Experiment 3 Enthalpy of Various Reactions

Introduction:
The purpose of the experiment is to calculate the enthalpies of various reactions, using data gained from the experiment as well as equations.
A simple Styrofoam cup calorimeter was used in all three procedures. It is used to help measure changes in thermal energy through temperature changes. Temperature changes reflect the average total kinetic energy in particles, and thermal energy is stored as kinetic energy.  Despite the fact that heat is lost to the surroundings, to make things simpler, it is assumed that no energy is lost when measuring the changes. This leads to the results that are not always completely accurate. 
Using temperature changes recorded by the calorimeter we can measure the thermal temperature using the specific heat capacity quantity, an intensive property that does not depend on the amount of the matter there. 
The equation to find the specific heat capacity is q=m*c*temperature change where c is the specific heat capacity, m is the mass and q is the energy evolved in the reaction.
Website Reference: Wikipedia

Procedure: As described in the lab manual (Enthalpy of various reactions, Experiment 3, pg 33-38)



Results

Table 1
	Specific Heat Capacity of Metal

	 
	Trial 1
	Trial 2

	Metal
	Zinc
	Zinc

	Metal Mass
	10.1506
	10.067

	Empty Calorimete Mass
	8.336
	8.426

	Water Volume
	20
	20

	Calorimeter+ Water Mass
	28.1184
	27.3605

	Water Temperature in Celcius/min
	 
	 

	0
	26
	22.4

	 1/2
	29
	22.3

	1
	32
	22.3

	1 1/2
	32
	22.4

	2    
	31
	22.3

	2 1/2
	30
	22.4

	3    
	29
	22.4

	Water boiling temperature in Celcius
	100
	100.7

	Temperature after Metal Added  
	 
	 

	3 1/3
	25
	25.7

	3 2/3
	25
	25.7

	4    
	25
	25.7

	4 1/3
	25
	25.7

	4 2/3
	25
	25.8

	5    
	25
	25.7

	5 1/3
	25.5
	25.8

	5 2/3
	25.5
	25.8

	6    
	25.5
	25.8

	6 1/3
	25.6
	25.8

	6 2/3
	25.5
	25.8

	7    
	25.6
	25.7

	7 1/3
	25.5
	25.7

	7 2/3
	25.5
	25.7

	8    
	25.5
	25.8







Table 2
	Enthalpy of Neutralization Acid 1

	     
	Trial 1
	Trial 2

	Acid
	HCl
	HCl

	Acid Volume
	50
	50

	Acid Concentration
	1.1 M
	1.1 M

	NaOH Volume
	50
	50

	NaOH Concentration
	1.0 M
	1.0 M

	NaOH Temperature in Celcius/min
	 
	 

	0
	21.7
	21.4

	 1/2
	21.8
	21.6

	1
	21.8
	21.6

	1 1/2
	21.8
	21.5

	2    
	21.8
	21.6

	2 1/2
	21.8
	21.6

	3    
	21.9
	21.6

	Temperature of Mixture
	 
	 

	3 1/3
	27.8
	28.1

	3 2/3
	27.7
	28.1

	4    
	27.8
	28.1

	4 1/3
	27.7
	28

	4 2/3
	27.6
	28

	5    
	27.6
	28

	5 1/3
	27.7
	27.9

	5 2/3
	27.7
	27.9

	6    
	27.7
	27.9

	6 1/3
	27.7
	27.9

	6 2/3
	27.7
	27.8

	7    
	27.7
	27.8

	7 1/3
	27.6
	27.8

	7 2/3
	27.6
	27.7

	8    
	27.6
	27.7

	Mass
	111.919
	110.3338


                                                                                                                                                





Table 3
	Enthalpy of Neutralization Acid 2

	 
	Trial 1
	Trial 2

	Acid
	NH3
	NH3

	Acid Volume
	50
	50.6

	Acid Concentration
	1.1 M
	1.1 M

	NaOH Volume
	50
	50

	NaOH Concentration
	1.0 M
	1.0 M

	NaOH Temperature in Celcius/min
	 
	 

	0
	21.3
	21.4

	 1/2
	21.3
	21.5

	1
	21.3
	21.5

	1 1/2
	21.3
	21.5

	2    
	21.2
	21.5

	2 1/2
	21.3
	21.6

	3    
	21.3
	21.6

	Temperature of Mixture
	 
	 

	3 1/3
	27.8
	27.9

	3 2/3
	27.8
	27.8

	4    
	27.8
	27.7

	4 1/3
	27.7
	27.7

	4 2/3
	27.7
	27.7

	5    
	27.7
	27.6

	5 1/3
	27.7
	27.6

	5 2/3
	27.6
	27.6

	6    
	27.6
	27.6

	6 1/3
	27.6
	27.6

	6 2/3
	27.6
	27.5

	7    
	27.6
	27.5

	7 1/3
	27.5
	27.5

	7 2/3
	27.5
	27.5

	8    
	27.5
	27.5

	Mass
	115.874
	116.232







Table 4
	Enthalpy of Solution

	 
	Trial 1
	Trial 2

	Salt
	A
	A

	Salt Mass
	2.5422
	2.4493

	Empty Calorimete Mass
	9.0451
	9.8556

	Water Volume
	21
	20

	Calorimeter+ Water Mass
	28.425
	28.9154

	Water Temperature in Celcius/min
	 
	 

	0
	22.1
	22.3

	 1/2
	22.1
	22.2

	1
	22.1
	22.1

	1 1/2
	22.1
	22.1

	2    
	22.1
	22.1

	2 1/2
	22.1
	22.1

	3    
	22.1
	22.1

	Temperature after Salt Added  
	 
	 

	3 1/3
	18.6
	20.3

	3 2/3
	18.6
	20

	4    
	18.7
	19.4

	4 1/3
	18.8
	18.9

	4 2/3
	18.9
	18.9

	5    
	19
	18.9

	5 1/3
	19.1
	19

	5 2/3
	19.2
	19.1

	6    
	19.2
	19.1

	6 1/3
	19.3
	19.2

	6 2/3
	19.4
	19.3

	7    
	19.5
	19.4

	7 1/3
	19.6
	19.5

	7 2/3
	19.7
	19.5

	8    
	19.7
	19.6






Sample Calculations

Metal Enthalpy
1) Chang in temperature: 22.2-25.7=-3.5 Celsius
2) Energy gained by water: q=m*c*temperature change: 18.9345*4.184*-3.5=-277.3
3) Metal Temperature change: 100.7-25.7=75 Celsius
4) Metal Specific Heat Capacity:  -(-277.3)/(18.9345*75)=0.195 J/C
5) Approximate metal molar mass: 25/0.195=128.2 
6) Molar mass % error: 65/128.2= 50.7%
Specific heat capacity % error: 0.195/0.39= 50%	

Neutralization Enthalpy
NH3
7) Temperature change in solution: 21.4-27.4= -6.00 Celsius
8) Final Solution Volume: 50.6+50=100.6 mL
9) Final Solution mass: m=d*v so 1*100.6=100.6 g
10) Energy released: q=m*c*temperature change so 100.6*4.184*-6=-2525.5 J/gC
11) Moles of OH ion: mole=Conc.*volume so 1.0*(50/1000)=0.05 moles
12) Moles Water: 1:1 ratio so 0.05 moles water
13) Heat of neutralization per mole of water= -2525.5/0.05=-50510 KJ/mol                                                                                                                                       

 
HCl
7) Temperature change in solution: 21.7-28.9=-7.2 Celsius
8) Final Solution Volume: 50+50=100 mL
9) Final Solution mass: m=d*v so 100*1=100 g
10) Energy released: q=m*c*temperature change so 100*4.184*-7.2=-3012.5 J/gC
11) Moles of OH ion: mole=Conc.*volume so 1.0*(50/1000)=0.05 moles
12) Moles Water: 1:1 ratio so 0.05 moles water
13) Heat of neutralization per mole of water= -3012.5/0.05=-60249.6 KJ/mol                                                                                                                                       

14) -60249.6-(-50510)=-9739.6 KJ/mol                                                                                                                                       


Enthalpy of Salt Dissolution
15) Temperature Change in Solution: 24-18=6 Celsius
16) Energy absorbed: q=m*c*temperature change so 2.5422*3.662*6=55.86 KJ/Mol
17) Enthalpy of Dissolution: mass=(28.425-9.0451)+2.5422=21.9221                                                                                                                                                                                       Mole=mass/mr so 2.5422/166=0.0153                                                                                                  using this, (21.9221*2.5422*6)/0.0153=31464.7 KJ/Mol


Discussion
There were many possible sources of error throughout the experiment, some of which were preventable while others were inherent. When transferring the salt/metal into the calorimeter, portions of the solution inside were lost due to splashes, and some pieces of the metal may have been left behind. The measurement of the temperature per minute using the stopwatch would not have been completely accurate due to human error, with the temperature being not recorded at the exact time. To help make the mass measurements more accurate an analytical balance was used so mass would be a more precise value. Overall, the experiment was fairly accurate, but not as much as it could have been.


Conclusion
The metals specific heat capacity was found to be 0.195 J/C, the acids were both found to have exothermic reactions with NaOH with HCl giving off 60249.6 KJ/Mol energy and NH3 giving off -50510 KJ/Mol energy. The enthalpy of dissolution was found to be 31464.7 KJ/Mol.




