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CHEMISTRY - CLUTCH @ cL“TcH

CH.6 - THERMOCHEMISTRY

CONCEPT: ENERGY CHANGES AND ENERGY CONSERVATION

is the branch of physical science concerned with heat and its transformations to and from

other forms of energy.

is the branch of chemistry that deals with the heat involved in chemical and physical changes.

Energy Changes and Energy Conservation

* The is the specific part of the universe that we are focused on.
* The deals with everything outside of it.
When talking about the movement of energy or heat between the & we

use the terms: Endothermic & Exothermic.

T v2Hg0 () 2Hgl) + 059

EXAMPLE: Classify each of the following process as either exothermic or endothermic:

a) Fusion of Ice.

b) Sublimation of CO,.

c) Vaporization of aqueous water.
d) Deposition of chlorine gas.

e) Condensation of water vapor.
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CHEMISTRY - CLUTCH @ cL“TcH
CH.6 - THERMOCHEMISTRY

CONCEPT: ENERGY FLOW TO AND FROM A SYSTEM

The Law of Thermodynamics states that energy cannot be created nor destroyed, but only converted from one

form to another.

In chemistry, we are normally concerned with the energy changes associated with the system, not with its surroundings.

AE=q+w q = AH (enthalpy) w=-PAV
AE =
q= "Forq: (+) when system . . , heat or energy,
(-) when system : . : heat or energy.
w= " For w : (+) when work done system the surroundings. Key word: volume
(-) when work done system the surroundings. Key word: volume

EXAMPLE: Which of the following signs on g and w represent a system that is doing work on the surroundings, as well as

losing heat to the surroundings?

a)q=-,w=- b)g=+w=+ c)q=-w=+ djg=+ws=-
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CHEMISTRY - CLUTCH @ cL“TcH

CH.6 - THERMOCHEMISTRY

PRACTICE: ENERGY FLOW TO AND FROM A SYSTEM

EXAMPLE: An unknown gas expands in a container increasing the volume from 4.3 L to 8.2 L at a constant pressure of 931
mmHg.
a. Calculate the work done (in kJ) by the gas as it expands. (1 L - atm = 101.3 J)

b. Using part A, calculate the internal energy of the system if the system absorbs 2.3 kJ of energy.

¢. Using part B, calculate the internal energy of the system if the system does work against a vacuum.

PRACTICE: The reaction of nitrogen with hydrogen to make ammonia has an enthalpy, AH = - 92.2 kJ:
N2 (g) +3H2(9) — 2NHz(g)

What is in the internal energy of the system if the reaction is done at a constant pressure of 20.0 atm and the volume
compresses from 10 L to 5 L?
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CONCEPT: CONSTANT-VOLUME CALORIMETRY

Every object has its own (C), the quantity of heat required to change its temperature by 1 K.

C= 9L [nunisof =
= AT [inunits o K]

(c), the quantity of heat required to change 1 gram of a substance by 1 degree K.

_ g - units of J
C= —— a7 [in units o g'K]

If we know ¢ of a substance, we can algebraically solve the amount of heat absorbed or released:

q=

EXAMPLE: At constant volume, the heat of combustion of a particular compound is — 4621.0 kJ/mol. When 2.319 grams of
this compound (molar mass = 192.75 g/mol) was burned in a bomb calorimeter, the temperature of the calorimeter

(including its contents) rose by 3.138°C. What is the heat capacity of the calorimeter in J/K?

Energy Conversion Factors

1 calorie 4 184 Joules (J)
1 Calorie 1000 calories
- 1 Kilocalorie 1000 calories
1 kilowatt-hour (kWh) 3.60 x 108 J
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CH.6 - THERMOCHEMISTRY

PRACTICE: CONSTANT-VOLUME CALORIMETRY
EXAMPLE: In an experiment a 9.87 carat (1 carat = 0.200g) diamond is heated to 72.25°C and immersed in 22.08 g of

water in a calorimeter. If the initial temperature of the water was 31.0°C what is the final temperature of the water? (Cgiamond =

J J
0519757 ) (Cvater =4.184 5 ).

PRACTICE 1: A sample of copper absorbs 35.3 kJ of heat, which increases the temperature by 25°C, determine the mass

(in kg) of the copper sample if the specific heat capacity of copper is 0.385 gLC .

PRACTICE 2: 50.00 g of heated metal ore is placed into an insulated beaker containing 822.5 g of water. Once the metal
heats up the final temperature of the water is 32.08°C. If the metal gains 14.55 kJ of energy, what is the initial temperature

of the water?
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CH.6 - THERMOCHEMISTRY

CONCEPT: CONSTANT-PRESSURE CALORIMETRY

The of a reaction can be calculated through the use of stirrer

a coffee-cup calorimeter.

EXAMPLE: You place 50.0 mL of 0.100 M NaOH into a coffee-cup calorimeter at 50.00°C and carefully add 75.0 mL of 0.100 M HCI,

also at 50.00°C. After stirring, the final temperature is 76.12°C. (Heat capacity and density of water: 4.184 LC and 1.00 ﬁ ).
g L]

HCI (ag) + NaOH (ag) —— NaCl (aq) + H20 (1)

a) Calculate gsoln (in J)

b) Calculate the enthalpy, AHmxn (in J/mol), for the formation of water.
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CH.6 - THERMOCHEMISTRY

CONCEPT: THERMOCHEMISTRY AND STOICHIOMETRY
A equation is a balanced equation that includes the heat of reaction (AHwxn).

EXAMPLE: Iron reacts with oxygen according to the following equation at around 2000°C.
4Fe(s) + 302(9) — 2Fex0s(s) AHe =+ 65.2 kJ/mol

Calculate the amount of grams of iron (IIl) oxide, Fe203, produced from the absorption of 4.82 x 109,

PRACTICE: Nitromethane (CH3NOx), sometimes used as a fuel for drag racing, burns according to the following reaction:
4 CHsNO2(l) + 702(g) —— 4CO2(g) + 6H20(g) + 4NO2 (9) AH° = - 24416 kJ

How much heat is released by burning 125.0 g of nitromethane (MW: 61.044 g/mol)?
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CONCEPT: HEAT SUMMATION

Many reactions are difficult, even impossible, to carry out in a single chemical step.

* They may often times require multiple steps to get to the final products.
Law states that the enthalpy change (AH) of an overall process is the sum of the enthalpy changes of its

individual steps.

EXAMPLE: For the following example calculate the unknown AH from the given AH values of the other equations.

Calculate the AHexn for

S(s) + ; 02(9) — S0s(g) AH=?
Given the following set of reactions:
% S(s) + % O2(g) — % SOz (g) AH1 = -296.8 kJ

2 SOs(g) — 2504(g) +02(g)  AH2=198.4k/
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CH.6 - THERMOCHEMISTRY

PRACTICE: HEAT SUMMATION
A. Calculate the AHx, for

CO(g) +NO (g —= COz(g) + %Nz (9) AH=?
Given the following set of reactions:
CO2(g) — CO(g) + %02 (9) AH1 = 283.0kJ
N2 (g)+02(9) —— 2NO(g) AH,=180.6 kJ
B. Calculate the AHr for
CIF (g) + F2(9) — CIFs(g) AHpn =?
Given the following reactions:
ChO(g) + F.O — 2CIF(g) + O2(g) AHyn =-167.4 kJ

4CIF3(g) + 402(9) — 2CLO(g) + 6F20(g) AHun=682.8kJ

2F2(g) + 02(9) — 2F0(9g) AHnn =-181.7kJ
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