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Enthalpy Of Various Reactions Lab!

Metal

	Metal: Zinc!
	Trial 1
	Trial 2

	Zinc mass
	10.63g
	11.9g

	Empty Calorimeter
	7.53g
	7.53g

	Water in Cylinder
	20.0 mL
	20.0 mL

	Water+Calorimeter
	26.55g
	26.71g

	Mass of water 
	25.55-2.53 = 21.02g
	26.71-7.53 = 19.18g

	Temperature of boiling water in Beaker
	97.4*C
	98.6*C

	Water Temperature
Seconds *C
	Time
(Sec)
	Temperature
(Celsius)
	Time
(Sec)
	Temperature
(Celsius)

	
	0
30
60
90
120
150
180
	21.4
21.4
21.4
21.4
21.4
21.4
21.4
	0
30
60
90
120
150
180
	22.0
21.8
21.9
21.9
22.0
22.0
22.0

	Zinc 
Time (Seconds) vs. Temperature (*C)
	Time
(Sec)
	Temperature
(Celsius)
	Time
(Sec)
	Temperature
(Celsius)

	
	0
20
40
60
80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
	25.1
23.7
24.0
24.8
24.9
24.8
24.8
24.8
24.8
24.8
24.7
24.8
24.7
24.7
24.6
24.5
24.5
24.5
24.5
24.5
24.5
	0
20
40
60
80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
	26.8
26.0
26.0
26.1
26.1
26.2
26.2
26.2
26.2
26.2
26.3
26.3
26.3
26.3
26.3
26.3
26.3
26.3
26.3
26.4
26.4



Observation:
The water Temperature doesn’t change (expected since there is no reaction)
The Temperature of the zinc keeps going down. (At the end, it could continue to keep getting lower until it reaches room temperature as the system is not “perfectly closed”)
























Acid

	Acid: HCl
	Trial 1
	Trial 2

	HCl (1.1 M) Amount in Cylinder
	50 mL
	50 mL

	NaOH Amount in Cylinder
	50 mL
	50 mL

	NaOH Temperature
Seconds  *C
	Time
(Sec)
	Temperature
(Celsius)
	Time
(Sec)
	Temperature
(Celsius)

	
	0
30
60
90
120
150
180
	24.8
25.0
25.0
25.0
25.0
25.0
25.0
	0
30
60
90
120
150
180
	22.7
22.9
22.9
22.9
22.9
22.9
22.9

	NaOH + HCl
Time (Seconds) vs. Temperature (*C)
	Time
(Sec)
	Temperature
(Celsius)
	Time
(Sec)
	Temperature
(Celsius)

	
	0
20
40
60
80
100
120
140
160
180
200
220
240
260
280
300
320
340

	28.6
30.1
30.0
30.0
29.9
30.0
29.9
30.0
29.9
29.8
29.8
29.9
29.9
29.8
29.6
29.6
29.6
29.6

	0
20
40
60
80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
440
460
480
500
	25.7
25.8
25.4
25.5
25.5
25.4
25.1
25.1
25.1
25.1
25.1
25.1
24.7
24.8
24.9
24.8
24.6
24.5
24.5
24.4
24.2
24.2
24.1
24.1
24.1
24.1

	Mass of Calorimeter + NaOH +HCl
	109.25g
	109.41g



Observation:
The NaOH’s temperature and the temperature of the water mix at first until the temperature of the solution in the beaker becomes stable.
The temperature of the NaOH+HCL keeps changing, it seems to be rising for the first minute but then it goes back down (Assumption is that this happens because system is not “Perfectly closed” so it gains the room temperature.)























Salt A

	Salt A
	Trial 1
	Trial 2

	Mass of Salt A
	2.66g
	2.68g

	Empty Calorimeter
	7.53g
	7.53g

	Water+Calorimeter
	28.9g
	28.9g

	Water Temperature
Seconds *C
	Time
(Sec)
	Temperature
(Celsius)
	Time
(Sec)
	Temperature
(Celsius)

	
	0
30
60
90
120
150
180
	17.0
17.0
17.0
17.0
17.0
17.0
17.0
	0
30
60
90
120
150
180
	14.9
16.2
16.2
16.2
16.2
16.2
16.2

	Salt + Water
Time (Seconds) vs. Temperature (*C)
	Time
(Sec)
	Temperature
(Celsius)
	Time
(Sec)
	Temperature
(Celsius)

	
	0
20
40
60
80
100
120
140
160
180
200
220
240
260
280
300
	14.7
13.9
13.9
14.0
14.1
14.1
14.2
14.3
14.2
14.4
14.4
14.5
14.5
14.5
14.5
14.6
	0
20
40
60
80
100
120
140
160
180
200
220
240
260
280
300
	13.5
12.5
12.6
12.7
12.7
12.9
12.8
12.9
12.8
13.0
13.1
13.2
13.2
13.4
13.5
13.5


Observation:
The temperature of the water is solid 17.0*C for the first trial and 16.2*C for the second – that’s because no reaction was taking place.
As for Salt+Water, the Temperature continues to drop in both of the trials.
Nitric Acid (Extra Trial):
	Acid: HNO3
	Trial 1

	 HNO3 Amount in Cylinder
	50 mL

	HNO3 Amount in Cylinder
	50 mL

	HNO3 Temperature
Seconds  *C
	Time
(Sec)
	Temperature
(Celsius)

	
	0
30
60
90
120
150
180
	18.1
18.2
18.2
18.1
18.0
18.0
18.0

	NaOH + HNO3
Time (Seconds) vs. Temperature (*C)
	Time
(Sec)
	Temperature
(Celsius)

	
	0
20
40
60
80
100
120
140
160
180
200
220
240
	23.0
23.2
23.1
23.0
23.0
23.9
23.9
23.8
23.8
23.8
22.7
22.7
22.6

	Mass of Calorimeter + HNO3 + NaOH
	111.14g


Observation:
Same like the other Acid, the temperature of the HNO3  was constant, in this case it was 18.0*C. The temperature of the NaOH+HNO3 continued to decrease; however it went up in the second zero as we can see that the temperature of the HNO3 was 18*C but the second zero of the reaction was 23*C (It went up).
Calculations: 

Part 1

	Trial 1
	Trial 2

	1)
	Change in temperature of water = 
24.5 – 21.4 = 3.1
	1)
	Change in temperature of water  =
26.4 – 22.0 = 4.4

	2)
	Energy gained by water =
Q = C * M * T(change)
Q = 4.18 * 21.02 * (3.1) = 272.38 J
	2)
	Energy gained by water=
Q = C * M * T(change)
Q = 4.18 * 19.18 * (4.4) = 352.76 J

	3)
	Change in temperature of Zinc = 
24.5 – 97.4 = -72.9
	3)
	Change in temperature of Zinc = 
26.4 – 98.6 = -72.2

	4)
	The specific heat capacity =
E water = -(E of metal)
272.58 = - (C*M*T)
272.58 = - ((C)(10.63)*(-72.9))
272.58 = -((C)*(-774.93))
-0.35 = -C
0.35J/(g*C)= C
	4)
	The specific heat capacity =
E water = -(E of metal)
352.76 = - (C*M*T)
352.76 = - ((C)(11.9)*(-72.2))
352.76 = -((C)*(-859.18))
-0.41 = -C
0.41J/(g*C) = C

	5)
	Cmet * MMmet
0.35 * 65.41=  22.81 J/(mol*C)
	5)
	Cmet * MMmet
0.41 * 65.41 = 26.82 J/(mol*C)

	6)
	Real specific heat of zinc = 0.39
Percent error = (0.39-0.35)/0.39 
= 0.1026 *100 = 10.26% error
	6)
	Real specific heat of zinc = 0.39
Percent error = (0.39-0.41)/0.39 
= 0.1599 *100 = 15.99% error

	
	Real molar mass =23.01 
Percent error = (23.01–22.81)/23.01= 0.00869 *100 = 0.87% error
	
	Real molar mass =23.01 
Percent error = (23.01–26.83)/23.83
= -0.1603 *100 = -16.03% 
 16.03% error

	
	Average Percent error = 4.46%
	
	Average percent error = 16.01%



Part 2

	Trial 1
	Trial 2
	HNO3

	7)
	Change in temperature of solution =
29.6-25.0 = 4.6*c
	7)
	Change in temperature of solution =
24.1- 22.9 = 1.2*C
	22.6 – 18.1 = 4.5*C

	8)
	Volume of final solution = 109.25 mL
	8)
	Volume of final solution = 109.41 mL
	111.14 mL

	9)
	Mass of final solution = 109.25g
	9)
	Mass of final solution = 109.41g
	111.14g

	10)
	Energy released = M * C * T
(109.24g)*(4.184)*(4.6) = 2102.48 J
	10)
	Energy released = M * C * T
(109.41)*(4.184)*(1.2) = 549.33 J
	MCT
(111.4)*(4.184)*(4.5)= 2095.44 J

	11)
	Number of moles of the limiting reagent 
C= n/v
4.184 = n/109.26
n =456.67 moles
	11)
	Number of moles of the limiting reagent: C=n/v
4.184 = n/109.41
n = 457.77 moles
	C=n/v
4.184=n/111.14 = 456.01 moles

	12)
	Number of moles of water by neutralization reaction:
Qn = -mtot * C soln * T
Qn = -109.25 * 4.18 * 4.5
Qn = -20526.41
	12)
	Number of moles of water by neutralization reaction =
Qn = -mtot * C soln * T
Qn = -109.41* 4.18 * 1.2
Qn = -548.80
	Qn = -mtot * C soln * T

Qn = -111.4* 4.18 * 4.5

Qn = -2095.43

	13)
	Heat neutralization per mole of water:
Hn = Qn/Number of moles of X
Hn = -20526.41/ 456.7
Hn = -44.95 J/mol
	13)
	Heat neutralization per mole of water =
Hn = Qn/Number of moles of X
Hn = -546.80/ 457.77
Hn = -1.19 J/mol
	Hn= Qn/Number of moles of X

Hn = 
-2095.43/ 456.01
Hn = -4.60 J/mol

	14)
	The HCL has heat neutralization/mol of water of -44.95 and -1.19, and the HNO3 has heat neutralization of -4.60. The two acids are negative however the HCL got very different numbers.

	15)
	The literature values were not found.  




Part 3

	Trial 1
	Trial 2

	16)
	Change in Temperature of solution =
14.6-17.0 = -2.4
	16)
	Change in Temperature of solution =
13.5-16.2 = -2.7

	17)
	Energy released/absorbed by solution:
E = M*C*T
E = 2.66* 3.662 * -2.4 = -23.38
	17)
	Energy released/absorbed by solution: E = M*C*T
E = 2.68 * 3.662 * -2.7 = -26.50

	18)
	Enthalpy of dissolution =
H=Qs/ nSalt 
H= -23.38/(2.66/166.0) = -1459.43
	18)
	Enthalpy of dissolution =
H=Qs/ nSalt 
H= -26.50/(2.68/166.0) = -1641.38

	19)
	The enthalpy of dissolution of salt wasn’t found.
	19)
	The enthalpy of dissolution of salt wasn’t found.















Observation:
In this experiment, I was able to calculate the heat capacity for Zinc metal as well as the molar mass. Even though the “closed system” we were using was not “perfect”. The percent error at the end turned out to be very little which means that my calculations are very close with the real values. My partner and I heated the water with the zinc in a cylinder until it reached boiling point and then we mixed it with water in a calorimeter. We noted the temperature deference every 20 seconds until it stabilized.
As for the Acids, we mixed to strong acids together (HCl and NaOH). We did two trials of those and then we mixed HNO3 with NaOH once. We put the 2 acids in a calorimeter and noted the temperature change every 20 seconds for 5 minutes. In the three trials of acid, the temperature would change significantly for the first minute and then it slowly goes back to room temperature. This is because the system was not “perfect” and therefore it was affected by the room temperature. The final calculations (heat neutralization per mole) varied a lot between the first and second trial of HCL, but the HNO3 was close to the value of the HCl. 
 After that we tried to figure out the enthalpy of the dissolution of salt, same way we did with acid. We used Salt A and mixed it with water and noted down the change in temperature every 20 seconds for 4 minutes (until the temperature stabilized). I wasn’t able to find the percent error, as I wasn’t able to find the literature value of this salt.
Conclusion:
 In conclusion, I was able to calculate the specific heat capacity and molar mass of the zinc with very little percent error. I wasn’t able to get the literature values of the acid and the salt so I wasn’t able to calculate the percent error. Also, the answers for trial 1 and 2 two of the HCl acid were far from each other which could have resulted from the heat lost from the system to the surrounding. As for the other acid (HNO3) the calculations were similar to trial 2 of the HCl. Finally, I got the enthalpy of Salt A but I couldn’t find the literature value to get the percent error, however, both trials had similar numbers.
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