Week 7 Fast and Slow Chemistry

What is chemical energy (of a substance)?

The sum of the potential (stored) energy and the kinetic (movement)
energy.

These energies result from events such as:

« attractions between electrons and protons
« repulsions between nuclei

« Repulsions between electrons

« Movement of electrons

« Vibrations of and rotations around bonds

The chemical energy of a substance is called its heat content or enthalpy (H)

Energy changes during reactions

The total chemical energy of the products might be
less than the energy of the reactants. The difference
in energy between the reactants and products is
released into the environment. This is an exothermic
reaction.

The total chemical energy of the products might be
greater than the energy of the reactants. Energy
must be absorbed from the environment around the
reactants for the reaction to occur. This is an
endothermic reaction.

The energy released or absorbed during a chemical
reaction is called the heat of reaction (AH) where:
AH = H(products) — H(reactants)
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Possible enargy changes for a chemical
reaction

For exothermic reactions AH will be negative i.e. AH <0
For endothermic reactions AH will be positive i.e. AH >0

Thermochemical equations

These show the energy released or absorbed during a chemical reaction.

Energy is measured in Joules (J) or Kilojoules (kJ)
AH has the units J mol-! or kJ mol-!

Photosynthesis

6CO, (g) + 6H,0 (I) — C¢H,,04 (aq) + 60, (g); AH = +2803 kJ mol-'

Combustion of glucose

C4H1,04 (ag) + 60, (g) — 6CO, (g) + 6H,0 (I); AH = -2803 kJ mol-!

Activation energies

Combustion of natural gas

CH4 (g) + 202 (g) — CO2 (g) + 2H20 (g); AH = -890 kJ mol-1

Why doesn’t methane gas combust
spontaneously when it comes into contact with
oxygen? Why must a spark or match be required?
In a reaction:
» Bonds in the reactants must be broken.
Energy is required for this.
« As products are formed new bonds are made.
Energy is released during this formation.

The energy required to break bonds of reactants
so that reactions may proceed is called the
activation energy (E,).
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Energy profile of an exothermic reaction |
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Making reactions go faster

In manufacturing maximizing chemical reactions rates is an important
consideration for processes to be profitable.

Collision theory

For reactions to occurs reactants must collide with sufficient energy to
overcome the activation energy barrier.

The rate of a chemical reaction is dependant on the proportion of
‘successful’ collision where the energy of collision is greater than the
activation energy.

There are 4 main ways in which reaction rates can be increased:

* Increasing the surface area of solids

« Increasing the concentration of reactants in solution (or pressure of
gases)

* Increasing the temperature

» Adding a catalyst

Increasing the surface area of solids

In a solid only the particles at the surface can participate in a reaction.
Crushing a solid into smaller particles means that more particles are present
at the surface e.g.

in sherbet, fine-grained powders are used
to create a fast reaction between malic
acid and sodium hydrogen carbonate.

The surface area of solid reactants in fireworks are
chosen for particular effects. Finely divided aluminium
confined in a shell explodes violent. If larger pieces are
used, the reaction is slower and sparks from burning
metal are seen. E .7 5

Increasing the concentration of reactants

With more particles in a given volume of solution, the frequency of collisions
is increased and so more successful collisions occur.
Acid rain is an example of the effect of concentration.

Increasing the pressure of gases increases the concentration of gas
molecules, causing more frequent collisions.
This fact is used in the design of chemical plants.

Increasing the temperature

As temperature increases the average kinetic energy of the particles
increases as well, as does the rate of reaction.

Cooking using temperature above the boiling point of water is an example of
the effect of temperature as is the use of water to douse fires.

Extending collision theory

The effect of temperature on reaction rate cannot be simply explained by the
increased frequency of collisions.

A temperature increase of 10°C causes the rate of many reactions to double
but collisions have increased by 1/50th of this amount.
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It is the proportion of particles with more energy than E, that is the factor that
causes disproportionality between temperature increase and rate of reaction.




Catalysts

The chemical industry uses catalysts extensively. Without them, many reactions
would be too slow for products to be obtained at an economical rate

TasLe 15.1 Some industrial processes that involve the use of catalysts

[ Product ] Name of procass E

POWEIHEHQ LﬂW-pFBSSUI’E polymer\satlnn Tritanlum/aluminium compnunn
Ammaonia Haber process Iron

Sulfuric acld Contact process Vanaﬂlum(\.’) oxide

Gasollne Catalytic cracking Zeolite

Nitric acld Ostwald process Platinum/modium

Margarine Hydrogenation Nickel

Wine Fermentation Enzyme In yeast

Homogeneous catalysts: in the same state as reactants and products.
Heterogeneous catalysts: in different states as reactants and products.

How do catalysts work?

v U
In the Haber process particles at the surface of a solid b oo
with high surface energy tend to absorb gas molecules e ]

that strike it.

Absorption distorts bonds in the gas molecules and

may even break them.

Therefore, a reaction can proceed faster.

Reaction rate is proportional to the surface area

available of the solid.
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In the Haber process, a catalyst of powdered iron allows a

the manufacture of ammonia to proceed at an
economical 500 instead of 3000°C.
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The catalyst provides an alternative reaction pathway that reduces the
activation energy barrier to break covalent bonds in nitrogen and hydrogen.
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Figure 15.16 —
Energy changes in the uncatalyzed and the catalysed reaction of nitrogen and hydrogen to form ammania.

Consequently, a greater proportion of
reactant particles collide with sufficient
energy to overcome the activation energy
barrier.

Providing such a pathway increases the
proportion of successful collisions and
therefore the rate of reaction increases.

A catalyst only alter the activation energy
of the reaction and not the heat of reaction.
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A higher propertion of parficles have sufficient
energy to react when a catalyst iz added b,
compared with no catalyst a.




Corsider e axampis of raactions menSoned on page 251

Wood Dming on @ camp firg, batheoom Bes being cleaned, @

cake baking, and a bomatn plant growing.

@ How would you speed up the raes of thess reactions?

B Explain why the methods you sugnested would procucs an
Increase in e reaction rale.

Expéain the following obsarvations n tarms of th bafaiowr of

paticies.

@ There have boen Mmeany @piosions In coal mines.

aa

Fafri)eration Sows S0WT e browning of siced appies.
Bushiines often start during Igntning Stoms.

Iron anchors from shipwrecks can show itlle cormasion afler
YIS In the s,

Aburning match bz usad o light 3 canadsa, but the candie
continues & burn when the match 15 exdinguished.

Chemical energy
6 Declde, ghving reasons for your answers, whether the folowing
processes are endolermic or exothemic:
a burning of wood
b metting of ice
© recharging of a car battery
d decomposition of plants In a compast heap

8  Hydrogen reacts explosively with oxygen 1o form water.
a Wha chemical bonds are broken in the reaction?
b What chemical bonds are formed?
¢ Bxplain how the energy changes during bond-breaking and
Dbond-forming affect the energy change for the reaction.
d Why Is there no reaction until the reaction mixure Is
Ignited?

10 Wany major car mikers have uelbed hydrogen-powered

s, In P engines of

Trom the 3ir 10 produce wales.

ZTH, () = Oy(x) —> ZHO0)

Eneeqy changes 1of T reaction & shown in Figure 15.22,
a What ks the magniiue of Fe activation enargy of this

action?
b Wit 15 AH for this reaction?
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Emernyy changes or e maction of hydragen and asygan |

¢ Severdl qroups of scknlits have ciaimad [0 hive S walar

] oy
2H,0(g) —> 2, (5] + O4f8)

SKEch anergy Change Graphs fof IS 1Eaction W and

withoul the presance of
o What b5 the vl of AH for

A calalyet
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Rates of reaction

13 Account for the Tollowing observalions with reference b the
collskon modsl of particle beravoUr.

a Surfboard manutacturees find that fibreglass plastics sat
within hows In summer bul may remaln lacky for days i
winler.

b A bottha of ing alminium powder has a caution stcker
warning hat It s Tghly famemaile, dust expiosin
possibie’,

G A POTR0 COOKS MUCH MOrE Siowty In 2 Dy of Doling waler
o & trekking hollday In Nepal than a potato bolled In &
‘simlkar way In the Australian bush. Hint: &l high allRudes
pressure ks kwer 20 watar bolis at a kower tamperaturs.
han at 63 vl

15 Explain fh mazning of the tams:
a catayst

D actvation enargy

16 I suggar cubs ks held In the fame of & candie, (ha suger
melts and browns but does not bum. However, tha cube wil
bun I salt s P rubibed Ino 1, even though the sait does nat
rgacd. Explaln the eflect of the sall on the actiation energy of
il combuztion reaction.




20 The reaction of hydrogen and loding to form hydrogen lodide:
H, () +1,(s) === 2HI(g)
Is shown on the enesgy level diagram Figure 15.24,

Time
I Figure 1524 ———————— e —

[Energy hevel diagram for the production of hydrogan iadide, I

a Copy Flgure 15.24 and label the following: H,(a) and L s):
Hifg); AH activation energy.

b Is the reaction endathermic or exothermic?

€ Draw on the diagram the energy profile that would resuit It
a catalyst was used In the reaction.




