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Introduction:
                        Molar enthalpy is the enthalpy change per one mole of a substance undergoing a change. The reaction which can be absorb heat is known is endothermic, and the reaction which can release heat is known as exothermic reaction. There are different types of enthalpies such as, enthalpy of combustion, enthalpy of solution, and enthalpy of neutralization. Enthalpy is dependent on the amount of substance. If the molar enthalpy is taken as positive then the reaction is known as endothermic reaction, and if the molar enthalpy is negative than the reaction is exothermic. We can calculate the enthalpy of a reaction can be found by using 2 coffee cups as calorimeters. By using these 2 coffee cups, it can be assumed that they are a in a closed system, which means that no heat can be transferred into or out of the system. The reactions will take place in the coffee cups. The equation which is used to determine the enthalpy of the reaction is q=mCΔT. Where q represents the mass of contents, C is specific heat capacity, and ΔT is the difference in temperature (T2-T1).

                            After doing the following things we can make the following assumptions. The heat capacity of the calorimeter is negligible, for the following reasons.

                                         q reaction = -q calorimeter

                         mCΔT reaction = -mcΔT calorimeter
  From the following observation it can observed that the heat capacity of the substances in calorimeter is equal to the heat capacity of water. It can also be assumed that no heat is lost by the surrounding.
Always the equation is used from the perspective of the chemical system and not from the surroundings. So, heat lost by the substance is the heat gained by water, -q metal=-q water.
Then:
                  
	              - (m metal * C metal * ΔT)=(m water * C water * ΔT)

Then we can rearrange the formula to get C metal
C metal= -(m metal × ΔT)/(m water × C water × ΔT)
After figuring out the specific heat capacity of the metal, we can do further calculations by using Dulong’s and petit’s equations. By using their equations of relationship between molar mass and specific heat capacity , we can calculate the molar mass.

C metal * Molar Mass metal= 25J/mol ̊C
In order to determine the enthalpy of neutralization or solution of a substance (ΔH), q can be found by the equation q=mCΔT must be divided by the number of moles of that specific substance.
                                                        qn = -m ×  Cx × ΔT
                                     ΔHx and s= qx /# of moles of a substance

Procedure:
                   The complete procedure is described in the lab manual.
Observations/Results:

1) Enthalpy of a metal: Copper shots
In this experiment, the copper shots were boiled in the hot plate for 5 minutes. After boiling the copper shots, there was no change in the copper and it was still in it’s original shape. When we transferred the copper shots into the calorimeter which was mixed with water, as we swirling the calorimeter, the temperature was increasing, so therefore there was no heat lost into the surroundings.
	
2) Enthalpy of neutralization: HCl & NaOH
In this experiment, HCl and NaOH were used to figure out the temperature change after it was mixed, HCl is a strong acid and it had a strong smell, NaOH had no smell and it is a strong base. As they were both mixed together, temperature began to increase as we swirled the calorimeter for every 10 seconds for 2 minutes and than every 20 seconds for the other 2 minutes. Indicating that the reaction with a strong acid and strong base is an endothermic reaction and heat was not lost into the surroundings.
3) Enthalpy of Dissolution for Salt: Unknown salt B
This experiment was totally opposite to the other two experiments which are mentioned above. This is because as we mixed the unknown salt with water and swirled the calorimeter for  a while, the temperature was decreasing from its initial which indicates this was a exothermic reaction and heat was escaping in the surroundings.
4) Enthalpy of neutralization: HCl & HNO3 
In this experiment, HCl and NaOH were used to figure out the temperature change after it was mixed, HNO3 is a strong acid and it had a strong smell too, whereas NaOH had no smell and it is a strong base. As they were both mixed together, temperature began to increase a bit as we swirled the calorimeter for every 10 seconds for 2 minutes and than every 20 seconds for the other 2 minutes. Indicating that the reaction with a strong acid and strong base is an endothermic reaction and heat was lost into the surrounding.


                    Data Table-1 (Specific Heat Capacity of a metal:Copper)
                                                  Trial 1                                   Trial 2
	Mass of the Cu, (g)
	11.52g
	13.95g

	Mass of empty calorimeter, (g)
	4.2352g
	4.2352g

	Mass of calorimeter and H2O, (g)
	26.12g
	26.1459g

	Mass of H2O, (g)
	19.4046g
	19.4046g

	Temperature of H2O, (oC)
	22.5 oC
	23.0 oC

	Temperature of H2O after     1 min, (oC)
	22.5 oC
	23.0 oC

	Temperature of H2O after     2 min, (oC)
	22.5 oC
	23.0 oC

	Temperature of the boiling water, (oC)
	100 oC
	100 oC

	Every 10 secs for 2 minutes
	26.1 oC
	27.1 oC

	20 seconds
	26.0 oC
	27.1 oC

	30 seconds
	26.0 oC
	27.1 oC

	40 seconds
	26.0 oC
	27 oC

	50 seconds
	26.0 oC
	27 oC

	60 seconds
	26.0 oC
	27 oC

	70 seconds
	26.0 oC
	27 oC

	80 seconds
	26.0 oC
	27 oC

	90 seconds
	26.0 oC
	27 oC

	100 seconds
	25.9 oC 
	26.9 oC

	 110 seconds
	25.9 oC
	26.9 oC

	 120 seconds
	25.9 oC
	26.9 oC

	Every 20 secs for 2 minutes
	25.9 oC
	26.8 oC

	40 seconds
	25.9 oC
	26.8 oC

	60 seconds
	25.9 oC
	26.7 oC

	80 seconds
	25.8 oC
	26.6 oC

	100 seconds   
	25.8 oC
	26.6 oC

	120 seconds
	25.8 oC
	26.5 oC

	∆Twater, (oC)
	3.3 oC
	3.5 oC

	Energy gained by the H2o, (J)
	267.94 J
	279.06 J

	Specific heat capacity of H2O
	4.18 J/g oC
	4.18 J/g oC

	Specific heat capacity of Cu, (J/g oC)
	0.16 J/g oC
	0.10 J/g oC

	∆Tmetal, (oC)
	-74.2 oC
	-73.5 oC

	Approximated molar mass of the metal, (g/mol)
	21.4g
	37.21g

	Theoretical molar mass of the metal, (g/mol)
	63.54g
	63.54g

	Error percentage, (%)
	-66.32  (21.4-63.54/63.54)*100
	-41.4  (37.21-63.54/63.54)*100





             Data Table-2 (Enthalpy of Neutralization HCl and NaOH)
                                                  Trial 1                                   Trial 2
	Mass of empty calorimeter, (g)
	4.2352g
	4.2352g

	Volume of HCl, (ml)
	50.0 ml
	50.0 ml

	Temperature of NaOH, (Co)
	22.5 oC
	22.7 oC

	30 seconds
	22.6 oC
	22.7 oC

	60 seconds
	22.6 oC
	22.7 oC

	90 seconds
	22.6 oC
	22.7 oC

	120 seconds
	22.6 oC
	22.7 oC

	Temperature of (NaOH+HCl) every 10 seconds for 2 mins
	29.0 oC
	29.2 oC

	20 seconds
	29.0 oC
	29.2 oC

	30 seconds
	29.0 oC
	29.1 oC

	40 seconds
	28.9 oC
	29.2 oC

	50 seconds
	28.9 oC
	29.1 oC

	60 seconds
	28.9 oC
	29.1 oC

	70 seconds
	28.9 oC
	29.0 oC

	80 seconds
	28.9 oC
	29.1 oC

	90 seconds
	28.8 oC
	29.1 oC

	100 seconds
	28.8 oC
	29.0 oC

	 110 seconds
	28.8 oC
	29.0 oC

	 120 seconds
	28.8 oC
	29.0 oC

	Every 20 secs for 2 minutes
	28.8 oC
	29.0 oC

	40 seconds
	28.8 oC
	28.9 oC

	60 seconds
	28.8 oC
	28.9 oC

	80 seconds
	28.8 oC
	28.9 oC

	100 seconds   
	28.8 oC
	28.9 oC

	120 seconds
	28.7 oC
	28.9 oC

	Volume of solution (ml)
	100.00ml
	100.00ml

	Mass of the final solution with calorimeter, (g)
	109.2623g
	106.368g

	Mass of final solution assuming density of 1.0 g/ml, (g)
	100.00g
	100.00g

	Actual mass of solution (g)
	100g
	100g

	Qn released (J)
	-2591.6 J
	-2591.6 J

	Number of moles of OH- (aq) (mol)
	5.88 mol
	5.88 mol

	Number of moles of H2O
	0.05 mol
	0.05mol

	∆HN per mole of H2O (kJ/mol)
	-51832 Kj/mol
	-51832kj/mol

	Error percentage, (%)
	68.0%
	68.0%





          Data Table-3 (Enthalpy of Dissolution of a salt unknown B)
                                                  Trial 1                                   Trial 2
	Mass of the salt, (g)
	4.7192g
	5.14g

	Mass of empty calorimeter, (g)
	4.2352g
	4.2352g

	Mass of calorimeter and H2O, (g)
	58.5754g
	58.5754g

	Mass of H2O, (g)
	51.50g
	51.50g

	Temperature of  water every 30 seconds for 2 mins
	22.8 oC
	22.0 oC

	30 seconds
	22.9 oC
	22.0 oC

	60 seconds
	22.9 oC
	22.1 oC

	90 seconds
	22.9 oC
	22.1 oC

	120 seconds
	22.9 oC
	22.1 oC

	Temperature of H2O and salt(every 10 secs for 2 minutes)
	22.8 oC
	22.0 oC

	20 seconds
	22.9 oC
	22.0 oC

	30 seconds
	22.9 oC
	22.1 oC

	40 seconds
	22.9 oC
	22.1 oC

	50 seconds
	22.0 oC
	18.8 oC

	60 seconds
	21.1 oC
	17.0 oC

	70 seconds
	20.6 oC
	15.4 oC

	80 seconds
	20.1 oC
	14.4 oC

	90 seconds
	19.6 oC
	13.5 oC

	100 seconds
	19.0 oC
	13.1 oC

	 110 seconds
	18.6 oC
	12.7 oC

	 120 seconds
	18.3 oC
	12.2 oC

	Every 20 secs for 2 minutes
	17.5 oC
	12.0 oC

	40 seconds
	17.2 oC
	11.8 oC

	60 seconds
	17.1 oC
	11.6 oC

	80 seconds
	17.1 oC
	11.5 oC

	100 seconds   
	17.1 oC
	11.5 oC

	120 seconds
	17.2 oC
	11.5 oC

	∆Twater, (Co)
	-5.6 oC
	-10.5 oC

	Specific heat capacity of H2O, (J/g Co)
	4.18 J/g oC
	4.18 J/g oC

	Energy released/absorbed by H2O, (J)
	-1205.5 J
	-2260.3J

	∆Tsalt, (Co)
	-5.6 oC
	-10.5 oC

	oC Specific heat capacity of the salt, (J/g Co)
	0.95 J/g oC
	0.95 J/g oC

	Energy released/absorbed by the salt, (J)
	-25.10J
	-51.27J

	∆HS per mole of salt, (kJ/mole)
	30791.71 kJ/mole
	46275.39 kJ/mole




           Data Table-4 (Enthalpy of Neutralization HCl and HNO3)
                                                  Trial 1                                   Trial 2
	Mass of empty calorimeter, (g)
	4.2352g
	4.2352g

	Volume of HNO3, (ml)
	49.9 ml
	50.0 ml

	Temperature of NaOH, (Co)
	21.8 oC
	21.8 oC

	30 seconds
	21.8 oC
	21.8 oC

	60 seconds
	21.8 oC
	21.8 oC

	90 seconds
	21.8 oC
	21.8 oC

	120 seconds
	21.8 oC
	22.8 oC

	Temperature of (NaOH+ HNO3) every 10 seconds for 2 mins
	28.4 oC
	28.4 oC

	20 seconds
	28.4 oC
	28.3 oC

	30 seconds
	28.3 oC
	28.3. oC

	40 seconds
	28.3 oC
	28.3 oC

	50 seconds
	28.3 oC
	28.2 oC

	60 seconds
	28.2 oC
	28.2 oC

	70 seconds
	28.2 oC
	28.2 oC

	80 seconds
	28.2 oC
	28.2 oC

	90 seconds
	28.1 oC
	28.2 oC

	100 seconds
	28.1 oC
	28.2 oC

	 110 seconds
	28.1 oC
	28.2 oC

	 120 seconds
	28.1 oC
	28.2 oC

	Every 20 secs for 2 minutes
	28.1 oC
	28.1 oC

	40 seconds
	28.1 oC
	28.1 oC

	60 seconds
	28.1 oC
	28.1 oC

	80 seconds
	28.1 oC
	28.0 oC

	100 seconds   
	28.1 oC
	28.0 oC

	120 seconds
	28.1 oC
	28.0 oC

	Volume of solution (ml)
	100.00ml
	100.00ml

	Mass of the final solution with calorimeter, (g)
	109.2623g
	106.368g

	Mass of final solution assuming density of 1.0 g/ml, (g)
	100.00g
	100.00g

	Actual mass of solution (g)
	1.0 mol
	1.0 mol

	Qn released (J)
	-2633.4J
	-2591.6J

	Number of moles of OH- (aq) (mol)
	1.58 mol
	1.58 mol

	Number of moles of H2O
	0.05 mol
	0.05 mol

	∆HN per mole of H2O (kJ/mol)
	-52668 kJ/mol
	-51832 kJ/mol

	Error percentage, (%)
	66 %
	68 %





Discussion:
            For this experiment, we have many errors with our calculations because the percent error indicates that we are not close to the values for experiment 1 and 2.  The errors were probably made at the time of performing the experiment. This is because we did not swirl the calorimeter often during the time span of every 10 and 20 seconds. For this experiment, our percent error was calculated to be 68 %. In this experiment the temperature of the mixed water and metal was increasing, stating that it was an exothermic reaction and no heat was lost. Also, another point of interest could be that we were provided copper shots not the actual copper metal itself. Our math calculations and formula use can be an affect also.

         Neutralization reaction, the errors that occurred during this experiment is similar to the first experiment of the metal copper, we did not swirl constantly during this time. The math calculations can be affected because the calorimeter did not provide a complete closed system because there was a hole in the middle of the lid for the thermometer insulation. We could not do another trial with HNO3 due to the time factor and cannot compare HCl and HNO3.

      Our unknown salt B was performed very well, we swirled the calorimeter during the time and we measured the salt with the exact amount of stated for both trials and solved the required values correctly.

Conclusion:
The molar mass of copper was 11.52g and 13.95g for trial 1 and 2 with percentage errors -66.2 and -41.4 both trials. The enthalpy of neutralization of HCl and NaOH for trial 1 and 2 with percentage errors of about 68 % in the mixture of HCl and NaOH and 66 % to 68 % in HCl and nitric acid

