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Lecture 10 CH131 Summer 1
Wednesday, June 10, 2020

* System and surrounding

* Heat depends on whether there is work
* Enthalpy change of reaction, A.H

* Hess’s law

Next lecture: Standard enthalpy of formation of X, AfH°(X); Example
thermochemistry problems; Begin Ch13: Spontaneous Processes
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Sign conventions for g and w

ease energy of system

Fost law
AM&

Po ve vahre

q > O7heat flow into the system
w > 0: work done on the system

Sign Convention Effect on Ugystem

Direction of Energy Transfer

Heat flow from surroundings to system U increases, AU >0

—_—

)
Heat flow from system to surroundings g<0(-) U decreases, AU <0

Work done on system by surroundings (+) Uincreases, AU > 0

Work done on surroundings by system U decreases, AU < 0
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[TF] Aqueous solutions at the same temperature are combined, a reaction
occurs, and the temperature of the combined solutions goes up. The water is ...

67% 1. the system )

7% 3. neither system nor surroundings
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[TF] Aqueous solutions at the same temperature are combined, a reaction
occurs, and the temperature of the combined solutions goes up. The reactants
are ...
Na (k0o Lo
50% 1. thesystem — ol LlZO(,L +CO7}$X
13% 2. the surroundings
38% 3. partofthesystem AU - Z+w
0% 4. part of the surroundings
922094
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[TF] Aqueous solutions at the same temperature are combined, a reaction [TF] Acetic acid dissolves in water as a weak electrolyte,
occurs, and the temperature of the combined solutions goes up. The reactants CH;CO0H(aq) + H,0(1) S H;0*(ag) + CH,C00~(aq)
ang}oducts together are . %m . [05@ - In the acetic acid solution, the acetate ion, CH,CO0~(aq),is ...
8 %WW(%m 6@(«, )awgg_ 0% 1. thesystem -
0% 2. the surroundings 0% 2. the surroundings
20% 3. partof the system %40 100% 3. part of the system
0% 4. part of the surroundings

0% 4. partof the surroundings
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A %‘inépg_ Heat depends on whether there is work
Heat depends on whether there iswork For a given chemical transformation of given amount of material, the energy
an be different fro change is fixed, B@ = __Z()ZI
/m G A l @ AU = Ufinal - Uinitial A@}% ) A U

Lecture 10 CH131 Summer 1 2020

@ sU=g T A
@ T & I \/ O 0= If the process takes place in a sealed, rigid container, there can be no \Eo__l_Fme
: Wf change and so work is 0, —~ 70O
Z w=—PAV==Px0=0 =

bt opacy @ MM % e b
:( g gv This means all of the energy change must appear as heat.
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Heat depends on whether there is work
For a given chemical transformation of given amount of material, the energy

change is fixed, &(53 -);BCQB
ol \aL

AU = Uﬁnal - Uinitial

If the process takes place in an open container, there may be volume change
(if there is net formation or consumption of gas) and so work may not be 0,
w=-PAV #0

This means only some of the energy change appears as heat.
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Heat depends on whether there is work
The reaction
NaHCO4(s) + H;0%(aq) {> CO,(g9)

is endothermic, q>( >0 (solutlon/surroundmgs cool).

How much cooling is there at constant Vi " CV)

compared to that at constant pressur

Na*(aq) + 2 H,0(0)

)

/A
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[T7] Without having measureg-tieTeaction
NaHCO4(s) + H 0+(aq) b
if it were carri

a(@ ork is done

35% 2. workisdone on
0% 3.
0% 4. Unable to say withoyt further information

no work is done.

R2z084
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a*(aq) + 2 H,0()
we know that ...

work is done on the surroundings, w < 0. A\/ =0
work is done on the system, w > 0. S0 =0
no work is done.
\(,

0% 4. Unable to say without further information
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[TF] NaHCO,(s) + H;0%(aq) ~ CO,(g) + Na*(aq) + 2 H,0(0) = =
is endothermic, g > 0 (solution/surroundifigs cool). How much cooling is there AU ch\;ILe‘rﬁSUS AH qP

at constant volume (qy), compared to that at constant pre e (qp)? S AO - g‘f{.@/

’ — 5 2, —| O@v <0
@ ooling is smaller at constant volume, q, < qp = +% b'_( :'AU
—

Ptk
38% X2. Cooling is the same at constant volume, g, = qP \]

56% 3. Coolingis greater at constant volume, qy > qp v less positive
o AU

0% 4. Unable to know without further inform g_o_n_/—(
= 20
BO= +30k3, [s0=¢¢ . -
=30 EndothermiC reaction that does work on surroundings will 20

» get less cold at constant volume. ~10 50
[P #{,{$ _AO '(30 % u 7> Ty P O
Y B -P?D _i0 / 1 K -=5¢

16 of 20 0
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[TF] The combustion CH,(g) + 2 0,(g) — CO,(g9) + 2H,0() 0= "P—A' B\/ = =
is exothermic, g < 0 (solution/surroundings warm). How much warming is AU qV versus AH qP
there at constant volume (gqy), compared to that at constant pressure (qp)?
~}Eﬁ126—'4'6, g¢w>0 w=0_
39% 1. Warming is greater at constant vol 10 Laj;m
2. Warming is the same at constant vplume, |qy| = |q5| /,\«SL. @
u q,<0 U——-—~r> 1855 negative
0%
26(/ @u‘ﬂ P %d, A%l
Exothermic reaction that has'Work done on it will get less
hot at constant volume.
T 18 of 20 0
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differs only a little from .
qPAU quqp@y Qv _a\\(f ="/I\‘€_KT
= = O\ = FT

Qv=Qqp =W =-P AV
For 1 rpgl change in the amount of gas as a result of the rea
1 mol X RT =8.314 J/K x 300 K

Typical values of g are several orders of magnitude larger, and so qy and g, ”
always have the same sign.
- 33kd = AH
:P — e
w s L2
W= oo~ 1B E
Al I

\ :,‘r{ﬂ = ‘C’“_{A‘LBW
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me A (%

Enthalpy change of reaction, A\H = gP
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Enthalpy change of reaction, A H
{ 2NO(g) + 0,(g) = 2NO,(g) AH=-1141K] H f
= — =
“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.”
A———

31
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Enthalpy change of reactio
2NO0(g) + 0,(g) = 2NO0,(g) A, —114.1KJ
If 2.9%01 NO(g) react completely with excess oxygen, what is qp?
qp = 2.90 mol NO x —114.1 kJ/(2 mol NO)
=-165K |
If 11.5g/NO(g) react completely with excess oxygen, what is qp?
qp=11.5 g x mol NO/(30.0 g) x —114.1 kJ/(2 mol NO)
=-218K]
it}
32
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A H° via Hess’s law

Consider 6
A~B AH A =2 2H
/‘@-@C N> ¢
C—~B AH,

BT MR,

A A—C AH5=7?
Since energy is conserved ...

AH®, = A H°, — AH®,

Copyright © 2020 Dan Dill dan@bu.edu
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[17] The enthalp ange of reaction for
2A 4C+D,
isAH = —4ik]. 1 mol of A reacts with 1 mol of B with 100 % yield, then q,
for the process is ... il A\ R l?;"‘;(p]‘) = —Z\—/um])
0% 1. —90K w WD = Lt >
6% 2. —45K .
6% 3. —30k ) ¥ (A 45E]
T | I e
0% 5 —Further information required
M A5
)
P
18 of 20 0
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o . ] C
AH via Hess'’s law _gzi
Consider H B —% 35+52
A=B AH T*Sb =&+
A —
C—~B AH
A—C AMHC,
Since energy is co
°) = +85 kj— (-52 kJ) = +137 k]
— [? 1 —_—
35
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AH’ via Hess'’s law
Consider
C(s) +0,(9) = CO(9) AH%
S(s) + 0,(9) = S0,(9)  AH,
(;5__3(1) +30,(9) = CO,(g9) +250,(9) AH";
C(s) +2S(s) > CS,() AH°,=?
Since energy is conserved ...
AH®, =AH°, +2AH°, —AH
36
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ArH" via Hess’s law Calculation of g, and gp

Consider

Copyright © 2020 Dan Dill dan@bu.edu

2 Al(s) + 6 HCl(aq) ~ 2 AlCly(aq) + 3 Hy(g) AH° =—1049K]

C(s) + 0,(g) = CO,(g) AH°,=—393.5K] HCI(g) ~ HCl(ag) A, He, = ~79K)

S(s) +0,(9) = S0,(9) AH,=—2908 K H,(g) + Cl,(g) = 2 HCI(g) A, H°;=—185k]

AlCl;(s) — AlCl3(aq) A H°,=—323K] zN l + é
(a) Calculate A H° for the reaction —ezA/C’/ )
Since energy is co /

3
« 2 Al(s) + 3 Cl,(g) — 2 AlCly(s) 3"’6
L+ 2AHS, — AH = +1168 K

INTRREIN " ~ZA”
- -3735 +2(-2%2) — (- 1103.9) A#, 4 6 AHz 3

CS,(1) + 3 0,(g) — CO,(g) +250,(g) AH=—1103.9L]
C(s) +25(5) = CSy(h)  AH"y =7

AH®, =

BOSTON BOSTON
UNIVERSITY UNIVERSITY
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Calculation of g, and gp Calculation of g, and gp A&o, @©>0

/2 Al(5) + 6 HCl(ag) = 2 AlCl (ag) + 3 Hy(g) Aﬁ%@ { 206 4G o) D2 me s = —uazzg PO +253
HCI(g) ~ HCl(aq) A, H°, € —79K]
v H,(g) +Cl,(g) — 2
“AICLy(s) = AlCly(aq) A, H°,

(b) When 1.35 g of /\I(s) reacts with 0.71 g of Cl,(g), 25 25] of of work is involved.
Calculate qmt}m reaction, to confirm that qp differs only only a little from qy. qy-

— =
(a) Calculate A H° for the reaction

2 Al(s) + 3 Cl,(g) — 2 AlCl;(s)

AH® = AjH° + 6A,H° + 3A;H° — 2A,H°

— — —

39 40
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(b) When 1.357g of Al(s) reacts with 0.71

S gp=—477K v
w= 1875 +0.025 &1

Gy =AU = gp +w = —4.74 K
= = 7 /

BOSTON
UNIVERSITY
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dgs—~ =

Goor Lri )
g of Cl, (g work is involved.

Calculate gy Tor the reaction, to confifm that g, differSonly a little from gy,

M%’@/Z) -

VY
w”?ﬂ(/

- -0
Ladae

&

3
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