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Calorimetry

Calorimetry is a means to measure heat
transfer during chemical or physical
rocesses.

Since it is hard to directly measure “heat”,
heat transfer is measured in terms of
temperature changes.




Calorimetry

"Ina calorimetric experiment, the heat lost or gained
in the reaction is related to the temperature change
of the calorimeter.

(Jcalorimeter Qrxn

As shown in the equation, the amount of heat released (or
absorbed) by the reaction is exactly equal to the amount
of heat absorbed (or released) by the calorimeter, except
opposite in sign.




Heat Flow and Temperature

When heat flows into an object, it makes
sense that its temperature increases.

How much the object increases in
temperature is dependent on its heat
capacity.




General Definition of Heat Capacity (C)

The heat capacity (C) is the quantity of heat
required to raise the temperature of
“something” 1 Kor 1 °C.

q=CAT  where AT =Tf - Ti

Tf is the final temperature of the object,
and Ti is its initial temperature.




Specific Heat Capacity (cs)

The specific heat capacity (cs, aka "specific heat")
is the quantity of heat required to raise the
temperature of 1 gram of a substance 1 Kor 1 °C.

qg=mcs AT AT=Tf - Ti
m is the mass of the substance (in g)

cs is the specific heat capacity of the substance
(given in a table).




Molar Heat Capacity (cn)

The molar heat capacity (cn) is the quantity
of heat required to raise the temperature of
‘mole of a substance 1 K or 1 °C.

g=ncn AT AT =Tf-Ti
n is the moles of the substance

cn is the molar heat capacity of the
substance (found in a table).




Two Main Types of Calorimeters

Bomb Calorimeter- A calorimeter that maintains
constant volume during the process (i.e., constant
volume calorimetry).

Constant pressure calorimeter- (e.g., a "coffee
cup calorimeter) The calorimeter maintains
constant pressure, but volume changes may occur.



Bomb Calorimeters

Bomb Calorimeter- A calorimeter that
maintains constant volume during the
reaction.

Because the volume is constant, no PV
work is done during the process.

Therefore AUrxn is measured.




Bomb Calorimetry and AU

Recall: AU=q+w and w = —PextAV

For the closed calorimeter system, AU =0

If AV =0, then no work is done (w = 0).

AU = q+ O = qv (qv = heat at constant volume)

qv = CAT, where C is the heat capacity of the
bomb calorimeter and AT = Tf - Ti




Thermometer

H20

cavity for

reactants

Bomb Calorimetry

ignition source

Bomb calorimeters are used in reactions
where one or more of the reactants is a gas.
The "bomb"” is made of rigid materials, such
as steel, and includes a cavity (for
reactants) surrounded by a water bath.

q = CAT

where C is the heat capacity of the whole
calorimeter (water and steel, etc.)



Example: Bomb Calorimetry

Thermometer

ignition source

0.05 mol H2(g) and 0.025 mol O2(g)
react to produce H20O(l) according to
the reaction

2H2(g) +02(g) — 2H20(I)

The heat capacity of the calorimeter is
90.6 kJ/°C and the initial temperature is
25.000°C. The reaction is ighited and
the temperature increases to 25.155 °C.
Calculate q for this reaction.




Example: Bomb Calorimetry

0.05 mol H2(g) and 0.025 mol O2(g) react to produce H20(l)
according to the reaction 2H2(g) +O2(g) - 2H20(l)

The heat capacity of the calorimeter is 90.6 kJ/°C and the
initial temperature is 25.000°C. The reaction is ignited and the
temperature increases to 25.155 °C. Calculate q for this
reaction.

AT = 25.155 - 25.000°C = 0.155°C

gcal = CAT = (90.6 kJ/°C)(0.155°C) = 14.0 kJ

Was heat absorbed or released by the reaction (i.e., is the
reaction endo- or exothermic)?




Example: Bomb Calorimetry

H2(g) and O2(g) react to produce H20(l) according to the
reaction 2H2(g) +O2(g) - 2H20(l) qcal =14.0 kJ

Was heat absorbed or released by the reaction (i.e., is the
reaction endo- or exothermic)?

e temperature of the calorimeter increased.

Heat was released by the reaction and absorbed by the
calorimeter.

The reaction is exothermic. qcal = -gqrxn




Constant Pressure Calorimetry

‘Recall: AH is the heat at constant
pressure.

AH = AU + PAV = gp

Therefore, constant pressure
calorimeters measure AH directly.




Calorimeter (Const P)

' Measuring heat transfers during a chemical
reaction (e.g., coffee cup calorimeter)
- AHpxn = Qrxn = —Qcalorimeter= —MCGAT
Stirrer Thermometer Qrxn = —MCGAT
_}Lq’ ?f_j};i?—msulated Where m is the mass of water (or solution)

L= stopper cs is the specific heat capacity of water (or solution)

AT is the temperature change of the water during

;ﬁigﬁ\n — Nested the reaction.
insulated
cups
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Example: Constant P Calorimetry

A student built a coffee cup calorimeter using 100.0 mL of
water. 4.95 g solid KOH was then added to the water. As
the KOH dissolved into solution, the temperature of the
solution increased from 23.0°C to 34.5°C. Calculate

rxn. You may assume the density of water is 1.0g/mL
and its specific heat capacity is 4.184 J/g°C.




Example: Constant P Calorimetry

A student built a coffee cup calorimeter using 100.0 mL of water. 4.95 g solid KOH
was then added to the water. As the KOH dissolved into solution, the temperature
of the solution increased from 23.0°C to 34.5°C. Calculate AHrxn. You may assume
the density of water is 1.0g/mL and its specific heat capacity is 4.184 J/g°C.

Before we start with calculations, let's think about where we are going
d the concepts involved...

First: What is the reaction? The dissolution of KOH in H20.

Second: The temperature of the solution (in the calorimeter)
increased...so heat was absorbed by the solution in the calorimeter.

Knowing this; is the dissolution reaction happening in the calorimeter
releasing or absorbing heat?




Example: Constant P Calorimetry

A student built a coffee cup calorimeter using 100.0 mL of water. 4.95 g solid
KOH was then added to the water. As the KOH dissolved into solution, the
temperature of the solution increased from 23.0°C to 34.5°C. Calculate AHrxn.
You may assume the density of water is 1.0g/mL and its specific heat capacity is
4.184 J/g°C.

he reaction is releasing heat, and the calorimeter absorbs it.

Therefore, qcalorimeter = mcsAT qcalorimeter = — qrxn

So, qcalorimeter = — qrxn = — AHrxn (recall that gp = AH)



Example: Constant P Calorimetry

'A student built a coffee cup calorimeter using 100.0 mL of water.4.95 g
solid KOH was then added to the water. As the KOH dissolved into
solution, the temperature of the solution increased from 23.0°C to 34.5°C.

Calculate AH,,,. You may assume the density of water is 1.0g/mL and its
specific heat capacity is 4.184 J/g°C.

Now, we're ready to start calculating. Let's find the heat
absorbed by the calorimeter first.

qcal = MCAT = mcg (Tf - Ti)

The mass of the calorimeter solution is the mass of the water
plus the KOH dissolved, so

—100mL(10g

1 mL

) + 4.95g = 104.95 g solution




Example: Constant P Calorimetry

'A student built a coffee cup calorimeter using 100.0 mL of water.4.95 g
solid KOH was then added to the water. As the KOH dissolved into
solution, the temperature of the solution increased from 23.0°C to 34.5°C.
Calculate AH.,.,,. You may assume the density of water is 1.0g/mL and its
specific heat capacity is 4.184 J/g°C.

qcal = MCAT = mcg (Tf - Ti)

m=10495g,  cq=4184)/p0
AT = T; — T; = 34.5 — 23.0 °C = 11.5 °C
Geat = (10495 8) (4.184 )/ o) (115 °C) = 5049.8
5050 J




Example: Constant P Calorimetry

'A student built a coffee cup calorimeter using 100.0 mL of water.
495 g solid KOH was then added to the water. As the KOH
dissolved into solution, the temperature of the solution increased
from 23.0°C to 34.5°C. Calculate AH,,,. You may assume the density
of water is 1.0g/mL and its specific heat capacity is 4.184 J/g°C.

qcql = 5050 Qcql = — AHpyy = —5050] (or — 5.050 KJ)
AH,, = —5050 ] (or — 5.050 kJ)

We need 3 significant figures, so AH.,.,,, = —5.05 kJ

This experiment showed that 5.05 kJ was released
when 4.95 g KOH was dissolved into 100 mL of water.




Example: Constant P Calorimetry

'This experiment showed us that 5.05 kJ was released when
495 g KOH was dissolved into water.

How could use our result to figure out how much heat is
released when 1 mol of KOH is dissolved into solution?

Let's use our result as a conversion factor (4.95 g KOH
releases 5.05 kJ as heat)

The molar mass of KOH is 56.11g/mol.

56.11 -5 ( = —57.2 kj/mol KOH dissolved (AH.,)

—5.05 K] )
mol

4.95 g KOH




Summary of Calorimetry Concepts

Calorimetry is a means to measure heat transfer during a
reaction.

Calorimeters minimize heat loss to the surroundings making
it possible to relate the observed temperature change in
the calorimeter to the reaction occurring inside.

The amount of heat absorbed by the calorimeter is the same
as the amount of heat released during the reaction, if we
assume no heat is lost to the surrounding environment, or
vice versa.



Summary of Calorimetry Concepts

Qealorimeter 1S €qual in magnitude to q,.,,, with opposite sign.

For an exothermic reaction at const P (heat is released by
the reaction and absorbed by the calorimeter):

Qcal = — AHi4p

For an endothermic reaction at const P (heat is absorbed by
the reaction from the calorimeter):

—Qcal = AHyy

For an endothermic reaction, would the temperature of
the calorimeter increase or decrease?




Summary of Calorimetry Concepts
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For an exothermic reaction at const P (heat is released by
the reaction and absorbed by the calorimeter):

Qcal = — AHi4p

For an endothermic reaction at const P (heat is absorbed by
the reaction from the calorimeter):

—Qcal = AHyy

For an endothermic reaction, would the temperature of
the calorimeter increase or decrease?




Summary of Calorimetry Concepts

In a constant pressure calorimetry experiment, we
can measure the heat transfer for a small amount of
reactant, then use our result to calculate the molar
enthalpy, which is the amount of heat released or
absorbed by a mole of the substance.

The heat under constant volume conditions is equal
to AU. qv=AU

The heat under constant pressure conditions is
equal to AH. qp=AH



What You Should Be Able to Do

Describe how a calorimetry experiment is used to
measure heat transfer.

Describe the differences between bomb and constant
pressure calorimetry, and which thermodynamic state
function they measure (AU or AH).

Be able to perform calculations involving calorimetry.

Be able to identify and justify whether energy (heat) was
released or absorbed by the reaction during a calorimetry
experiment.



