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Results and Discussion

Figure 1. Graphical representation of the change in temperature of a reaction occurring between NaOH
and H;0,, with linear regression lines used to extrapolate T (22.5 °C) and Ty, (26.4 °C) to calculate
the AH,cucion (-17.1 kJ/mole)




Figure 2. Graphical representation of the change in temperature of a reaction occurring between NaOH,,,,
and HCl,,, with linear regression lines used to extrapolate T,y (22.8 °C) and T (23.1 °C) to calculate
the AH,...i0n (-2.54 kJ/mole)

Figure 3. Graphical representation of the change in temperature of a reaction occurring between NaOH
and HCl,,,, with linear regression lines used to extrapolate Ty (21.9 °C) and T, (32.6 °C) to calculate
the AH,..iion (-96.0 kl/mole)

Table 1. Calculated Temperature, Heat, Moles, and Enthalpy Values for Three Reactions

Reaction #1 Reaction #2 Reaction #3
NaOHy, = NaOHu, NaOHu; + HCliw) = NaCla,, + Hally, NaOHy, + HCliwy > NaClag + HiOg,
Mass of Solution (g) 52.0 100.0 101.9
Initial Temperature (*C) X3 228 21.9
Final Temperature (°C) - 26.4 23.1 32.6
Change of Temperature 39 (.3 10.7
(*C)
Qsotusion (J) 791 120 4360
Qeatorimeter (J) _ 70 3 196
reaction (J) _ -861 -125 -4556
Moles of NaOH (mole) 5.035x 10° 5.0x 10° 4.625 x 107
AH,...i0. (kJ/mole) -17.1 2.5 09
| AH®, i (kI/mole) _ -44.5 | -55.83 -100.33
Percent Error _ 61.6% | 05.6% 1.3%




Conclusion:

Experiment Six, based around the properties of Thermochemistry, particularly the relation
between temperature changes in endothermic versus exothermic reaction and the relation to change in
enthalpy, utilized the properties of Hess’s Law in order to display the change in heat between the system
and the surroundings. Furthermore, this is utilized in order to understand the First Law of
Thermodynamics (Law of Energy Conservation): the total energy of the universe remains constant and is
neither created, nor destroyed. In this particular circumstance, standard heats of formation (abbreviated as
“AH®") were utilized in order to generate a standard enthalpy change (abbreviated as “AH® ... ). This
standard enthalpy change was then compared to calculated heats of reaction (abbreviated as “AH,.oion ).
which were calculated by using observed changes of temperature in the reaction. Using linear lines of
regression, the initial and final temperatures were extrapolated to the temperature at the time of mixing
(though a linear line of regression was not necessary for the initial temperature, it was included to
emphasize the fact that this temperature was extrapolated to the time of mixing, as the final temperature
wils).

According to Hess’s Law, the sum of the AH.csm values for reaction #1 and reaction #2 should
equal the calculated value for reaction #3. Experimentally, this was a large source of error, for according
to the standard values, the observed AH s for reaction #1 should have been in close proximity to -44.5
kl/mol., yet according to the empirical data, the AH,.... for reaction #1 was -17.1 kl/mole. Additionally,
the observed values for reaction #2 should have been approximately -55.83 kJ/mol., yet according to
empirical data, the AH, ... for reaction #2 was -2.5 kJ/mol. These two values (-17.1 kJ/mole and -2.5
kl/mole), are supposed to be the values which add up to equal the value for the AH,...... value for reaction

#3, which is the reaction that occurs when reaction #1 and #2 are summed, as displayed below:

(Reaction #1) NaOH,, = NaOH,,
_I_
(Reaction #2)  Na©OHu, + HCluy = NaClu, + Ha04

{Rﬂﬂﬂtiun #3} NH.GH“P + HCI.[;._H %‘ Hﬂ{jhm + HED{”

Yet, according to empirical data, these two reactions add up to -19.6 kl/mole, whereas they should result
in a sum of -99 kJ/mole. These results indicate a 79.4 kl/mole difference and an 80% error between the

AH,. .. results for Reaction #3 and the AH,..q. results for the sum ol Reaction #1 and Reaction #2, yet
they should be equal in magnitude. This error could have been the result of many possibilities. For

example, as visually rendered in Figure 1, the graph never actually began to level off, indicating that the



