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Chapter: Energy & Chemical Change

Section (2): Heat (calorimetry)

i CALORIMETRY
i Itisthe measurement of heatflowintoor
i out of a system for chemical and physical

| processes.
1

|
i CALORIMETER

I - - - -
i A calorimeter is an insulated device used

| for measuring the amount of heat
! absorbed or released (enthalpy change of a
!reaction) during a chemical or physical

I
' process.
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- A coffee cup calorimeter is essentially a polystyrene (Styrofoam) cup or
two with a lid.

- The cup is partially filled with a known

ivolume of water.
1

| - Asensitive thermometerisinserted

Styrofoam Cup
! through the lid of the cup so that its

! bulb is below the water surface.
I

|
i coffee cup calorimeter, the water absorbs the heat of

Water

- When a chemical reaction occurs in the

ithe reaction.

(system = AH= — (Jsurroundin; -mXCxAT

q metal = — { wate

:§<-_‘_4&? Sources of Error:
k\\~ /T 1) The foam cup will absorb heat

2) Some heat will be lost to the air

| 3) If the reactants are not completely mixed,
' temperature measurements will not be
, P
§ ) accurate
Example:

| A 25 g block of an unknown metal (X] was heated to 95°C then immersed in 13 mL of
i water (density = 1.0 g/mL) at 25°C. When the two substances reach equilibrium, the

i final temperature was 32°C.

i Calculate the specific heat capacity of metal (X].

i (Density of water = 1.0 g/mL and specific heat capacity of water is 4.184 J/g.°C)

| Answer

i q metal = - q water

i Mmetal X Cmetal X ATmetal = = (Muwater X Cwater X ATwater)

! 25 X Cmetal X (32 = 95) = - (13 x 4.184 x (32 - 25))

| Crmetal = 0.24 J/8.°C

L e e e e e e, — e, ——,—————————— - -




A 100. g block of gold heated to 78°C is placed in a calorimeter containing 40.0 g of water at
initial temperature of 21°C. If the specific heat capacity of gold is 0.129 J/g.°C, calculate the final
temperature of the mixture.

(specific heat capacity of water is 4.184 J/g.°C)

q metal = — q water

Mmetal X Cretal X AT meta=— (m\vater X Cyater X ATwater)

100. X 0.129 X (Tsnat — 78) = — (40.0 X 4.184 X (Tginat — 21))
Tsinal = 25.1°C

Example:
A certain mass of a sample of lead is heated and placed in a coffee cup calorimeter containing

40.0 mL (density = 1.0 g/mL) of water at 18.0°C. The water reaches a temperature of 21.0°C.
Calculate the amount of heat, in joules, released by the lead sample.
(Density of water = 1.0 g/mL and specific heat capacity of water is 4.184 J/g.°C)

q metal = — q water

q metal =— (lnwater X Cwater X ATwater)= - (400 x 4,184 x 30) =—=5021]
502 J are released

Exercise

(1) How many joules of heat are lost by 3580 kg of granite as it cools from 41.2°Cto -
12.9°C? The specific heat of granite is 0.803 J/(g-°C).

! (2) A swimming pool measuring20.0 m x 12.5 mis filled with water to a depth of
! 3.75 m. If the initial temperature is 18.4°C, how much heat must be added to the water

to raise its temperature to 29.0°C? Assume that the density of wateris 1.0 g/mL.

(3) when 10.2 g of canola oil at 25.0°C is placed in a wok, 3.34 kJ of heat is required
to heat it to a temperature of 196.4°C. What is the specific heat of the canola oil?

(4) when a 58.8 g piece of hot alloy is placed in 125 g of cold water in a calorimeter, the
temperature of the alloy decreases by 106.1°C, while the temperature of the water

increases by 10.5°C. What is the specific heat of the alloy?
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THERMOCHEMISTRY

Thermochemistry is the study of heat changes that accompany chemical

reactions and phase changes.

i The system is the specific part of the universe that contains the reaction

i or process to study. (simply, the system is what you observe)

iThe surrounding is everything in the universe other than the system.

1
| A universe is the system plus surroundings.

UNIVERSE = SYSTEM + SURROUNDINGS

Universe = System + Surroundings

i

"’Q.\)
Suwmuvw\'\vw_xs / Cj{\
Universe.
Surroundings System
(flask, contents)
OR OR
Surroundings
. (flask and sybtance_as (C?‘Stt:nTs)
in contact with outside
of flask)
OPEN system closed isolated
matter and energy

freely exchange

only energy <o matter and energy )
exchanges ol are both contained ~ .

system system

system

. ~ /
matteris = v
v contained v




It is the heat content of a system at constant pressure.

hanges and combine to give products. It can be represented

c
by the following equation:
Reactants — Products

In any general chemical reaction, the reactants undergo chemical

Case (1) :If Heat is absorbed into the system:

HEAT RELEASED

t11

HEAT ABSORBED

+ Hreactants << H products

Endothermic
Reaction

Case (2] : If Heat is released out of the system:

Hreactants > H products

ENTHALPY CHANGE OF REACTION (AHq)

Exothermic
Reaction

It’s the amount of energy released or absorbed during a chemical reaction.

AHyyy, = Hproducts -

Exothermic Reaction

Hreactants

Endothermic Reaction

The Heat-Pack Reaction

Heat to
surroundings

—_——

--—-4Fe(s) 4 30,(g) ---—------mmmmmm s
% Reactants -=
’ """"""""""""""" 2F9203(S) """"""  A—
Product
Exothermic Reaction
AH<O0

4Fe(s) + 302(g) — 2Fe,0s3(s) + 1625 K]

4F€(S) + 302(g) — 2F€203(S)
AHrxn = —1625 k]

The Cold-Pack Process

Heat from
surroundings

------------- NH;*(aqg) + NO3(aq) -----------;-=-------

Products

——— Enthalpy

Reactant
Endothermic Process

AH >0

27 k] + NH4NO5(s) — NH,*(aq) + NO3~(aq)

NH4NO3(s) — NH,"(aq) + NO3(aq)
AHrxn = 27 k]
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activation activation

energy energy
>
) )
© ol © g
< Reactants/I < I\Products
= =)
; 5
w A energy
energy ¥ == m - 8 =td
eactants
haad Products absorbed
Reaction Progress Reaction Progress
Exothermic Endothermic
reaction reaction
Exothermic Process Endothermic Process
Hcat flows from the system to its Hceat flows into the system from its
surroundings. surroundings.
Hcat flowing out of a system into its Hcat flowing into a system from its
surroundings is defined as negative. surroundings is defined as positive.

Surroundings
Energy out of the system
I-_. C to the surroundings
/ 1 Negative Sign
- Energy into the system
System L B\ | from the surroundings
s Positive Sign

The value of (AH.n) can be determined by measuring the heat flow of the

reaction at constant pressure.

q - ﬂHI’.\.’H

| The enthalpy change, AH, is equal to q, the heat gained or lost
| in a reaction or process carried out at constant pressure. Because all
reactions presented in this textbook occur at constant pressure, we

I
! can assume that g = AHnn.
I




EXERCISES

(1) Describe how you would calculate the amount of heat absorbed

or released by a substance when its temperature changes.

(2) Explain why AH for an exothermic reaction always has a negative value.

(3) Explain why a measured volume of water is an essential part of a

calorimeter.

(4) Explain why you need to know the specific heat of a substance to
calculate how much heatis gained or lost by the substance because of a

temperature change.

(5) Describe what the system means in thermodynamics and explain how

the system is related to the surroundings and the universe.

(6] Calculate the specific heat in J/(g-°C) of an unknown substance if a 2.50
g samplereleases 12.0 cal as its temperature changes from 25.0°C to
2

0.0°C.




