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Determination of the Enthalpy of
Combustion of Sucrose Using Bomb
Calorimetry

Abstract

The heat of combustion of sucrose (C19HpO11) was experimentally determined by adiabatic bomb
calorimetry. The calorimeter constant Cye, = 8.78 kJ/°C was determined via the combustion of standard
benzoic acid (C;HgO,), AU = -26.41 kj/g. Once the calorimeter had been calibrated, the change in internal
energy of sucrose was determined to be -6.97 £ 0.03 kJ. Using the change in internal energy, the heat of
combustion of sucrose AcH = -4599 £ 257.9 kj/mol was estimated by substitution of the ideal gas law,
AH = AU + R-Ty-Anggs. The calculated heat of combustion was compared to an accepted literature value
AcHC 50154 = -5643.4 & 1.8 kj/mol resulting in an error of 18.50%.

INTRODUCTION

Ne of the oldest known scientific meth-
Oods used to measure energy transfer

due to heat evolution during a chemi-
cal reaction is known as calorimetry (1). The
device utilized to measure the energy transfer
is known as a calorimeter. In particular, bomb
calorimetry is a feasible way to determine the
unknown heat of combustion value of a sub-
stance such as sucrose when a known heat of
combustion value of a substance has been ac-
curately determined and is easily accessible (2),
such as that for benzoic acid.

Calorimeters are regularly enclosed by an
additional water bath that is kept at equal tem-
perature to the calorimeter in order to avoid
heat loss from the system to the surroundings.
Such systems are termed adiabatic because
heat (q) is not lost nor gained, thus q is equal
to 0. The temperature change of the water is
then measured to determine the energy output
of the sample combustion. The calorimeter is
treated as an adiabatic system because it was
thermally insulated and was proficient in pre-
venting heat loss.

In order to use this method to calculate heat
of combustion of a substance, a substance such
as benzoic acid with a known heat of com-

bustion must first be used to determine the
calorimeter constant. The sample is made into
a pellet, weighed, and then placed into a cru-
cible held inside the bomb. The sample comes
into contact with an ignition wire, and the
bomb is pressurized with 25-30 atmospheres
of oxygen gas. Once the bomb has been placed
into a known volume of water, and the initial
temperature has been determined and mea-
sured for a certain amount of time, the bomb is
ignited and an electrical current passes through
to ignite the substance. Firing of the bomb, and
consequently combustion of the substance, will
raise the temperature of the water quickly and
significantly due to the heat evolved during the
course of the reaction. This process will give
initial temperature (T;,;;i,;) and final tempera-
ture (T fiy07), which will be used to determine
the heat capacity (Cy,;) of the calorimeter via
the following equation: AUpe,= -Coar (T finar-
Tinitia1).- Knowing the relationship between heat
of combustion and internal energy, the follow-
ing equation can be employed: AU=AH-A(pv)
(3). By treating the products of the combustion
reaction as ideal gasses, the following equation
then arises: AH=AU+RTAng,s (4), bestowing
the enthalpy of combustion of a pure substance
such as sucrose, which was used in this experi-
ment.



Physical Chemistry Report @ November 2012

METHODOLOGY

The calorimeter holds a metal, thick-walled
container, which is the bomb. The bomb holds
the sample to be burned, which will first be
benzoic acid then sucrose, in a metal crucible.
A small length of wire, about 10 cm, feeds
through and is in direct contact with the sam-
ple. An electric current is passed through the
wire, heating it rapidly, thus initiating combus-
tion. The bomb must then be sealed tightly
and filled with pure oxygen at 25-30 atm. It
is important to fill and vent the oxygen a cou-
ple of times first to flush out any atmospheric
nitrogen, then fill a third time without vent-
ing to pressurize the bomb. The bomb is then
ready to be placed in the calorimeter. Water
is poured into the calorimeter, completely sub-
merging the bomb, and must constantly be
stirred to help ensure a uniform temperature
throughout the bath, which itself is isolated
from the surroundings.

Equipped with a thermometer, the temper-
ature is measured before combustion for 10
minutes, once the bomb has been fired for ap-
proximately 10 minutes, and after the sample
has been combusted. For speedy and com-
plete combustion of the sample, the system is
connected electrically and a current is passed
through the wire. The temperature then rises
rather quickly and the sample is ignited, dur-
ing which, the wire may also be mostly or
completely burned. The walls of the bomb are
made of thick alloy metal to make certain that
combustion takes place at constant volume. We
are therefore primarily concerned with change
in internal energy, U. When this internal energy
is released from the sample being combusted,
it will be maintained in the water bath and
the walls of the bomb due to the fact that the
system is adiabatic as the apparatus is ther-
mally insulated. Finally, by measuring the rise
in temperature and the heat capacity of the
calorimeter via the calibration run, it is possi-
ble to measure the internal energy released by
the reaction.

DATA AND DiscussioN

The energy (AU) of benzoic acid is known to
be -26.41 kJ/g (4). This value made possible
the determination of the calorimeter constant
(Cyear), which was calculated to be 8.78 kJ/°C.
Figure 1 shows temperature vs. time for the
benzoic acid combustion. After the ignition of
the sucrose sample with an unknown heat of
combustion, the experimental heat of combus-
tion for sucrose can be determined. The litera-
ture value for the heat of combustion (AH) of
sucrose is -5643 k] /mol (5). The literature value
was also determined via bomb calorimetry so
the experimental differences should be negli-
gible. Table 1 summarizes the results of the
bomb calorimetry experiment. Trial 1 of this
experiment yielded a value of -4782 kJ/mol
and trial 2 produced a value of -4417 kJ/mol,
thus the average AH was -4599 £ 257.9 kJ/mol.
Figure 2 shows temperature vs. time for the
two sucrose combustion trials. However, this
average value does not quite compare to the
literature value, and the percent error equates
to 18.50%. Figure 2, however, display the data
as expected; initial temperature is stable, there
is a steep and steady increase once the bomb
is ignited, and then the temperature begins to
slowly decrease after the maximum tempera-
ture has been reached. This behavior is typical
of a combustion reaction in which bonds are
breaking and releasing energy in the form of
heat.

Table 1: Bomb Calorimetry Results.
Cupean (KI/C): 8.78
DH.ycros= 1 (K/mol): -4782
AHycroze 2 (KJ/mol): -4417
Avg. BAHsycroze (K /mol): -4599
Std. Dev. (kJ/mol): 257.9
Literature Value (kJ/mol): -5643.4
Percent Error (%): 18.50

The 18.50% difference could be the result
of several factors. The pressure of the oxygen
in the bomb varied with each trial. There was
26 atm in the calibration trial, 23 atm in su-
crose trial 1 run, and 22 atm in sucrose trial
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Figure 1: Temperature vs. time graph for the combustion of benzoic acid. The mass of the benzoic acid pellet
was 0.4200 g and the pressure inside the bomb was 26 atm.

2 run. Also, the initial temperature of the
water should have been above 25 °C but was
close to 22 °C for each trial. These numbers,
though small, can still lead to significant er-
ror when calculating values pertaining to en-
ergy. It is also true that the process was not
completely adiabatic. Heat is still capable of
escaping through the walls of the calorimeter,
thus adding uncertainty to the recorded tem-
perature values. The nichrome wire is also a
potential source of uncertainty in the experi-
ment. For example, completely neglecting the
change in internal energy caused by the com-
bustion of the nichrome wire would decrease
the experimentally determined calorimeter con-
stant which result in a smaller AH of sucrose
which would increase error of the experiment
to 18.96%. The amount of water surrounding
the bomb is also a source of error. Even a small
amount of uncertainty in the amount of water
measured could lead to error in the experi-
ment. For example, if 2001 mL was measured
rather than the expected 2000 mL, the water

would require 4.186 more Joules of energy to in-
crease the temperature by 1 °C. Still, the values
properly indicate that this process was highly
exothermic, and the error is not large enough
to invalidate the results.

CONCLUSION

Benzoic acid was used as a standard to de-
termine the calorimeter constant of the bomb
calorimeter used in this experiment. The
calorimeter constant was found to be 8.73
kJ/°C. The heat of combustion of sucrose was
determined to be -4599 + 257.9 kJ/mol. Com-
parison of our result to the literature value
of -5643.4 + 1.8 kJ/mol results in an error of
18.50%. This difference is most likely due to the
multiple sources of error described in the dis-
cussion section. We can conclude that the use
of bomb calorimetry to determine the heat of
combustion of sucrose was successful despite
moderate experimental error.
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Figure 2: Temperature vs. time graph for the combustion of sucrose. Trial one used sucrose mass 0.4977 g at
23 atm, and trial two used 0.5353 g at 22 atm.
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Determination of the Enthalpy of Combustion of Sucrose
using Bomb Calorimetry

Abstract

Calorimetry is the science of measuring the heat of chemical reactions and the subsequent
change in internal energy. An experiment was conducted to determine the enthalpy of
combustion of sucrose using Bomb Calorimetry. A benzoic acid calibration was performed to
determine the specific heat capacity of the bomb calorimeter, which was found to be -9.146 kJ/K.
The specific heat capacity was in turn used to calculate the enthalpy of combustion of sucrose:
-5199.8kJ/mol. The final change in enthalpy was 5199.77kJ/mol, deviating 9.26% from the
literature value of -5643.4kJ/mol.?

Introduction

A Bomb calorimeter is a constant-volume calorimeter utilized to measure the heat of combustion
of the enclosed chemical reaction. The heat of reaction is related to the change in internal energy
and is shown by:

AU=q+w 1)

where q is the heat absorbed or produced and w is the work done on or by the system. The
system is at constant volume and does not undergo expansion work. Therefore, the change of
internal energy of the system is equal to the heat of combustion.

AUvixn= Qvsys 2
All the energy released by the combustion reaction is transferred as heat into the surroundings. This
allows for the determination of the heat of combustion of the system at constant volume and is

related to the specific heat capacity, C,, of the system and the temperature change. The heat of
combustion can be obtained from the following equation,

“Jrxn= (sys= CVsysAT
3

If the system does not perform any additional work during the reaction, the change in enthalpy,
AH, is equal to the heat transferred to the system at constant pressure and moles. Any additional
work from increased pressure is negligible:

AH = AU + AnPV 4)

The following equation is then utilized to calibrate the calorimeter:

AH = Cyp AT (5)



Benzoic acid will be used as a means of obtaining the heat capacity of the calorimeter. Benzoic
acid was chosen because it burns completely in oxygen, is not hydroscopic, and is readily
available in pure form, and the literature values (enthalpy of combustion, etc) are well
established.” The following reaction occurs during combustion of benzoic acid:*

C5H5COOH(S) +15/2 Oz(g) --------- > 7 COz(g) + 3 H20(|)+ Energy (6)
Our study will be on the enthalpy of combustion of sucrose:
C12H22011(s)+ 12 Oz(g) --------- >12 COz(g)+ 11 HzO(g) + Energy (7)

However, as seen in equation 4, not all of the energy released goes to heating the water. Due to
logistics of the experiment, there is contribution of the fuse wire to internal energy and its
burning used to start the reaction:

AU ¢ompt AU yire= —CyAT (8)

The heat capacity for the bomb calorimeter can be calculated where AU omp iS the internal energy
of the benzoic acid standard and AU i IS the energy released due to combustion of the nichrome
wire. If we assume ideal behavior for all gases due to the gaseous products of the reaction, the
combustion reaction can be manipulated to,

AH = AU + R* Td* Angss 9)

where R is the ideal gas constant, Td is the midpoint temperature, and An is the stoichiometric
relationship between gaseous products to gaseous reactants.

Methodology

A Parr-type constant-volume bomb calorimeter was utilized for determination of the enthalpy of
combustion for sucrose. The calorimeter consisted of the bomb, an adiabatic container, and a
firing unit. The bomb was filled with oxygen at 27atm, sealed, and surrounded with water. The
bomb and cap were precisely made for exact fit. A one-way needle valve allowed for venting the
bomb after experiment completion. The bomb was loaded with ~1g of sample.’

The complete combustion of the sample was initiated by passing a current through the wire in
contact with the sample (benzoic acid or sucrose). Upon reaction, a temperature change was
observed and recorded in the bomb and surrounding water. The stirrer ensured even heat
distribution throughout the surrounding water where the temperature change was recorded via
high precision thermometer. A calibration run was performed using benzoic acid to calculate the
experimental heat capacity of the bomb. The combustion enthalpy for benzoic acid in the solid
state is -26.41kJ /g.°

The calorimeter was plugged into the ignition unit and the stirrer was turned on and temperature
was recorded every 30 seconds for 10 minutes. The bomb was then fired and temperature taken
every 30 seconds and 10 minutes after the maximum temperature was achieved. The bomb was
vented and the wire weighed to determine the mass combusted. * The temperature was measured



for 10 minutes prior to ignition to account for any addition of thermal energy contributed by the
rotating stirrer, which would affect the heat capacity; a constant temperature is desired.

Results

The change in temperature for the combustion of benzoic acid was plotted versus time to
determine the initial (pre-fire) and final (post-max) temperatures, and to extrapolate the midpoint
temperature with a linear trendline at ts and tma. These temperatures were used to find the
change in temperature during combustion and to further calculate the specific heat for benzoic
acid.

Sample Amass of wire (g) Temp water bath Bomb Pressure Bomb volume
(9] (atm) (mL)
Benzoic Acid 0.0088 25.6 27 341
Sucrose 0.0082 25.8 24 341

Table 1: Raw preliminary data for benzoic acid and sucrose.

Preliminary data shown in Table 1 were used in calculations for the determination of benzoic
acid from the run diagram shown in Figure 1.
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Figure 1. Temperature profile for a real calorimeter for the combustion of benzoic acid. Line at time=600s is the time the filament
was fired, tgre, and line at time~920s is the maximum temperature. The midpoint temperature, tq, iS determined with line at
t=690s.

The heat capacity of the bomb and calorimeter, C, ¢y, was found by determining the near-
isolated temperature change obtained from the specific enthalpy of combustion of benzoic acid
and fuse wire using equation (8), yielding a value of 21.66kJ/gK The change in internal energy
of the fuse wire is incorporated into the equation with a value of -5.86kJ/g. These values all
contribute to determining the enthalpy of combustion and change in internal energy for sucrose.

Sample Mass of pellet (g) AT AU comp (KJ/Q) C, (kJ/gK)
Benzoic Acid 0.5868 1.49 -26.41 21.66
Sucrose 0.572 0.73 -15.1




Table 2: Combustion of benzoic acid with calculated values.
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Figure 2: Temperature profile for the combustion of sucrose in a realistic calorimeter.

The midpoint temperature, T4, IS necessary to find for a bomb calorimeter because a realistic
combustion does not follow the ideal situation in which the slopes from t=0 to tfe and tyax to the
end of the run are not zero. From the trendlines constructed from these temperatures, the
midpoint temperature is determined and used to calculate the enthalpy of combustion. *

The values above were used to calculate the change in enthalpy of sucrose, which was found to
be -8.689kJ/g. The values utilized in this calculation included tsire, tmax, and tq. The midpoint
temperature, tq, is necessary to find for a bomb calorimeter because a realistic combustion does
not follow the ideal situation in which the slopes from t=0 to tsre and tmax to the end of the run
are not zero. Using the trendlines constructed from these temperatures, the midpoint temperature
was determined and used to calculate the enthalpy of combustion. The first change in enthalpy of
sucrose was used to find the corrected enthalpy with equation (9), resulting in an enthalpy
change of AH = -5199.8kJ/mol. Compared with the literature value of -5643.4kJ/mol,
experimental values deviated by 9.26%. Error was calculated by determining the quotient of the
literature value for the enthalpy of sucrose over the experimental value, subtracted from one,
shown in the equation below:

AHsuc(lit)

o — -
% Error | 1 AHsuc(exp)

| * 100 (10)

Discussion

The difference between the enthalpy of combustion and change in internal energy for sucrose
was 34.46kJ/mol. According to equation (5), the enthalpy of combustion and change in internal
energy are both equal to the heat capacity of the bomb multiplied by the change in
temperature. This made the values nearly equal to each other.



The enthalpy of combustion for the nichrome wire was very important to include in the
calculations for AU of sucrose. If the enthalpy for the nichrome wire were not included in
calculations for the enthalpy for sucrose, values would have resulted in a 28.7% error.

Sources of error include the percent error in water measurement and incomplete vaporization of
the nichrome wire. The internal volume of the Parr-bomb was measured to be 341mL. Inaccurate
measurements could lead to water vaporization within the bomb after ignition, therefore
changing the values of internal energy and enthalpy of vaporization because the system would no
longer be at constant pressure.® If vaporization of water occurred during the run, the enthalpy
would have increased significantly; a value of -77476kJ/mol was determined for increased water
vapor in the bomb- only 3 more moles of water vaporized. If there had been incomplete burning
of the nichrome wire, the change would have been smaller. The enthalpy of vaporization would
change to -4756.7kJ/mol. In the actual calculation for sucrose, the change in moles is negligible
if all the products are in the condensed phase.”

Ways of minimizing vaporization of water are by carefully monitoring temperature and not firing
the bomb unless the temperature change is no more than 0.01°C per minute. Methods of reducing
error include accurate temperature measurements more accurate volume determination.
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Bomb Calorimetry
Abstract:

The purpose of this experiment was to determine the change in internal energy of a sucrose
combustion system by calibrating a bomb calorimeter in order to find the heat capacitance of the
calorimeter. Bomb calorimetry can measure the change in enthalpy because there is no change in
volume so there is no work done by expansion and any internal energy is measured as a heat transfer.
The specific heat capacitance of the bomb was found to be 6.098 by using equation 2. The average

change in internal energy (AU) was found to be 46.65J, and the average change in enthalpy (AH) was This is how
found to be 113.195)J. Although the results weren’t similar to the ones given as literature values, they it was
were similar enough to those of our peers, resulting in a remotely successful experimental submitted.

determination of organic compounds using bomb calorimetry.
Introduction:

a

Bomb calorimetry is used to meagure
p N the change in internal energy of combusfion
t h / thermometer  reactions with the general formula giver in
Equation 1 (Egn. 1):
e M
/ \\ C,H\0, Okl (2X+Y/2'Z)/2 Oz(g) D X@(g) +Y
P PP D H,O Eqn. 1
Lo N % 2Y )
ignition H . . .
unit [ ] Calorimetry is a method that is used
i aadada Al in order to measure the change in internal
11— dewar energy of a system by accounting for the
transfer of heat in a system and the set-up is
- & ] 0 similar to that of Figure 1. The change in
1 0O, . . .
stirrer / \\ internal energy is equivalent to the sum of
water ™~ sample the work done on or by the system, and the
bomb//& o heat lost or gained by the system as shown in
Figure 1 Schematic drawing of the bomb calorimeter. Equation 2.

AUcalorimeter = { calorimeter + Walorimeter Eqn 2
In order to only measure the heat of the system, there must be no expansion work done on the

system, which is accomplished by using a container that keeps a constant volume so that all energy is
measured in heat as demonstrated in Equation 3.
Wea -0, and AU = Geal, Egn. 3
The heat lost by the reaction is equivalent to the heat gained by the system because the system
is at constant volume, which is interconnected to the heat specific heat capacity (C,)as well as the
change in temperature as shown in Equation 4:
v,y = Qv = C,,Sys - AT Eqgn. 4
Calorimetry can be a very accurate method of calculating enthalpies of reactions if it is
performed with care. Each calorimeter system must be calibrated in order to account for any error that
may occur due to the set up of the system. One of the two ways to calibrate the system is to run a
sample that is replaced by an electric heater, and the electrical work (Wejectric) done from the heater is
transmitted into the system as heat. The change in the temperature of the system that occurs can be
utilized to figure out the heat capacity of the calorimeter illustrated in Equation 5.

i — Welectric Eqn 5
s¥S Trinai—Tinitial

Electrical work can be calculated by calculating the amount of power (P) used by the heater
during the time the experiment was operational. The current () is introduced into the system at a
certain voltage (V), which is equivalent to the power used to operate the heater as shown in Equation 6.
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Welectric = P At =V -1 - At Egn. 6
The other way to calibrate the heat capacity of the calorimeter is to perform a reaction with a
sample with known thermodynamic properties like the change in internal energy and illustrated in
Equation 7.
AUknown = _CVCalorimeter ) (Tfinal — Tinitial) Eqn. 7
The calorimeter heat capacity is then used in further experiments of substances with unknown
thermodynamic properties by plugging in the heat capacity in Equation 3.
The change in enthalpy (AH) is used more often the internal energy because it is equal to the
bond energy as in Equation 8 where p is the pressure, and v is the volume:
AU = AH — A(p - v) Egn. 8
Although it is hard to measure reactions adiabatically, calorimetry quantifies enthalpy results
due to the association shown in Equation 8. The ideal gas law can be plugged into Equation 8 if it is
presumed that the gas will act ideally, and would convert into Equation 9:

AH =AU + R Ty - Ang,s Eqn. 9

The change in enthalpy is associated with the change in moles, n(products)-n(reactants), due to
R and the midpoint temperature being fairly constant. The last variable set becomes insignificant when
the products are in the condensed phase and the change in enthalpy becomes Equation 10:

AH = AU Egn. 10
Methodology:

The purpose of this experiment was to determine the change in internal energy by using a bomb
calorimeter to measure the combustion of hydrocarbons. Benzoic acid’s known enthalpy of combustion
was used in order to obtain the heat capacitance of the calorimeter. The heat capacitance was then
used in order to find the change in internal energy from the combustion of sucrose. All experiments
were carried out using deionized (DI) water, and using sucrose and Benzoic acid provided by the CSUCI
Chemistry stock room. The bomb calorimeter used in this experiment was made by Parr Instrument Co.
In the first week each partner was assigned to either prepare the Parr bomb, the calorimeter, or the
sample of Benzoic acid.

The sample was prepared by crushing some Benzoic acid in a mortar, weighing roughly 5.0
grams (g) of crushed Benzoic acid, and the crushed powder was turned into a pellet using a pellet press.
The pellet was weighed to be 0.393g. The sucrose pellets were prepared the same way, and were
weighed to be 0.510g, and 0.548g.

Roughly 10cm of nichrome wire was cut and attached to the two electrodes on the lid of the
Parr bomb. The pellet prepared previously was then placed in the crucible, and the nichrome wire was
bent in order to touch and hold down the pellet. The volume of the bomb was measured at 3.41L by
pouring in a known amount of water so that the volume of the container would be known for later
calculations. The lid was then carefully placed on the Parr bomb, and the bomb was filled with oxygen
until the pressure was 30atm, and then gas was released twice; the third time the oxygen was left inside
the bomb and placed into a stainless steel pail.

The pail was filled with 2.0L of DI water at a temperature between 298.15+0.5K, and care was
taken to remove bubbles around the bomb, and the bomb was watched for 5 minutes to ensure no new
bubbles formed so air didn’t interfere with the system. The lid of the bomb enclosure was placed on top
of the apparatus, a band was placed on the gears of the stirring rod located on the outside of the bomb
lid, and care was given in making sure the stirring rod attached to the lid on the inside was not hitting
the apparatus’s wall. The thermometer was gently inserted in the lid through a hole.



The temperature of the system was then measured in 30 second increments for ten minutes
prior to firing the bomb until the temperature stayed constant. The bomb was then fired and the
temperature was measured in increments as before until the temperature reached its maximum point,
and then the temperature was measured for 10 additional minutes.
Results:

The equations used to determine the values required to figure the change in enthalpy for
Benzoic Acid and Sucrose are in the supplemental material Excel spreadsheets.

Substance | Td,(K) [Ti,(Celsius) [ T,(Celsius), | AT, | AU,{J/mol)[ Cv,(}/mol) | Moles,sugar| AU,Molar [AH,(}/mol)| AHrecal [ Just,€02 [Lit,(k}/mol)]
Benzoic,Acid | 695 | 25.77 7733 | 1.56] J16352.95 | ]10482.66 ] ] ] ] ] ]
Sucrose, 300 2540 2671 1.31()13682.81 | )10482.66 0 1854667208 | )13660.84 | )13669.09 | )13682.82 15664

Unacceptable axis
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Table 1 Summary of the calculations for Benzoic Acid and Sucrose bomb calorimetry values

Mass of Benzoic Pellet (g) 0.5868

Bomb (mL) 350

<—Check that data is
visible when the
report is submitted.

Table 2 Data values for the pellets and the wires used in each experiment
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Figure 2 Determining AT for the combustion of Sucrose
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Discussion:

After calculating the results for the sucrose sample, it was observed that the values for internal
energy and enthalpy were extremely low compared to the literature value, as shown in Table 1. Benzoic
acid was used as the standard to calibrate the bomb calorimeter values and give rise to the heat
capacity to be used in the calculations of sucrose. The value is seen in Table 1.

Change in internal energy for the sucrose run was found to be -13.682 kJ, and our change in
enthalpy was found to be -13.705 kJ. These negative values indicate that energy was given off during the
combustion of the sucrose, which makes sense because when the sample burns, carbon dioxide and
water are the products. The change in internal energy and the change in enthalpy are relevant at the
midpoint temperature because as in equation 9 the second term has a constant temperature, moles,
and R so then the equation transforms into equation 10 and the change in enthalpy and internal energy
are equivalent. The final pressure was calculated to be 26.3 atmospheres which did not exceed the
design’s safe pressure capacitance of 45 atmospheres. The error in having a 1.0 mL difference in the pail
would produce an error of 0.0590J. Electrical energy method and the known sample method for
calibrating the calorimeter both have their advantages, but for the purpose of the experiment the
known sample was used due to finding out the closest value to what would be done to our system. The
change in enthalpy of the NIST standard was reported to be -5664 * 0.69 kJ/mol, with our sucrose run
resulting in a -13.697 kJ/mol heat of combustion of sucrose, and having a percent error of 99%.

Although the difference between the two values is dramatic, the values obtained by the other
groups during the lab calculations are similar to our own. The calculated values are in Table 1. Our group
also used two different bomb calorimeters during the two-week laboratory sessions, which might have
caused an error in our calculations because each calorimeter has a different insulating capacity and that
needs to be constant as well. With so much not being kept constant with our data, it is not surprising
that we calculated such different values between the changes in enthalpy of sucrose.

All of our attempts at igniting the benzoic acid were unsuccessful due to a procedural error from
leaving the pressure release valve open to the atmosphere allowing atmospheric nitrogen to re-enter
the bomb reaction chamber during the oxygen flushing process. Due to this, we weren’t able to ignite
the wire and, in effect, neither the benzoic acid nor the sucrose in our early attempts. The benzoic acid
data was collaboratively analyzed with another group along with one of the sucrose runs. This
collaboration contributed to the large difference between the literature and the calculated values. The
different masses of pellets, as well in the change in the mass of the wire need to be consistent between
groups due to the calculation of the specific heat capacity of the benzoic acid and the sucrose.

Overall, and thanks to the comparison between the other groups’ values, we were actually able
to successfully perform this bomb calorimetry lab. Unfortunately, we weren’t able to execute it well
enough to compare the values calculated to the literature values on the NIST website.
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