LH- Learm'rg Ouvtcomes

5.1 Exothermic and endothermic reactions

| can:

O 1. State that an exothermic reaction transfers thermal energy to the surroundings leading to an increase in the
temperature of the surroundings

U 2. State that an endothermic reaction takes in thermal energy from the surroundings leading to a decrease in
the temperature of the surroundings

U 3. Interpret reaction pathway diagrams showing exothermic and endothermic reactions

U 4. State that the transfer of thermal energy during a reaction is called the enthalpy change, AH, of the
reaction. AH is negative for exothermic reactions and positive for endothermic reactions

U 5. Define activation energy, Ea, as the minimum energy that colliding particles must have to react

U 6. Draw and label reaction pathway diagrams for exothermic and endothermic reactions using information
provided, to include:
(a) reactants
(b) products
(c) enthalpy change of the reaction, AH
(d) activation energy, Ea

U 7. State that bond breaking is an endothermic process and bond making is an exothermic process and explain
the enthalpy change of a reaction in terms of bond breaking and bond making

O 8. Calculate the enthalpy change of a reaction using bond energies



Thermochemical equations

In chemical reactions, the bonds hold;‘tg reactants toge ther need fo beeak, which requires energy
while (mmins new bonds in fhe praducts releases energy

Activation Energy (€a) : minimom enecgy required by colliding pacticles for a reaction
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€nfhalpy (H) : theemal energy (heat) in chemical reactions

Enthalpy change (AH) :ransfer of thermal energy in a chemical reaction

R

\]/ AH reaction = H reactants - H producks

AH > 0 (pasi(-.ivc)
€ vsed to break bonds > €ralea5et) by Farm.‘vg bonds

Endothermic reactions

;ir\. ;heat = taken in heat

surrounding$s

® praducts have more energy than reactants
® fakes in thermal energy from surcoundings
® results in decrease in temperature of surroundings

ex: Phol:os;nﬂ\esis, cracKing hydrocarbons

reaction pgthwag c)iaggam:

€ bonds broken
reactants

enecgy ( KTmol")

reaction progress

AH < 0O (hcsn.l:ive)

€ vsed to break bonds < €rcleascc) by Porrm'rg bonds

€ yothermic reactions
;out ;heat = releasing heat

Surcoundings

td
System

3!

® products have less eneray than reactants
® fransfers Thermal enecgy to surroundings
® results in increase in temperature of surroundings

ex: combustion, cellvlar respiration , acid-base nevtralization

reaction pﬂfh way c)iagram:

€ bonds broken
reactants

energy ( KTmol")

Froducts

reackion progress



Bond energies

Bond energy ° average bond -dissociation energy for a bond type in a particvlar molecule
ie. a measure of band shength
S amount of energy absorbed when bond is broken / energy released when bond is formed
measored in KT mol™

By calcUlal:«'n_g overall bond energy associated with reactants and products in a chemical reaction
we can determine whether reaction s endothermic or exothermic

é:lﬂm.C pgghleg; PfOPGnOI.c aﬂld UﬂdCfSOCS tomplebe com bUS'HOﬂ. . Avemgg energy

Type of bond (kJ/mol)

a) provide balanced chemical eguation ?:? ‘:j
b) calculate the enthalpy change for the reaction (~‘=(: ‘614
C) determine whether reaction ¢s endothermic or exothermic o=C —
d) draw the reaction paﬂmay diagram foc this reaction C—H 413
cC—O0 358

ﬁCL' write balanced chemical equation C=0 745
O—H 467

d CH,COOH + 10, —> LCO, + bH,O O (in O;) 498

Skep2 draw the structural formulas

O=0

d | H=

-

-o-h | + #(0=0) — ((0=c=0) - 6<H/ \H>

==
TEO&x
\

Step3 delermine how many of each bond type for reactonts ond products
and multiply by given bond energies

feackants Y x c=c (247) 1xc-0 (35%) producks 12 x C=0  (745)
10x c=H (413) 2x 0=H (4b%) 12 x 0=H (4b?)
2xc=0 (745) % 0=0 (498)
€ reactants = 12144 KT mol™ € products = 14544 KT mol™
StepY calcvlate AH and determine reaction type Sttp 5 Draw reaction pathway diagram
AH = Hreadtants - Hproducts ~ | CH CO0H + F0,
= 12194 KT mol™ = 14544 K3J mol™ E
= -2400 KT mol™ Z - 2400 KT mol”!
>~
-AH .. exothermic g 6CO, t bH,0

reaction progress



Fractice problems

For each of the {bllowing molecvles:

a) provide balanced chemical equation for its complete combustion

b) calcvlate 1he enthalpy change for its complete combustion

C) determine whether its complete combustion is endothermic or exothermic
0) draw the reaction pathway diagram for its complete combustion

@ butane
@ oct-/-ene
@ pentan-3- ol

@ kemoic acid

Average energy
Type of bond (kJ/mol)
H—H 432
Cc—C 347
C=C 614
C=C 839
C—H 413
CcC—0 358
C=0 745
O—H 467
O=0 (in O,) 498




Answers

® ach, + 180, —> 8CO, + I0H,0

HH KN < )
A | H-C-C-C-C-H | + zs(o:o) — 8(o=c=o) + Jo\H H
HHHH
reactants 6 x c-c (247) products lex c=0 (745)
20x c-H (413) 20x 0-H (4b%)
13x 0=0 (498)
€ reactants = 1816 KT mol™’ € products = 21260 KT mol™

J C"H’o + I.?;oJ

AH H ceactants - H Producl'.s
16816 KT mol™' = 21260 KJ mol™

- 444y KT mol™

- 444y K mol™!

8CO, + I0OH,0

energy ( KTmol")

-AH .. exothermic

reackion progress

® cH, + 120, —> 8CO, + 8H,0

HOHH KKK (")
¢sc-C-C-C-C-c-CH + 12(0=0) —> 8(o=c=0) + 8\ W
HHHHHHHEH
reactants 6 x C-C (347) I12x 0=0 (498) producks  lex =0 (745)
lbxc-H (413) 16 x 0-H (4b?)
Ix c=c (614)
€ reactants = 15280 KT mol™ € products = 19392 KT mol™
AH = Hreactants - HProdocl:s Gy + 120,

15280 KT mol™ = 19392 KT mol™

~4NZ KT mol™ ~lZ KT mal™

8CO, + 8 H,0

energy (KTmol")

-AH .. exothermic

reackion progress



Answers

® acton+150, —> 10CO, + 12H,0

HHHHH <,P\>
2 |H-¢-¢-¢-¢-¢-n] + 15(0=0) — w(p=c=0) + n\H  “H
HHOHH
H
reactants 3 xc-c (3u7) 2x*C-0 (358%) products 20 x C=0 (745)
22xc-H (413) 15* 0=0 (498) 24 x 0-H (4b?)

Lx 0-H (4b?)

€ reactants = 20982 KJ mol™ € products = 26108 KJ mol™

JcsH”oH + 150,

AH = Hreactants - Hproducl:s
20982 KT mol™' = 26108 KT mol™
- 5126 KJ mol™

-5126 KJ mol™

energy ( KTmol")

-AH .. exothermic 10CO, +12H,0

reackion progress

@ cHcoont 80, —> 6CO, + GLH,O

HOHH N (/\>
H-C-C-C-C-C-C-0-h + 8(0=0) —> (o=c=0) + G\H  “H
HHHHH
reactants 5xC-c (247) | x c-0 (258) prodvcts 2xc=0 (745)
INxc-H (413) | x 0-H (4b%) 12x 0-H (4b?)
lxc=0 (345) 8 x 0=0 (498)
€ reactants = 11832 KI mol™ € products = 14544 KT mol™
AH = Hreactants - HProdocl:s -~ G H,CooH + 80,
= 11832 KT mol™ = |454Y4 KT mol™ K
= =2H2 KT mol™ }’5’ =2H1L KT mol™
g\)
-AH .. exothermic g bCO, + 6H,0

reackion progress



