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* Law of Conservation
Energy piEnergy,

Energy can be converted from one form to
g another but can neither be created nor
The capacity to do work destroyed.

or to produce heat. &

universe 15 Constant)

CH, 20, — <o, 2210

* The Two Types of Energy * Temperature v. Heat

l: due to position or composition -
can be converted to work

reflects of
particles, therefore related to kinetic
) : energy of the system.
due to motion of the object
KE = Yo m? involves a between

: 2 objects due to a temperature difference
(m = mass, v = velocity)

* State Function
— ¥ System and Surroundings

Denends only on the present state of the

system - not how it arrived there. System: That on which we focus attention

Iy dndgpondons of gotisey. Surroundings: Everything else in the universe

Universe = System + Surroundings
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* Exo and Endothermic

Surroundings Surroundings

Heat exchange accompanies chemical System System
reactions.

: Heat flows out of the system Heat Heat
(1w the surroundings).

: Heat flows the system
(trom the surroundings).

AH>0 AH<0
Endothermic Exothermic

First Law

First Law of Thermodynamics: o

The energy of the universe is AE = change in system’ s internal energy
constant. g = heat

= work

‘The SI unit of energy is the joule (J)E?, a derived unit cor ¢ base units:

6.1 Why do heat () and work () have positive values wh

system and negative values when leaving?
—_—
17 =~

Both heat and work are expressed in joules. Let’s sec why the joule is the unit for work. The work (w) de

13 =1 kg-m?¥s?

force (F) times the distance (d) that the mass moves: w = F X d. A force changes the velocity of a mass over time; that is. a force

accelerates a mass. Velocity has units of meters per second (m/s), so acceleration (a) has units of meters per second per second

(m/s?). Force, therefore, has units of mass (m, in kilograms) times acceleration:

6.9 A system receives 425 J of heat from and delivers 425 J of work to its surroundings. What is the change in internal

F=mxa has units of kg-m/s?
energy of the system (in J)?{A:
Therefore. w=Fxd has units of (kg-m/s?) x m = kg-m?s2 = J

1°C (specifically, from 14.5°C to 15.5°C). The calorie is now defined in terms of the joule:

y267 + (- ‘/Jf9 - O @ or 1= el =02390 cal

Since the quantities of energy involved in chemical reactions are usually quite large, chemists use the kilojoule (J) or, in p,

a F - , ‘The calorie (cal) & is an older unit defined originally as the quantity of encrgy needed to raise the temperature of 1 g of water by
- z

earlier sources, the kilocalorie (kcal):
1KJ = 1000 J = 0.2390 keal = 239.0 cal
The nutritional Calorie (note the capital C), the unit that measures the energy available from food, is actually a kilocalorie:

1C..| = 16C0sn]

The British thermal unit (Btu), a unit that you may have scgaasen - of appliances, is the quantity of en

2y
general, the ST unit (J or kJ) is used in

required to raise the temperature of 1 1b of water by F% 7 Bu is equivalent 10 1055

this text. Some interesting quantities of energy are featured i FTgare 6.5 (3.
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6.14  Thermal decomposition of 5.0 metric tons of limestone to lime and carbon dioxide absorbs 9.0x10° kJ of heat. Convert System ’< - <\ /
this energy to (a) joules; (b) calories; (c) British thermal units. ——r A - - z

Energy {Jcal=4.184J >
Food 1Cal = 1000 cal

Heat g >0
British Thermal Units (BTU) 1 BTU = 1055 J
c Surroundings
| k7
Work w >0
201077, Leal _ - 205 /0 %al -
PALLME —

Work P=F/A dr=Fa

work = force x distance

A A
Ah
(| A
since pressure = force / area, ik Pl
0
h; change
work = pressure x volume

Cross-sectional
area=A
Initial Final
state state

¥* Problem 5.37
DVIgh) + 0g) — IVGOGK_CAR Q124K

(a) Is this reaction exothermic or endotheimic?

Enthalpy

Enthalpy = H = E+ PV
AE = AH — PAV

) is decomposed into Mg(s) and
0O,(g) at constant pressure?

At constant pressure,

B e B ﬁ‘
Ry r0 9 MO bt
d,my s 22K sy

A5 23y Rl P
AH = energy flow as heat (at constant pressure) wolmo WS 57 5 0P
9¢.oky L« —— £y
NTYYY S ) Y

L

where g, = AH at constant pressure




6.61  Liquid hydrogen peroxide, an oxidizing agent in many rocket fuel mixtures, releases oxygen gas on decomposition: (A7

2H,0,(1) — 2H0() + Os(s)  AH=—-196.1kI

—
How much heat is released when 652 kg of H20; decomposes?

6.62  Compounds of boron and hydrogen are remarkable for their unusual bonding (described in Section 14.5 &) and also

for their reactivity. With the more reactive halogens, for example, diborane (ByHg) forms trihalides even at low

temperatures:
BHy(g) + 6Cly(g) — 2BCI(g) + 6HCI(g)

What is AH per kilogram of diborane that reacts?

.6l
C52 K K0,
T,

“C2 1ok 8,4

oy,

AH = -7554K)

}mo//ﬁa‘ . 19(1 k7
3902 g1 2~

>

2= 186 °
5]
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¥ Heat Capacity

¥ Some Heat Exchange Terms

heat capacity per gram = J/° Cg or J/K g

heat capacity per mole =J/° Cmol or J/K mol

640 A 27.7-g sample of the radiator coolant ethylene glycol releases 688 J of heat. What was the initial temperature of the

sample if the final temperature is 32.5°C (c of ethylene glycol = 2.42 J/g-K)?

E"—S ><M>¢0-T_

asra’=<:«*-q23; 22.2,)aT
s

2T=84 0.3 °c
T - 42§ °c

* Constant Pressure Calorimetry

E‘—er’"l 7‘07

E s 3 > 07

me/nl meton

Thermometer -°C

(as &2/

EHLO = Emd’r’

2

,f'z

¢

Styrofoam
cover

Styrofoam Je

cups . 20

Stirrer

xﬂ-’z; @)

Ez5 x mxaT

q1¢ . \ f
-_( I'TXW% 3001 —23.509 ~

E- 139537 1k3

- LS (395 1)
1000 T

h kO — HO + 5077 a

HF + ol = 4O
wol o0.02¢ L0327

. X A “Ho
0 H
0025 sl oK, 7 _..mk

a5 Hk ko// ”_,Agd’— 0.025 ~loA

SA3P5KS 558 K
a4 2.025 ZZ




A15.0 g sample ofn_i@ is heated to 99.8 °C and placed in
a Coffee cup calorimeter. The calorimetét contains 150.0 g
of water at 23.5 °C. After allowing the two substance to
equilibrate the final temperature was 25.0 °C.

What is the specific heat of the metal?

F =(v189 = 1509, ,;510-2’5,5;‘;1
A7) o
v 9qdld 7

1—
Fos) = St 74
Gdlq45 = ‘sm‘-hv/ x/b-'”} }<ﬂr—2§9

/3 PR 0857
meta 05‘-%)(915"25-") J

‘%T\/Igo

+2H* ../ > Mg?
(29)

(©)

1.234 g of MgO was combined with 60.0 mL
HCL in a constant pressure calorimeter.
The initial temperature of the solution was
21.2 °C and the final temperature was 24.6

. Calculate the Enthalpy (AH) for this
reaction. (The specific heat for the solution
is 4.184 J °C!

He)—= HE vel -

Ltﬁr’ EF=5 = m__hxn.T
cor =(‘1'-lf!’_£L Co, 1 m.zui
s

ol s !

F o 287/097 ;082 k5

.82 kT
o+ 2T anony

12N mp 1A BL L o)) o
0.3,

Hess’ s Law

Reactants — Products

The change in enthalpy is the same
whether the reaction takes place in one
step or a series of steps.

*
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Constant Volume Colorimetry

Motorized stirrer

Electrical leads for
igniting sample

Thermometer

Insulated container

O, inlet

Bomb
reaction chamber)

Fine wire in contact
with sample

Cup holding sample

Water

*

Problem

When 3.88 g of solid ammonium nitrate dissolves in

b.

60.0 g of water in a coffee-cup calorimeter, the
temperature drops from 23.0 °C to 18.4 °C.

Calculate the enthalpy (in kJ/mole of ammonium
nitrate) for the solvation process (The specific
heat for the solution is 4.184 J °C-! g-1),

Is the process endothermic or exothermic?

NH,NO, — NH,* + NO;-

CH,(g) +204(8) CH 12, 5 P72 Y

}(’Wﬂ{" w0, + P

4 =Y v,
AH, = g6 % W
890 k] ,CO(g) +2H,00) + 30(8)
AH,=-283K]

Y Y
o9 +21,00) AH = AH4

Yy, 20, = £0, + 24D
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3C (graphite) + 4Hj(g) + 50,(g) . . ,
Elements ¥ Calculations via Hess’ s Law
ﬁIiIaB:SS W | Decomposition |(2) Formation of 3CO, _
CaHa(e) + 50 1. Ifareaction is reversed, AH is also reversed.
Hs(8) + 504(8) AH,= —1181kJ
‘ ~Reactarfs~ N,(g) + O,(g) —> 2NO(g) AH=180kJ
- 2NO(g) — Ny(g) + O)(g) AH=-180KkJ
z‘; - J CO,(g) + 4Ha(g) + 205(g)
| 2w > } . . If the coefficients of a reaction are multiplied
| (® Formation of 4H,0 by an integer, AH is multiplied by that same
|aH; = —1143 1 integer.
3COy(g) + 4H,0()  \ s
— NO(g) — SNy(g) + 30,(8) AH
Bl .+ DR+,

* Problem

Problem

Use Hess’ s Law to calculate the standard
enthalpy of formation of solid Mg(OH),

Calculate the enthalnv change for the reaction
given the following data:

P,04(s) +20,(g) —> P,0,(s)
2Mg(s) + Oy(g) — 2 MgO(s) H° = —1203.6 k|

Mg(OH)y(s) — MgO(s) + HyO)  AH® = +37.1k
AH® = -571.7kJ

given the following enthalpies of reaction:
Py(s) +30,(g) > P,O(s) AH = -1640.1 kJ

Py(s) + 50,(g) = P,014(s) AH = -2940.1 kJ

D + 5o —= iy (04) =37.0k5
20 el 34O RS
B+ %O - A2 -5
Py ¢ty ¢ ) /”:[mi( ’_—T
ol - P

\:\\

Standard Enthalpies of
Formation

*

Given the data
N2(g) + Oa(g) — 2NO(gQ) AH = +180.7 K
2NO(g) + Oag) —> 2NOx(g)  AH = -113.1k]
2 NoOQ) —> 2 Na(g) + Oa(9) AH = —163.2K]

Change in enthalpy that
aceampanies the formation of
one mole or substance from its

use Hess’ s law to calculate AH for the
reaction
N,0(g) + NO, (g) - 3NO(g)

elements, with all substances in
their standard states.




TABLE 5.3 Standard Enthalpies of Fo TAHEN 298 K
Hf Ay
Substance Formula K)/mol) Substance Formula (k]/mol)

Acetylene CyH,y(g) 226 Hydrogen chloride HCI(g) ~9230
Ammonia NH;(g) Hydrogen fluoride HF(g) —2686
Benzene [SR0) 4 Hydrogen iodide Hi(g)

Calcium carbonate CaCO,(s) Methane CH,(¢)

Calcium oxide CaO(s) 5 Metharol CH,OH()

Carbon dioxide CO,(9) ~3935 Propane C,Hq ()

Carbon monoxide COlg) Silver chloride AgCl(s)

Diamond Cs) Sodium bicarbonate NaHCO, (s)

Ethane CoHq ) BA.68 Sodium carbonate Na,CO,(s)

Ethanol CyHLOH() 7 Sodium chloride NaCl(s)

Ethylene CH, () Sucrose Cy3Hyp Opyls)

Glucose CH,, Og(s) Water H,0()

Hydrogen bromide HBr(g) 3 Water vapor H,0(g)

A

October 26, 2017

* Standard States

For a gas, pressure is exactly
For a , concentration is exactly

Pure substance (liquid or solid), it is the pure
liquid or solid.

The form [N,(g), K(s)] in which it exists at

¥ Change in Enthalpy

Can be calculated from enthalpies of
formation of reactants and products.

AH_.° = Zn AH (products) —

Xn

>n AH (reactants)

E:z 5 ‘;nxlr7

COy(9)

I CH,(9)

2H,0()

E [z

20,(9)

f

Reactants Products

Reactants Elements

00 ,, .00 g 0=
O=0 O=0 ¢s O=0

20,(9) 20,(9) 2H,(g)

75 kJ -394 kJ -572kJ

Energy
CHy(g) COyg) -

= Reactants Products
= Elements

= Products

‘ 2N,(9)
(a)
I4NH3(g) —<:

‘ 6Hy(g)
) )
I 70,(9) ”—» 70,(9)

Reactants Elements Products




6.77
6.78

What is the difference between the standard enthalpy of formation and the standard enthalpy of reaction?{A:
How are AH; values used to calculate AHpy T
’ ' ¥
0% = é/) ;O/é-é/)ﬂ;

* Problem

a. Calculate the heat of combustion of
methanol, CH;OH(/) in air. The products
are carbon dioxide gas and liguid water.

b. How much energy is generated by the
combustion of 1.0 kg of methanol in air?

October 26, 2017

my Yo, -510
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FABLE 5.3 Standard Enthalpies of Formation, AH}, at 298 K.
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6.84  Copper(I) oxide can be oxidized to copper(Il) oxide: <A:
Cu,0(s) + 30,(g) — 2CuO(s)  AHS, = —146.0kJ

Given AH; of CuyO(s) = —168.6 kJ/mol, find AH; of CuO(s).

- ] A
Ai/ﬂ'ﬂn - 2”04#,’ é/)rA/,

~ 19L.0kT = {20! f»ﬂ("",..bs
= [1eud Cn0(28T) , Yt

Cal

¥ ICA

Calculate the heat of combustion of ethanol,
C,H;OH()) in air. The products are carbon
dioxide gas and liquid water. Use this

information to answer the following question. A
batch of Sauvignon Blanc wine contains 10.6%
ethanol by mass. Assuming the density of the
wine to be 1.0 g/mL, what caloric content does
the alcohol (ethanol) in a 6-0z glass of wine (177
mL) have? (1 Cal =4.184 kJ)




