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Introduction:
	This experiment consists of three parts.  In the first part the goal is to determine the specific heat capacity of a metal, and its approximate molar mass.  The second part is used to determine the enthalpy of neutralization of two strong acids and one strong base.  As well as the third part that consists of determining the enthalpy of dissolution of an unknown salt.

	In an environment at the pressure of one atmosphere, and a temperature of 25oC, it is said that the element is in its standard state.  This allows us to establish the standard enthalpy formation.  Thus, we can define the heat of formation of a substance (∆Hf), as the change in enthalpy when one mole of a substance is formed from its elements in their natural states.  The heat formation can be used experimentally, but for simple compounds.  For more complex compounds, we must use what is called Hess’ Law.  This law states that the heat evolved or absorbed in a chemical process is the same whether the process takes place in one or in several steps.  Which means by adding all the enthalpies of simple reactions, it results in the enthalpy of the more complex compound.  In this experiment we will use a simple calorimeter (an apparatus used to measure the quantity of thermal energy gained or lost in a chemical change) constructed of two Styrofoam cups with a lid and a thermometer.

	The specific heat capacity of a substance is the quantity of energy required to heat by one degree, one gram of that substance. In this experiment we can determine the specific heat capacity of a metal by heating it in boiling water and then added to cold water.  We can assume that the temperature of the metal will decrease and the temperature of the water increases.  If there is no heat loss, then the heat loss of the metal must be equal to the heat gained by the water. This can be measured by the following equation:

-Qmetal = Qwater  

We can then, using the specific heat capacity, estimate the molar mass of the metal.

	smetal x MMmetal = 25 J/mol. oC
	As for the second part of the experiment, in a neutralization reaction the heat lost in a reaction must be equal to the heat absorbed by the solution but opposite in sign.  We then obtain,

QN= -msolution x ssolution x ∆Tsolution 

where QN is the total heat energy of neutralization.  By knowing this value we can easily determine the enthalpy of the reaction per mole of substance (X).  This can be expressed as:

	∆Hs= QN/ # of moles of X

	Lastly, in the third part of this experiment, we must first determine if the dissolution of the salt is an exothermic or an endothermic reaction.  An exothermic reaction is referring to a reaction that has liberated (lost) heat, whereas an endothermic reaction is referring to a reaction that has absorbed (gained) heat.  In this experiment the enthalpy of solution will be measured by the following equation:

	∆Hs= Qs/nsalt

Where Qs represents the quantity of heat absorbed or released by the solution.

Procedure:
As described in the lab manual.
Venkateswaran, Rashmi, “What in the World isn’t Chemistry?”, 2012 edition, Experiment 3, p.34-38

Observations/Results:

Table 1. Copper
	
	Trial 1
	Trial 2

	Mass of copper (g)
	10.57
	12.51

	Mass of the empty calorimeter (g)
	6.06
	6.06

	Volume of water (mL)
	20.0
	20.0

	Mass of the calorimeter + water (g)
	24.85
	24.99

	Temperature of boiling water (oC)
	99.9
	99.9

	Temperature of water (oC) at…
	
	

	

	0s
	22.9
	23.4

	
	30s
	22.9
	23.3

	
	60s
	22.9
	23.4

	
	90s
	22.9
	23.4

	
	120s
	22.9
	23.4

	
	150s 
	22.9
	23.4

	
	180s
	22.9
	23.4

	Mixing time (min.)
	3:10
	3:10

	Temperature of copper + water in the calorimeter (OC) at…
	
	

	
	210s
	26.4
	27.4

	
	230s
	26.2
	27.4

	
	250s
	26.2
	27.4

	
	270s
	26.2
	27.3

	
	290s
	26.2
	27.3

	
	310s
	26.1
	27.3

	
	330s
	26.1
	27.2

	
	350s
	26.1
	27.2

	
	370s
	26.0
	27.2

	
	390s
	26.0
	27.2

	
	410s
	26.0
	27.2

	
	430s
	26.0
	27.2

	
	450s
	-
	27.2

	
	470s
	-
	27.2

	Constant temperature of copper + water (oC)
	26.0
	27.2


*see Figure 1 and Figure 2

Observations:
· temperature of water is not fluctuating
· little fluctuation in the calorimeter with the addition of copper 
· temperature in calorimeter became hotter with the addition of the copper
· copper leaves behind some residue

Table 2. Neutralization Reaction with HCl
	
	Trial 1
	Trial 2

	Volume of HCl (mL)
	50.0
	50.0

	Concentration of HCl (M)
	1.1
	1.1

	Volume of NaOH (mL)
	50.0
	50.0

	Concentration of NaOH
	1.0
	1.0

	Temperature of NaOH (oC) at…
	
	

	

	0s
	22.8
	23.2

	
	30s
	22.8
	23.2

	
	60s
	22.8
	23.3

	
	90s
	22.8
	23.2

	
	120s
	22.8
	23.2

	
	150s 
	22.8
	23.2

	
	180s
	22.8
	23.2

	Mixing time (min.)
	3:10
	4:00

	Temperature of copper + water in the calorimeter (OC) at…
	
	

	
	210s
	29.2
	260s
	29.7

	
	230s
	29.1
	280s
	29.7

	
	250s
	29.1
	300s
	29.6

	
	270s
	29.1
	320s
	29.6

	
	290s
	29.1
	340s
	29.5

	
	310s
	29.0
	360s
	29.5

	
	330s
	28.9
	380s
	29.4

	
	350s
	28.9
	400s
	29.3

	
	370s
	28.9
	420s
	29.3

	
	390s
	28.8
	440s
	29.3

	
	410s
	28.8
	460s
	29.2

	
	430s
	28.8
	480s
	29.2

	
	450s
	28.8
	500s
	29.2

	
	470s
	28.8
	520s
	29.2

	
	490s
	28.7
	540s
	29.2

	
	510s
	28.7
	560s
	29.2

	
	530s
	28.6
	
	-

	
	550s
	28.6
	
	-

	
	570s
	28.6
	
	-

	
	590s
	28.6
	
	-

	
	610s
	28.6
	
	-

	
	630s
	28.6
	
	-

	
	650s
	28.6
	
	-

	
	670s
	28.5
	
	-

	
	690s
	28.5
	
	-

	
	710s
	28.5
	
	-

	
	730s
	28.4
	
	-

	
	750s
	28.4
	
	-

	
	770s
	28.4
	
	-

	
	790s
	28.4
	
	-

	
	810s
	28.3
	
	-

	
	830s
	28.3
	
	-

	
	850s
	28.3
	
	-

	
	890s
	28.3
	
	-

	
	910s
	28.3
	
	-

	
	930s
	28.3
	
	-

	Mass of calorimeter with lid + solution (g)
	106.38
	-


*Data of second trial was taken by Jordan Bekto (6923779) and Ryan O’Connor (6852747)
*see Figure 3 and Figure 4

Observations:
· The temperature of NaOH is constant
· The temperature of the solution is cooling down

Table 3. Neutralization Reaction with HNO3
	
	Trial 1
	Trial 2

	Volume of HNO3 (mL)
	50.0
	50.0

	Concentration of HNO3 (M)
	1.1
	1.1

	Volume of NaOH (mL)
	50.0
	50.0

	Concentration of NaOH
	1.0
	1.0

	Temperature of NaOH (oC) at…
	
	

	

	0s
	23.4
	23.2

	
	30s
	23.6
	23.3

	
	60s
	23.6
	23.4

	
	90s
	23.6
	23.4

	
	120s
	23.6
	23.3

	
	150s 
	23.6
	23.3

	
	180s
	23.6
	23.3

	Mixing time (min.)
	3:05
	3:05

	Temperature of copper + water in the calorimeter (OC) at…
	
	

	
	205s
	30.2
	29.4

	
	225s
	30.2
	29.5

	
	245s
	30.2
	29.5

	
	265s
	30.1
	29.5

	
	285s
	30.1
	29.4

	
	305s
	30.1
	29.4

	
	325s
	30.1
	29.4

	
	345s
	30.0
	29.4

	
	365s
	30.0
	29.4

	
	385s
	30.0
	29.4

	
	405s
	-
	29.3

	
	425s
	-
	29.3

	
	445s
	-
	29.3

	
	465s
	-
	29.2

	
	485s
	-
	29.2

	
	505s
	-
	29.2

	Mass of calorimeter with lid + solution (g)
	106.69
	107.63


*see Figure 5 and Figure 6

Observations:
· The temperature of NaOH and HNO3 becomes hotter than the NaOH by itself
· The temperature of the solution is then cooling down

Table 4. Unknown Salt
	
	Trial 1
	Trial 2

	Unknown salt (#)
	B
	B

	Mass of salt (g)
	1.55
	1.58

	Mass of empty calorimeter (g)
	6.13
	6.15

	Volume of water (mL)
	20.0
	20.0

	Temperature of NaOH (oC) at…
	
	

	

	0s
	23.2
	22.2

	
	30s
	23.2
	22.2

	
	60s
	23.2
	22.2

	
	90s
	23.2
	22.2

	
	120s
	23.1
	22.2

	
	150s 
	23.1
	22.2

	
	180s
	23.1
	22.2

	Mixing time (min.)
	3:10
	3:10

	Temperature of copper + water in the calorimeter (OC) at…
	
	

	
	210s
	21.8
	21.5

	
	230s
	20.8
	19.3

	
	250s
	19.8
	18.7

	
	270s
	19.3
	18.6

	
	290s
	18.6
	18.6

	
	310s
	18.5
	18.6

	
	330s
	19.0
	18.5

	
	350s
	19.3
	18.5

	
	370s
	19.5
	18.4

	
	390s
	19.5
	18.2

	
	410s
	19.6
	18.3

	
	430s
	19.6
	18.3

	
	450s
	19.7
	18.4

	
	470s
	19.7
	18.4

	
	490s
	19.7
	18.4

	
	510s
	19.7
	18.4

	
	530s
	19.7
	18.4

	
	550s
	19.7
	18.5

	
	570s
	x
	18.5

	
	590s
	x
	18.5

	
	610s
	x
	18.5

	
	630s
	x
	18.5

	Stable temperature of water + salt (oC)
	19.7
	18.5


*see Figure 7 and Figure 8

Observations:
· The temperature of the water in the calorimeter remains constant
· The temperature of the salt and water heats up and then cools back down
· The temperature drops considerably in both trials


Table 5. Specific Heat Capacity and Molar Mass of Copper
	
	Trial 1
	Trial 2

	Change in temperature of water (oC)
	3.10
	3.8

	Energy gained by water – Qwater (J)
	244
	301

	Change in temperature of copper (oC)
	-73.9
	-72.7

	Specific heat capacity of copper (J/g. oC)
	0.312
	0.331

	Approximate molar mass of copper (g/mol)
	80.13
	75.53

	Theoretical value of the molar mass of copper (g/mol)
	63.55
	63.55

	Theoretical specific heat capacity of copper (J/g. oC)
	0.385
	0.385

	Percent error in the molar mass of copper (%)
	26.1
	18.9

	Percent error in the specific heat capacity of copper (%)
	-19.0
	-14.0



Table 6. Enthalpy of Neutralization with HCl
	
	Trial 1
	Trial 2

	Change in temperature of the solution (oC)
	5.5
	6.0

	Volume of the final solution (mL)
	100.0
	100.0

	Mass of the final solution (g)
	100.0
	100.0

	Energy released during the neutralization reaction– QN  (J)
	
-2301
	
-2510

	Number of moles of NaOH (mol)
	0.055
	0.055

	Number of water moles formed (mol)
	0.055
	0.055

	Heat of neutralization per mole of water – ∆H (J/mol)
	-41 836
	-45 636

	Theoretical value of the heat of neutralization per mole of water (J/mol)
	
369 900
	
369 900

	Percent error of the heat of neutralization (%)
	-88.7
	-87.7




Table 7.  Enthalpy of Neutralization with HNO3
	
	Trial 1
	Trial 2

	Change in temperature of the solution (oC)
	6.4
	5.9

	Volume of the final solution (mL)
	100.0
	100.0

	Mass of the final solution (g)
	100.0
	100.0

	Energy released during the neutralization reaction– QN  (J)
	
-2678
	
-2469

	Number of moles of NaOH (mol)
	0.055
	0.055

	Number of water moles formed (mol)
	0.055
	0.055

	Heat of neutralization per mole of water – ∆H (J/mol)
	-48 691
	-44 891

	Theoretical value of the heat of neutralization per mole of water (J/mol)
	
-88 900
	
-88 900

	Percent error of the heat of neutralization (%)
	-45.2
	-49.5



Table 8. Enthalpy of Dissolution of a Salt
	
	Trial 1
	Trial 2

	Change in temperature of the solution (oC)
	-3.4
	-3.7

	Energy released/absorbed by the solution– Qsolution (J)
	267
	286

	Number of moles of salt (mol)
	0.021
	0.021

	Enthalpy of dissolution per mole of salt– ∆Hs (J/mol)
	12 718
	13 619

	Theoretical enthalpy of dissolution per mole of salt– ∆Hs (J/mol)
	-
	-

	Percent error (%)
	-
	-




Sample Calculation
Part 1 – Enthalpy of a metal

· Temperature change of water
Trial 1
∆Twater= Tf -Ti
∆Twater= 26.0 oC – 22.9 oC
∆Twater= 3.10 oC

· Energy gained by the water
Trial 1
Qwater= mwater  swater  ∆Twater
Qwater= (18.79g) (4.184 J/g. oC) (3.10 oC)
Qwater= 244 J

· Temperature change of copper
Trial 1
∆Tcopper= Tf -Ti
∆Tcopper= 26.0 oC – 99.9 oC
∆Tcopper= -73.9 oC

· Specific heat capacity of copper
Trial 1
Qwater= -(Qcopper)
Qwater= -mcopper scopper ∆Tcopper
scopper=  -Qwater/ mcopper ∆Tcopper
scopper=  -(244 J)/ (10.57 g) (-73.9 oC)
scopper=  0.312 J/g. oC

· Molar mass of copper

Trial 1
scopper x MMcopper= 25.0 J/mol.oC
MMcopper= (25.0 J/mol.oC) / scopper
MMcopper= (25.0 J/mol.oC) / (0.312 J/g. oC)
MMcopper= 80.13 g/mol

· Percent error
Trial 1
Mcopper= 63.55 g/mol

Percent error of the molar mass= [(experimental value– real value)/real value] x 100
Percent error of the molar mass= [(80.13 – 63.55)/ 63.55] x 100
Percent error of the molar mass = 26.1 %

Percent error of the specific heat capacity= [(experimental value – real value)/real value] x 100
Percent error of the specific heat capacity= [(0.312 – 0.385)/0.385] x 100
Percent error of the specific heat capacity= -19.0 %

Part 2—Enthalpy of Neutralization

· Temperature change of solution

With HCl…
Trial 1
∆Tsolution= Tf -Ti
∆Tsolution= 28.3 oC – 22.8 oC
∆Tsolution= 5.5 oC

With HNO3…
Trial 1
∆Tsolution= Tf -Ti
∆Tsolution= 30 oC – 23.6 oC
∆Tsolution= 6.4 oC

· Final volume of the solution

With HCl…
Trial 1
Vf= VNaOH + VHCl
Vf= 50.0 mL + 50.0 mL
Vf= 100.0 mL

With HNO3…
Trial 1
Vf= VNaOH + VHCl
Vf= 50.0 mL + 50.0 mL
Vf= 100.0 mL

· Final mass of the solution

With HCl…
Essai 1
mf= Vf/ density
mf= 100.0 mL/ (1.0 g/mL)
mf= 100.0 g


With HNO3…
Essai 2
mf= Vf/ density
mf= 100.0 mL/ (1.0 g/mL)
mf= 100.0 g

·   Energy released during neutralization 

With HCl…
Trial 1
QN= -msolution ssolution ∆Tsolution
QN= -(100.0 g) (4.184 J/g.oC) (5.5 oC)
QN= - 2301 J

With HNO3…
Trial 1
QN= -msolution ssolution ∆Tsolution
QN= -(100,0 g) (4.184 J/g.oC) (6.4 oC)
QN= - 2678 J

·  Nomber of moles of the limitant reagent (NaOH)

With HCl…
Trial 1
nNaOH= c x v
nNaOH= 1.1 M (0.050 L)
nNaOH= 0.055 moles

With HNO3…
Trial 1
nNaOH= c x v
nNaOH= 1.1 M (0.050 L)
nNaOH= 0.055 moles

·  Number of water moles formed

With HCl…
Trial 1
NaOH(aq) + HCl(aq) → NaCl(aq) + H2O(l)

1 mol NaOH = 1 mol H2O
0.055 mol NaOH = # of H2O moles

nH2O= 0.055 moles

Avec HNO3…
Trial 1
NaOH(aq) + HNO3(aq) → NaNO3(aq) + H2O(l)

1 mol NaOH = 1 mol H2O
0.055 mol NaOH = # of H2O moles

nH2O= 0.055 moles

·  The heat of neutralization per mole of water 

With HCl…
Trial 1
∆H= QN/ nH2O
∆H= (-2301 J/ 0.055 mol)
∆H= -41 836 J/mol 

With HNO3…
Trial 1
∆H= QN/ nH2O
∆H= (-2678 J/ 0.055 mol)
∆H= -48 691 J/mol

·  Comparison 

The ∆H of each acid is similar. They have a difference of -90 527 J/mol.

·  Percent error of the heat neutralization

With HCl…
NaOH(aq) + HCl(aq) → NaCl(aq) + H2O(l)

		Substances
	∆Hfo

	NaOH
	-469 kJ/mol

	HCl
	-167.2 kJ/mol

	NaCl
	-385.9 kJ/mol

	H2O
	-285.8 kJ/mol



∆Hfo=  ∆Ho produits - ∆Ho réactifs
∆Horeaction= -369.9 kJ/mol = 369 900 J/mol

Trial 1
% error = [(experimental value– real value)/ real value] x 100
% error = [(-41 836 – (-369 900)/ (-369 900)] x 100
% error = -88.7 %

With HNO3…

NaOH(aq) + HNO3(aq) → NaNO3(aq) + H2O(l)

		Substances
	∆Hfo

	NaOH
	-469 kJ/mol

	HNO3
	-174.1 kJ/mol

	NaNO3
	-446.2 kJ/mol

	H2O
	-285.8 kJ/mol



∆Hfo=  ∆Ho produits - ∆Ho réactifs
∆Horéaction= -88.9 kJ/mol = -88 900 J/mol

Trial 1
% error = [(experimental value – real value)/real value] x 100
% error = [(-48 691 – (-88 900)/ (-88 900)] x 100
% error = -45.2 %

Part 3 – Enthalpy of Dissolution of a Salt

·   Temperature change of the solution

Trial 1
∆Tsolution= Tf -Ti
∆Tsolution= 19.7 oC – 23.1 oC
∆Tsolution= -3.4 oC

·  Energy released/absorbed by the solution

Trial 1
Qsolution= msolution ssolution ∆Tsolution
Qsolution= (msalt + mwater) ssolution ∆Tsolution
Qsolution= -(1.55 g + 19.04 g) (3.815 J/g.oC) (-3.4 oC)
Qsolution= 267 J

·  Enthalpy of dissolution per mole of salt

Trial 1
nsalt= m/M
nsalt= 1.55 g/(74.55 g/mol)
nsalt= 0.021 mol

∆Hs= Qs/nsel
∆Hs= 271 J/(0.021) mol
∆Hs= 12 718 J/mol

·  Percent error
*no theoretical value found

Discussion:

	For the first part of the experiment, the theoretical value of the molar mass of copper is 63.55 g/mol.  Although, the value of the molar mass found during trial 1 of the experiment was 80.13 g/mol and 75.53 g/mol for the second trial.  The former gives us a percent error of 26.1% whereas the latter gives us a percent error of 18.9%.  In what concerns the specific heat capacity of copper, the theoretical value is 0.385 J/g.oC.  In the previous calculations, the specific heat capacity for trial 1 is 0.312 J/g. oC, which gives a percent error of -19.0 %.  In the second trial the specific heat capacity is of 0.331 J/g.oC, giving a percent error of -14.0 %.

	In the second part of the experiment, the enthalpy of neutralization of HCl and NaOH is -41 836 J/mol, for the first trial.  In the second trial it has a value of -45 636 J/mol.  However, theoretically speaking, the standard enthalpy of neutralization for this reaction is -369 900 J/mol.  Consequently giving us a percent error of -88.7 % and  -87.7 %.  The standard enthalpy of neutralization of HNO3 and NaOH is -88 900 J/mol, but trial 1 gives us a value of -48 691 J/mol and trial 2 gives us a value of -44 891 J/mol.  The percent errors are therefore -45.2% and -49.5%.  This means, all reactions were exothermic.

	In the last part of the experiment, we have an unknown salt called salt C.  The experimental value of the enthalpy of dissolution calculated in trial 1 is 12 718 J/mol, and 13 619 J/mol in the second trial, making both reactions endothermic.  Because it is an unknown salt, no theoretical was found to prove the identity of this salt.

	Evidently, there were many possible errors that could have occurred during the experiment.  First of all, the calorimeter that we were using was formed of two Styrofoam cups and a plastic lid.  The thermometer of the calorimeter was placed through a hole in the plastic lid.  After doing many manipulations, the hole in the plastic lid could have become bigger, allowing heat to escape and therefore making the reaction more exothermic and decreasing the value of the enthalpy.  It is also possible that the contrary could have happened.  This meaning the heat from the external environment of the calorimeter could have entered the hole and caused the reaction to become more endothermic, therefore increasing the value of enthalpy.  Other little factors could have played a role in the percent error, such as the inaccuracy of the balance or the loss of salt.  These examples could have influenced the mass of the salt, making it heavier and lighter than it actually is, making it difficult to find its real identity.  Lastly, the inaccuracy of the thermometer could have also influence the results, by making the temperature read hotter or colder than the real temperature.

Conclusion:

	In conclusion, the approximate molar mass of copper is 80.13 g/mol in the first trial and 75.53 g/mol in the second trial, both giving a percent error of 26.1 % and 18.9 %.  The specific heat capacity of copper in the experiment is 0.312 J/g. oC in the first trial and 0.331 J/g. oC in the second trial.  The former gives a percent error or -19.0 %, and the latter gives a percent error or -14.0 %. The enthalpy of neutralization of HCl and NaOH is -41 836 J/mol, for the first trial, and has a value of -45 636 J/mol in the second trial.  Consequently, the percent errors are -88.7 % and -87.7 %.  The standard enthalpy of neutralization of HNO3 and NaOH in trial 1 gives us a value of -48 691 J/mol and trial 2 gives us a value of -44 891 J/mol.  The percent errors are therefore -45.2 % and -49.5 %.  Lastly, the identity of the unknown salt was not found, but the enthalpy of dissolution is 12 718 J/mol in trial 1, and 13 619 J/mol in the second trial 2.


