEHU�RI�PROHFXOHV�ZLWK
VXIILFLHQW�HQHUJ\�WR�UHDFW�LQFUHDVHV�

�� 7KH�QXPEHU�RI�PROHFXOHV�ZLWK
VXIILFLHQW�HQHUJ\�WR�UHDFW�GHFUHDVHV�

�� :K\�FDQ�DQ�LQFUHDVH�LQ�WHPSHUDWXUH�OHDG
WR�PRUH�HIIHFWLYH�FROOLVLRQV�EHWZHHQ
UHDFWDQW�SDUWLFOHV�DQG�DQ�LQFUHDVH�LQ�WKH
UDWH�RI�D�FKHPLFDO�UHDFWLRQ"

�� SURSHU�HQHUJ\��RQO\
�� SURSHU�RULHQWDWLRQ��RQO\
�� ERWK�SURSHU�HQHUJ\�DQG�SURSHU

RULHQWDWLRQ
�� QHLWKHU�SURSHU�HQHUJ\�QRU�SURSHU

RULHQWDWLRQ

�� $�UHDFWLRQ�LV�PRVW�OLNHO\�WR�RFFXU�ZKHQ
UHDFWDQW�SDUWLFOHV�FROOLGH�ZLWK

�� ORZHULQJ�WKH�DFWLYDWLRQ�HQHUJ\
�� LQFUHDVLQJ�WKH�DFWLYDWLRQ�HQHUJ\
�� ORZHULQJ�WKH�IUHTXHQF\�RI�HIIHFWLYH

FROOLVLRQV�EHWZHHQ�UHDFWLQJ�PROHFXOHV
�� LQFUHDVLQJ�WKH�IUHTXHQF\�RI�HIIHFWLYH

FROOLVLRQV�EHWZHHQ�UHDFWLQJ�PROHFXOHV

�� ,QFUHDVLQJ�WKH�WHPSHUDWXUH�LQFUHDVHV�WKH
UDWH�RI�D�UHDFWLRQ�E\

��

��

��

��

�� (DFK�RI�IRXU�WHVW�WXEHV�FRQWDLQV�D�GLIIHUHQW
FRQFHQWUDWLRQ�RI�+&,�DT��DW����&��$
��JUDP�FXEH�RI�=Q�LV�DGGHG�WR�HDFK�WHVW
WXEH��,Q�ZKLFK�WHVW�WXEH�LV�WKH�UHDFWLRQ
RFFXUULQJ�DW�WKH�IDVWHVW�UDWH"

�� D�]LQF�VWULS�DQG�����0�+&O�DT�
�� D�]LQF�VWULS�DQG�����0�+&O�DT�
�� ]LQF�SRZGHU�DQG�����0�+&O�DT�
�� ]LQF�SRZGHU�DQG�����0�+&O�DT�

�� $�����JUDP�VDPSOH�RI�]LQF�DQG�D
����PLOOLOLWHU�VDPSOH�RI�K\GURFKORULF�DFLG
DUH�XVHG�LQ�D�FKHPLFDO�UHDFWLRQ��:KLFK
FRPELQDWLRQ�RI�WKHVH�VDPSOHV�KDV�WKH
IDVWHVW�UHDFWLRQ�UDWH"

�� GHFUHDVHV�WKH�UHDFWLRQ�UDWH�DQG�KDV�D
KLJKHU�DFWLYDWLRQ�HQHUJ\

�� GHFUHDVHV�WKH�UHDFWLRQ�UDWH�DQG�KDV�D
ORZHU�DFWLYDWLRQ�HQHUJ\

�� LQFUHDVHV�WKH�UHDFWLRQ�UDWH�DQG�KDV�D
KLJKHU�DFWLYDWLRQ�HQHUJ\

�� LQFUHDVHV�WKH�UHDFWLRQ�UDWH�DQG�KDV�D
ORZHU�DFWLYDWLRQ�HQHUJ\

�� )RU�D�JLYHQ�FKHPLFDO�UHDFWLRQ��WKH�DGGLWLRQ
RI�D�FDWDO\VW�SURYLGHV�D�GLIIHUHQW�UHDFWLRQ
SDWKZD\�WKDW
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�� DFWV�DV�D�EHWWHU�FDWDO\VW�WKDQ�WKH
VLQJOH�SLHFH�RI�LURQ

�� DEVRUEV�OHVV�HQHUJ\�WKDQ�WKH�VLQJOH
SLHFH�RI�LURQ

�� KDV�D�JUHDWHU�VXUIDFH�DUHD�WKDQ�WKH
VLQJOH�SLHFH�RI�LURQ

�� LV�PRUH�PHWDOOLF�WKDQ�WKH�VLQJOH�SLHFH
RI�LURQ

�� *LYHQ�WKH�EDODQFHG�HTXDWLRQ�UHSUHVHQWLQJ
D�UHDFWLRQ�

)H�V�����+&O�DT�� �)H&O���DT����+��J��

7KLV�UHDFWLRQ�RFFXUV�PRUH�TXLFNO\�ZKHQ
SRZGHUHG�LURQ�LV�XVHG�LQVWHDG�RI�D�VLQJOH
SLHFH�RI�LURQ�RI�WKH�VDPH�PDVV�EHFDXVH
WKH�SRZGHUHG�LURQ

�� D�FDWDO\VW
�� DQ�LQGLFDWRU
�� HOHFWULFDO�HQHUJ\
�� WKHUPDO�HQHUJ\

��� 7KH�DFWLYDWLRQ�HQHUJ\�RI�D�FKHPLFDO
UHDFWLRQ�FDQ�EH�GHFUHDVHG�E\�WKH
DGGLWLRQ�RI
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Practice	Packet:	Kinetics	&	Equilibrium	

http://drshanzerchemistry.weebly.com	

Video	12.2:		Potential	Energy	Diagrams	
Potential	Energy	Diagram	#1	
1. Construct	a	potential	energy	diagram	for	the	reversible	reaction	below,	given

the following	information:
A	+	B	+	Energy	ßà		C	+	D	

1. Potential	Energy	of	Reactants	=	20	kJ
2. Potential	Energy	of	the	Activated	Complex	=	90	kJ
3. Potential	Energy	of	the	Products	=	60	kJ

2. Label	the	Reactants	and	Products	on
the	diagram
3. Label	the	following	using	the	numbers
listed:
1. Potential	Energy	of	Reactants
2. Potential	Energy	of	the	Products
3. Potential	Energy	of	the	Activated

Complex
4. Heat	of	Reaction	(H)	for	the	forward

reaction	Value	=	________
5. Activation	energy	for	the	forward

reaction	Value	=	________
6. Activation	Energy	of	the	Reverse

reaction	Value	=		________

4. Is	this	reaction	an	Endothermic	or	Exothermic	Reaction?	How	do	you	know?
5. Use	a	dotted	line	to	show	the	addition	of	a	Catalyst	affects	the	potential	energy

diagram	above.
1. How	does	the	addition	of	a	catalyst	affect	the	following	energy	values

(decreases,	increase	or	remains	the	same)?
1. Activation	Energy	of	the	reverse	reaction:
2. Potential	Energy	of	the	products:
3. Potential	Energy	of	the	activated	complex:

2. How	do	the	following	factors	affect	the	rate	of	a	chemical	reaction	(decreases,
increase	or	remains	the	same)?

1. Temperature:
2. Concentration:
3. Surface	Area:
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Practice	Packet:	Kinetics	&	Equilibrium	

http://drshanzerchemistry.weebly.com	

Potential	Energy	Diagram	#2	
1. Construct	a	potential	energy	diagram	for	the	reversible	reaction	below,	given

the following	information:
A	+	B		ßà		C	+	D		+	energy	

1. Potential	Energy	of	Reactants	=	50	kJ
2. Potential	Energy	of	the	Activated	Complex	=	80	kJ
3. Potential	Energy	of	the	Products	=	30	kJ

2. Label	the	Reactants	and	Products	on
the	diagram
3. Label	the	following	using	the	numbers
listed:
1. Potential	Energy	of	Reactants
2. Potential	Energy	of	the	Products
3. Potential	Energy	of	the	Activated

Complex	
4. Heat	of	Reaction	(H)	for	the	forward

reaction	Value	=	________
5. Activation	energy	for	the	forward

reaction	Value	=	________
6. Activation	Energy	of	the	Reverse

reaction	Value	=		________

4. Is	this	reaction	an	Endothermic	or	Exothermic	Reaction?	How	do	you	know?
5. Use	a	dotted	line	to	show	the	addition	of	a	Catalyst	affects	the	potential	energy

diagram	above.
1. How	does	the	addition	of	a	catalyst	affect	the	following	energy	values

(decreases,	increase	or	remains	the	same)?
1. Activation	Energy	of	the	reverse	reaction:
2. Potential	Energy	of	the	products:
3. Potential	Energy	of	the	activated	complex:

2. How	do	the	following	factors	affect	the	rate	of	a	chemical	reaction	(decreases,
increase	or	remains	the	same)?

1. Temperature:
2. Concentration:
3. Surface	Area:
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Video	12.3:	Enthalpy	vs.	Entropy	
Enthalpy	(ΔH)	is	also	known	as	the	heat	of	reaction.	

1. _____	According	to	Table	I,	which	equation	represents	a	change	resulting	in	the	greatest
quantity	of	energy	released?	
1. 2C(s)	+	3H2(g)	à	C2H6(g)
2. 2C(s)	+	2H2(g)	à	C2H4(g)
3. N2(g)	+	3H2(g)	à	2NH3(g)
4. N2(g)	+	O2(g)	à	2NO(g)

2. _____	Given	the	potential	energy	diagram	and	equation	representing	the	reaction
between	substances	A	and	D:		According	to	Table	I,	substance	G	can	be:	
1. HI(g)
2. H2O(g)
3. CO2(g)
4. C2H6(g)

3. _____	In	a	chemical	reaction,	the	difference	between	the	potential	energy	of	the
products	and	the	potential	energy	of	the	reactants	is	equal	to	the	
1. activation	energy
2. entropy	of	the	system

3. heat	of	fusion
4. heat	of	reaction

Base	your	answers	to	question	4-5	on	the	P.E.	diagram	
4. _____	Which	letter	on	represents	the	heat	of	reaction

1. A
2. B

3. C
4. D

5. This	diagram	represents	an		(endothermic/exothermic)
reaction.	

6. Answer	the	following	questions	using	Table	I	and	the	reactions	below.		Determine
the	heat	of	reaction	and	state	whether	the	reaction	is	endothermic	or	exothermic.	
1. 2NH4NO3(s)	→	2NH4+(aq)			+			2NO3-(aq)
2. 2NH3(g)	→	N2(g)	+	3H2(g)
3. The	synthesis	of	H2O(l)	from	its	elements.
4. The	decomposition	of	1	mole	of	aluminum	oxide.

7. _____	According	to	Table	I,	the	dissolving	when	2.00	moles	of	NaOH(s)	dissolves	in	water
1. 44.5	kJ	of	energy	is	released	and	the	temperature	of	the	water	increases
2. 44.5	kJ	of	energy	is	absorbed	and	the	temperature	of	the	water	decreases
3. 89	kJ	of	energy	is	released	and	the	temperature	of	the	water	increases
4. 89	kJ	of	energy	is	absorbed	and	the	temperature	of	the	water	decreases
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Entropy	(ΔS)	is	the	degree	of	randomness	in	a	substance.		Determine	whether	the	
following	reactions	show	on	increase	or	decrease	in	entropy.	
1. 2KClO3(s)	→	2KCl(s)	+	3O2(g) ___________________________________	
2. H2O(l)	→	H2O(s) ___________________________________	
3. N2(g)	+	3H2(g)	→	2NH3(g) ___________________________________	
4. NaCl(s)	→	Na+(aq)	+	Cl-(aq) ___________________________________	
5. KCI(s)	→		KCI(I) ___________________________________	
6. CO2(s)	→	CO2(g) ___________________________________	

7. C(s)	+	O2(g)	→	CO2(g) ___________________________________	

8. _____	Given	the	balanced	equation:		I2(s)	+	energy	→	I2(g)
As	a	sample	of	I2(s)	sublimes	to	I2(g),	the	entropy	of	the	sample	
1. increases	because	the	particles	are	less	randomly	arranged
2. increases	because	the	particles	are	more	randomly	arranged
3. decreases	because	the	particles	are	less	randomly	arranged
4. decreases	because	the	particles	are	more	randomly	arranged

9. _____	Which	of	these	changes	produces	the	greatest	increase	in	entropy?
1. CaCO3(s)	→	CaO(s)	+	CO2(g)
2. 2	Mg(s)	+	O2(g)	→	2	MgO(s)

3. H2O(g)	→	H2O(l)
4. CO2(g)	→	CO2(s)

10. _____	Which	process	is	accompanied	by	a	decrease	in	entropy?
1. boiling	of	water
2. condensing	of	water	vapor

3. subliming	of	iodine
4. melting	of	ice

11. _____	Given	the	balanced	equation:

Which	statement	best	describes	this	process?	

1. It	is	endothermic	and	entropy	increases.
2. It	is	endothermic	and	entropy	decreases.
3. It	is	exothermic	and	entropy	increases.
4. It	is	exothermic	and	entropy	decreases

12. _____	A	thermometer	is	in	a	beaker	of	water.	Which	statement	best	explains	why	the
thermometer	reading	initially	increases	when	LiBr(s)	is	dissolved	in	the	water?	

1. The	entropy	of	the	LiBr(aq)	is	greater	than	the	entropy	of	the	water.
2. The	entropy	of	the	LiBr(aq)	is	less	than	the	entropy	of	the	water.
3. The	dissolving	of	the	LiBr(s)	in	water	is	an	endothermic	process.
4. The	dissolving	of	the	LiBr(s)	in	water	is	an	exothermic	process.
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Video 12.4 Physical & Chemical Equilibrium

A) H2(g) + I2(g) 2HI(g)

B) 2NO2(g) N2O4(g)

C) Cl2(g) Cl2(l)

D) 3O2(g) 2O3(g)

1. Which balanced equation represents a phase
equilibrium?

A) static phase equilibrium
B) static solution equilibrium
C) dynamic phase equilibrium
D) dynamic solution equilibrium

2. Which type of equilibrium exists in a sealed flask
containing Br2( ) and Br2(g) at 298 K and 1.0 atm?

A) freezing point
B) boiling point
C) heat of fusion
D) heat of vaporization

3. The temperature at which the solid and liquid phases
of matter exist in equilibrium is called its

A) The activation energy of the forward reaction
must equal the activation energy of the reverse
reaction.

B) The rate of the forward reaction must equal the
rate of the reverse reaction.

C) The concentration of the reactants must equal the
concentration of the products.

D) The potential energy of the reactants must equal
the potential energy of the products.

4. Which statement describes a reversible reaction at
equilibrium?

A)
B) C)
D)

5. Which balanced equation represents a phase
equilibrium?

A) The rate of dissolving is equal to the rate of
crystallization.

B) The rate of dissolving is greater than the rate of
crystallization.

C) The concentration of the solid is equal to the
concentration of the solution.

D) The concentration of the solid is greater than the
concentration of the solution.

6. Some solid KNO3 remains at the bottom of a
stoppered flask containing a saturated KNO3(aq)
solution at 22°C. Which statement explains why the
contents of the flask are at equilibrium?

A) concentrated B) dilute
C) saturated D) unsaturated

7. A solution that is at equilibrium must be

A) 20 g KClO3 at 80ºC
B) 40 g KNO3 at 25ºC
C) 40 g KCl at 60ºC
D) 60 g NaNO3 at 40ºC

8. Based on Reference Table G, which amount of a
compound dissolved in 100 grams of water at the
stated temperature represents a system at equilibrium?
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Spontaneous	Reactions	
Use	Table	I	&	your	knowledge	of	enthalpy	&	entropy	to	determine	if	the	following	reactions	
are	always,	sometimes	or	never	spontaneous.	

Chemical	Reactions	 ∆H	 ∆S	 Spontaneous?	

4Al(s)		+		3O2(g)	à	2Al2O3(s)

NaOH(s)	à		Na+1(aq)		+		OH-1(aq)

3CO2(g)		+	4H2O(l)	à		5O2(g)	+		C3H8(g)

2NO2(g)	à		N2(g)		+		2O2(g)

Li+1(aq)		+	Br-1(aq)	à		LiBr(s)

Video	12.5.	Le	Chatelier’s	Principle	

For	each	of	the	following,	indicate	the	direction	the	equilibrium	would	shift	and	what	
would	happen	to	the	concentrations	of	each	substance	in	equilibrium.	

1. The	following	equilibrium	maybe	established	with	carbon	dioxide	and	steam.

CO(g)	+	H2O	(g)	δ--->	CO2	(g)	+	H2	(g)	+	heat	

What	would	be	the	effect	of	each	of	the	following	on	the	equilibrium	and	concentrations?	
Shift	 Concentrations	

a) The	addition	of	more	H2O? ___________________	 ___________________________	

b) The	removal	of	some	H2? ___________________	 ___________________________	

c) Raising	the	temperature? ___________________	 ___________________________	

d) Increasing	the	pressure? ___________________	 ___________________________	

e) Addition	of	a	catalyst? ___________________	 ___________________________	
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 Name _______________________________________ 

 Equilibrium – Le Chatelier’s Principle 

 Guiding Ques�on:  How does the addi�on or removal  of an acid (H+) affect the equilibrium of black 
 tea? 

 Figure 1. 

 Tea  (aq)  +   H  + 
 (aq)  <-->�    TeaH  + 

 (aq)

 dark  light color 

 Demonstra�on/ Phenomenon:  Record your observa�ons  as 
 vinegar and ammonia are added to the tea. 

 Stress  Color Predic�on  Resul�ng Color 

 Control 

 Vinegar addi�on 

 (add H+) 

 Ammonia addi�on 
 (removal of H+) 

 Ques�ons: 

 1.  In this ac�vity, how could you determine whether or not a change occurred in equilibrium? Explain.

 2.  For each reac�on performed, explain how each change occurred in terms of Le Chatelier’s Principle.  Indicate the
 stress  on each of the reac�ons below and the direc�on  of the  shi�  that had an impact on the Tea Equilibrium.

 Vinegar (Ace�c acid, HC  2  H  3  O  2  ):  Tea  (aq)  + H  + 
 (aq)  ⬄  TeaH  + 

 (aq)

 Ammonia (NH  3  ):  Tea  (aq)  + H  + 
 (aq)  ⬄  TeaH  + 

 (aq)

 3.  What other “stresses” do you wonder would affect our tea equilibrium? How could we test it?

171



Practice	Packet:	Kinetics	&	Equilibrium	

http://drshanzerchemistry.weebly.com	

2. What	would	be	the	effect	of	each	of	the	following	on	the	equilibrium	involving	the
synthesis	of	methanol?

						CO(g)	+	2H2	(g)	δ--->	CH3OH	(g)	
Shift	 	 Concentration	

a. The	removal	of	CH3OH? ____________	 __________________________	

b. An	increase	in	pressure ____________	 __________________________	

c. Lowering	the	concentration	of	H2?		 ____________	 __________________________

d. The	addition	of	a	catalyst? ____________	 __________________________	

3. A	small	percentage	of	nitrogen	gas	and	oxygen	gas	in	the	air	combine	at	high
temperatures	found	in	automobile	engines	to	produce	NO(g),	which	is	an	air
pollutant.

	N2(g)	+	O2(g)	+	heat	δ--->	2NO(g)	

a. Higher	engine	temperatures	are	used	to	minimize	carbon	monoxide
production.	What	effect	does	higher	engine	temperatures	have	on	the
production	of	NO(g)?	Why?

b. What	effect	would	high	pressures	have	on	the	production	of	NO(g)?	Why?
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�� VWDQGDUG�WHPSHUDWXUH�DQG�SUHVVXUH
�� D�FDWDO\VW�DGGHG�WR�WKH�UHDFWLRQ�V\VWHP
�� HIIHFWLYH�FROOLVLRQV�EHWZHHQ�UHDFWDQW�SDUWLFOHV
�� DQ�HTXDO�QXPEHU�RI�PROHV�RI�UHDFWDQWV�DQG

SURGXFWV

�� :KDW�LV�UHTXLUHG�IRU�D�FKHPLFDO�UHDFWLRQ�WR�RFFXU"

�� 7KH�DFWLYDWLRQ�HQHUJ\�RI�WKH�UHDFWLRQ�LQFUHDVHV�
�� 7KH�DFWLYDWLRQ�HQHUJ\�RI�WKH�UHDFWLRQ

GHFUHDVHV�
�� 7KH�QXPEHU�RI�PROHFXOHV�ZLWK�VXIILFLHQW�HQHUJ\

WR�UHDFW�LQFUHDVHV�
�� 7KH�QXPEHU�RI�PROHFXOHV�ZLWK�VXIILFLHQW�HQHUJ\

WR�UHDFW�GHFUHDVHV�

�� :K\�FDQ�DQ�LQFUHDVH�LQ�WHPSHUDWXUH�OHDG�WR�PRUH
HIIHFWLYH�FROOLVLRQV�EHWZHHQ�UHDFWDQW�SDUWLFOHV�DQG
DQ�LQFUHDVH�LQ�WKH�UDWH�RI�D�FKHPLFDO�UHDFWLRQ"

�� ORZHULQJ�WKH�DFWLYDWLRQ�HQHUJ\
�� LQFUHDVLQJ�WKH�DFWLYDWLRQ�HQHUJ\
�� ORZHULQJ�WKH�IUHTXHQF\�RI�HIIHFWLYH�FROOLVLRQV

EHWZHHQ�UHDFWLQJ�PROHFXOHV
�� LQFUHDVLQJ�WKH�IUHTXHQF\�RI�HIIHFWLYH�FROOLVLRQV

EHWZHHQ�UHDFWLQJ�PROHFXOHV

�� ,QFUHDVLQJ�WKH�WHPSHUDWXUH�LQFUHDVHV�WKH�UDWH�RI�D
UHDFWLRQ�E\

�� ���&
�� ���&

�� ���&
�� ����&

�� *LYHQ�WKH�UHDFWLRQ�

0J�����+�2�o�0J�2+�����+�

$W�ZKLFK�WHPSHUDWXUH�ZLOO�WKH�UHDFWLRQ�RFFXU�DW�WKH
JUHDWHVW�UDWH"

�� $ �� % �� & �� '

�� ,Q�HDFK�RI�WKH�IRXU�EHDNHUV�VKRZQ�EHORZ��D
����FHQWLPHWHU�VWULS�RI�PDJQHVLXP�ULEERQ�UHDFWV�ZLWK
����PLOOLOLWHUV�RI�+&O�DT��XQGHU�WKH�FRQGLWLRQV�VKRZQ�

,Q�ZKLFK�EHDNHU�ZLOO�WKH�UHDFWLRQ�RFFXU�DW�WKH�IDVWHVW
UDWH"

�� GHFUHDVH��SURGXFLQJ�D�GHFUHDVH�LQ�WKH�UHDFWLRQ
UDWH

�� GHFUHDVH��SURGXFLQJ�DQ�LQFUHDVH�LQ�WKH�UHDFWLRQ
UDWH

�� LQFUHDVH��SURGXFLQJ�D�GHFUHDVH�LQ�WKH�UHDFWLRQ
UDWH

�� LQFUHDVH��SURGXFLQJ�DQ�LQFUHDVH�LQ�WKH�UHDFWLRQ
UDWH

�� *LYHQ�WKH�UHDFWLRQ�

=Q�V������+&,�DT�� �=Q���DT������&O±�DT����+��J�

,I�WKH�FRQFHQWUDWLRQ�RI�+&O�DT��LV�LQFUHDVHG��WKH
IUHTXHQF\�RI�UHDFWLQJ�FROOLVLRQV�ZLOO

�� DFWV�DV�D�EHWWHU�FDWDO\VW�WKDQ�WKH�VLQJOH�SLHFH�RI
LURQ

�� DEVRUEV�OHVV�HQHUJ\�WKDQ�WKH�VLQJOH�SLHFH�RI
LURQ

�� KDV�D�JUHDWHU�VXUIDFH�DUHD�WKDQ�WKH�VLQJOH�SLHFH
RI�LURQ

�� LV�PRUH�PHWDOOLF�WKDQ�WKH�VLQJOH�SLHFH�RI�LURQ

�� *LYHQ�WKH�EDODQFHG�HTXDWLRQ�UHSUHVHQWLQJ�D
UHDFWLRQ��

���������)H�V�����+&O�DT�� �)H&O���DT����+��J��

7KLV�UHDFWLRQ�RFFXUV�PRUH�TXLFNO\�ZKHQ�SRZGHUHG
LURQ�LV�XVHG�LQVWHDG�RI�D�VLQJOH�SLHFH�RI�LURQ�RI�WKH
VDPH�PDVV�EHFDXVH�WKH�SRZGHUHG�LURQ
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�� OXPS
�� EDU

�� SRZGHUHG
�� VKHHW�PHWDO

�� $W�673��ZKLFK�����JUDP�]LQF�VDPSOH�ZLOO�UHDFW
IDVWHVW�ZLWK�GLOXWH�K\GURFKORULF�DFLG"

��

��

��

��

��� :KLFK�SRWHQWLDO�HQHUJ\�GLDJUDP�UHSUHVHQWV�WKH�FKDQJH�LQ�SRWHQWLDO�HQHUJ\�WKDW�RFFXUV�ZKHQ�D�FDWDO\VW�LV
DGGHG�WR�D�FKHPLFDO�UHDFWLRQ"

�� D�FDWDO\VW
�� DQ�LQGLFDWRU

�� HOHFWULFDO�HQHUJ\
�� WKHUPDO�HQHUJ\

��� 7KH�DFWLYDWLRQ�HQHUJ\�RI�D�FKHPLFDO�UHDFWLRQ�FDQ
EH�GHFUHDVHG�E\�WKH�DGGLWLRQ�RI

�� SURYLGLQJ�DQ�DOWHUQDWH�UHDFWLRQ�SDWKZD\�WKDW
KDV�D�KLJKHU�DFWLYDWLRQ�HQHUJ\

�� SURYLGLQJ�DQ�DOWHUQDWH�UHDFWLRQ�SDWKZD\�WKDW
KDV�D�ORZHU�DFWLYDWLRQ�HQHUJ\

�� XVLQJ�WKH�VDPH�UHDFWLRQ�SDWKZD\�DQG
LQFUHDVLQJ�WKH�DFWLYDWLRQ�HQHUJ\

�� XVLQJ�WKH�VDPH�UHDFWLRQ�SDWKZD\�DQG
GHFUHDVLQJ�WKH�DFWLYDWLRQ�HQHUJ\

��� )RU�D�JLYHQ�UHDFWLRQ��DGGLQJ�D�FDWDO\VW�LQFUHDVHV
WKH�UDWH�RI�WKH�UHDFWLRQ�E\

�� 7KH�HQWURS\�RI�WKH�/L%U�DT��LV�JUHDWHU�WKDQ�WKH
HQWURS\�RI�WKH�ZDWHU�

�� 7KH�HQWURS\�RI�WKH�/L%U�DT��LV�OHVV�WKDQ�WKH
HQWURS\�RI�WKH�ZDWHU�

�� 7KH�GLVVROYLQJ�RI�WKH�/L%U�V��LQ�ZDWHU�LV�DQ
HQGRWKHUPLF�SURFHVV�

�� 7KH�GLVVROYLQJ�RI�WKH�/L%U�V��LQ�ZDWHU�LV�DQ
H[RWKHUPLF�SURFHVV�

��� $�WKHUPRPHWHU�LV�LQ�D�EHDNHU�RI�ZDWHU��:KLFK
VWDWHPHQW�EHVW�H[SODLQV�ZK\�WKH�WKHUPRPHWHU
UHDGLQJ�LQLWLDOO\�LQFUHDVHV�ZKHQ�/L%U�V��LV�GLVVROYHG
LQ�WKH�ZDWHU"

�� &�V����2��J��o�&2��J�
�� &+��J�����2��J��o�&2��J�����+�2� �
�� 1��J�����+��J��o��1+��J�
�� 1��J����2��J��o��12�J�

��� :KLFK�EDODQFHG�HTXDWLRQ�UHSUHVHQWV�DQ
HQGRWKHUPLF�UHDFWLRQ"
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�� KHDW�RI�IXVLRQ
�� KHDW�RI�UHDFWLRQ
�� DFWLYDWLRQ�HQHUJ\�RI�WKH�IRUZDUG�UHDFWLRQ
�� DFWLYDWLRQ�HQHUJ\�RI�WKH�UHYHUVH�UHDFWLRQ

��� )RU�D�FKHPLFDO�UHDFWLRQ��WKH�GLIIHUHQFH�EHWZHHQ�WKH
SRWHQWLDO�HQHUJ\�RI�WKH�SURGXFWV�DQG�WKH�SRWHQWLDO
HQHUJ\�RI�WKH�UHDFWDQWV�LV�HTXDO�WR�WKH

�� ,W�LV�H[RWKHUPLF�DQG� +�HTXDOV�±�����N-�
�� ,W�LV�H[RWKHUPLF�DQG� +�HTXDOV�������N-�
�� ,W�LV�HQGRWKHUPLF�DQG� +�HTXDOV�±�����N-�
�� ,W�LV�HQGRWKHUPLF�DQG� +�HTXDOV�������N-�

��� *LYHQ�WKH�EDODQFHG�HTXDWLRQ�UHSUHVHQWLQJ�D
UHDFWLRQ�DW�������N3D�DQG�����.�

1��J�����+��J�� ��1+��J���������N-
:KLFK�VWDWHPHQW�LV�WUXH�DERXW�WKLV�UHDFWLRQ"

��
��
��
��

��� $FFRUGLQJ�WR�7DEOH�,��ZKLFK�HTXDWLRQ�UHSUHVHQWVD
FKDQJH�UHVXOWLQJ�LQ�WKH�JUHDWHVW�TXDQWLW\�RI�HQHUJ\
UHOHDVHG"

�� $���%
�� %���&

�� %���'
�� &���'

��� *LYHQ�WKH�SRWHQWLDO�HQHUJ\�GLDJUDP�UHSUHVHQWLQJ�D
UHYHUVLEOH�UHDFWLRQ�

7KH�DFWLYDWLRQ�HQHUJ\�IRU�WKH�UHYHUVH�UHDFWLRQ�LV
UHSUHVHQWHG�E\

�� �����N-�PRO
�� �����N-�PRO

�� �����N-�PRO
�� �����N-�PRO

��� *LYHQ�WKH�HTXDWLRQ�DQG�SRWHQWLDO�HQHUJ\�GLDJUDP
UHSUHVHQWLQJ�D�UHDFWLRQ�

,I�HDFK�LQWHUYDO�RQ�WKH�D[LV�ODEHOHG��3RWHQWLDO
(QHUJ\��N-�PRO���UHSUHVHQWV�����N-�PRO��ZKDW�LV�WKH
KHDW�RI�UHDFWLRQ"

�� $ �� % �� & �� '

��� 7KH�SRWHQWLDO�HQHUJ\�GLDJUDP�EHORZ�UHSUHVHQWV�D
UHDFWLRQ�

:KLFK�DUURZ�UHSUHVHQWV�WKH�DFWLYDWLRQ�HQHUJ\�RI
WKH�IRUZDUG�UHDFWLRQ"

�� 7KH�SURGXFWV�DUH�FRPSOHWHO\�FRQVXPHG�LQ�WKH
UHDFWLRQ�

�� 7KH�UHDFWDQWV�DUH�FRPSOHWHO\�FRQVXPHG�LQ�WKH
UHDFWLRQ�

�� 7KH�FRQFHQWUDWLRQV�RI�WKH�SURGXFWV�DQG
UHDFWDQWV�DUH�HTXDO�

�� 7KH�FRQFHQWUDWLRQV�RI�WKH�SURGXFWV�DQG
UHDFWDQWV�DUH�FRQVWDQW�

��� :KLFK�VWDWHPHQW�GHVFULEHV�D�FKHPLFDO�UHDFWLRQ�DW
HTXLOLEULXP"
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�� 7KH�PDVV�RI�+�2� ��HTXDOV�WKH�PDVV�RI�+�

2�J��
�� 7KH�YROXPH�RI�+�2� ��HTXDOV�WKH�YROXPH�RI�+

�2�J��
�� 7KH�QXPEHU�RI�PROHV�RI�+�2� ��HTXDOV�WKH

QXPEHU�RI�PROHV�RI�+�2�J��
�� 7KH�UDWH�RI�HYDSRUDWLRQ�RI�+�2� ��HTXDOV�WKH

UDWH�RI�FRQGHQVDWLRQ�RI�+�2�J��

��� *LYHQ�WKH�GLDJUDP�UHSUHVHQWLQJ�D�FORVHG�V\VWHP�DW
FRQVWDQW�WHPSHUDWXUH�

:KLFK�VWDWHPHQW�GHVFULEHV�WKLV�V\VWHP�DW
HTXLOLEULXP"

�� WKH�FRQFHQWUDWLRQ�RI�WKH�UHDFWDQWV�DQG�WKH
FRQFHQWUDWLRQ�RI�WKH�SURGXFWV

�� WKH�QXPEHU�RI�UHDFWDQW�SDUWLFOHV�DQG�WKH
QXPEHU�RI�SURGXFW�SDUWLFOHV

�� WKH�UDWH�RI�WKH�IRUZDUG�UHDFWLRQ�DQG�WKH�UDWH�RI
WKH�UHYHUVH�UHDFWLRQ

�� WKH�PDVV�RI�WKH�UHDFWDQWV�DQG�WKH�PDVV�RI�WKH
SURGXFWV

��� :KLFK�WZR�IDFWRUV�PXVW�EH�HTXDO�ZKHQ�D�FKHPLFDO
UHDFWLRQ�UHDFKHV�HTXLOLEULXP"

�� 7KH�UDWH�RI�GLVVROYLQJ�LV�HTXDO�WR�WKH�UDWH�RI
FU\VWDOOL]DWLRQ�

�� 7KH�UDWH�RI�GLVVROYLQJ�LV�JUHDWHU�WKDQ�WKH�UDWH
RI�FU\VWDOOL]DWLRQ�

�� 7KH�FRQFHQWUDWLRQ�RI�WKH�VROLG�LV�HTXDO�WR�WKH
FRQFHQWUDWLRQ�RI�WKH�VROXWLRQ�

�� 7KH�FRQFHQWUDWLRQ�RI�WKH�VROLG�LV�JUHDWHU�WKDQ
WKH�FRQFHQWUDWLRQ�RI�WKH�VROXWLRQ�

��� 6RPH�VROLG�.12��UHPDLQV�DW�WKH�ERWWRP�RI�D
VWRSSHUHG�IODVN�FRQWDLQLQJ�D�VDWXUDWHG�.12��DT�
VROXWLRQ�DW����&��:KLFK�VWDWHPHQW�H[SODLQV�ZK\
WKH�FRQWHQWV�RI�WKH�IODVN�DUH�DW�HTXLOLEULXP"

�� ��.
�� ��&

�� ���.
�� ����&

��� *LYHQ�WKH�HTXDWLRQ�UHSUHVHQWLQJ�D�V\VWHP�DW
HTXLOLEULXP�

+�2��V�� �+����O�
$W�ZKLFK�WHPSHUDWXUH�GRHV�WKLV�HTXLOLEULXP�H[LVW�DW
������NLORSDVFDOV"

�� LQFUHDVLQJ�WKH�WHPSHUDWXUH
�� LQFUHDVLQJ�WKH�SUHVVXUH
�� GHFUHDVLQJ�WKH�DPRXQW�RI�62��J�
�� GHFUHDVLQJ�WKH�DPRXQW�RI�2��J�

��� *LYHQ�WKH�UHDFWLRQ�DW�HTXLOLEULXP�

��62��J����2��J��l���62��J����KHDW

:KLFK�FKDQJH�ZLOO�VKLIW�WKH�HTXLOLEULXP�WR�WKH�ULJKW"

�� DGGLQJ�PRUH�$�J�
�� DGGLQJ�D�FDWDO\VW
�� LQFUHDVLQJ�WKH�WHPSHUDWXUH
�� LQFUHDVLQJ�WKH�SUHVVXUH

��� *LYHQ�WKH�UHDFWLRQ�DW�HTXLOLEULXP�

��$�J������%�J��l�$�%��J����KHDW

:KLFK�FKDQJH�ZLOO�QRW�DIIHFW�WKH�HTXLOLEULXP
FRQFHQWUDWLRQV�RI�$�J���%�J���DQG�$�%��J�"

�� DGGLQJ�D�FDWDO\VW
�� DGGLQJ�PRUH�
�� GHFUHDVLQJ�WKH�SUHVVXUH
�� LQFUHDVLQJ�WKH�WHPSHUDWXUH

��� *LYHQ�WKH�HTXDWLRQ�UHSUHVHQWLQJ�D�UHDFWLRQ�DW
HTXLOLEULXP�

:KLFK�FKDQJH�FDXVHV�WKH�HTXLOLEULXP�WR�VKLIW�WR�WKH
ULJKW"
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�� 7KH�FRQFHQWUDWLRQ�RI�+��J��LQFUHDVHV�DQG�WKH
FRQFHQWUDWLRQ�RI�1��J��LQFUHDVHV�

�� 7KH�FRQFHQWUDWLRQ�RI�+��J��GHFUHDVHV�DQG�WKH
FRQFHQWUDWLRQ�RI�1��J��LQFUHDVHV�

�� 7KH�FRQFHQWUDWLRQ�RI�+��J��GHFUHDVHV�DQG�WKH
FRQFHQWUDWLRQ�RI�1+��J��GHFUHDVHV�

�� 7KH�FRQFHQWUDWLRQ�RI�+��J��GHFUHDVHV�DQG�WKH
FRQFHQWUDWLRQ�RI�1+��J��LQFUHDVHV�

��� *LYHQ�WKH�HTXDWLRQ�UHSUHVHQWLQJ�D�V\VWHP�DW
HTXLOLEULXP��
���������������������
����1��J�����+��J��l��1+��J����HQHUJ\

:KLFK�FKDQJHV�RFFXU�ZKHQ�WKH�WHPSHUDWXUH�RI�WKLV
V\VWHP�LV�GHFUHDVHG"

�� ORZHU�HQWURS\�DQG�ORZHU�HQHUJ\
�� ORZHU�HQWURS\�DQG�KLJKHU�HQHUJ\
�� KLJKHU�HQWURS\�DQG�ORZHU�HQHUJ\
�� KLJKHU�HQWURS\�DQG�KLJKHU�HQHUJ\

��� ,Q�WHUPV�RI�HQWURS\�DQG�HQHUJ\��V\VWHPV�LQ�QDWXUH
WHQG�WR�XQGHUJR�FKDQJHV�WRZDUG

�� ,��V��o�,��J�
�� &2��J��o�&2��V�
�� �1D�V����&O��J��o��1D&O�V�
�� �+��J����2��J��o��+�2� �

��� :KLFK�HTXDWLRQ�UHSUHVHQWV�D�FKDQJH�WKDW�UHVXOWV�LQ
DQ�LQFUHDVH�LQ�GLVRUGHU"

%DVH�\RXU�DQVZHUV�WR�TXHVWLRQV����WKURXJK����RQ�WKH�LQIRUPDWLRQ�EHORZ�DQG�RQ�\RXU�NQRZOHGJH�RI�FKHPLVWU\�

�����&RPPRQ�KRXVHKROG�EOHDFK�LV�DQ�DTXHRXV�VROXWLRQ�FRQWDLQLQJ�K\SRFKORULWH�LRQV��$�FORVHG�FRQWDLQHU�RI
EOHDFK�LV�DQ�HTXLOLEULXP�V\VWHP�UHSUHVHQWHG�E\�WKH�HTXDWLRQ�EHORZ�

��� 6WDWH�WKH�HIIHFW�RQ�WKH�FRQFHQWUDWLRQ�RI�WKH� �LRQ�ZKHQ�WKHUH�LV�D�GHFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI
WKH� �LRQ�

��� ([SODLQ�ZK\�WKH�FRQWDLQHU�PXVW�EH�FORVHG�WR�PDLQWDLQ�HTXLOLEULXP�

��� &RPSDUH�WKH�UDWH�RI�WKH�IRUZDUG�UHDFWLRQ�WR�WKH�UDWH�RI�WKH�UHYHUVH�UHDFWLRQ�IRU�WKLV�V\VWHP�
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%DVH�\RXU�DQVZHUV�WR�TXHVWLRQV����DQG����RQ�WKH�LQIRUPDWLRQ�EHORZ�

$W�����&�������PROH�RI�&2��J��DQG������PROH�RI�+��J��DUH�SODFHG�LQ�D������OLWHU�UHDFWLRQ�YHVVHO��7KH
VXEVWDQFHV�UHDFW�WR�IRUP�&2�J��DQG�+�2�J���&KDQJHV�LQ�WKH�FRQFHQWUDWLRQV�RI�WKH�UHDFWDQWV�DQG�WKH
FRQFHQWUDWLRQV�RI�WKH�SURGXFWV�DUH�VKRZQ�LQ�WKH�JUDSK�EHORZ�

��� :KDW�FDQ�EH�FRQFOXGHG�IURP�WKH�JUDSK�DERXW�WKH�FRQFHQWUDWLRQV�RI�WKH�UHDFWDQWV�DQG�WKH�FRQFHQWUDWLRQV
RI�WKH�SURGXFWV�EHWZHHQ�WLPH�W ��DQG�WLPH�W �"

��� 'HWHUPLQH�WKH�FKDQJH�LQ�WKH�FRQFHQWUDWLRQ�RI�&2��J��EHWZHHQ�WLPH�W ��DQG�WLPH�W ��

%DVH�\RXU�DQVZHUV�WR�TXHVWLRQV����DQG����RQ��WKH�LQIRUPDWLRQ�EHORZ�

7KH�FKHPLFDO�UHDFWLRQ�EHWZHHQ�PHWKDQH�DQG�R[\JHQ�LV�UHSUHVHQWHG�E\�WKH�SRWHQWLDO�HQHUJ\�GLDJUDP�DQG
EDODQFHG�HTXDWLRQ�EHORZ�

��� ([SODLQ��LQ�WHUPV�RI�FROOLVLRQ�WKHRU\��ZK\�D�ORZHU�FRQFHQWUDWLRQ�RI�R[\JHQ�JDV�GHFUHDVHV�WKH�UDWH�RI�WKLV

UHDFWLRQ�

��� :KLFK�SRWHQWLDO�HQHUJ\�LQWHUYDO�LQ�WKH�GLDJUDP�UHSUHVHQWV�WKH�DFWLYDWLRQ�HQHUJ\�RI�WKH
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%DVH�\RXU�DQVZHUV�WR�TXHVWLRQV����DQG����RQ�
WKH�LQIRUPDWLRQ�EHORZ�

$W�URRP�WHPSHUDWXUH��D�UHDFWLRQ�RFFXUV�ZKHQ�.,2��DT��LV�PL[HG�ZLWK�1D+62��DT��WKDW�FRQWDLQV�D�VPDOO�DPRXQW
RI�VWDUFK��7KH�FRORUOHVV�UHDFWLRQ�PL[WXUH�WXUQV�GDUN�EOXH�DIWHU�D�SHULRG�RI�WLPH�WKDW�GHSHQGV�RQ�WKH
FRQFHQWUDWLRQ�RI�WKH�UHDFWDQWV�
,Q�D�ODERUDWRU\�����GURSV�RI�D������0�1D+62��DT��VROXWLRQ�FRQWDLQLQJ�VWDUFK�ZHUH�SODFHG�LQ�HDFK�RI�VL[�WHVW
WXEHV��$�GLIIHUHQW�QXPEHU�RI�GURSV�RI������0�.,2��DT��DQG�HQRXJK�ZDWHU�WR�PDLQWDLQ�D�FRQVWDQW�YROXPH�ZHUH
DGGHG�WR�HDFK�WHVW�WXEH�DQG�WKH�WLPH�IRU�WKH�GDUN�EOXH�FRORU�WR�DSSHDU�ZDV�PHDVXUHG��7KH�GDWD�ZHUH�UHFRUGHG
LQ�WKH�WDEOH�EHORZ�

��� ,GHQWLI\�RQH�IDFWRU��RWKHU�WKDQ�WKH�FRQFHQWUDWLRQ�RI�WKH�UHDFWDQWV��WKDW�ZRXOG�DIIHFW�WKH�UDWH�RI�WKLV
UHDFWLRQ�

��� 6WDWH�KRZ�LQFUHDVLQJ�WKH�QXPEHU�RI�GURSV�RI������0�.,2��DT��XVHG�LQ�WKH�UHDFWLRQ�DIIHFWV�WKH�UDWH�RI
UHDFWLRQ�
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