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1. Infroduction

a) Purpose of experiment

The purpose of this calorimetry experiment is o measure the amount of thermal
energy transferred in a chemical or physical process between system and
surroundings. In this instance, it is o measure value of the heat capacity of the
calorimeter, the specific heat capacity of aluminium & the molar heat of the
reaction of HCl with NaOH. clear and concise purpose

b) Hypotheses undergoing testing

If all relevant parameters have been found and have been accurately measured,
then these can be used alongside the required equations to calculate a precise
value for the specific heat capacity of the calorimeter and aluminium, and the
molar heat of the reaction.

c) Variables & Equations

The heat change Q (J) of the aluminium is calculated using mass (g). cp is the
specific heat capacity (J per g per °C) and AT is temperature change (°C):

Q=m x cp x AT
This equation is used to obtain the value of heat capacity of the calorimeter,
HCcalorimeter:

Qco\on’mefer = Hccclon'mefer X ATcolorimefer

Calculate Qrot-water aNd Qeol-water With the equation above to find Qealorimeter to UsE
with this equation:

- Qhor—wcrer = Qco\d—warer+ Qca\orimeter

This equation can be used to determine the specific heat capacity of a metal (cp
metal). Only when all other parameters in question are found (Cp water is 4.186 J/(g°C)):

Mmetal X Cp meial X ATmeial =
=- (mwclter X Cpwater X ATwater + HCcalorimeter X ATcalorimeTer)




To measure heat of reaction for a chemical process, heat exchanged by the metal
(Q metal) is substituted by the heat exchanged by the reaction:

Qreaction = - (mwoter X Cp water X ATwater + HCcaloiimeter X ATcanrimeTer)

The number of moles of reactant is defined as n reactant = V reactant X C reactent, Where

Vreactant IS the volume and C reactant is the concentration.

Nreactant = Vrieactant X Creactant

This equation is to find the molar heat of reaction, as the heat of reaction per mole
of the limiting reactant:

Qreaction = Qlreaciion

Nreactant
2. Results

a) Experimental Data

Results for measuring the heat capacity of the calorimeter:

Thot = 600 degC Mhot water = 50mMl sig fig AThotwater = -15.4
Teold = 23. ldegc Mcold water = 50mMlsjg fig ATcold water = 21.5
Trax = 44 bgegc ATcalorimeter = 21.5

Qcold water = 4499.95) | Qhot water = -3223.22) | Qealoimeter=-1276.73)

HCcalorimeter = -59.38  |negative value of HC is incorrect; the final temperature reading was measured

J/g’C too high

Q=m x Cp X AT Qealoimeter = ~Qhet ~-Qcold
=3223.22 - 4499.95
Qhot = 50 x4.186 x-15.4 =-1276.73J
=-3223.22)
HCcoIorimerer = Qco\orimefer
Qcoa=50x4.186 x21.5 ATcalorimeter
= 4499.95)

HC catorimeter = -1 27673/ 21.5
=-59.38 J/g°'Cto2d.p




Results for measuring the heat capacity of the metal:

Type of metal = Aluminium

Thot=91°C Mmetal = 18.69g ATmetaF -61.4°C
Teold=23.6°C Mwater = 30ml ATwater=6"C

ml is not a unit of mass
Tmox = 29.6HC ATcoIorimeter = 6BC

Cpmerc\ = 03478J/g“C

all calculations are correct

time (s) | Twarer (°C) time (s) | Twarer (°C) time (s) | Twarer (°C)
10 24.7 130 29.6 250 29.5
20 27.1 140 29.6 260 29.5
30 28.8 150 29.6 270 29.5
40 28.8 160 29.5 280 29.4
50 29.3 170 29.6 290 29.4
60 29.4 180 29.6 300 29.3
70 29.5 190 29.6 310 29.3
80 29.6 200 29.6 320 29.3
90 29.6 210 29.5 330 29.3
100 29.6 220 29.5 340 29.3
110 29.6 230 29.5 350 29.3
120 29.6 240 29.5 360 29.3

Mmetal X Cpmerql X ATmetal =

= - (Mwater X CPwater X ATmetal + HCcalorimeter X ATcolorimeter)

Cpmem\ =

=z tmwcter X CchTer X ATmefGI + HC caloiimeter X ATCOIorimefer’l

Mmetal X ATmefCII

=-((30 x 4.186 x6) + (-59.38 x 6))

18.6 x-61.4

=0.3478J/g°C to 4 d.p




Results for measuring the heat capacity of the molar heat of the reaction of:

HCl + NaOH — NaCl + H20:

Tstart = 26-9deg(_‘

Tend = 329 degc

Ve = 50m sig fig

Char = TM

NHol = 0.05mal

ViaoH = 52ml sig fig

Croon=TM

NnacH = 0.052mol

Qreaction= -2206J

ATcalorimeter = 6°C

Creaction = -44 1 ]kJ/mO‘

all calculations are correct

= -2205.552)

NHcl = 50x10-3 x 1
= 0.05mol

NNaOH = 52x10-3 x 1
= 0.052mol

Jreaction = Qreaction

Nreactant

=-2205.55/0.05
Qreaction = 44111 kJ/moI

Nreactant = Vreactant X Creactant

Q¥reaction = '(mwoter X prc:fer X ATwater + HCcalorimeter X ATcalorimefer)
= (102 x 4.186 x 6) + (-59.38 x 6))




b) Results in tables/ graphs

Fig 1. Water temperature against time
Time against water temperature graph
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c) Key findings and patterns

When measuring the time against water, the results gathered are as expected, as
the temperature begins at Teoia which is 23.6 degrees, then guickly increases and
eventually comes to a point where the temperature stays the same, until near the
end where it slowly begins to lose temperature.

3. Discussion

a) Interpretation of experimental datanegative value of calorimeter heat capacity is not discussed

The value calculated from the use of measurements and calculations for the
specific heat capacity of the aluminium came out to 0.3478J/g°C. This value is lower
than what was expected, as the specific heat capacity of aluminium is 0.897J/g°C.
This suggest that either measurements were inaccurate, or a calculation has been
done incorrectly.

The final value for the molar heat of the HCI + NaOH — NaCl + H20 rection came out
to-44.111 kJ/mol and the heat of the reaction at -2205.552). Both these values
came out as a negative. This tells us that the reaction is releasing heat, causing the
temperature to rise.




b) Relevance of experiment in OME

Calorimetry can play a crucial role when it comes to developing new explosives as it
provides knowledge into the energy released by the explosive, and the stability/
safety variables at play. The partitioning of energy, and the rate of energy is
controlled by either chemical, kinetic, or diffusion processes. Detonation calorimetry
is used to investigate these processes [1].

Differential scanning calorimetry has been found to be a useful toolin energetic
materials examinations in explosives. “This method is an application for direct
monitoring of the changes of phase transitions and for assessment of the heat
energy uptake, which occurs in a sample within a regulated increase or decrease in
temperature” [2].

c) Limitations or potential error

A potential error that could take place when doing this experiment is if only a single
styrofoam coffee cup is used. When stirring the solution with the stiring rod, it is
possible to pierce through the single cup resulting in a spill of the liquid and loss of
volume for the experiment. Using a single cup can also face consequence when
pouring hot water, as when the water is bolled and poured into the cup, it is possible
that it can melt through the thin layer of one cup instead of two. This could result in
the experiment being a failure and a possible safety risk.

Exposure of the aluminium to air before it is used within the experiment could hinder
the heat transfer, resulting in inaccurate readings. The layer of oxidation canimpede
on the rate at which the heat is fransferred from the aluminium to the liquid, this

reduces the amount of heat transferred within the measured time.  g/uminum does not oxidise quickly
in air; this is not a cause of error

4. Conclusion

a) Summary of main findings

In conclusion, the experiment of calorimetry was successfully conducted, with
correlating calculations and reasonable measurements. This led to being able to use
the equations at hand to determine values for the heat capacity of the calorimeter,
the specific heat capacity of aluminium and the molar heat of the reaction. This
summary somewhat supports the hypothesis, as the values obtained were
unexpected. This suggest there was a mishap with either calculations, or an
inaccurate measurement of a substance.

b) Future research

Another area for further research that | have identified is conducting calorimetry
experiments with different chemicals/ metals to be able to see how different
chemicals react. Then compare their specific heat capacity to the answer that was
derived from this one with aluminium. The same will be done with the molar heat of
the reaction and the heat capacity of the calorimeter.
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6. Appendix

a) Materials & Equipment
Chemicals:

+  Aluminium
«  52ml of NaOH

«  50ml of HCI
«  Water
Equipment:

«  2xStyrofoam cups
- Lid

+ Thermometer

«  Stirring rod

+  Stand & Clamp

« Tongs

« Bunsen Burner

+  Class beaker

b) Experimental procedure
Procedure to measure HC cacimeter:

o Add 50ml of water to the Styrofoam coffee cups, and seal with the lid. Add the
thermometer and stirring rod.

o Take 50ml of water in a separate beaker and heat up to 80°C. Wait till the
temperature reaches 60 °C. When the water has cooled off, record its
temperature as Thot.

Measure the temperature of the water in the calorimeter and record it as Teola.
Add the hot water to the water in the calorimeter, and stir, while watching the
thermometer, record the maximum equilibrium temperature of the mixture,
record it as Tmax.




Procedure to measure the specific heat capacity of the aluminium(ce meta)

Weigh the aluminium and record its mass as Mmeta.

Heat water until boiling and put aluminium into it. Continue boiling for another
5 minutes, to allow the metal to reach the same temperature as the water.
While this is being done, measure 30.0ml of water and add it to the calorimeter.
Measure the temperature of the water in the calorimeter and record it as Teoi.
Once the metal has reached thermal equilibrium, measure and record the
temperature of the hot water as Tret, and quickly add the metal to the waterin
the calorimeter using tongs.

Stir the water and record the temperature every 10 seconds (fime, Twater).
Record the maximum temperature reached by the water as Tmax.

Procedure to measure the molar heat of reaction of HCl with NaOH (g reaction)

o Place 52.0ml of 1.0 M NaOH into the calorimeter and pour 50.0 mL of 1.0 M HCI

intfo a beaker.
Place the two side-by-side until they attain the same temperature. Record this
value as Tear.

Add the HCI quickly to the calorimeter and record the temperature when it
reaches a maximum as Tend.

End
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