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[T#] 1.0 mg of a substance dissolved in 1.0 mL of water generates an osmotic
pressure of 1.0 kPa, at 25 °C. The molar mass of the solute (i = 1) is ...

(R = 8.3145 x 103 “’"‘)
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K mol.

0% 1. 250 g/mol

0% 2. 500 g/mol

0% 3. 1000 g/mol
11% 4. 2500 g/mol

0% 5. 5000 g/mol
11% 6. Some other value
78% 7. Notsure -
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* Complete: Osmotic pressure, [1 = RTM;

Ch12: Thermodynamic processes and thermochemistry

* First law of thermodynamics: AU = q + w

* Measuring heat and measuring work

» Heat, g, depends on whether w # 0: AU = qy and AH = gp
« Enthalpy change of reaction, AH® 4,

« Enthalpy changes are additive: Hess’s law

Next: Practice problem: Limiting reagent, Ang,s, wpy, qp, qy; Standard
enthalpy of formation, AH°g; Using AH®¢ to compute AHy,; Begin ch13:
Spontaneous Processes
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Osmotic pressure 7T =(i Cyyyo

g/of polyethylene (i = 1) dissolved in €00 of benzene generates an

osmotic pressure of 0.248 kPa at 25 °C. Calculate the molar mass of the

polyethylene. (R =8.3145 x 10° KLTR:I)
1. C: Calculate the concentration...
1.00 x 10 mol/L = C_ ity HoH
2. M: Calculate the moles... = nglee Cl;_cl;
1075 mol Ciollbh V & H HA
3. W: Calculate the molecular weight ... | 408
~  1.40 x 10*5 g/mol ualts -
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[TP] ¢ g #f a substance dissolved in of water generates an osmotic
pressure of 1.0 kPa, at 25 °C. The molar mass of the solutg lD:{P
_ 3 LPa ] LOX A
(= = 83145 10025 ¢ Cum = /RT = Rk
0% 1. 250 g/mol p: meks = Cop ¥ UO{zww
0% 2. 500 g/mol s LoxI0 "4 .
0% 3. 1000 g/mol W= s
100% 4. 2500 g/mol
0% 5. 5000 g/mol
0% 6. Some other value
0% 7. Notsure
111235
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First law of thermodynamics How do we know heat is present?
Energy, U, is exchanged between system and surroundings as heat, q, and Heat flow is measured indirectly by temperature change in the surroundings.
k, w, .
wor vi The temperature of the chemical system (reactants and products) does not// / /
AU=q+w change, only the temperature of the surroundings.

Positive values increase energy of system
AU=q+w
q > 0: heat flow into the system
w > 0: work done on the system
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How do we know heat is present? How do we know heat is present?
v //9 P P

Since qgyr = mcATgyy .. v Temperature decrease in surroundings, A7, - U means ...

we can use temperature change of surroundings to monitor heat flow. energy flow into system from surroundings ..

energy of system goes up ...
and so, ¢ 0.

—_—
J—
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How do we know heat is present? How do we know heat is present?
If « the process is called c1iclothermic, Temperature increase in surroundings, ATg,-> 0, means ...
The system gains energy in the form of heat from the surroundings. energy flow out of system into surroundings ...
energy of system goes down ...
The surroundings cools, AT, < 0.
andso, ¢ -~ 0.
There is no change in the temperature of the system, AT, = 0, since all of the
energy is used in the net breaking of chemical bonds, rather than to increase
motion of the particles of the system.
15 16
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A ) [1TF] When NaHCO,(s) is dissolved in 200 mL of HCI(aq), the temperature of
HOW dO we knOW heat 1S present . the goes down. This means the chemical reaction between the
If ¢ the process is called NaHTO3(s) and the HCl(aq) results in the chemical system ...
The system loses energy in the form of heat to the surroundings. 0% 1. givingoff heatandsoq > 0

The surroundings warms, ATy, > 0. giving off heatand so g < 0

ing h
There is no change in the temperature of the system, ATy = 0, since all of the losmdorg eaitat g < 0

energy comes from net making of chemical bonds, rather than the slowed
motion of the particles of the system.

absorbing heat and so g > 0
Not sure
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How do we know if work is present?

Macroscopic movement, for example of a piston.

Copyrgneo e

Pex
AV = @

b \////)

Work done by gas: force X distance = % X Ax A

Work done on gas: E = —PextAV|= - /@* e
- A‘p“& AKZ‘((;//M“ = P@,{’AV

BOSTON
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How do we know if work is present?

Macroscopic movement, for example of a piston.

Copyrgneo e

Pex

=y

Work done on gas: w = =P AV = —Ang,sRT

AV

Expansion of gas pushes against P, gas expends energy, w < 0
— =

Compression of gas pushed on by P, gas gains energy, w >7Q

BOSTON
UNIVERSITY
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[TF] When NaHCO,(s) is dissolved in 200 mL of HCl(aq), CO,(g) bubbles form.
This means the chemical reaction between the NaHCO;(s) and the HCI(aq)

results in the chemical system ...
beo, U+
R

09 1. doingworkandsow >0
77% 2. doing work a
0% 3. having work doneomitandsow > 0
4.
5.

having work done onitandsow < 0

““ sure /. —w{j = | ahy %0 (2 _k
lgg/%O-Q_L:&,L' ) )
z§e
N e Up@d=> 2L 4 S
V4
13 of 15 E
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Heat depends on whether there is work
Energy change in chemical reactions is due to the balance of the energy
required to break bonds and the energy released when bonds are made.
22
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Heat depends on whether there is work

No matter how the chemical reaction is carried out (in a sealed, constant
volume container or in an open, constant-pressure container), for a given
amount of reactants and a given reaction yield, the energy change,

| 80 =G T

is fixed, by the number and kinds of bonds being made and broken.
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Heat depends on whether there is work

If the process takes place in a sealed, rigid container, there can be no volume
AN Pl (00

change and so work is 0,
BU=g,

ThlS means all the energy change must appear as heat flow between the system
and the surroundings.

w=- extAV = —Peye X 0 =0

BOSTON
UNIVERSITY
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Heat depends on whether there is work
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= —Pog AV #0 - ,
This means only some of the energy change must appear as heat flow, the
remainder being account for as work.
s lM’ 9(&[-2&( CW&A AU gv
opan conkanmes AU = gp
25
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Energy diagrams relate AU = q, and AH = q,
AN >0, Wpy<
{ NaHCO,(s) + H;0%(aq) + Na*(aq) + 2 H ,0(1) islendothermic, g > 0 \
(solution/surroundings cool)~How much cooling is there at constant volume /
(qy), compared to that at constant pressure (qp)?
26
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e =
ZH,Oﬂ) RY 5 @ Energy diagrams relate AU = q, and AH = q,

). How much w rmmg is

sure (g, The combustion ) @7 2 H,0(D)
v, is exothermic, g <0 urrourntd warm). How much warming is
7 97 DY L3

U there at constant ¢ nlume (qv) compared to that at constant pressure (qp)?

Lt —N)
0/ = ~lokl-2k]
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[TF] The combustio 4(g) + 2 Oz(g)
is exothermic, g < 0 (solutio

therea constq_m/vglume (qv), compared to that at constant pres
L

Warming is greater at constant Volume, lgyl > |qpl

Warming is the same at constant volume, |qy| = |qp| — AU=
Warming is smaller at constant volume, |qy| < |q5| old= %Phw /‘.b gv
Unable to know without further information AD=-10 Al 5¢ W AU :zp 4,,&0%

,aa/ (B2 et o] o= 1244 AR U T e B

y
N\ .~ AU= —lokd
Bl WML 0, “1:-0/ Blezs =

— -
13 of 15 0
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28 29
AH= g differs onIy a little from AU= %, AH = qgp differs only a little from AU= qy
Energy change: AU = qV qp+w (! (V -V. \ Energy change: AU = qy = qp + W
Enthalpy change: AH = ' } Enthalpy change: AH = qp

qv-qp @ -PE&AV =-An RT M\/& J\"‘\/ In the open laboratory (constant pressure), pressure is constant, so it is

FOI"—I‘.O:IIOJ'l change in the amount of gas as a Yesult of the reaction, Cenpenien b Qi p i e 22
1.0 mol x RT = 1.0 mol x 8.314 J/(maTK) X 300 K ~ 2.5 k]

so AU =gyand AH = g, d from one another.

Typical values of g are several orders of magnitude larger, and so gy and g,
always have the same sign.

31 32
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Enthalpy change of reaction,

We have seen that while heat flow at constant volume is the direct measure of
energy Fhange (AU = qy), hegﬂt‘ flow at con_stant .v@;a%e %qp) is much more
cmwent to measure and differs only a little bit from gqy.

——

For this reason from now on we will focus on enthalpy change, AH = gp.
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Enthalpy change of reaction, AH®,,,

How much(heat f{z)ws)depends on how much limiting regent there is and on the
yield of the themical reaction.

To standardize the reporting of enthalpy changes, the standard enthalpy
change of reaction (AH®.,) is defined as the heat flow at SATP (1 bar and
25°C) for the chemical equation as written.//

33
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Enthalpy change of reaction, AH®,
Consider the chemical equation
2NO(g) + 0,(g) — 2NO,(g) AHCpn =Ol14.1-%

Here are the different ways to use this chemical equation and its enthalpy
change value.

“114.1 K] of heat are released for each Z_I‘ngwoz(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 0,(g) consumed.”
5 e

“114.1 k] of heat are released for each reaction unit.”
“114.1 K] of heat are released for each mol of reaction.”

Copyright © 2021 Dan Dill dan@bu.edu
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En y change of reaction, A&
—~
2NO(g) 9 05(9) = 2NO,(9) AHpen =
If 11.5 g NO(g) reacts completely with excess oxygen, what is gp?
_ molNO _ molrxn —114.1K .
ar = 115 g 30.0g x 2mol NO S molrxn 2L kJ
1
e O (04| BRI
= (.5 NO ] * = T
@P é— 30.0, (07 il O LW AAB
36
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[ Rules for Hess’s law calculations
is AH xn = : 0 mol of A reacts with 2.0 mol of B with 50.% yield, Adding reactions, their heat flow adds. //

0m

then the heat flow at constant pressure for the process is ...

D _
0% 1. qp=—90.K *5?‘ EAN

0% 2. gp=—45.K ZA* D -

gp = —15.K]

13 of 15 0
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Rules for Hess’s law calculations kB A= Rules for Hess’s law calculations
Adding reactions, their heat flow adds. 2h=>2B A =4z0 Adding reactions, their heat flow adds.
Each multiple of a reaction adds a multiple to its heat flow to the total. // Each multiple of a reaction adds a multiple to its heat flow to the total.
Exchanging reactants and products reverses the direction of the heat flow. /)
A—=-B M=+
B
A TZP; 0
,_&/
BYA
'—B/' l%‘)’ 0]
,ﬁ,
39 40
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Rules for Hess'’s law calculations
Adding reactions, their heat flow adds.
Each multiple of a reaction adds to its heat flow to the total.

Exchanging reactants and products reverses the direction of the heat flow.

Operation Result

6/10/2021 12:12 PM

Addition of two or more chemical equations AHS (1 +2) = AHS (1) + AHS, (2)

rxn rxn
e — —
Multiplication of a chemical equation by a factor of n AH,, = nAH (1)
— o —

Reversing a chemical i‘(]l](lli()ll/ 4 AH, (reverse) = —AHY,, (forward)
e —

41
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AH® ., via Hess'’s law

Use energy conservation to determine AH of the third reaction below.
A—B AH, A3 A /F
c—p oam,  PSC ARz
AC AHy £7) AsC

Since energy is conserved ...
A’I_‘Iz = A/H1 —21_‘12

Copyright © 2021 Dan Dill dan@bu.edu
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AH®.4, Vvia Hess’s law

Use energy conservation to determine AH of the third reaction below.

A—B AH,= +§k]/l}
C—B AH,=-52 K]l
A—C AH; =7
Since energy. is served
AH, : @ +137k]

43
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AH° 4, Via Hess’s law
A—B AH;= 485 K] B0 M=M= 457
C—B AH,= -52K]
A—C AH3; = AH; — AH,= +85 K] - (=52 K]) = +137 kJ
Illustrate this result with thgzenthalpy diagram for these processes.//
5
3 =% 2 Z 3
‘X \25 +
35
A As ———
44
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o H 2
AH®, via Hess’s law
Consi
onsider ) -
C{s) +0,(g9) — CO,(g) AH;
> | 889+ 0,(g) — S0,(g) AH,”
/ CS,(1) +30,(g) — CO,(g) + 250,(g) AH;
Cs))+ 2808 — CS.(D) AH, =2
= "," —

—

0+ 0 = CD. [ AR
26 + 20, = 250, ZAH,
(}‘:&"' Z%Cé%csz-\-'sgz :A 3
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