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Energy

Joules (J) / calorie (cal) : (4.184 J = 1 cal)

8 Can be defined as the capacity
to do work.

8 Chemical energy is defined as
heat.

s Name five other types of Energy.
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Two Types of Energy

Potential: due to an object’s position
or material’s composition - which can
be converted to work

3 Kinetic: due to motion of an object

8§ KE=12mv
8 (m = mass, v = velocity)
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Law of Conservation
of Energy

Different forms of energy can be
nter-converted but can neither be
created nor destroyed.
8 (E niverse 1S CONSstant)
s Describe three inter-conversions of
energy.

Temperature v. Energy

Temperature reflects random motions of
rticles; i.e. the kinetic energy of a system.

Heat involves a transfer of energy
between 2 objects due to different energies
and temperature differences.

Always: HOT — cold

Heat (Energy) Loss

Energy: A State Function

) Depends only on the state of the
system - not the path of how it arrived
at that state.

] It is independent of pathway.




System and Surroundings

System: That on which we focus
attention

8 Surroundings: Everything else in the

universe

Surroundings Surroundings

e R

(]

8

System System
) ) AE <0 AE >0
8 Universe = System + Surroundings
Defining Energy Change First of Three Laws of
Exo- and Endo- thermic .
(Exergonic and Endergonic) Ther modynamlc S

Two types of energy change :

Exothermic: Heat flows out of the system (to the
surroundings)....negative sign

Endothermic: Heat flows into the system (from
the surroundings)....positive sign

First Law of Thermodynamics:
The energy of the universe is
constant or “energy is conserved”.




Heat Capacity

(Specific Heat) Terminology
heat absorbed I I cific heat capacity
DC = cat absorbe = — or — heat capacity per gram = J/°C g or JKg
p  increase in temperature [ °JC K

8 Molar heat capacity
heat capacity per mole = J/°C mol or J/K mol

http://chemconnections.org/general/chem120/Flash/specific_heat s.swf

Calorimeters

QUESTION

What is the specific heat capacity of gold if it
requires 48.8 J to raise the temperature of
15 grams of gold 25°C?

A. 29 J/ig°C

B. 0.13 J/g°C

C. 79 J/g°C

D. 0.011 J/g°C

E. none of these

http.//chemconnections.org/general/chem120/Flash/calorimetry_s.html




Heat Capacities QUESTION

Substance Specific Heat If 5.0 kJ of energy is added to a 15.5-g sample
J/°C g of water at 10.°C, the water is:
H,0 4.18 A) boiling.
B) completely vaporized. Specific Heat
HO 203 C) frozen solid. H,0
D) decomposed. J/°C -
Al 089 E) still a liquid. AT
Fe 045

Why can you burn the top of your mouth with hot pizza
Why can you burn the top of your mouth with and not the bottom? (The top & bottom are at the same
hot pizza and not the bottom? temperature.)
Q Specific Heat Capacities of Some Elements
Substance Specific Heat Capacity (J/g - K)*
Elements
Aluminum, Al 0.
raphite, C 0.711
ron, Fe 0.4
Copper, Cu 0.387
Gold, Au 0.129
Compounds
Ammonia, NH,(/) 4.70
ater, H,0(/ 4.184
Ethyl alcohol,
,HsOH(l) 2.46
Ethylene glycol,
(CH,0H), (1) 242
Carbon
tetrachloride,
0.862
slollgdmaterlals {76
(The top & bottom are at the same gleoment e
temperature!) Granite 079
Steel 0.45
. . . . . . *At 298 K (25°C).
http://www.dailymotion.com/video/x3hfwx_the-science-of-pizza_people (Cp) on body fat. In obese mice (fat content 52.76% body wi) the heat capacity was 2.65 kJ kg-1 K-1 and
in lean mice (fat content 7.55% body wt) the heat capacity was 3.66 kJ kg-1 K-1.




Specific Heat Interactive

Specific Heat Capacity

Energy diagrams
Material Block Mass
The block is ready to be
©50g e
©100g \ w = - 1500 kJ
= kJ
Tinilial Tﬂnal E 9=12000
Flame Duration 20.0 °C 20.0 °C [ AE = qg+w
DO - = +2000kJ + (-1500kJ)
8 seconds = +500kJ
Can the system do 3000 kJ
Process Path ~ f work on the
surroundings?
If a system has 2,000 kJ put into it
and the system does work of 1500 kJ

on the surroundings, what is AE?

Energy diagrams Q UESTION
L A gas absorbs 0.0 J of heat and then performs
E q=+2000k] 15.2 J of work. The change in internal energy of

the gas is:

A)-24.8 J.
B) 14.8 J.
C)55.2 J.

Process Path D)-15.2 J.

Can the system do 3000 kJ of work on the surroundings? E) none of these.




Sign Conventions Used and the Relationship Among g, w, and AE

Sign Convention for g:

q > 0: Heat is transferred from the
surroundings to the system

q < 0: Heat is transferred from the
system to the surroundings

Sign Convention for w:
w > 0: Work is done by the surroundings

on the system

w < 0: Work is done by the system on
'.h(‘ .surr()unding.s

Signof AE = q + w
g>0andw > 0: AE > 0
g > 0and w < 0: The sign of AE

depends on the magnitudes of g
and w

q < 0and w > 0: The sign of AE
depends on the magnitudes of g
and w

g<Oandw < 0:AE <0

QUESTION

For a particular process q = 20 kJ and
w = 15 kJ. Which of the following statements is
true?
A) Heat flows from the system to the
surroundings.
B) The system does work on the surroundings.
C) AE =35 kJ.
D) All of these are true.
E) None of these are true.

Work of

Gas Expansion

Energy
The Gas Combustion Engine

Ignition

(a) Initial (b) Final
\ / state state

http://chemconnections.org/general/movies/html-swf/workversusenergyflow.htm




Two Different Paths for the
Energy Change of a System

Enthalpy diagrams
q,= AH

H,0 () @ 25°C

H
AH=7?
w Einitial
5
5 - ~ .. Elostaswork H,0 (s) @-25°C
N _
Efinal Process Path
1f50.0 g of ice @ -25 °C warms
to 25 °C what is AH of the
process?
: AH =J or kJ AH epositon= ()
Substance Specific Heat
L JiC g cal or kcal
H,O 4.18
- AHeondensation= () AH, igitication= (-)
HO T 503 50g s0g 'solidification’ 508
H,0 () H,0 (1) H,0 (s)
100°C 25°C f_p. 0°C
@ This system initially consists of ice at -25° C aC

100° —|

0 500
-

http://chemconnections.org/general/movies/HeatingCurves.swf

Click Start to add heat to the system and
observe the correspoding change.

o - .
1 3| =5
1 ,

as®> < 5  @Usd;
-~ b.p. - m.p. v
® , °C ® oC @ .,
AHvaporizaﬁon= (+) AHysion= (+)

AHpimation= (+)




Enthalpies AH,
s <] <g

H,0 () @ 25°C

A4H = C, liqg x mass x AT

.
H0() @0°C 4y, = 6.009 kimol
H,0(s) @ 0°C

H,0 (s) @-25°C

s,,]uf{_n;.f 1(ch. AH = C, ice x mass x AT

418

Process Path  AH = AH,, +AH;,g0, +AH;,

s 1f50.0 g of ice @ -25°C warms

to 25°C what is AH of the ~ 4H=7
process?

QUESTION

You take 200. g of a solid at 30.0°C and let it
melt in 400. g of water. The water temperature
decreases from 85.1°C to 30.0°C. Calculate the
heat of fusion of this solid.

A) 125 J/g

B) 285 J/g

C) 461 J/g

D) 518 J/g

E) cannot without the heat capacity of the solid

“Heat of Reaction”

http://chemconnections.org/general/movies/hesslaw.mov

Change in Enthalpy

The heat of any reaction can be calculated
from enthalpies of formation of reactants and
products.(“Hess’s Law”)

AH,.° = anAH,"(products) -
2’ n,AH, (reactants)

Hegs's Law

QUESTION

Consider the following standard heats of formation:

P,0,(s) = 3110 kJ/mol
H,0(1) = —286 kJ/mol
H,PO,(s) = —1279 kJ/mol

Calculate the change in enthalpy for the following
process:

P,O,(s) + 6H,0(l) — 4H,PO,(s)
A)4675kJ B) -1545 kJ
D) -1720 kJ

C)-290 kJ




Ex. Combustion of Methane
CHy(y)+2 0y = COyp + 2H0

Reactants Elements Products

K\C(x)

(a)

CHa(8) COx(g)
@(&) o
2H,0()

(b)
20,(8)  m—ep-|  20,(8)

AH,,° = [1AH%c) + 24H,d)] -
[1AH%a) + 24H,%b)]

Reactant: Element Product
I Step 1
‘ (a) c

_< c
AH,=75k) AH, =-394 K] &

1
l
& .

0 AHy=0KkJ

AH,°= [-394kJ+(-572k])]-[-75k]+0kJ = -891k]

QUESTION

The heat of formation of Fe,04(s) is
—826 kJ/mol. Calculate the heat of the reaction
4Fe(s) + 30,(g) — 2Fe,04(s) when a 55.8-g
sample of iron is reacted.
A) —206 kJ
B) -413 kJ
C)-826 kJ
D) -1650 kJ
E)-3.30 x 10> kJ

Exo- and Endo- thermic
(Exergonic and Endergonic)

Heat exchange accompanies chemical
reactions.

] Exothermic: Heat flows out of the system
(to the surroundings)....negative sign

] Endothermic: Heat flows into the system
(from the surroundings)....positive sign
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QUESTION

In the lab, two solutions (each originally at the
same temperature) are mixed and the
temperature of the resulting solution decreases.
Which of the following is true?
A) The chemical reaction is releasing energy.
B) The energy released is equal to Cp x m x T.
C) The chemical reaction is absorbing energy.
D) The energy absorbed is equal to
CoxmxT.
E) More than one of these.

=} ber-from-earlier-slides:

http://chenJFannections.arg/general/chem 120/Flash/specific_heat . s.st‘

(Cp) of a body: In obese mice (fat content 52.76% body wt) the heat capacity was 2.65 kJ kg K and in
lean mice (fat content 7.55% body wt) the heat capacity was 3.66 kJ kg' K.

Substance Specific Heat Capacity (J/g  K)*
Elements
Aluminum, Al 0.9(
Graphite, 0.711
ron, Fe 0.450
Copper, Cu 0.387
Gold, Au 0.129
Compounds
Ammonia, NH,(/) 4.70
Water, H,0(/ 4.184
Ethyl alcohol,
,HsOH(l) 2.46
Ethylene glycol,
(CH,OH), (1) 242
Carbon
tetrachloride,
0.862
Solid materials
Wood 1.76
Cement 0.88
Glass 0.84
Granite 0.79
Steel 0.45

*At 298 K (25°C).

http://chemconnections.org/general/chem120/Flash/heat transfer s.swf

Surroundings Surroundings
System System
Heat Heat
AH >0 AH <0
Endothermic Exothermic

How does the relative (Cp) of the body of an obese person compared to that of a
lean person relate to their relative rise in body temperatures if both persons
exercise at exactly the same level?

“Heat of Reaction”
Change in Enthalpy

The heat of any reaction can be calculated
from enthalpies of formation of reactants and
products.(“Hess’s Law”)

AH,.° = anAH,"(products) -
2’ n,AH, (reactants)

http://chemconnections.org/general/chem120/Flash/hess law_s.swf
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Calorimetry (Interactive)

Thermochemistry Lab
Neutralization Reactions /| Hess’s law Calorimetry Measuring Heats of Reaction Desciintion
HCly) + NaOH ,5—> NaCl ) + H,0, S wemg  somg
(aq) (ad) (aq) *+ M20 el Moo
Trinitrotoluene Watgr in
HNO,,) + NaOH ,;;—> NaNO; ,,, + H,0,, Celormeter
NaOH ) + H,0;;—> NaOH = =

[ inivoouene — AN ionie |
=

HCl\,q) + NaOH 5—> NaCl ., + H,0,,

Thermochemistry Lab

Neutralization Reactions / Hess’s law Q l ’ES TION

In this Thermochemistry lab, 50.0 mL of 1.0M
HCl(aq) is added to 50.0 mL of 1.0M NaOH
(each originally at the same temperature). The
temperature increases 5.50 oC . Which of the
following is true?
A) The chemical reaction is releasing energy.
B) The energy released is equal to Cp x m x T.
C) The chemical reaction is absorbing energy.
D) The energy absorbed is equal to
L | "_Cigf{ial — i CoxmxT.
E) More than one of these.




Report Table

Vol. Densit Mass Speci T;(°C) T,(°C) AT AH,, A
Solution 'y Solution fic (°C) (0)]
(mL)  souwtion (@) Heat

(g/mL) Solution
(C4:]
°C)

Results/Conclusions: answer
questions #3,4,& 6 pg. 41 (DVC Lab
Manual)

QUESTION

In the neutralization experiment, 50.0 mL of
1.0M HCl(aq) was added to 50.0 mL of 1.0M
NaOH. The temperature increased 5.50 °C . The
density of the resulting solution of products was
1.02 g/mL and the heat capacity 4.0 J/g °C. The
heat for the experiment is:

A) -2200 kJ
B) +2200 kJ
C)-2200J
D) +2200 J

QUESTION

In the neutralization experiment, 50.0 mL of
1.0M HCl(aq) was added to 50.0 mL of 1.0M
NaOH. The temperature increased 5.50 °C . The
density of the resulting solution of products was
1.02 g/mL and the heat capacity 4.0 J/g °C. The
heat of neutralization for the experiment is:

A) -45 kJ/mol
B) -22 kJ/mol
C) -4500 J/mol
D) -220 J/mol

CHy4(g) + 204(9)
]

AHl = AHZ =
—890 kJ 890 kJ

\
COy(g) + 2H,0O()

Enthalpy ———

13



Exothermic Reaction

http://www.youtube .com/watch?v=rdCsbZfl Ng

| |Heats of Combustion of
Some Fats and Carbohydrates

Substance AHgomp (kJ/g)
Fats

Vegetable oil 37.0
Margarine 30.1
Butter 30.0
Carbohydrates

Table sugar (sucrose) 16.2
Brown rice 14.9
Maple syrup 10.4

Heats of Combustion

Combustion of octane releases 5,470 kJ per
mole of octane (AH,,,, = -5,470 kJ/mol)

8 How many gallons of water can be boiled by
burning 1 gallon of gasoline? (Assume the
water is at 25°C)

8 How many grams of fat have the equivalent
combustion energy as 1 gallon of gasoline?

8 How many pounds of CO, are added to
atmosphere from burning 1 gallon of

gasoline? (This question relates to the Greenhouse Gas
Workshop.)

Endothermic Reaction

14



QUESTION

i If a student performs an endothermic reaction in
o = a calorimeter, how does the calculated value of
AH differ from the actual value if the heat
— exchanged with the calorimeter is not taken into
account?

A) AH,,. would be more negative because the
calorimeter always absorbs heat from the reaction.

B) AH,,. would be less negative because the
calorimeter would absorb heat from the reaction.

C) AH, would be more positive because the
reaction absorbs heat from the calorimeter.

D) AH,,. would be less positive because the reaction
absorbs heat from the calorimeter.

E) AH,. would equal the actual value because the

calorimeter does not absorb heat.
http://chemconnections.org/general/chem120/Flash/calorimetry s.swf

Activation Energy (Ea) &
Chemical Reactions

 CHyq)+2 0,5 = COz )+ 2H:0 )
8 Nog+ O >2NO,

8 NOTE: Ea depends on pathway.

Hess’s Law Continued

8 Reactants — Products
8 AH = + (endothermic); AH = - (exothermic)
8 The change in enthalpy is the same
whether the reaction takes place in
one step or a series of steps.

CH4(8) + 204(8)

AH, = —607 k]

—890 kJ

| CO) + 2H,00) + 504(3)

Enthalpy ——

AH, = —283 k]

CO,(g) + 2H,0(I)

15



Enthalpy

3C (graphite) + 4H,(g) + 50,(8)
1

f Elements |
|

I
AH, = | (1) Decomposition } Formation of 3CO.
+103.85 K] | @ P ! @ 2

|
1 C3Hg(g) + 505(8) |
OO 00 | s = —118119

Reactants

I
I
I
:
I
y 3CO,(g) + 4H,(g) + 20,(g)

AH:XI’\ =
—2220 kJ
(@) Formation of 4H,0

1

|

|

'®F

|

i AH; = —1143 k]
3CO,(g) + 4H,0()

Calculations via Hess’s Law

If a reaction is reversed, AH is also reversed.

8 N,(g) + O,(g) — 2NO(g) AH=180kJ
8 2NO(@) — N,(@g) + Oxg) AH=-180kJ

8 2. If the coefficients of a reaction are multiplied by
an integer, AH is multiplied by that same integer.

s 6NO(G) — 3Nyg) + 30,(g) AH=-540kJ

Products
QUESTION
Consider the following numbered processes: QU E S T I ON
1. A—2B Enthalpies of formation data are not always experimentally easy
’ to obtain. However, enthalpies of combustion data are readily
2. B-C+D p .
3. E—2D available. Calculate the enthalpy of formation of methane

AH for the process A — 2C +E is

A) AH, + AH, + AH,
B) AH, + AH,

C) AH, + AH, — AH,
D) AH, + 2AH, — AH,
E) AH, + 2AH, + AH,

from the combustion data provided.
C(graphite) + O,(g) — CO,(g) AHC,., = -393.5 kJ
Ha(g) + %2 O4(g) — HO(1) AHC oy = —285.8 kJ

CH,(g) + 2 Oy(g) — CO,(g) + 2 H,0()  AHC,,., = -890.3 kJ

A) -19.4 kJ/mol B) -74.8 kJ/mol

C) -221.9 kJ/mol D) -296.0 kJ/mol
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