











Enthalpy of Various Reactions










Introduction 
In this lab, we performed a number of experiments dealing with enthalpy, which is part of Thermochemistry. Thermochemistry is the study of heat and energy that is released or absorbed. The SI unit used is Joules (J).  Some basic instruments used to measure the enthalpy is a calorimeter. A simple everyday example of a calorimeter would be a Styrofoam cup which would be used in this lab. For this lab, the calorimeter is used to measure the specific heat capacity and molar mass of a metal, the enthalpy of neutralization of a strong acid/base and lastly, the enthalpy of an unknown salt.

Specific heat capacity is the quantity of heat required to change the temperature of a system by a degree.  The equation used to find this is “q = mCT” where m is mass, c is the heat gained or lost, and T is the change in temperature. In thermochemistry, we have terms called the “system” and “surrounding”. The Calorimeter would be considered the “system” in this case and anything around it would be considered the “surrounded”. This means if heat enters the calorimeter, q would be positive and if heat exits it, q would be negative. In other words, when q is negative (if heat leaves the calorimeter) the reaction is exothermic. If q is positive (heat enters the calorimeter) the reaction is endothermic. This uses the equation –q(metal) = q(water) where the system loses heat, the sign is negative and vise versa. 

To determine more complex reaction, we can use Hess’s law. This is where you have a bunch of different reactions and when you add them all up, it gives you a chemical reaction and all the total enthalpy. 
To determine 

Another equation that will be used in this lab is MMzinc x cmet  25 J/mol˚C. This equation is used when you know the specific heat capacity and want to know the molar mass. This would guestimate your answer for you. This equation and value of 25 J/mol˚C was made by Dulong and Petit in 1819. They proposed that 1 mole of any metal is basically the same as 25J. 
To find the total heat energy of neutralization, you will need to use “NH = qN/nX” where q is your total energy of heat (using q=mcT) divided by the mole of H2O. 

Reference: http://www.chemguide.co.uk/physical/energetics/neutralisation.html , Jim Clark, “enthalpy change of neutralisation” 

Procedure
Please refer to the chemistry lab manual, What in the World Isn’t chemistry, by Dr. Rashmi Venkateswaran, 2013, Experiment 3, Page 34. 





Data tables/Results

Table 1. Metal
	Data
	Trial 1
	Trial 2

	Identity of Metal
	Zinc
	Zinc

	Mass of calorimeter (analytical)
	8.4811 g
	8.4811 g

	Mass of zinc (regular) (g)
	13.93 g
	10.00 g

	Mass of zinc (analytical) (g)
	13.9262 g 
	10.0011 g

	Mass of calorimeter (analytical) with H2O
	
	27.8009 g

	Volume of H2O in graduated cylinder
	20.0 mL
	20.0 mL

	Mass of H2o (analytical)
	
	19.3198 g

	Mass of empty beaker (analytical)
	31.4612 g
	31.4612 g

	Mass of beaker and Zn
	45.3874 g
	41.4523 g

	Temperature of boiling water
	100˚C
	100˚C

	Change in Temperature of water (˚C)
	4.6˚C
	1.8˚C

	Energy gained by water (J)
	- 386 J
	-145 J

	Change in Temperature of Zn (˚C) 
	-72.2˚C
	-73.6˚C

	Experimental heat capacity of Zn (J/g˚C)
	0.344 J/g˚C 
	0.197 J/g˚C

	Theoretical heat capacity of Zn (J/g˚C)
	0.39 J/g˚C
	0.39 J/g˚C

	Experimental molar mass of Zn (g/mol)
	72.67 g/mol
	127 g/mol

	Theoretical molar mass of Zn (g/mol)
	65.38 g/mol
	65.38 g/mol

	Percent Error (%)
	Specific Heat Capacity
	12%
	49%

	
	Molar Mass
	11%
	94 %








Table 2. Acid-Base Neutralization
	Data
	Trial 1
	Trial 2 (Obtained from Sasha Newar and Froher Alamadi)

	Acid 1: HCl

	Volume of HCl (mL)
	50.0 mL
	50.0 mL

	Concentration of HCl (M)
	1.1 M
	1.1 M

	Volume of NaOH (mL)
	50.0 mL
	50.0 mL

	Concentration of NaOH (M)
	1.0 M
	1.0 M

	Change in temperature of solution (˚C)
	6.5˚C
	8.4˚C

	Mass of calorimeter + lid + solution (g)
	
	92.7016 g


	Mass of calorimeter 
	8.4811 g
	8.48115 g

	Energy released (J)
	
	3.0 x 103 J

	Moles of OH- (mol)
	0.050 mol
	0.050 mol

	Moles of H2O (mol)
	0.050 mol
	0.050 mol

	Volume of final Solution (mL)
	
	84.2205 mL

	Heat of Neutralization/ mol H2O (J)
	
	6.0 x 104 J

	Percent Error (%)
	
	5 %

	Acid 2: HNO3

	Volume of HNO3 (mL)
	50.0 mL
	50.0 mL

	Concentration of HNO3 (M)
	1.1 M
	1.1 M

	Volume of NaOH (mL)
	50.0 mL
	50.0 mL

	Concentration of NaOH (M)
	1.0 M
	1.0 M

	Change in temperature of solution (˚C)
	5.9˚C
	1.4 ˚C 

	Mass of calorimeter + lid + solution (g)
	110.6046 g
	110.2157 g

	Mass of calorimeter (g)
	8.4811 g
	8.4811 g

	Energy released (J)
	2.5 x 103 J
	6.0 x 102 J

	Moles of OH- (mol)
	0.050 mol 
	0.050 mol

	Moles of H2O (mol)
	0.050 mol
	0.050 mol

	Volume of final Solution (mL) 
	102.1235 mL
	101.7346 mL

	Heat of Neutralization/ mol H2O  (J)
	5.0 x 104 J
	1.2 x 104 J

	Percent error (%)
	12 %
	79 %









Table 3. Salt
	Data
	Trial 1
	Trial 2

	Identity of Salt
	Salt A
	Salt A

	Mass of Salt A (analytical) (g)
	2.5066 g
	2.5093 g

	Mass of Salt A (regular) (g)
	2.50 g
	2.50 g

	Mass of empty calorimeter (analytical) (g)
	31.4612 g
	31.4612 g

	Volume of H2O (mL)
	20.0 mL
	20.0 mL

	Mass of calorimeter and H20 (g)
	50.781 g
	50.781 g

	Mass of beaker and Salt A
	33.9678 g
	33.9705 g

	Mass of H20 (analytical) (g)
	19.3198 g
	19.3198 g

	Specific heat capacity of Salt A (J/g˚C)
	3.662 J/g˚C
	3.662 J/g˚C

	Molar mass of Salt A (g/mol)
	166.0 g/mol
	166.0 g/mol

	Change in temperature (˚C) 
	-3˚C
	-3.55˚C

	Energy released / absorbed (J)
	2.19 x 102  J
	2.60 x 102 J

	Enthalpy of dissolution (mol/salt)
	1765.2 mol/salt
	2129.9 mol/salt


	
Observation:
While calibrating the metal with the foam cups and pierced lids, we found that the temperature didn’t change a lot. After the boiling metal was put into the calorimeter, the temperature dropped to an average of 27˚C. After the 9 minute mark, the temperature only varied by +/- 1˚C. It was stable the whole time basically. 
For the neutralizing experiment, the temperature leveled off as well. For both the acids, they were along the same temperature.  
As for the salt experiment, the temperature did not stabilize. We ended up reaching the 15minute mark and it still did not stabilize. The temperature was always increasing for both trial which explains why the calorimeter was getting warmer. It seemed like it was trying to reach room temperature









Observation Tables 
Metal: zinc
Trial 2
Temperature of H2O
Time (s)
Temperature (˚C)

 0 s 
25.0 ˚C

30 s
22.9 ˚C 

60 s
23.0 ˚C

90 s
23.0 ˚C

120 s
23.0 ˚C

150 s
23.0 ˚C

180 s
23.0 ˚C
Time of mixing
Temperature of H2O with  Zn
246 s
43.3 ˚C

266 s
39.1 ˚C

286 s
27.7 ˚C

306 s
27.7 ˚C

326 s
27.6 ˚C

346 s
27.7 ˚C

366 s
27.7 ˚C

386 s
27.7 ˚C

406 s
27.7 ˚C

426 s
27.8 ˚C

446 s
27.8 ˚C

466 s
27.8 ˚C

486 s
27.8 ˚C

506 s
27.8 ˚C



	Trial 1 

	Temperature of H2O
	Time (s)
	Temperature (˚C)

	
	 0 s 
	26 ˚C

	
	30 s
	25.1 ˚C 

	
	60 s
	24.4 ˚C

	
	90 s
	22.3 ˚C

	
	120 s
	22.7 ˚C

	
	150 s
	22.7 ˚C

	
	180 s
	22.7 ˚C

	Time of mixing

	Temperature of H2O with Zn
	290 s
	28.9 ˚C

	
	310 s
	26.1 ˚C

	
	330 s
	26.2 ˚C

	
	350 s
	26.1 ˚C

	
	370 s
	26.1 ˚C

	
	390 s
	26.2 ˚C

	
	410 s
	26.2 ˚C

	
	430 s
	26.3 ˚C

	
	450 s
	26.6 ˚C

	
	470 s
	26.9 ˚C

	
	490 s
	26.9 ˚C

	
	510 s
	26.3 ˚C

	
	530 s
	26.3 ˚C

	
	550 s
	26.3 ˚C













Acid: HNO3 (1.1 M) Trial 2
Temperature of NaOH
Time (s)
Temperature (˚C)

 0 s 
22.8˚C

30 s
22.8˚C

60 s
22.8˚C

90 s
22.8˚C

120 s
22.8˚C

150 s
22.8˚C

180 s
22.8˚C
Time of mixing
Temperature of NaOH with HNO3
200 s
27.7˚C

220 s
29.7˚C

240 s
29.6˚C

260 s
29.5˚C

280 s
29.5C

300 s
29.4C

320 s
29.3˚C

340 s
29.4˚C

360 s 
29.4˚C

380 s
29.4˚C

400 s
29.4˚C


	Trial 1

	Temperature of NaOH
	Time (s)
	Temperature (˚C)

	
	 0 s 
	21.1˚C

	
	30 s
	22.9 ˚C

	
	60 s
	22.9 ˚C

	
	90 s
	22.9 ˚C

	
	120 s
	22.9 ˚C

	
	150 s
	22.9 ˚C

	
	180 s
	22.9 ˚C

	Time of mixing

	Temperature of NaOH with HNO3
	225 s
	28.9 ˚C

	
	245 s
	28.9 ˚C

	
	265 s
	28.9 ˚C

	
	285 s
	28.8 ˚C

	
	305 s
	28.8 ˚C

	
	325 s
	28.8 ˚C

	
	345 s
	28.8 ˚C

	
	365 s
	28.7 ˚C

	
	385 s
	28.7 ˚C

	
	405 s
	28.7 ˚C

	
	425 s
	28.7 ˚C

	
	445 s
	28.6 ˚C

	
	465 s
	28.7 ˚C

	
	485 s
	28.7 ˚C

	
	505 s
	28.7 ˚C















Acid: HClTrial 2
Temperature of NaOH
Time (s)
Temperature (˚C)

 0 s 
21.3˚C

30 s
21.3˚C

60 s
21.3˚C

90 s
21.3˚C

120 s
21.3˚C

150 s
21.3˚C

180 s
21.3˚C
Time of mixing
Temperature of NaOH with HCl
240 s
30.1˚C

260 s
30.1˚C

280 s
30.0 ˚C

300 s
29.9 ˚C

320 s
29.9 ˚C

340 s
29.9 ˚C

360 s
29.9 ˚C

380 s
29.8 ˚C

400 s
29.8 ˚C

420 s
29.8 ˚C

440 s
29.8 ˚C

460 s
29.8 ˚C

480 s
29.8 ˚C

500 s
29.8 ˚C

520 s
29.8 ˚C

540 s
29.7 ˚C

560 s
29.8˚C

580 s
29.7˚C

600 s
29.7˚C

620 s
29.7˚C

640 s
29.7˚C

660 s
29.7˚C

680 s 
29.7˚C

700 s
29.7˚C

720 s
29.6˚C

740 s
29.6˚C

760 s
29.6˚C

780 s
29.6˚C

800 s
29.6˚C

820 s
29.6˚C

840 s
29.6˚C


	Trial 1

	Temperature of NaOH
	Time (s)
	Temperature (˚C)

	
	 0 s 
	22.8˚C

	
	30 s
	21.6 ˚C

	
	60 s
	21.6 ˚C

	
	90 s
	21.6 ˚C

	
	120 s
	21.6 ˚C

	
	150 s
	21.6 ˚C

	
	180 s
	21.6 ˚C

	Time of mixing

	Temperature of NaOH with HCl
	213 s
	22.7 ˚C

	
	233 s
	28.2 ˚C

	
	253 s
	28.6 ˚C

	
	273 s
	28.6 ˚C

	
	293 s
	28.5 ˚C

	
	313 s
	28.6 ˚C

	
	333 s
	28.6 ˚C

	
	353 s
	28.6 ˚C

	
	373 s
	28.6 ˚C

	
	393 s
	28.5 ˚C

	
	413 s
	28.6 ˚C

	
	433 s
	28.5 ˚C

	
	453 s
	28.5 ˚C

	
	473 s
	28.5 ˚C

	
	493 s
	28.5 ˚C












Salt: Salt 1 			
989 s
23.9 ˚C

1009 s
23.9 ˚C

1029 s
24.0˚C

1049 s
24.0˚C

1069 s
24.1˚C

1089 s
24.1˚C

1109 s
24.3˚C

1129 s
24.3˚C

1149 s
24.3˚C

1169 s
24.3˚C

1189s
24.4˚C


	Trial 1 

	Temperature of H2O
	Time (s)
	Temperature (˚C)

	
	 0 s 
	23.5˚C

	
	30 s
	22.7˚C

	
	60 s
	22.8˚C

	
	90 s
	22.8˚C

	
	120 s
	22.8˚C

	
	150 s
	22.9˚C

	
	180 s
	22.9˚C

	Time of mixing

	Temperature of Salt 1 with H2O
	249 s
	21.4˚C

	
	269 s
	19.8 ˚C

	
	289 s
	20.0 ˚C

	
	309 s
	20.1 ˚C

	
	329 s
	20.4 ˚C

	
	349 s
	20.5 ˚C

	
	369 s
	20.7 ˚C

	
	389 s
	20.8 ˚C

	
	409 s
	21.0˚C

	
	429 s
	21.1 ˚C

	
	449 s
	21.2 ˚C

	
	469 s
	21.3 ˚C

	
	489 s
	21.4 ˚C

	
	509 s
	21.6 ˚C

	
	529 s
	21.7˚C

	
	549 s
	21.9˚C

	
	569 s
	21.9˚C

	
	589 s
	22.0˚C

	
	609 s
	22.2˚C

	
	629 s
	22.2˚C

	
	649 s
	22.3˚C

	
	669 s 
	22.4˚C

	
	689 s
	22.5˚C

	
	709 s
	22.6˚C

	
	729 s
	22.8˚C

	
	749 s
	22.9˚C

	
	769 s
	23.0˚C

	
	789 s
	23.1˚C

	
	809 s
	23.2˚C

	
	829 s
	23.2˚C

	
	849 s
	23.3 C

	
	869 s
	23.5˚C

	
	889 s
	23.5˚C

	
	909 s
	23.5˚C

	
	929 s
	23.7 ˚C

	
	949 s
	23.7 ˚C

	
	969 s  
	23.8 ˚C





















Salt: Salt 1 
970 s
23.7 ˚C

990 s
23.8 ˚C

1010 s
23.8˚C

1030 s
23.9˚C

1050 s
24.0˚C

1070 s
24.0˚C

1190 s
24.0˚C

1110 s
24.1˚C

1130 s
24.1˚C

1150 s
24.2˚C


	Trial 2

	Temperature of H2O
	Time (s)
	Temperature (˚C)

	
	 0 s 
	23.8˚C

	
	30 s
	23.1˚C

	
	60 s
	23.2˚C

	
	90 s
	23.2˚C

	
	120 s
	23.2˚C

	
	150 s
	23.2˚C

	
	180 s
	23.2˚C

	Time of mixing

	Temperature of Salt 1 with H2O

	230 s
	19.4˚C

	
	250 s
	19.5 ˚C

	
	270 s
	19.8 ˚C

	
	290 s
	19.9 ˚C

	
	310 s
	20.2 ˚C

	
	330 s
	20.4 ˚C

	
	350 s
	20.5 ˚C

	
	370 s
	20.7 ˚C

	
	390 s
	20.9˚C

	
	410 s
	20.9 ˚C

	
	430 s
	21.1 ˚C

	
	450 s
	21.1 ˚C

	
	470 s
	21.3 ˚C

	
	490 s
	21.3 ˚C

	
	510 s
	21.4˚C

	
	530 s
	21.4˚C

	
	550 s
	21.5˚C

	
	570 s
	21.7˚C

	
	590 s
	21.8˚C

	
	610 s
	22.0˚C

	
	630 s
	22.0˚C

	
	650 s 
	22.1˚C

	
	670 s
	22.3˚C

	
	690 s
	22.8˚C

	
	710 s
	22.6˚C

	
	730 s
	22.5˚C

	
	750 s
	22.6˚C

	
	770 s
	22.8˚C

	
	790 s
	22.9˚C

	
	810 s
	22.9˚C

	
	830 s
	23.1 C

	
	850 s
	23.1˚C

	
	870 s
	23.2˚C

	
	890 s
	23.3˚C

	
	910 s
	23.4 ˚C

	
	930 s
	23.5 ˚C

	
	950 s  
	23.6 ˚C





















Calculation 
Part 1. Enthalpy of a Metal
1. Change in temperature of the water
waterT = TF zinc – Ti water
                           = 26.4˚C – 24.6˚C
	              = 1.8˚C

2. Energy gained by Water
Given: 
C= 4.18 J/G˚C
HH2O = Mass of calorimeter – mass of calorimeter with H2O 
         = 8.4811g – 27.8009g 
         = 19.3198g H2O
waterT = 1.8˚C
Q = ?

Q = MCT
    = (19.3198 g)( 4.18 J/g˚C)( 1.8˚C)
     = 145.362J
     = 145 J
Qmetal = -Qwater
              = -145 J

3. Change in temperature of the metal
zincT = Tf zinc – Ti zinc 
             = 26.4˚C – 100.0˚C
           = -73.6˚C

4. Heat capacity of Zinc
Given
QH2O= - 145 J
Mass of zinc =mass of zinc with the beaker –mass of beaker 
	         = 41.4523g – 31.4612g
	         = 10.0011g
zincT = -73.6˚C
C = ?

C = Q/mT
    = (-145 J)/(10.0011g)(-73.6 ˚C)
    = 0.197 J/g˚C


5. Approximate molar mass of Zinc
MMzinc x cmet  25 J/mol˚C 
MMzinc = (25 J/mol˚C) / (0.197 J/g˚C) 
             = 126.89 g/mol Zinc
             = 127 g/mol Zinc

6. Percent error
Known specific heat capacity of Zinc = 0.39 J/g˚C
%error = Theoretical Value – Experimental Value   x 100
		Theoretical Value
                           =   0.39 J/g˚C – 0.197 J/g˚C   x 100
			0.39 J/g˚C
 	              = 49%
Known molar mass of zinc = 65.38 g/mol
%error = Theoretical Value – Experimental Value   x 100
		Theoretical Value
                            =   65.38 g/mol – 127 g/mol   x 100
			65.38 g/mol
 	             = 94%

Part 2. Enthalpy of Neutralization
1. Change in temperature of Solution
solnT = TfHNO3 – TiHNO3
          = 28.8˚C – 22.9˚C
          = 5.9˚C

2. Volume of final Solution
Vf = Vfinal solute with calorimeter – Mcalorimeter 
    = 110.6046 mL – 8.4811g 
    = 102.1235 mL

3. Mass of final solution
m = Vf x (1g/mL)
    = (102.1235 mL) x (1g/mL)
    = 102.1235 mL

4. Energy released
Q= mcT
   = (102.1235 g)(4.18 J/g˚C)(5.9˚C)
   = 2518.56 J
   = 2.5 x 103 J

5. Moles of OH- (aq)
Given:
Volume of NaOH = 50.0 mL
nOH = (50.0 mL OH-)(1 mol/ 1000 mL)(1 mol OH/1 mol Na)
       = 0.05 mol OH-

6. Number of moles H2O formed 
nOH = (0.05 mol OH-)(1 mol H2O/1 mol NaOH)
       = 0.050 mol H2O

7. Heat of Neutralization/mol of H2O
NH = qN/nX
        = 2.5 x 103 J/0.050 mol H2O
        = 50000 J
        = 5.0 x 104 J
 
8. Percent Error
%error = Theoretical Value – Experimental Value   x 100
                                     Theoretical Value
             =  5.7 x104 J - 5.0 x 104 J   x 100
                            5.7 x 104 J
             = 12%
Part 3. Enthalpy of dissolution of a Salt
1. Change in temperature of solution
solnT = Tfsalt – Tisalt 
           = 19.8˚C – 22.8˚C
           = -3.0˚C

2. Energy absorbed
Given: 
C = 3.662 J/g˚C
Q = mcT
    = (20.0g)(3.662 J/g˚C)(-3.0˚C) 
    = 	 2.19 x 102 J

3. Enthalpy of dissolution
Nsalt = (2.50666g salt) x (1mol / 1166g salt)

sH˚ = qs/nsalt = -(msolution)(csolution)(solutionT)/nsalt
		   = - (2.5066g)( 3.662 J/g˚C)(-3˚C)/(0.0156 mol)
		   = 1765.2 mol/salt

  

Discussion 
The specific heat capacity that was obtained for the metal was (T1) 0.344 J/g˚C and (T2) 0.197 J/g˚C. After calculating the percent error from the experimental heat capacity, I realized that the heat capacity that was obtained in T1 was fair reasonable. However, T2 was not reasonable at all. The molar mass obtained in (T1) was 72.67 g/mol and (T2) 127 g/mol. When I saw that the molar mass for Zinc was 65.38 g/mol, I knew that my T2 value was really off and that the percent error would be really high. However, for T1, the percent error was only 11%. I think the reason why T2 had such a big error was because the thermometer had touched the metal in the beginning which had caused the temperature to increase. Therefore, this would take away time to be able to stabilize the temperature. 
For the second experiment, we were trying to find the neutralization of enthalpy for all acid and base. From an online source, I found that the value is 5.7 x 104 J. The average enthalpy change for all acids are about 4.1 x 104 J with a 32% error. This was pretty close to the actual value. 

[bookmark: _GoBack]There were a lot of sources of error that was inherent in this experiment. The first one would be touching the metal while swirling the thermometer at the same time. Like mentioned before, it would cause the temperature to change at different times or in the beginning of the swirling. This would make it longer to go back to the temperature where it would be stabilize. 
The second source of error would be during the experiment with the salt. When pouring the salt into the calorimeter, some of the salt might have stuck on the side of it which didn’t allow all of the reaction to take place. Also, some of the salt was probably still stuck to the bottom of the calorimeter which also explains why the temperature never stabilized or took a very long time to stabilize. The temperature was always increasing and there were no stabilized temperature. It seem like the temperature was about to reach a stabilized temperature however due to the time limit and the time restrain, we didn’t have time to calculate it. If we did, it would probably stabilize at room temperature. 
Lastly, some of the information were not collected because we had forgotten to measure it. For instant, the mass of the calorimeter with the solution inside for Trial 1 of HCl. This resulted in not being able to find values for other data as well. 
Conclusion 
The heat capacity found for zinc was 0.334 J/g˚C with 12% error and 0.197 J/g˚C with 49% error. The molar mass % for (T1) was 11% and (T2) 94%. The enthalpy of neutralization with Acid HCl and Base NaOH (T2) 6.0 x 104 J with 5% error. For Acid HNO3, (T1) had a neutralization of 5.0 x 104 J with 12% error and (T2) was 1.2 x 104 J with 79% error. For the unknown salt, we found that (T1) had a enthalpy of dissolution of 1765.2 mol/salt and (T2) was 2129.9 mol/salt.





