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Energy:
The capacity to do work or to produce heat

% The law of conservation of energy

Energy can be converted
but the total is a constant

Two types of energy:

Kinetic energy — due to motion

{ Yo mv?
Potential energy — due to position, compaosition,
attraction, repulsion

Example

Potential energy has changed for A and B:
A: decreased
B: increased

Frictional energy is involved

Total energy : no change




© Energy transfer:
through work and heat

Work: a force acting over a distance

In previous example: work is done on B by A

© The nature of energy

For A:
different path - different heat and work
the change of PE for A - the same

% Energy is a state function — independent of path

Heat and work are path dependent

! i

NOT state function

From one state to another state
- may go through different path
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% Chemical energy & hemistry E

=1

CH,(g) + 20,(9) =2 CO,(9) + 2H,0(g) + heat

T

Enerav diagram The PE stored in chemical
& 59 bonds is released to the

E A surroundings
CHa(g) + 20,(g) = An exothermic reaction
APE: released as heat
CO4(g) + 2H,0(9)
Ex:

Na(g) + O,(9) + heat 2> 2NO(g)

PE A

APE: flows into the system

Na(g) + O,(9)

= An endothermic reaction
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The study of energy and its interconversions

Questions:
How far will a reaction proceed?
How much energy will be released or consumed?

% The first law of thermodynamics
The law of conservation of energy

L e

% Internal energy (E)

Define internal energy E:
the sum of PE and KE in the system

T

Difficult to measure
The change is measurable:

AE=q+w
work
heat




© The sign of g and w
From the system’s point of view:

g absorbed by the system is positive

= Increases E of the system

g released by the system is negative

— Decreases E of the system

Ex: endothermic reaction: q (+)
exothermic reaction: g (—)

w done by the system is negative

= Decreases E of the system

w done by the surroundings on the system is positive

= Increases E of the system




© A model study

ideal = expansion
as <~ P=— y : <~ P
g A against P :
I\_V_J
Ah
| work | = | force x distance |
= | FxAh |

Since P=F/A > F=PA

| work | = | Px A x Ah |
= | PxAV |

Work is done by the system = negative

AV = Viina — Vinitial
Viinal > Vinitiar (fOr €xpansion)
AV = positive (for expansion)

Therefore we must define
w = —-PAV

For compression
AV - negative
w —> positive




Ex: A balloon
heat

4.00 x 108 L ‘T—’ 4.50 x 10° L

1.3x108J
Expands against 1.0 atm, AE?
Soln: AE=q+w

q=+1.3x108J

w = —-PAV

—(1.0 atm)(0.50 x 106 L)

latm-L=1013J -5.0x 10%atm - L

—(5.0 x 105)(101.3) = -5.1 x 107 J

AE = +(1.3 x 108) - 5.1 x 107 J
=8x107J

IRILOE L |

% Enthalpy (%2) and calorimetry (£ £ 2 )T S e =4
© The definition of enthalpy
AE=q+w
=q-PAV

~ P

At constant P:
higher T lower T AE = qP - | A(PV)
0p = AE + A(PV)
=E—E + (PV);— (PV),
=E+ (PV)i—E - (PV),

Define enthalpy H = E + PV

2 Hi=E+ (PV) H, = E + (PV),
> (,=H;—H;=AH
% gp = AH at constant P

= AE + PAV atconstantP = q, # AE (unless AV = 0)




@ What's so important?

Usually reactions are performed at constant P
gp is obtained experimentally
Therefore, AH can be measured directly

@ The beauty of H
H=E+PV

T

A state function
- Path independent

For a reaction AH B o015 — (ITEREENE
Exothermic reaction: g is negative > negative AH

Endothermic reaction: gy is positive - positive AH

@ AH and AE may be different

© Calorimetry (£ #: £)
The science of measuring heat
= observing T change

heat absorbed

C=
I increase in T
Heat capacity
BF
Specific heat capacity: per gram sample
Unit: O‘Ji or _J N
C-g K-g
Molar heat capacity: per mole sample
J J)

Unit; e ) [
°C + mol K + mol




© Constant P calorimetry

Purpose: get gy
= Qp = AH

Ex: Mix 50.0 mL 1.0 M HCI at 25.0 °C — 31.9°C
50.0 mL 1.0 M NaOH at 25.0 °C

Soln: AT=31.9-25.0=6.9°C
mass =~ 100.0 mL x 1.0 g/mL =1.0x 102 g

specific heat capacity

l /mass

Energy released = s x m x AT
= (4.18 J/°Cg)(1.0 x 102 g)(6.9 °C)
=2.9x103J

Heat is an extensive (¢} z£) property
related to the amount of substance
T is an intensive (j* ;&) property
not related to the amount of substance

50.0 mL 1.0 M HCI = 5.0 x 102 mol H*

2.9%x103J
5.0 x 102 mol

= 5.8 x 104 J/mol

H*(aq) + OH-(aq) = H,O(l) AH = -58 kJ/mol




© Constant V calorimetry
AV=0 = w=0

AE =q, +w =0y

Therefore, AE = g,, at constant V

Use a bomb calorimeter

insulating container

-' ]L steel bomb

Ex:  Combustion of 0.5269 g octane (CgH,3)
The bomb calorimeter used: C =11.3 kJ/°C

AT =2.25°C
Soln: Heatreleased = CAT =11.3 x2.25=25.4 kJ

MW of octane = 114.2 g/mol

0.5269 g
0.5269 g octane & ————— =4.614 x 10-3 mol
114.2 g/mol
For 1 mol octane:
y 254 _ 5.50 x 103 kJ/mol
Heat = =5.90 x mo
€al= 4614x 102

AE = -5.50 x 103 kJmol™
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Reactants > Products  AH = Xn H,oques — ZNH

r" Treactants
/ : \

R

P
\ 7
A

"." H is a state function
.". AHgp is the same for different pathways

Ex:  Ny(g) + 20,(g) > 2NO,(g)  AH,=68kJ

H
O5(9),
b 2o
ALY S
=-112
=180
___________ _Y
2NO,(0)
AH,
AH; A C
A1 S " s8N | __
No(9), AH /ZH
26,(0) - I <

AH, = AH, + AH, = 180 — 112 must be 68 kJ
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3 Characteristics of AH S hemistr

1. AH= _AHreverse

Na(g) + O(9) > 2NOy(g) AHz:F180 kJ

. endothermic
Reverse reaction:

2NOL(g) > N,(g) + O,) AH_Z:F18O kJ

exothermic
2. AH is an extensive property
depending on the amount of reactants
Xe(g) + 2F,(g) = XeF,(s) AH = -251 kJ

2Xe(g) + 4F,(g) > 2XeF,(s) AH=2(-251kJ)
= 502 kJ

Ex:  2B(s) + 3H,(g) > B,HsQ) AH="?
Data available:

(@) 2B(s) + 3/20,(g) > B,O4(s) AH = -1273 kJ
(b) B,H,(g) + 30,(g) > B,O4(s) + 3H,0(g) AH = —2035 kJ
(C) Hy(g) + 1/20,(g) > H,O() AH = 286 kJ
(d) H,0(l) > H,0(g) AH = 44 kJ
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Ex:  2B(s) + 3H,(g) > B,HQ) AH=?
Soln:

+a (for B)

2B(s) + 3/20,(g) > B,04(s) AH = -1273 kJ
+3c (for H,)

3H,(g) + 3/20,(g) > 3H,0()) AH = -286 x 3 kJ

—b (for B,H)

B,O4(s) + 3H,0(g) = B,H4(g) + 30,(g) AH = 2035 kJ
+3d (for H,O)

3H,0() = 3H,0(9) AH =44 x 3 kJ

2B(s) + 3H,(9) > B,H(9)
AH = —1273 — (286 x 3) + 2035 + (44 x 3)
= +36 kJ

£ E IR

i . NTU € hemiste; :J
¢ Standard enthalpies of formation Qheisy

Real interest: calculate AH for reactions
Problem: no way to know the exact value of enthalpy

Solution: resolve each compound into the basic elements
Define a standard enthalpy of formation (AH,°)

— 1 mol of a compound from its elements in their
standard states
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Standard state:
The physical state in which the substance is most stable
at 1 atm and the temperature of interest (usually 25 °C)
gas: a pressure of 1 atm
solution: a concentration of 1 M
a pure liquid or solid compound: the pure liquid or solid
element: the state at 1 atm (25 °C)
Ex: Na(s), Hg(l)

*Do not confused with STP
Ex:  1/2N,(g) + O,(g) > NO,(g)  AHe =34 kJ/mol

T

Elements in 1 mol
standard state (in standard state)

C(s) + 2H,(g) + 1/20,(g) > CH;OH(l)  AH° =-239 kJ/mol
\graphite

© The use of AH®
Ex:  CH,(g) + 20,(g) > CO,(g) + 2H,0O(l) AH°=?

Data available:

C(s) + 2H,(g) = CH,(Q) AHP = -75 kJ/mol
C(s) + O,(g) > CO,(9) AH?° = -394 kJ/mol
H,(g) + 1/20,(g) <> H,O(l) AHP = —286 kJ/mol

CHy(@) + 204(9) CO,(g) + 2H,0())
| I A A

¥ i ! !
C(s) 20,(9) C(s) 2H(9)

2H(9) O2(9) O3(9)
AH° = 75 +0 -394 - (286 x2)

—AHPch,y + AHP o, + 2(AH 4,0
AHP co,) T 2(AHCH,0) — AHP Ry
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Conclusion:

Aern0 =2 npAHfo(products) -2 nrAHfo(reactants)
(elements in their standard state are not included)

Cf. AH:anH >nH

products — r' freactants

Ex:  4NH3(g) + 70,(g) > 4NO,(g) + 6H,0()

f ! f
AHP @ -46 34 ~286 kJ/mol

AHC = 6(-286) + 4(34) — 4(-46) = —1396 kJ
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