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Describe endothermic changes

N T
E At A Produ(‘.‘\‘
X 1 I oW
£
£ | Ranckant
H]
Regction Prooress ’
QUESTION
Heat absorbed, 0
Bonds broken ,?Q
Energy change th ve
Example: (a Ing that absorbs energy to carry

out reaction)

1) thermal decomposition
2) photosynthesis

sonligiht
(O, + 6H,0 = C. H,0, +(0,

ANSWER



Describe exothermic changes

T N

g

gkm*ontT IAE‘\
2 AH

|
5

Reackion ngress

QUESTION

Heat produced, ()
making of bonds, QQ

Energy change is 1ve
Example: reac ion that removes energy
1) Combustia}
CoHg *+ 30, = (D2 +2H,0
&) Respiration

CcMa O + 60, = 6CO, +pH20

3)Neutralisation

HCL + NaOH — ey + H20
ANSWER



Describe Activation Energy. AW E&

0@3
S

QUESTION
&
2

The minim ount of energy required
for a reacti take place

ANSWER



Standard Conditions

QUESTION ela,

o
X

Q
298k ¢, )

1 atm (I X 10 ~ 5Pa)

all reactants in their standard physical state

ANSWER



Standard Enthalpy Change of
Reaction

AHP

QUESTION

o
P4
Enthalpy c'hange when the amount of reactants

shown in%, guation react to form products
under standard conditions.

ANSWER



Standard Enthalpy
Change of combustion AH 4

QUESTION Ga

Enthalpy eh

hen 1 mole of compound burns
in excess orf o)

en under standard conditions

ANSWER



(c) The table gives some enthalpy change of combustion values.

substance |
C(s) -3935
H,(q) -285.8
C,H,OH(l) —2021.0

(i) Construct a labelled energy cycle to show how these values could be used to calculate the
enthalpy change of formation of C,H,OH(l), AH..

3C(s) + 4H,(g) + 30,(0) i C,H,0H())
4(~7.!5-3) \ v ~q9062\- &

+3 (-3935) 300, - AHyD b@@

L/

‘O\
S

QUESTION
&
s

1 AH;
+ 4H,(g) + 50,(9) —— C;H,OH(l)
9 \ vV <qeal- o

0:3 3

*

oW -2020-0 = 4 (-2958)+ 3 (-395-9)

etd
OHy = -300- %

ANSWER



The standard enthalpy changes of combustion of carbon, hydrogen and methanol are shown.
C(s) + O(g) — CO(g) AH2= -394 kJmol™
Ha(g) + 302(g) - HO()) AH?=-286kJmol™

CHsOH(l) + 110,(g) — COu(g) + 2H,0()  AHZ=-726kJmol’

Which expression gives the standard enthalpy change of formation of methanol in kJ mol~'?
A -394 + (—286) — (-726)

B -394 + (-286 x 2) - 726

C -394 + (-286 x 2) — (-726)

D -726-(-394)-(-286 x 2)

‘Qxéaa Paper 1, Variant 2, March, 2019)

QL 6@

(5) — (o, (9 + 21,0 G)

J "4t
(-286%2) ¢

C + 2H, « 20,

A“rg ~F36 = ~394 + (ﬂz%xi)
M= 34t (-286x2) - (-#25)
-3
Mg = =240 Limel™

ANSWER fing- C



Enthalpy change N
of Neutralisation A} N

QUESTION o
oe,

Enthalpy cha hen 1 mole of water is formed
by Peactiog} ali and acid under standard

conditions.

ANSWER



Standard Enthalpy Change
of Formation

QUESTION o
Q""e’
Q'a'

when 1 mole of a compound is
elements under standard

Enthalpy ch
formed.fm
conditions.

ANSWER



Standard Enthalpy
Change of solution AHgy

QUESTION

Q”Q’o

Enthalpy ‘c‘hg when 1 mole of solute is dissolved in

a solvent'to f an infinity dilute solution under
standard conditions.

ANSWER



Standard Enthalpy
Change of Atomisation AHak

QUESTION Ga

Enthalpy ch
formed ff*f
conditions.

hen I mole of gaseous atoms are
elements under standard

ANSWER



Standard Enthalpy Change of
Hydration of Anhydrous salt. awe®

QUESTION Ga

Enthalpy ch
is formed fr
L o4 ;’

hen 1 mole of hydrated salt
ole of anhydrous salt.

ANSWER



Standard Enthalpy of Ionisation aw®

QUESTION o
oe,

Q°Q

Enthalpy gh eeded to remove 1 electron
from eachat f 1 mole of gaseous atoms to form
one mole of gaseous + 1 ions.

ANSWER



Standard Enthalpy change of
Electron Affinity. Hme

QUESTION

Q’é

The enthalpy chaa@ hen one mole of gaseous atoms
acquires one rglfa of electrons from infinity to form

one mole of gaséeus 1- ions under standard conditions.

ANSWER



Enthalpy change of
fusion/vaporisation

<
0\&)
S

QUESTION 6
°

The amount of
one mole of 1i

*
) ?’)

equired to change
o0 one mole of gas.

ANSWER



Bond Energy

qe
0“6
<

QUESTION o
,06
X

o0 break 1 mole of bonds in

Energy requi
the gas .p};l

ANSWER



Lattice Formation
Enthalpy (AH Sy)

QUESTION o
Q""e’
Q'a'

ge when one mole of an ionic
ed from its isolated gaseous ions
conditions.

The enthalp
compound’is
under stand

ANSWER



Lattice Dissacociation Enthalpy

<
0\&)
'b<°

QUESTION
&
s

nge needed to
f solid crystals into
us ions.

The enthalp
convertd
scattered g

ANSWER



11 The diagram shows the skeletal formula of cyclopropane.

AN

The enthalpy change of formation of cyclopropane is +53.3kJmol™" and the enthalpy change of
atomisation of graphite is +717 kJmol ™.

The bond enthalpy of H-H is 436 kJmol™" and of C—H is 410kJmol ™.

What value for the average bond enthalpy of the C—C bond in cyclopropane can be calculated
from this data?

A 187kJmol”’ B 315kJmol”’ C 351kJmol”’ D 946kJ s‘e

12 When barium is burnt in oxygen, what colour is the flame? 0\6

O
S

< -

QUESTION 6
3C () + 3H, CQ&—’ (Mg

(3x¢@)+ ’

(3:(‘713%))

3C (9 + CH

3(C-¢) »
6 %410

583 4 3(c-0)+ (6x40) = (3XHP) + (3x43¢)

C-C s 315.23 K.Jmo\"

A 35 Kdmel

ANSWER



Enthalpy Change & Hess's Law

Gaseous phosphorus pentachloride can be decomposed into gaseous phosphorus trichloride and
chlorine by heating. The table below gives the bond energies.

bond bond energy/kJ mol~!
P-Cl (in both chlorides) 330
CkCl 240

What is the enthalpy change in the decomposition of PC; to PCL; and CL,?

A —420kJmol™! B -90kJmol™! C +90kJmol™! D +420kJmol™

(Question 7 of Paper 1, Summer, 2003)

@0
B i\

O

S

QUESTION 6

°

= Prodmcks

< [ 220% € ) = (330x3+240)
: + 4%

ay

*

Ars. D

ANSWER



Titanium occurs naturally as the mineral rutile, TiO,. One possible method of extraction of
titanium is to reduce the rutile by heating with carbon.

TiOa(s) + 2C(s) > Ti(s) + 2CO(g)

The standard enthalpy changes of formation of TiO,(s) and CO(g) are —940 kJ mol™' and
—110kJ mol™" respectively.

What is the standard enthalpy change of this reaction?

A -830kJmol™
B -720kJmol
C +720kJmol™
D +830kJmol™’
é@%‘ 9 of Paper 1, Summer, 2008)
» ®
o
QUESTION 606
O+ 20 —s T8 +2000)

/}\ (2x-10)
-F‘ L§\+ O:L *2 C(s)

40'Y

340 + X = ~9220
A = —29D + 240

ANSWER

=54

-
-



The first stage in the industrial production of nitric acid from ammonia can be represented by the
following equation.

4NHs(g) + 50,(g) == 4NO(g) + 6H20(g)

Using the following standard enthalpy change of formation data, what is the value of the standard
enthalpy change, AH®, for this reaction?

compound AH?IkJ mol™

NHs(g) —46.1
NO(g) +90.3
H-0(g) -241.8

A +905.2kJmol™

B -105.4kJmol™

C -905.2kJmol™

D

( of Paper 1, Variant 1, Winter, 2009)

4 <
1274 0kmol A éQ
Y
&
°

QUESTION 6
2 ot
4NH- é& <= AND + £H,0

(4 x90 03\ +
g 4
C 0:0?9 ’ 2 48x()

614 ) B+ [y )

gH= ~-905-2%mol”

ANSWER



b oy ool . B

(b) Describe and explain what is observed when a red-hot wire is plunged into separate
samples of the gaseous hydrogen halides HCland HI.
How are bond energy values useful in interpreting these observations?

(c) The following reaction occurs in the gas phase.
3F,(g) + CL(g) —> 2CIF4(g),  AH®=-328kJ mol™’

Use these and other data from the Data Booklet to calculate the average bornd energy

of the C&-F bond in CIF,. N [2
X® 7" otal: 7)
QUESTION
b) HCl = notung happwns (2
HL - We seen | wiioh i€ dhe iodine formed

.' -
km* & weﬂ.‘«e' dﬂwﬂ t‘ ‘e 9‘ °“‘\- .

Oﬂr’: -32 8““"‘“-‘

& W (N & Cly () — 20iF; (9

AHr°= Reactants - Products D, Bond (\-F |
~22% = [242 + 158K 3] 2 (3(c-¥)) 6 174 Kdmol

~%2¢= N6 -~ € (a-F)

andRiis = ¢ (0=



Hydrogen peroxide slowly decomposes into water and oxygen. The enthalpy change of reaction
can be calculated using standard enthalpies of formation.

AH?(hydrogen peroxide(l))= —187.8 kJmol™
AH$(water(l)) =-285.8kJmol™

Using a Hess cycle, what is the enthalpy change of reaction for this decomposition?

2H,0:(1) = 2H20(1) + Ox(g)

A +98kJmol™’

B -98kJmol™

C -196kJmol™

D -947.2kJmol™

[Questio er 1. Summer, 2009)
O
QUESTION o

Wy 1D 24,0 () + 0x (&

(9% .¢ Q 7 ~28S- §x2
’) 2U, +204

M+ (-13%8%2) = (c2gs @ x2 )
DM = (285 9 R2) - (~18%8x2)

O = —100 Wdma)™!
Ans-

ANSWER



QUESTION

ANSWER




