[bookmark: _GoBack]Thermochemistry:Acid/Base Neutralization–Show all calculations for this lab.

PRE-LAB QUESTIONS
1. Consider this coffee cup calorimetry experiment:  
a. 100mL of water at 86.0°C was poured into 100mL of water at 23.5°C in a coffee cup calorimeter, and the temperature of the contents of the calorimeter equilibrated to 53.5°C before beginning to fall to room temperature.  Calculate the heat capacity of the calorimeter. (The density and specific heat of water or any aqueous solution can be assumed to be 1.00g/mL and 4.184J/g•°C, respectively)

Mass=(100ml+100ml) ×1.00g/ml
=200g
∆t= {final temperature – initial temperature}
	= (53.6⁰C - 23.5⁰C)
	=30.1⁰C
Now q=(200g×4.184J/g⁰c×30.1⁰c)
	=25,187.68Joules



b. 100mL of 2.00M acetic acid was added to 100mL of 2.00M NaOH at 23.5°C and the temperature of the solution equilibrated to 36.3°C. Calculate an enthalpy of neutralization for acetic acid, using the calculated heat capacity of the coffee cup

Q=mc∆t

Mass=(100ml+100ml) ×1.00g/ml
	=200g
∆t= (36.3⁰c – 23.5⁰c)
	=12.8⁰C
Q= (200g×4.184J/g⁰ c ×12.8⁰c)
	=10,711.04Joules




2. Calculate the enthalpy of formation of acetylene using Hess’s Law:
2C(s) + H2(g) → C2H2(g)
Given:
2C2H2(g) + 5O2(g) → 4CO2(g) + 2H2O(l)	-2599 kJ/mol
C(s)         +   O2(g) → CO2(g)	                        -393.5 kJ/mol
2H2         +    O2     → 2H2O	                        -285.8 kJ/mol

∆H=£n∆Hf⁰(product) - £m∆Hf⁰(reactants)
n=1(moles of )
m=2moles for C
     1moles for H
∆H=1(2599kj/mol) – {(2 ×-393.5kj/mol + 1 ×- 285.8kj/mol)}
	=(2599kj/mol) -(-1072.8kj/mol)
		=3671.8kj/mol

3. Give balanced chemical equations for the following:
a. Dissolving ammonia (NH3 gas) in water to make aqueous ammonia (also known as ammonium hydroxide):

N(g) +  -> NO



b. Neutralization of aqueous sodium hydroxide with aqueous hydrochloric acid
NaO+ HC->NaC+




c. Neutralization of aqueous ammonia (also known as ammonium hydroxide) with aqueous hydrochloric acid
NO+HC->NaC+





d. Neutralization of aqueous ammonium chloride with aqueous sodium hydroxide
NC+NaO->NaC+ NaC+ NO




DATA SHEET:

Given: The density of water or an aqueous solution can be approximated as 1.00g/mL
Given: The specific heat of water or an aqueous solution can be approximated as 4.184J/g•°C

Table 1:  Finding the heat capacity of the coffee cup

					Trial 1			      trail 2
Mass of room-temp water:	______50.0 g_______	_____xxx_______
Mass of hot water:		_______50.0 g       ___		_____xxx_______
Temperature of room-temp water: 		23.9
Temperature of hot water when added:	74.5							
Final Temperature:				46.0

	Trial 1 Time (sec)
	Temperature
	Trial 2 Time (sec)
	Temperature

	After mixing
	
	After mixing
	

	30
	50.0
	30
	

	60
	50.0
	60
	

	90
	46.2
	90
	

	120
	46.0
	120
	

	150
	46.0
	150
	

	180
	46.0
	180
	

	210
	
	210
	

	240
	
	240
	

	Final Temp
	46.0
	Final Temp
	



Calculate the heat capacity of the coffee cup calorimeter.


Heat test by water=heat gained by calorimeter
Q water=Q calorimeter
Q water=(m×c×∆t)
Q calorimeter= (mc∆t)
Mass of water= 50g, mass of calorimeter=50g
{(50g×4.184J/g⁰c×(46⁰c-23.9⁰c)} =(50g×calorimeter×(74.5⁰c-46⁰c)}
(50g×4.187J/g⁰c×22.1⁰c) =(50g×Ccal×28.5⁰c)
4623.32J=1425g⁰c×Ccal
Ccal={}
Ccal=3.244J/g⁰c
Table 7.2:  Neutralization of NaOH(aq) with HCl(aq) 

Concentration of HCl   ____2.0 M__         		Concentration of NaOH  ___2.0 M_______
Volume of HCl   	  ___50.0 ml______		Volume of NaOH	____50.0 ml ______
Moles of HCl		
Moles of HCL=	 Moles= 
					=
	=0.1 moles of HCL						=0.1 moles 0f NaOH
_______0.1________					moles of NaOH 	______0.1_____

Total mass of solution	 
Mass= (Relative molecular mass × moles)
Mass of NaOH = (40g/mole × 0.1moles)
			=4g
Mass of HCL = (36.5g/mole × 0.1moles)
			=3.65g
Total Mass = (4g + 3.65g)
	=7.65
			

	Trial 1
	Temperature

	Initial temperature before mixing
	23.4

	After mixing
	

	30
	38.3

	60
	38.3

	90
	38.2

	120
	38.2

	150
	38.2

	180
	

	210
	

	240
	

	270
	

	Final temperature
	38.2





Calculate the enthalpy of the reaction (∆HHCl-NaOH)


∆H = mc∆t
	=(7.65g×4.184J/g⁰c) × (38.2⁰c – 23.4)
	=473.71Joules





Table 7.3:  Neutralization of NH3 (aq) with HCl(aq) 

Concentration of HCl   __2.0 M_____			Concentration of NH3  __2.0 M ___
Volume of HCl   	  ___50.0 ml_________		Volume of NH3	__50.0 ml __
Moles of HCl		_______________			moles of NH3 	        ____________
   								
=0.1moles HCL							=0.1 moles of NH3
Mass of HCL							Mass of NH3
(36.5×0.1)							(17g/mole× 0.1 moles)
=3.65g								=1.7g

Total mass of solution
=(3.65g + 1.7g)

Total mass of solution	     __5.35__________

			

	Trial 1
	Temperature

	Initial temperature before mixing
	23.4

	After mixing
	

	30
	36.8

	60
	36.8

	90
	36.7

	120
	36.7

	150
	36.6

	180
	36.6

	210
	36.6

	240
	36.6

	270
	

	Final temperature
	36.6



Calculate the enthalpy of the reaction (∆HHCl-NH3)

∆H=mc∆t
(5.35g × 4.184j/g⁰c×13.2⁰c)
	=295.47Joules



Table 7.4:  Neutralization of NH4Cl(aq) with NaOH(aq)

Concentration of NH4Cl   __2.0 M____		Concentration of NaOH __2.0 M _____
Volume of NH4Cl   	  ___50.0 ml_________	Volume of NaOH	____50.0 ml ______
Moles of NH4Cl	_______________		moles of NaOH 	____________
 						
=0.1Moles						=0.1moles	

Total mass of solution	     ____________
Mass of NH4CL					Mass of NaOH
53.5g/mole×0.1moles					40g/mole×0.1moles
=5.35g							=4g
Total Mass=(5.35+4)
		=9.35g

	Trial 1 Time (sec)
	Temperature
	Trial 2 Time (sec)
	Temperature

	Initial temperature before mixing
	23.1
	Initial temperature before mixing
	

	After mixing
	
	After mixing
	

	30
	23.8
	30
	

	60
	23.8
	60
	

	90
	23.8
	90
	

	120
	23.8
	120
	

	150
	23.7
	150
	

	180
	23.7
	180
	

	210
	
	210
	

	240
	
	240
	

	270
	
	270
	

	Final temperature
	23.7
	Final temperature
	



Calculate the enthalpy of the reaction (∆HNH4Cl-NaOH)

∆H= (9.35g×4.184J/g⁰c×0.6⁰c
	=23.47Joules





Class data: Enthalpy of neutralization of NaOH and NH4OH – Do not do this!!!!!!!!!

Enthalpy of neutralization of NaOH(aq):

Mean:	xxxxxxx					Standard Deviation:  xxxxxxxx


Enthalpy of neutralization of NH4OH(aq):

Mean:	xxxxxxxxxx					Standard Deviation:xxxxxxxxx






POST-LAB QUESTIONS

1. Use Hess’s Law and the class enthalpy values for the reactions NaOH-HCl and NH3-HCl to calculate the enthalpy of neutralization of ammonium chloride and hydrochloric acid.  You may need to reverse of multiply the chemical reactions from table 7.2 and 7.3 to get them to add up correctly.

	Experiment
	Chemical reaction (refer to the reactions that you wrote in prelab question 3)
	Calculated enthalpy value

	7.2:
NaOH-HCl
	 +->+
	∆H =473.71Joules 

	7.3
NH4OH-HCl
	+ ->+
	∆H =295.49Joules 

	7.4
NH4Cl-NaOH
	+NaOH->NaC+
	∆H calculated by Hess’s Law = 356.48Joules











2. Compare the enthalpy of neutralization of NH4Cl(aq) that you calculated using class values for enthalpies of neutralization in question 1, with your experimental value.  Explain any differences between the values.

The enthalpy of neutralization of NH4Cl calculated is much higher than the enthalpy of experimental value. The difference is due to experimental errors that are as a result of surrounding environmental temperatures, errors in reading the thermometer temperatures and also as a result of equipment errors like that of calorimeter


