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KN
How is energy involved in chemical processes? oo\ TSN TNecma

?
MO\HCV and energy are continually interacting  sgacrtants @ MOLECULES

L) R .
. moving 100 { i+ +O0F = 9P BOUNCE
in the world around us. QLOvAY L - (N REACTION)
. . #
For any chemical reaction to occur, the reactants must
| -, REACTANTS L& MOLECULES

co\l {de_with the products with enough _ﬁm:’ NOT FACING («@%@w@@ » =) @f {NO REACTION)
4

RIGHT WAY
to begin to break the bonds in the reactants.

REACTANTS
This minimum amount of ener.gy neede‘d for a reaction to ENEREE‘HC » - ) f cuay
occuris called the och vabhon energy.  omented T U 09 ¢ 2

It if often useful to think of the activatio%as a barrier or “hill” that needs to be overcome for a reaction
to begin.

Many chemical reactions require an __ 'y ) h‘C\\ \T\QI* O‘O - the reactant will not react by
simply mixing them together. €

o For example: a bbq. The propane and oxygen do not spontaneously ignite as soon as the gas is
.;fi’ turned on. A spark or a lighter is needed. The spark provides a few molecules of oxygen and
propane with enough energy to overcome the energy barrier and react.

The SYSTEM and the SURROUNDINGS

Chemists think of energy changes in chemical reactions in terms of energy transfers between the ‘.’xgsﬁenﬂ
and the _DLY Ccy N mc\uﬁ

The system is the materials involved in the _ C\Y€onicGl\  «xnN and everything else in the

universe is the W.
The Law _o¥ Ccﬂsef\ﬂh‘m U’Q Eﬂe‘q\fstates that the total energy of the universe is
IMPORTANT COnstant->energy cannot be creatred o desShoyéd .

In terms of a chemical reaction, it means that energy that \eOWNED the system must enter the
surroundings, and energy that enexo the system must come from the surroundings.

Video: https://www.youtube.com/watch?v=ygyaMUuEyIM  (start @ 2:15)

While watching the video, follow along and fill in the blanks below:
Energy Transfers in Reactions:

e Chemical reactions become __ Y1OXY&( or COQEeC as they proceed

e They give out or absorb heat because of the making and breaking of __C Y2Y€0N cal\ ocrads
e Making chemical bonds releases heat energy - EXO‘“‘Q!‘M\C/

e Breaking chemical bonds requires enerqy - ENWM\' S,

° _}‘_\QC\}V input is often needed to start the reaction

ZUXOWSKT ?



1. Exothermic Reactions

\'\% = EXAMPLE 1: What happens when the magnesium metal ii_placed in hydrochloric acid?
é Experimel\’ m% T HC‘ —9 m%c‘ a *- Ha + t\ea_

. femperahre B = exoermic rxn.

An energy diagram shows that in an € xo¥eMiC reaction the E@Lﬁi‘b have LESS ENERGY

than the reactants, so the energy left over heats up the ‘burrou‘t!s%ﬁ_. eKP\C;igb >

Many exothermic reactions RLQRUI\R(E  some heat energy to get them started, for example,
rocket fuel.

The amount of energy it takes for a reaction to get going is called the O(_'hl_)&.h‘m ef\Qf'%L,f .

Summary of Exothermic Reactions: N -_.,Urromérnco‘g :

e More energy is released by the reactants than is needed by the products
e The excess energy is given offas _ \YACA Y.

* Heat input is often needed to provide activatjon energy to start the reaction
e Heat from the reaction then keeps the reaction going

& & EXPERIMENT 2: What happens to the atoms when natural gas (methane CHa4) burns in air?
= Ex;e)eriment d O -\ c_) (D hea+
w (combustion) CHur O3y Ay Loy

e Heat provides energy to oreu Yo oendd in methane and air (O)
e Now the atoms can rearrange and form N€W bonds, the reaction products, HAO({/and _
COa(

e Water and carbon dioxide don’t need as much energy as the reactants that formed them, so
making bonds _ (€\R05ED e exLess € ~{ .
e The spare energy goes out as__YYyeext , overall the reaction is__€xoHeecmn iC

2. Endothermic Reactions

e An endothermic reaction is the opposite of an exothermic reaction

o 1t OOXIVD heat

. The
Experiment

% 3y EXPERIMENT 3: What happens to the dry ammonium nitrate crystals and water when an
instant ice pack is broken open?
NHuNOs s> ¥ FaOco J

- . ta- oase. v . oL den't
rendovacmi C "'ﬂe éctoa%e aoe Yo ?rec[‘rd—

Prod oS
An energy level diagram shows how the (‘QUL'\'Q”B have LESS energy than the products.

e Y

That means the reactants have a huge _ ~@ \\Q( %\| hill to climb for the reaction to go ahead.

They must steal the energy they need from the DU A \_Qf! QB causing the

temperature to_ (\ @ C-LUDSEL_
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Summary of Endothermic Reactions:

o MORE’ energy is needed by the \'ZZZSS )( ;lb than is released by the reactants

e The energy shortage is taken in as heat from the surroundings

o “Thiscratess, BN O\ effect

Exothermic and Endothermic Reactions

In any chemical reaction:

1 __Tnhe veactunts cnaurte ynvo prodocts>
2 0 (NOaae TN enemy ofeues:

Expthermlc Vs. Endothermic There are two kinds of energy changes in chemical reactions:

“Hed’f e In aano(hermlc reaction. &.nergy is Ql Eé DECB -
by the system from the surroundings. (CO\d Vit :, D
Heni = Dyest  Het =P ‘g}uan € et d
. < e In anfexothermic reaction]energy is €\ EADE
% from the system to the surroundjpgs. C Qe-Q\S YlO\')

Endothermic reactions: Heat is absorbed.

1) %“ a’m‘ 3 : Plants absorb heat energy from sunlight to convert carbon dioxide and water

into glucose and oxygen.
2) E \ MC? : Heat energy is absorbed from the pan to cook the egg.

@ ®- _/\f\—-\;emf{’)‘l 2 "ﬂ o @

GCO-‘47 G’qu "\("G—* —_— CG \'\,JO"'@O‘, ,’#‘li':‘.

& G i
O\M!M‘" ) /*-/l’/: ‘r-:’ns Fer / Cca-bs
Yo L iect
F\othermlc reactions: Heat is released.
1) h : The burning of carbon-containing compounds uses oxygen, {rom air. and produces
carbon le‘(Ide walen and lots of heat. for example, CHy + % .5) O& COzt K H"z(?e +heet 4 shm
?:roéoc+

Chemists experiment on chemical systems containing reactants and products which exchange energty with the
surroundings - the container and the rest of the universe.

The First Law of Thermodynamics states that: gy _ __ | .. .
o N e ‘ d f’SiTOL‘ = ¢ S
| ~

This simple statement means that any energy lost by a system must simultaneously be gained by the surroundings
(or vice versa).

Why is heat released or absorbed in a chemical reaction?
In any chemical reaction, chemical bonds are either \9‘(0 Lﬁn or %fm ecl

Rule of thumb is:

"When chemical bonds are formed, heat is released, and when chemical bonds are broken, heat is absorbed.”

Molecules want to stay together, so formation of chemical bonds between molecules requires _ €

as compared to breaki_ns bonds between molecules, which requires WK) 3 QJ(QA‘%\—{__ and results in heat

being abspgbed from the surroundings. Y




e

REMEMBER: Energy must be absorbed to break bonds and energy is released when bonds form. \

Meat .K.u, Htmsal bocls ‘y.u;

1. Energy is _lg! QJ 2‘ (n l to break the bonds between the atoms in the reactants. N 7V

ie
; ; P R PR o C o
.y and immediately afierward ... zjj o %
% - . ot 1
2. Energyis _ _as the new bonds form between the atoms in the products. ‘K_// wb ®©

Summarizing: £ Sncoicot verde (ol
. o . f#‘ :
Bond breaking is always endothermic. } The reaction is either endothermic or exothermic

Bond forming is always exothermic.

depending on which of these is greater.

By comparing the total energy required when bonds in the reactants are broken, with the total energy released when bonds
in the products are formed, we can determine if there is an overall release of energy or absorption of energy.

AL

pe.

reactant
Exothermic Reaction:

Endothermic Reaction:

otal energy absorbed in bond breaking < Total energy released during bond forming.
energyl <cnergy2

otal energy absorbed in bond breaking > Total energy released during bond forming.
energyl > energy2

Measuring Energy Changes
. enenyy required YO

Energy changes in a reaction can be monitored by measuring change-;? temperature. o reactants £
DEMO 1: Mg +HCl —> Mela + Hacen +IEX e nerp O o nprad
sk 3P tﬁ" C
Did the temperaiv@creas@r decrease? * . the reaction is _ AOTH MyQo
“yheut
DEMO 2: Ba(OH)y, + 2NHNO;y —  Ba(NO3)aagy + 2NHsuqy+ 10H0,

Did the temperature increase o decrea@? * . the reaction is EIODOTHERM\ C_,
‘o K«
YEnthalpy AH_‘\ LT € e < entezyy Nelenved Fo

~Lerants M prodoCctS.

The amount of energy stored in the bonds of the reactants or products in a system is called the _Ex l t i K_A‘@ (H)

(from the Greek word enthalpein meaning “to warm™).

Since energy will either be lost or gained by the system during a reaction. the value of H will
olboaus  Vof Ai (\3’ between the reactants and the products.

In other words. there is a change in energy.

¢ Inan endothermic reaction. more energy will be stored in roducts than in the reactants: i § AH
fants € H pred oS

¢ In an exothermic reaction. less energy will be stored in the products than in the reactants: - A Sj
NDNTY VIS |€ ueM W« cactods > W pEAOCYS,

We can never really know the internal energy in a system but we can measure the change in this energy.

This change in energy is represented by AH where: AH= H .o H
o products — reaclants

AH value negative --> energy released --> exothermic reaction

AH value positive --> energy absorbed --> endothermic reaction
TOROWSKT @



Energy-Level Diagrams

Consider the reaction below: for every molecule of nitrogen that reacts with a molecule of oxygen, 2 molecules

of nitrogen monoxide are produced.

@ @ -
0, N;

2NO

' Bonds breaking: energy absorbed X e ﬁonds forming: energy reteased]

e The total energy absorbed to break each N-N bond

and 0-O bond is

MGRE

than the the

total energy released when N-O bonds form.

e Therefore, there is an overall absorption of energy,

and the reaction is

The activation energy (E,) is the

The enthalpy change (AH) is the ____C__m%

= VDO TRERMIC

A Lerenc e

Endothermic Reaction

The reactants are at a lower energy level
compared to the products

The products are less stable than the
reactants.

forcing the reaction in the forward
direction towards more unstable species
overall AH for the reaction is positive,
energy is absorbed from the surroundings.

—\>o’(c.n¥'\a\

[ XAy b\b

(M.S

£

Energy

N-N bonds and O-O bonds are broken.

The breaking S\psigop

. i } bonds form, and this releases energy.

energy.

7 Energy
Jelgaged in
bond making

Energy 2NO
absorbed

n bond : :

breaking Overall energy ¥
0, + N2 change {absorplion)

Progress of Reaction

in the energy between the transition state and the reactants.
in the energy between the reactants and the products.

.+ Transition stale

T

o vahd)
enerH AH® oeen
‘2 Tsa R ad 2
reoctaurtts

T roogsess R reackion /¥ime
transitien stake
eacten ‘— . Exothermic Reaction
?o‘kc.n\\a\ Y e The reactants are at a higher energy

eneray . level compared to the products

h‘& QLh\Imm : ,SHe * grtve UESE‘C, o The products are more stable than the
eWE)“ | e QI‘EL““C‘S reactants.
i‘ mmig rQ\%-Q:\O Overall AH for the reaction is negative
rCﬂUC\':b YO WVAQ ° En_er is released in the form of heat.
Y ourrouUndd. . et reveyed

Proosess o0 feackion /time
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Representing Energy Changes within Chemical Reaction Equations

® Enthalpy has units of __, SCJ(D!Q )__ @)

® Balanced reaction equations that include the enthalpy change are known as thermochemical equations.
e Enthalpy is an extensive property (the energy lost or gained depends on reactant amounts)

® There are two ways to write them, the first shown being the preferred way:

1. Writing the enthalpy change immediately after the equation - using the sign of AH to indicate whether

the change is endothermic or exothermic.

This formn

didtinguithes Exothermic Example: 2C8HI8 + 2502 —> 16C0O2 + 18H20; AH="~10 qqa\h.)

exothermic from

chdumiiudy Endothermic Example: 6C02 + 6 H20 —» C6HI1206 + 602; AH= T %b 2D

heat term sign
2. Writing the heat term within the chemical equation - using the side to indicate whether the change is
endothermic or exothermic. em\/ /V\QM‘\" oa P(OAUC'}

~TI{is form ]
ke Exothermic Example:  2CgH18 + 2502—> 16 CO2 + 18 H20+ |0 QA A k]
endothermic by the =
side the heat term Endothermic Example: 6 CO2 + 6 H20 + &Eb—b C6H1206 + 6 02

is_wriften on. ——

ew/\-\-ecx\‘ S . arany

Assignment #2 Complete the following

H@@W@&%b worksheets on Energy in Reactions:

Endothermic & Exothermic Reactions

l—l—l—ll—l—l—l—l—l—l—l—l—l—l—l—l—l—lIII

TART O

\!
[ ]

ns 1 =
Makes the Reactant contain Produc . -
1 . . . 0
Endothermic Surroundnlg Catalyst more net energy | bothermic contains " han
. T tha
environment hotter than prodﬂc net energy

o eact ants

inhibitor

Speeds up a chemical

Turbo .
booster reaction Nitrogen

Endothermic
Inhibitor

Ellerg}r 18 Inhibitor

released

“}._._._._._._._._._._._._..U’

| |
|
|
|
| |
|
|
|
| |
|
|
|
|
|
| |
|
|
|
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Part A: Endothermic and Exothermic Reactions

Below is a set of 20 questions and their answers. However, some of the words have been missed out - see
how many of them you can find! You can use the words in the box more than once.

exothermic temperature alkali acid removed
combustion reversible collide product respiration
less products destroyed increase created
energy reactants bond photosynthesis energy
heat endothermic oxidation bonding

During a chemical reaction what is always transferred? - Energy

Described what is meant by the "conservation of energy” - In a chemical reaction energy cannot be created
or destfroyed .

How is energy fransferred in chemical reactions? - Through the breaking of chemical bonds in the reactants
and creating new bonds in the products

What name is given fo reactions that fransfer energy fto the surroundings? - Exothermic

How do you know that an exothermic reaction has taken place? - Through an increase in temperature from
the reactants to the products.

What is the name given to chemical reactions that transfer energy from the surroundings to the reactants? -

Endothermic

Name 2 examples of an exothermic reaction. - oxidation, combustion , respiration or neutralisation

Name 2 examples of an endothermic reaction - photosynthesis , sodium hydrogen-carbonate and cifric acid

or thermal decomposition

What investigation would you do to find out if a reaction is endothermic or exothermic? - Record initial

temperature of reactants and the final temperature to find a temperature difference.

When you put sherbet into your mouth your mouth feels slightly cool. Why? - During this reaction heat is being

removed from the surroundings.

What is a compound? - Substance made when two or more elements combine through chemical bonding .

TULOWRKT



What does pH7 mean? - The solution is neutral, neither an acid or an alkali

What is meant by the term " oxidation "? - A chemical reaction where oxygen is added to a substance, or

when electrons are lost from a substance.

What is meant by a " reversible " reaction? - A reaction that can revert back fto the original reactants.

What is meant by the product of a chemical reaction? - The chemical produced as a result of a chemical

reaction.

What is meant by the " reactants " in a chemical reaction? - The chemicals that you start off with, before

the reaction takes place.

What is meant by “ bond

energy "? - The amount of energy needed to break a particular chemical bond.

Part B: Interpreting Energy in Chemical Formulas
complete the table below by interpreting what it means what HEAT is a reactant or a product.
The first one has been done for you as an example.

A Endothermic vs. Exothermic Changes  Last

first

Copyright © Bossy

Chemical Changes

( = chemical rxns)

Heat is a Reactant: The Rxn is Endothermic
Heat is a Product : The Rxn is Exothermic

Rxn Takes, Uses & Absorbs Heat

Rxn Makes, Produces & Releases Heat

Zn + S — ZnS + Heat

Heat is a Product:
Rxn is Exothermic

Rxn Makes, Produces &
Releases Heat

2H202 —d 2H20 + 02 + Heat

Heat is a Product:
Rxn is Exothermic

Rxn Makes, Produces &
Releases Heat

Ba(OH)> + 2NH4Cl + Heat — BaClz + 2NH4OH

Heat is a Reactant:
Rxn is Endothermic

Rxn Takes, Uses &
Absorbs Heat

CsHs + 50, — 3C0O; + 4H,0O + Heat

Heat is a Product:
Rxn is Exothermic

Rxn Makes, Produces &
Releases Heat

Heat is a Product:
Rxn is Exothermic

Rxn Makes, Produces &
Releases Heat

2Fe03 + 3C + Heat — 3CO, + 4Fe

Heat is a Reactant:
Rxn is Endothermic

Rxn Takes, Uses &
Absorbs Heat

2Na + Cl, — 2NaCl + Heat

Heat is a Product:
Rxn is Exothermic

Rxn Makes, Produces &
Releases Heat

CitHs; + 3NaHCO3 + Heat — CitNas + 3H,0 + 3CO;

Heat is a Reactant:
Rxn is Endothermic

Rxn Takes, Uses &
Absorbs Heat

(NH,),Cr,0; — N, + 4H,0 + Cr,0, + Heat

Heat is a Product:
Rxn is Exothermic

Rxn Makes, Produces &
Releases Heat

2Al + FexO3 — AlO3 + 2Fe + Heat

Heat is a Product:
Rxn is Exothermic

Rxn Makes, Produces &
Releases Heat






