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* Enthalpy change of reaction, A H
* Hess’slaw
 Standard enthalpy of formation of X, AiH°(X)
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Enthalpy change of reaction, AH , sunic

2NO(g) +0x(9) = 2NO,(g)  AH = 1141 k]/m,,( q A0aZt
“114.1 k] of heat are released for each 2 mol of NO,(g) formed.”
“114.1 K] of heat are released for each 2 mol of NO(g) consumed.”
“114.1 K] of heat are released for each 1 mol of O, consumed.”
“114.1 K] of heat are released for each reaction unit.”

“114.1 K] of heat are released for each mol of reaction.”
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Enthalpy change of reaction, AH

2NO(g) +0,(9) * 2NO,(g) 4fi=-1l41k
If 2.90 mol NO(g) react completely with excess oxygen, what is q,?
qp = 2.90 mol NO x —114.1 kJ/(2 mol NO)
=—-165K]
If 11.5 g NO(g) react completely with excess oxygen, what is qp?
qp = WD 2 x —=114.1 K] /(2 mol NO)
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A H° via Hess’s law

Consider A=
A—B AH
A= DM-M
C~B am

Since energy is conserved ...

AH®, = A H°, — AH®,

BOSTON
UNIVERSITY

R

4
K-»P AH
P~»R ~AH

Lecture 10 CH131 Summer 1 2019 Copyright © 2019 Dan Dill dan@bu.edu

AH’ via Hess'’s law
Consider
A—=B AH° =+85k]
C—~B AHC, :@
A—=C AH,=?

Since energy is conserved ...

AH; & AH (DA H®, ) =+137K]
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AH’ via Hess'’s law
Consider
C(s) + 0,(9) = CO,(g)  AH°
S(s) + 0,(9) = S0,(9)  AHS,
CS,(1) + 3 0,(g) — CO,(g) + 250,(g)  AHC
C(s) +2S(s) > CS,() AH°,=?
Since energy is conserved ...

AH°, = AH°, + 2 A H°, — A H°,
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AH’ via Hess’s law Calculation of g, and gp
Consider 2 Al(s) + 6 HCI(aq) — 2 AlCl;(aq) + 3 H,(g) AH°, = —1049 k]
C(s) + 0,(9) = COx(g) AH® =—393.5K] HCI(g) - HCl(aq) A, H°,=—79k]
S(s) +0,(9) =~ S0,(g9) AH®, =—296.8K] H,(g) + Cly(g) = 2 HCI(g) A, H°, = —185 k]
CS,(D) +30,(g9) ~ CO,(g) +250,(9) AH% AICL(s) — AlCly(aq) A, H°,=—323K]
C(s)+25(s) = CSy() AHY=7? (a) Calculate A H° for the reaction
Since energy is conserved ... 2 Al(s) + 3 Cl,(g) = 2 AlCl,(s)
AH®, = AH®, + 2 AH°, — A H% = +116.8 K]
_as o+ 2 (-298) — (1639
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Calculation of gy, and Calculation of g, and gp

2 Al(s) + 6 HCl(aq) — 2 AlCl,(aq) + 3 Hy(g) AH°, = —1049 k] 2 Al(s) + 3 Cly(g) — 2 AlCly(s) A H® = —1432 K]

HCI(g) — HCl(aq) A, H°,=—79k]
H,(g) + Cl,(g) ~ 2 HCI(g) A, H°;=—185K]
AlCly(s) > AlCly(aq) A, H°,=—323K]

(b) When 1.35 g of Al(s) reacts with 0.71 g of Cl,(g), 25 ] of work is involved.
Calculate gy for the reaction, to confirm that g, differs only a little from qy.

(a) Calculate A H° for the reaction

S\-1432 k]
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Calculation of g, and gp Standard enthalpy of formation, AH°, of X

2 Al(s) + 3 Cl,(g) — 2 AlCl;(s) A,H®° = —1432 K] Form one mole of X ...

: . dhonats X colis (| =M,
(b) When 1.35 g of Al(s) reacts with 0.71 g of Cl,(g), 25 J of work is involved. = {9 .the el.ements 1 EEETTIE o= T Hest, Sanctact t
Calculate gy, for the reaction, to confirm that g, differs only a little from gy, . each in their standard state.
gp = —477K]

Recall, the standard state of an element is its most stable form.
w = +0.25 K]

qy =AU = qp +w = —4.74 k]
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AH° of sugar, CgH,,04(S) AH° of sugar, CgH,,04(S)

Form one mole of sugar ... The standard enthalpy of formation of sugar is defined as the enthalpy change
— CgH,,04(5) when one mole of sugar is formed from its elements, each in their standard
... from the elements it contains, ... SEUES,

C,H, and O
... each in their standard state,
C(s), Hy(9), and 0,(g)
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(o]
AH° of sugar, CgH,,04(S)
Task: Write down the balanced chemical equation whose enthalpy change is

the standard enthalpy of formation of sugar, C4H;,0.(s)

The enthalpy change of the chemical reaction ®
6 C() + 6 Hy(g) +30,(9) > CH0,(s) Ay, = Aff
is the standard enthalpy of formation of sugar.
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AH° of water, H,O(/)
Task: Write down the balanced chemical equation whose enthalpy change is
the standard enthalpy of formation of water, H,0(l)
The enthalpy change of the chemical reaction
1
H,(9) + Eoz(g) - H,0(D)
is the standard enthalpy of formation of water.

‘L‘{ng + il_o&@ — HZ‘D(/@]
H —
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AH° of steam, H,0(g)

Task: Write down the balanced chemical equation whose enthalpy change is
the standard enthalpy of formation of steam, H,0(g).

The enthalpy change of the chemical reaction

1
Hy(9) + 2 0,(g9) — H;0(9)
is the standard enthalpy of formation of steam.
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AH° of water and steam
Is the standard enthalpy of formation of water the same as that of steam?

The enthalpy changes of the chemical reactions
H(g) +50,(9) > HO() ¥ AH = Ak (H:9.0)
-A#Z = A#,{,(#zoA gl

Ho(9) +302(9) > H,0(g)

are differert, sime e~

H,0(l) - H,0(g) reqyires energy.

AH, M #+0
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Enthalpy change terms of AH¢ g~
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Example thermochemistry problems
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Problem 7e & 8e: 12.39

39. Calculate the standard enthalpy Ch.mge AH® at 25°C for the
reaction ——
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NZHM) +3 Og(g)—> 2 NO;(g) + 2 H;O[f;
=

using the standard enthalpies of formation (AH{) of reac-

tants and products at 25°C from Appendix D.
3

M,g, = 2N} (ﬂOZ,SB&- z AH (H,O,IZ) Au:e(”"z&r&\
- - 555 ?3 €7
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