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The energy diagram shown below 
represents which type of reaction? 

1. exothermic 
2. endothermic
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The energy diagram shown below 
represents which type of reaction? 

1. exothermic 
2. endothermic
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If you were near this reaction, would it 
feel hot or cold?

1. feel hot 
2. feel cold
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If you were near this reaction, would it 
feel hot or cold?

1. feel hot 
2. feel cold
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For the reaction:  A + B → C + D 
The energy should be represented on 
which side of the chemical equation?
1. left 
2. right

A + B

C + D

A + B

C + D
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For the reaction:  A + B → C + D 
The energy should be represented on 
which side of the chemical equation?

1. left 
2. right

∆ to ipad

A + B → C + D + Energy

feels hot if
you are nearby
{

ATB
- -
energy = energy §e%tgg releasedLaw of conservation of Energy CTD
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For the reaction:  A + B → C + D 
Using the graph below, what value of ∆Hrxn 
would be recorded in the table below?

1. +20 
2. −20 
3. +40 
4. −40 
5. +60 
6. −60

Energy of Rxn ∆H 
(kJ/mol)

A + B → C + D ?
melting ice

decomposition 
of H2O2

ATP→ ATP
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1. +20 
2. −20 
3. +40 
4. −40 
5. +60 
6. −60

∆H

Energy of Rxn ∆H 
(kJ/mol)

A + B → C + D ?
melting ice

decomposition 
of H2O2

ATP→ ATP

For the reaction:  A + B → C + D 
Using the graph below, what value of ∆Hrxn 
would be recorded in the table below?

✓ffEEded



energy + H2O(solid) → H2O(liquid) 

energy + H2O(liquid) → H2O(gas)
11

Connections to Unit C 
Phase Changes

“bond” breaking 
endothermic 
melting ice  
∆Hfusion (334 J/g) 

boiling water 
∆Hvaporization  (2250 J/g)

“bond” forming 
exothermic 

freezing water  
∆Hfusion (334 J/g) 

condensing steam 
∆Hvaporization (2250 J/g) 

H2O(liquid) → H2O(solid) + energy 

H2O(gas) → H2O(liquid) + energy



_____ + H2O(solid) → H2O(liquid) 

_____ + H2O(liquid) → H2O(gas)
12

Connections to Unit C 
Units?

“bond” breaking 
endothermic 

melting ice  

∆Hfusion (334 J/g) 

boiling water 

∆Hvaporization  (2250 J/g)

“bond” forming 
exothermic 

freezing water  

∆Hfusion (334 J/g) 
condensing steam 

∆Hvaporization (2250 J/g) 

H2O(liquid) → H2O(solid) + _____ 

H2O(gas) → H2O(liquid) + _____

-

#

*

3344×1%-2,9=6019 ⇒ 6202kt
( not

22505-+18193,1=4054,⇒ 405,kmoI,
6.02kt 6.02kt

40.5kt 40.5kt



Sign of ∆H:  + or − ?
• Energy out,  
✓ Exothermic  
✓ ∆H negative sign 
✓ nearby thermometer, 

temp goes up 

• Energy in,  
✓ Endothermic  
✓ ∆H positive sign 
✓ nearby thermometer, 

temp goes down
13
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For the reaction:  ATP → ADP + P 
Using the graph below, what value of 
∆Hrxn would be recorded in the table 
below?
1. +15 
2. −15 
3. +30 
4. −30 
5. +45 
6. −45

kJ
/m

ol
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For the reaction:  ATP → ADP + P 
Using the graph below, the ∆H of the 
reaction that sould be recorded in 
Energy of reaction table would be
1. +15 
2. −15 
3. +30 
4. −30 
5. +45 
6. −45

kJ
/m
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The Energy of Bonds

Bond breaking Bond forming
Endothermic Exothermic

−+
ATP →  ADP + P +  E

but wait…. 
this looks like bond breaking is exothermic 
so why do I say bond breaking is endothermic??

hold on, the equation above does not tell the whole story…



Bond breaking          Bond Forming 
   Endothermic                    Exothermic 

                            ATP →  ADP + P + E 

C10H16N5O13P3 + H2O →  C10H15N5O10P2 + HPO42− + 2H+ + 30kJ 

✓ Less energy in to break the bonds compared with 
more energy out when bonds formed 

✓ Net result? Exothermic, −30 kJ/molATP reacted 

and the reverse… ADP + P + E →  ATP    ∆H = +30 kJ/mol 17

Connections to Biology 
the Energy of Bonds

15 energy in 45 energy out

15 energy out45 energy in
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Parts vs molecules

−
+

A group of atoms can be arranged into different molecules. 
Those arrangments will have different potential energy.

(free atoms)

different 
molecular 

arrangement

different 
molecular 

arrangement

different 
molecular 
arrangement

(free atoms)

Bond breaking Bond breaking

Bond forming

EndothermicExothermic

Exothermic

Endothermic

Bond forming

+−

∆H

∆H

(bonded atoms)

(bonded atoms)

(bonded atoms)

(bonded atoms)
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ATP → ADP + P + 30 kJ 
In one day, your body cycles 2 x 1026  
ATP molecules each day. Calculate 
the amount of energy transfer.
Enter your answer on your clicker.
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ATP → ADP + P + 30 kJ 
In one day, your body cycles 2 x 1026  
ATP molecules each day. Calculate 
the amount of energy transfer.
Enter your answer on your clicker.

2×10 "dnX× I.no?IToI*px3fm!Tayp-- - 9967 KJ z se
• 10,000 k%ay
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1. negative 
2. positive

Photosynthesis 
2800 kJ + 6 CO2 + 6 H2O → C6H12O6 + 6 O2 

The ∆H for this thermochemical 
reaction is 
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1. negative 
2. positive

Photosynthesis 
2800 kJ + 6 CO2 + 6 H2O → C6H12O6 + 6 O2 

The ∆H for this thermochemical 
reaction is 
∆H = +2800 kJ/molrxn
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6CO2 + 6H2O

6C6H12O6 + 6O2

∆H = +2800



Bond breaking          Bond Forming 
   Endothermic                    Exothermic 

2800 kJ + 6CO2 + 6H2O → C6H12O6 + 6O2 

✓ More energy in to break the bonds compared with 
less energy out when bonds formed 

✓ Net result? Endothermic 

2800 kJ + 6CO2 + 6H2O  → C6H12O6 + 6O2
23

Connections to Biology 
Photosynthesis

6600 energy in 3800 energy out
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∆H = +28006CO2 + 6H2O

6C6H12O6 + 6O2
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The thermochemical equation for photosynthesis: 
2800 kJ + 6 CO2 + 6 H2O → C6H12O6 + 6 O2 

The ∆H for cellular respiration is

1. +2803 kJ/molerxn 
2. −2803 kJ/molerxn
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1. +2803 kJ/molerxn 
2. −2803 kJ/molerxn
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∆H = −2800

The thermochemical equation for photosynthesis: 
2800 kJ + 6 CO2 + 6 H2O → C6H12O6 + 6 O2 

The ∆H for cellular respiration is

6CO2 + 6H2O

6C6H12O6 + 6O2

Atoms : BONDS BROKEN

molecules
more

potential -energy
Net:
- molecules

less →
potential
energy



Bond breaking          Bond Forming 
   Endothermic                    Exothermic 

C6H12O6 + 6O2 →  6CO2 + 6H2O + 2800 kJ 
✓ Less energy in to break the bonds compared with 

more energy out when bonds formed 
✓ Net result? Exothermic
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3800 energy in 6600 energy out

Connections to Biology 
Cellular Respiration
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∆H = −2800 6CO2 + 6H2O

6C6H12O6 + 6O2
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2H2O2 → 2 H2O + O2 

∆H = −108 kJ/molrxn 
Calculate the energy change when 25.0 g of 
hydrogen peroxide is decomposed.

MM H2O2 = 34.0 g/mol
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2H2O2 → 2 H2O + O2 

∆H = −108 kJ/molrxn 
−39.7 kJ for 25.0 g of hydrogen peroxide. 

Is the energy released or absorbed?

MM H2O2 = 34.0 g/mol

1. energy released 
2. energy absorbed

259¥ '' '34¥
-

lz08mY*= -39.7kt
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2H2O2 → 2 H2O + O2 

∆H = −108 kJ/molrxn 
−39.7 kJ for 25.0 g of hydrogen peroxide. 
The 39.7 kJ is released. 
Does the container warm up or cool down?

1. The container warms 
2. The container cools
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2H2O2 → 2 H2O + O2 

∆H = −108 kJ/molrxn 
−39.7 kJ for 25.0 g of hydrogen peroxide. 
The 39.7 kJ is released, 
and the container warms up. 
Which diagram is most appropriate?
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2H2O2 → 2 H2O + O2 

∆H = −108 kJ/molrxn 
−39.7 kJ for 25.0 g of hydrogen peroxide. 
The 39.7 kJ is released, 
and the container warms up.
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2H2O2 → 2 H2O + O2 

∆H = −108 kJ/molrxn
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2H2O2 → 2 H2O + O2 

∆H = −108 kJ/molrxn
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How would 
the graph 
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catalyst were 
added?

# 1 # 2

# 3 # 4

catalyst lowers
the activationenergy ]

potential energy 9
of reactants and products
does not change -
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C12H22O11 + 6 O2 → 12 CO2 + 11 H2O 

∆H = −5645 kJ/molrxn 
One bottle (20 ounces, 570 g) of Gatorade 
contains 34 g of sucrose. Calculate the 
amount of heat released by “burning” 34.0 g 
of sucrose, C12H22O11. 

MM = 342 g/mol
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C12H22O11 + 6 O2 → 12 CO2 + 11 H2O 

∆H = −5645 kJ/molrxn 
One bottle (20 ounces, 570 g) of Gatorade 
contains 34.0 g of sucrose. Calculate the 
amount of heat released by “burning” 34.0 g 
of sucrose, C12H22O11. 

MM = 342 g/mol

34gsent x 1374¥ - s se
=
- 561 KJ
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C12H22O11 + 6 O2 → 12 CO2 + 11 H2O 

∆H = −5645 kJ/molrxn 
Burning 34.0 g of sucrose releases 561 kJ 
If you used that energy to heat up 570. g of 
20.ºC Gatorade, would the Gatorade reach 
boiling temp?
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C12H22O11 + 6 O2 → 12 CO2 + 11 H2O 

∆H = −5645 kJ/molrxn 
Burning 34.0 g of sucrose releases 561 kJ 
If you used that energy to heat up 570. g of 
20.ºC Gatorade, would the Gatorade reach 
boiling temp? of = most

560kt 560,000J
= 570g x 4.18J x ST
-

go C
way

above

ST = 235°C Yikes ! boiling temp

yes the Gatorade would reach boiling Temp
- 1000 Then energy would be used
to vaporize while maintaining too

°



That’s all for now
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