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_ALFAROUQ SCHQOL SCIENCE DEPARTMENT CHEMISTRY

!Chapter: Energy & Chemical Change ) R
| \
(R [7 \T/Q

It is a balanced chemical equation that includes the physical states

i Section (3): Thermochemical Equations

! THERMOCHEMICAL EQUATION:
i

s

|
i of all reactants and products, and the energy change, usually expressed as

i the change in enthalpy (AH).

1

CHi(g) + 20:(g) => CO:(g) + 2H:0(l) { AH=-891 kJ}

» 660 @ 9

|

i

|

|

i Examples
| 4Fe(s) + 30,(g) — 2Fe,05(s) AH = —1625 K]

i NH;NOs(s) — NH,*(aq) + NO;~(aq) AH = 27 k]

| Exercise
1

| {Q) which of the following correctly represent these reactions?

1. 1625 kJ of heat is released to the surroundings in the reaction

between Fe and O: to form Fex0s

|

|

|

i a. 4Fe(s) + 302 (g) — 2Fe203(s) A Hnn=+1625 kJ

| b. 4Fe(s) + 302 (g) — 2Fe:05(5) A Hon= ~1625 kJ

| C. 4Fe(s) + 302 (g) — 2Fe20s (s) + 1625 kJ

| d. 4Fe(s)+ 302 (g) + 1625 kJ — 2Fe;0s (s)

E 2. 27 kJ of heat is absorbed from the surroundings in the process of
|
|
|
|
|
|

dissolving NH4NOs.

a) NH4NOs (s) — NH,* (aq) + NOs™ (aq) AHnn =27 kJ
b) NH4NOs (s) — NH,* (aq) + NOs™(aq) AHmn =-27 kJ
c) NH4aNOs(s) + 27 kJ — NH,* (aq) + NOs™(aq)

d) NH4NOs(s) — NH.,* (ag) + NOs (aq) + 27 kJ




_ALFAROUQ SCHOOL SCIENCE DEPARTMENT CHEMISTRY

MOLAR ENTHALPY (HEAT) OF COMBUSTION (AH®comb)

It is the enthalpy change for the complete burning of one mole of the

substance.
+ 60:(8) > 6C0:(g) + 6H.0(l) ( AHeoms=-2808 k! ) |
(Table 1)
e A
N—.
Sucrose (table sugar) C12H22041(s) —5644
Octane (a component of gasoline) CgHqs(l) —5471
Glucose (a simple sugar found in fruit) CeH1206(s) —2808
Methane (a gaseous fuel) CH4(g) —891

[ Standard state conditions : 298 K (25°C), 1 atm pressure ]

s(inids Heat energy taken from environment

¢ Sublimation W
.t Mot Evaporation

[—} A g o
I ce [ e ] Freezin . . Condensation va p o r
A Liquid A

Deposition

' Heat energy releasea to environment

| Molar enthalpy (heat) of vaporization (A Hap).

|
|
|
;
|
|
|
|
;
|
i
i
i
i Propane (a gaseous fuel) C;Hs(g) —2219
|
|
|
|
|
|
|
|
|
|
;
|
|

Vaporization
o)

iThe heat required to vaporize one mole of a liquid.
i
| Molar enthalpy (heat) of fusion (AH+us).

!The heat required to melt one mole of a solid substance
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CHEMISTRY

e Condensation & freezing releases heat.

e Vaporization & fusion (melting) absorbs heat.

HzO(l) — HzO(g) AH\rap = 40.7 k]
H,O(s) — H,0()  AHg, = 6.01 kJ

Exercises

Table 4 Standard Enthalpies of Vaporization
and Fusion
" Suarce | Form | At | Al
Water H,0 40.7 6.01
Ethanol C,HsOH 386 4.94
Methanol CH,;0H 35.2 3.22
Acetic acid CH;COOH 234 17
Ammonia NH; 233 5.66
AHvap - _AHcond
AHgs = —AHg)ig
Examples.

Phase Changes for Water

AHys= +6.01kJ
AH,9=—6.01kJ

H,O(g) — H,0()  AH.q = —40.7 KJ

HgO(l) c— HzO(S) AHsolid = —6.01 k]

(1) Calculate the heat required to melt 25.7 g of solid methanol at its
melting point. (AHrs of solid methanol =3.22 kJ/mol)

(2) How much heat evolves when 275 g of ammonia gas condenses to a

liquid at its boiling point? (AHcond of ammonia =-23.3 kJ/mol)

(3) what mass of methane (CH4) must be burned in order to liberate
(

release) 12,880 kJ of heat? (AH%.omb» Of methane =-891 kJ/mol).
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COMBUSTION REACTIONS N

Any hydrocarbon burns in presence of oxygen to produce

water vapor & carbon dioxide. (Complete Combustion). //X}\\\%)

‘ * O .J * ()

Hydrocarbon Oxygen > Water Carbon Dioxide
burn to produce H2° COg

(1) Combustion of glucose inside cells to produce energy (ATP).

4 >+ 6%—»—» 6@ + 6&4- aboul38 ATP

CeH1206
Glucose Oxygen Carbon Water Energy stored
dioxide in ATP

The energy released is stored as chemical potential energy in the bonds

of molecules of adenosine triphosphate (ATP).

(2) Combustion (burning) of methane gas (CH4).
CH4(g)+202(g) —» CO2(g)+2H20(l)+891 kJ

d.. e 99

2H,0

methane oxygen carbon d|ox|de water

(3] Combustion of gasoline (Octane) (CsH1s).
CeHis(l)+25/202(g) — 8CO2(g)+9H-0(1)+5471 kJ

(4] Combustion of Hydrogen gas to produce water molecules

H2(g) + 1/2 0z (g) — H>0 () + 286 kJ

| The combustion of hydrogen provides the energy to lift a space shuttle

into the outer space.
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EXERCISES

(1) How much heat is evolved when 54.0 g glucose (CsH1206) is burned according

to this equation? CeH1206(s)+ 6 02(g) > 6CO2(g) + 6 H20(l) AH comb=-2808 kJ

i (2) How much heat is absorbed when 45.00 g of C¢ reacts in the presence of
i excess SOz (g) to produce CSx(l) and CO(g) according to the following chemical
| equation? 5 C(s) + 2 S02(g) — CSa(l) +4 CO (g) AH° =239.9 kJ/mol

(3) write a complete thermochemical equation for the combustion of ethanol

(CZHSOH) AHcomb =-1367 kJ/mol.

I
i
i
I
! (4) Determine Which of the following processes are exothermic & Endothermic?
I a. C2HsOH(l) — C2HsOH(g) d. NHs(g) — NHs()

i

I b. Brx(l) — Bra(s) e. NaCl(s) — Nacl(l)

i c. CsHaq2(g) + 802(g) — 5CO02(g) + 6H20(l)

i

i (5) Explain how you could calculate the heat released in freezing 0.250 mol

i water. (Refer to the tables in the previous pages if requiread).

(6) How much heatis released by the combustion of 206 g of hydrogen gas?
AHcomb =-286 kJ/mol

molar heat of condensation of ammonia?

(8) The reaction A — Cis shown in the enthalpy diagram.

_:—»
>

I
i
1
I
1
I
! (7) The molar heat of vaporization of ammonia is 23.3 kJ/mol. What is the
|
1
i
1
I
I

'|s the reaction exothermic or endothermic? =
| =
©
' Explain your answer. £
w

!
| J--eeneeeeee €Yo




