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Inspire Chemistry

Module 14 Lesson 3:

“Thermochemical Equations”




Learning Outcomes
After this lesson, | can:

D Write thermochemical equations for chemical reactions
and other processes.

D Describe how energy is lost or gained during changes of
state.

D Calculate the heat absorbed or released in a chemical
reaction.



Focus Question

Why do you include energy
changes in chemical equations?
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New Vocabulary

4ermochemical equation
+enthalpy (heat) of combustion
“molar enthalpy (heat) of vaporization

“Tnolar enthalpy (heat) of fusion



Review Vocabulary

W/~ 1 SO
combustion reaction: a chemical reaction that occurs when a

: Q : :
/w{gubstance reacts with oxygen, releasing energy in the form of
As JAYyEenN

heat and light
Combustion Reaction
r ceachenks
E;(o“'\narmtc w‘,. + —
Q‘f\ (._3 Hydrocarbon Oxygen
\ook
(e,\g}x Heat and Water Carbon

' light dioxide



Remember Enthalpy change “AH”
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Writing Thermc_fghemical Equ@

L& BN

A thermochemical equation is a balanced chemical equation

that includes the phyﬁﬁtates of all reactants and products
and th€ energy change.) 23:s.4

= an
e The energy change is usually expressed as the change in
enthalpy, AH.l 1

CHi(g) + (202(8) —> CO:(g) + 2H0(l) § AH =891kl

A 88 @ e
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~ Writing Thermochemical Equations

L Vs

?M :$
;
B

S) + 302(g) — 2Fe203(s) AH =—1625 kJ

—_— —_—

V.
-y

NHaNOs(s) — NHs*(aq) + NOs™(aq) AH =27 kJ

D



Quiz

1. Which of the following is (are) included in a
thermochemical equation?

—
A physical states of the reactants and products (s,l,g)

e

B a balanced chemical equation

—_—

—
C changein enthalpy (AH)

D All of the above.



Quiz

1. Which of the following is (are) included in a
thermochemical equation?

A physical states of the reactants and products (s,l,g)

B a balanced chemical equation

C  changein enthalpy (AH)

D All of the above.



Writing Thermochemical Equations

* The( enthalpy (heat) of combustlonz(AHcomb) of a substance is the
enthalpy change for the comp ete burning of Gne mol® of the

substa nce.

i = DM foc a corduslion CesClion

C"'"b\_, | mol d = Sd‘aS\‘e\
@D
\W
@12106 (S) )+ é 6CO: (g) + GHZO(I) AHcomb = '2808@

SN Y 288 KZY/ Mol
FeoOb5s —F

- o
\1 ~ . //,/
,‘;x%
™ |



Writing Thermochemical Equations

Standard enthalpies of combustion for several substances are given in
Table 3 on the next slide.

Standard enthalpy changes have the symbol AH®. The zero superscript
indicates the changes were determined under standard conditions.



< ¥ 25°C
Writing Thermochemical Equations

>N S+t na C
Table 3 Standard Enthalpies of Combustion “T fnes|

Substance Formula AH® b (kl/mol)
Z )
Sucrose (table sugar) C,,H,,044(s) —5644
~— ———
Octane (a component of CgHysll) (95471

— gasoline)
Glucose (a simple sugar found CH1,0(s) (_-2808
in fruit) (
Propane (a gaseous fuel) C;Hgl(g) (—2219 | A“ Z\A-g“ll

Methane (a gaseous fuel) CH,(g) -891 &

\

The symbol “2” means: Standard state conditions : 298 K (25°C),
(1'atm pressure |

~
¥
-~ ,/
~.
AT
~ - S



Quiz

_—
2. Standard enthalpy changes have the symbol(AH / What component of

the symbol indicates that the changes were determined with all the
reactants and products at standard conditions (298 K (25°C) , 1 atm
pressure)? =

A theH “Uon

the zero superscript

B' theA D Nothing indicates this.



Quiz

2. Standard enthalpy changes have the symbol AH® What component of
the symbol indicates that the changes were determined with all the

reactants and products at standard conditions (298 K (25°C) , 1 atm
pressure)? —

S

. 7Y/
the H G the zero superscript 2

B' theA D Nothing indicates this.



Changes of State (Phase change) 4xl jséll c¥lal) s

* Molar enthalpy (heat) of fusion(clkisd) (AH; ) is the heat
required to melt one mole of a solid.

Fusion: Solid=> Liquid

What is the AH°. _for ethanol?

fus

Table 4 Standard Enthalpies of Vaporization
and Fusion 4.94 kJ/mol

 Substance | Formula | AH,, (ki/mol) | AHz,, (u/mol
It means, you need 4.94 KJ (4940 J)
Water H-,0 40.7 6.01
of heat or energy to melt 1 mol of
Ethanol C,HsOH 38.6 4.94
ethanol.
Methanol CH;OH 35.2 3.22
Acetic acid CH5;COOH 234 11.7
Ammonia NH; 23.3 5.66




Changes of State (Phase change) 4l judl) cylal) s 2

\ o2

WP\ X!

\ s, So\‘mA > QT‘\W@!

. M})iar enthalpy (heat) of fusion(chsll) (AH, ) is the heat

required to melt one mole of a solid.
Fusion: Solid=> Liquid

Table 4 Standard Enthalpies of Vaporization

and Fusion

Substance
H-,0

C,HsOH

Methanol CH;OH

Acetic acid CH5;COOH

Ammonia NH;

AHy,p (kJ/mol)

40.7

AHz,s (kJ/mol)

38.6

35.2

234

23.3

What is the AH®;  for ethanol?

S——

4.94 kJ/mol

It means, you need 4.94 KJ (4940 J)
of heat or energy to melt 1 mol of
ethanol.




Changes of State (Phase change) 4xl jséll c¥lal) s

* Molar enthalpy (heat) of vaporization (AH,, ) is the heat
required to vaporize (evaporate _~2) one mole of a liquid.

Vaporization: Liquid = Gas

What is the AH° ,, for ethanol?

Table 4 Standard Enthalpies of Vaporization

and Fusion
38.6 ki/mol
m AH3,, (kJ/mol) | AH3, (kJ/mol)
Water "0 407 0.0 It means, you need 38.6 KJ
Ethanol CoHsOH 386 494 (38600 J) of heat or energy to
Methanol CH3OH 35.2 322 evaporate 1 mol of ethanol.
Acetic acid CH;COOH 234 11.7
Ammonia NH; 23.3 5.66




Changes of State (Phase change) 4xl jséll c¥lal) s

0iquid — IS
* Molar enthalpy (heat) of vaporization (AH,, ) is the heat
required to vaporize (evaporate _~2) one mole of a liquid.
Vaporization: Liquid = Gas & ® (Lhaa\,m
S
A yge ) What is the AHC, for ethanol?
Table 4 Standard Enthalpies of \Iﬂaorization¥—
and Fusion 38.6 kJ/mol
m AH3,, (kJ/mol) | AH3, (kJ/mol)
Water H:0 1407 + 601 It means, you need 38.6 KJ
e CoHsOH A * o404 (38600 J) of heat or energy to
€h;0h 3.2 evaporate 1 mol of ethanol.
Acetic acid CH;COOH 234 11.7
Ammonia NH; 233 5.66 2 rf > 2 ngé ~ T



Changes of State

Gas - Liquid
~_—"7

AHfus : '@

Solid= freezing (el 5 calaill) /VZ“J
(Uaurs 3o ‘

Phase Changes for Water




Changes of State

QPhase Changes for Wat@

A
--------- T L
AHyqp = +40.7 kJ
g
_'_CCS AHcond — _40.7 kJ
D

AHis = +6.01kJ ”
" AHgqjiq = —6.01kJ




THE ENERGY RELEASED IN A REACTION 1 o] — 2808 Kj

INCLASS EXAMPLE S4q = QLKD)

Use with Example Problem 4.

Problem  _ . . @mms —> Holes)

A bomb calorimeter is useful for measuring the energy
released in combustion reactions. The reaction is carried
out in a constant-volume bomb with a high pressure of
oxygen. How much heaf)is e\‘/)df\fé“'d when 54.0 g glucose
(CcH,,0q) is burned according to this equation? . varmic

CsH1,04(s) + 60,(g)-> 6CO,(g) + 6H,0(1) AH,, =*2808 kol
KNOWN UNKNOWN
‘m/ass of glucose =54.0g C;H,,0, =7kl
AH o = -2808 k!

1|



Mola
KNOWN UNKNOWN Mass — |90 3/ mo \
mass of glucose =54.0g C.H,,O, q =7k C‘ H,0
€

AH =-2808 kI

comb —

firs") we need 1O d\o\'%z, 5’4-3 inbo NO\CS

Mass _ (5
Ho‘%z- /‘/a(:Sr{ass_ W Mo) CGH‘@

o j/,,;ld

<
—

| ol — 2808 Ky 0.3 x 288

0:3@1)4 ?2 ‘
@bvrn ‘5'1-}(7 CGH,L(O‘ :%’-1—2'/-{- Ka




3 | — ~1%3 kY
%) & 10 A

FANC = 12 §/pas 0
Mm Q= (6 j[m\ lovo L\g- ‘v‘,‘
Malf =1 3 o

w i =15/, [ 300 Jto moles
H“C‘H‘ZG@ o sl g
L) (12 x) - Molgg _ 15 = %0
sexl) T Hotar fess S ms|

= /‘zij/w«\ ?Z Mbles — 0‘3 !Y\D\
/‘(hown (ziwn) Vaknoan - 1
hal -1Y03 K
” 37 ) — 3

((leD{= 2k +3Y 2 0 3nal —> 11

— -’42k
AH“ML;‘Z&% ka_-—)ﬂ-m‘ \@: 0.3 )(—2803 — L T




PRACTICE Problems Ex

23. Calculate the heat required to melt 25.7 g of solid methanol at its melting point.

Use Table 4. Molar Masses
C=12g/mol
H= 1g/mol
O= 16 g/mol
Table 4 Standard Enthalpies of Vaporization
and Fusion
| Substance | Formula | A, (K/mol) | AHj,, (jmol) |
Water H,0 40.7 6.01
Ethanol C,Hs0H 38.6 494
Methanol CH;0H 35.2 3.22
Acetic acid CH;COOH 23.4 11.7
Ammonia NH3 233 5.66




CHzo [

PRACTICE Problems
n+4+ b
23. Calculate the heat required to{ melt(25.7 g)of solid methanol at its melting point. = 32 Jlpa)
Use Table 4. C l—l ol _ Molar Masses
@ CH — CHOM A =3.221) C= 128/mol
) 3 3 (@) H=1g/mol
Mb= 16 g/mol
khovJ " 1 W, — 3 able ga:ln;lld tﬁalples#fVaporlf C
m o -59 2375 — g o o
ChoH j . — 1H
Cb j _9 m" Methanol c ¥ 2) (1+X 1) 1"61)6")
/.5” 0 P 3' 22 @ "?L Acetic acid CH,COOH = lZL-(—Ll + (é?
f“!ﬁ — Ammonia 233

Me/ps :‘Maﬂ Z{-q—d ,203 W}

MOL&r 32
eSS 9= 0803 X %2 ka'




55 /Vu3
24. How much heat evolves wher\ 275 gYof ammonia gas condenses to a liquid at its boiling

point? | Use Table 4 page 20 to fin ' AHoong. = = O
~
']* 3 “‘? Table 4 Standard Enthalpies of Vaporization
- 2, t3 H
M H ” =/ i‘j / kg/m‘ and Fusion
Al = Substane | Formula | Az (ol | B (0imol
Water H,0 40. 6.01
Ethanol C;HsOH 38.6 4.94
Methanol CH;0H 35.2 3.22
Acetic acid CH;COOH 234 11.7
’Ammonia\ NH; 23.3 5.66




Combustion Reactions

 Combustion is the reaction of a fuel with oxygen.

* Food is the fuel in combustion reactions in biological systems.

CH4(g) + 20,(g) — CO,(g) + 2H,0(1) + 891 kJ



Combustion Reactions

* Combustion is the reaction of a fuel with oxygen. -

Food is the fuel in combustion reactions in biological systems.




Quiz

2. Standard enthalpy changes have the symbol AH®.
What component of the symbol indicates that the
changes were determined with all the reactants and
products at standard conditions?

oL theH C the zero superscript
CORRECT

22 the A %-2 Nothing indicates this.



Quiz

3. Which of the following has a positive change in
enthalpy? i
by OH pasitiwe

e ——

2., the combustion of glucose  OW —

B) vaporizing water  /DARRECT (T=ble Lﬂ
552¢ condensing water AR (=)

%fre_ez.ing water CAH (-))



Quiz

4. Which of the following is true for enthalpy of

combustion?
_——

25 Itis positive for glucose. )Q

oY)
B Itis negative for propane.t/coRRECT

é

% It measures the change in temperature that occurs.x

2.5 None of the above.>(



Learning Outcomes
After this lesson, | can:

D Write thermochemical equations for chemical reactions
and other processes. o

D Describe how energy is lost or gained during changes of
state. T

}

D Calculatethe heat absorbed or released in a chemical

S ————

reaction.

—




