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Introduction

Standard enthalpy of formation of any substance, is defined as the amount of heat absorbed and change in enthalpy at standard conditions of 25 Degrees Celsius, and pressure of 1 bar, when 1 mole of a compound is formed from its initial reactants in standard states. The equation for this definition is: 

When heat is released from these reactions, the reaction is considered to be exothermic, and when heat is being absorbed, the reaction is considered to be endothermic.

What was used in this experiment was something called a “coffee cup calorimeter”. This device was used to measure the quantity of thermal energy that was being lost in the experiment. It consisted of a large styrofoam cup with a smaller aluminum pop can inside, sealed off with a styrofoam lid on top, and a thermometer through the top of the lid to measure the temperature inside.

Specific Heat Capacity

The specific heat capacity of an object is the amount of heat required to raise the temperature of one gram of a substance by one degree. This can be used to measure the thermal energy initially in the substance. The specific heat capacity of a substance also does not change due to change in variables such as volume and mass. However the heat capacity of a substance such as a large body of water, does change due to volume and mass. The equation used to determine the energy required to change the temperature of a substance is:

Where c equals the specific heat capacity of the substance, m equals the mass of the substance, and T equals the change in temperature of the substance.

Enthalpy of Solution

Depending on the lattice energy of a salt, and the hydration energy, the dissolution of a salt can either be exothermic or endothermic. Lattice energy occurs during enthalpy change when 1 mole of an ionic solid dissociates completely into a gaseous ion, which is endothermic. And hydration energy is the energy is the energy released when one mole of a gas ion dissociates in a solvent, which is exothermic. What we gain from these two quantities is the enthalpy of solution, which can be measured by 

And another way to calculate the enthalpy of solution is:

Where c is the specific heat capacity, m is the mass, T is the change in temperature, and n is the amount in mol.

For the lab, 2 options of chemicals were presented to choose from. The first being ammonium chloride (, with a solubility of 37.2g/100g of water, at a price of $62.40/500g. The second option was ammonium nitrate(, which has a solubility of 192g/100g of water, priced at $64.62/500g. Initially looking at these two options, in terms of cost of the product, the obvious winner was ammonium chloride, since our product was going to need a lot of supply of either chemical. However in terms of solubility, more than 5 times the amount of ammonium nitrate is able to be dissolved in 100g of water than ammonium chloride, therefore making the slightly more expensive price of the chemical negligible. In spite of this very big and important factor, the lab assignment left a very important clue that revealed what chemical was supposed to be chosen. The text read “Please include with your final product design an explanation of which chemical you decided most suitable and why, including careful consideration of the Health and Safety implications of your chosen design.” After very extensive, it was discovered that ammonium nitrate is a component of explosive mixtures used in mining and civil construction. Which means that our product could not consist of explosive materials for obvious reasons. Therefore after all these factors were taken into consideration, ammonium chloride was chosen as the chemical to use.

Procedure

1. First the chemical needed to be chosen, and as stated, ammonium chloride was the chemical chosen to use. 
2. Next the number of moles needed to decrease the temperature of the water by 5 degrees Celsius needed to be found. Therefore with the amount of moles needed, it was possible to calculate how much of the ammonium chloride we needed. The amount of ammonium chloride collected was calculated with a scale.
3. After this was found the calorimeter had to be prepared. This was done by filling an aluminum pop can up with 100ml of water, and placing inside a larger styrofoam cup with a lid on top. Through the top of the lid there was a hole that allowed the thermometer to poke through and measure the temperature of the water.
4. Next the minimum amount of water needed to dissolve the amount of ammonium chloride needed to be found. This amount of water was added on the outside of the aluminum can inside the styrofoam cup.
5. After all variables were found, the ammonium chloride was added and stirred into the water on the outside of the can, the lid was placed and data collection started.
6. Steps 1-5 were repeating using trial and error until the temperature of the water decreased by 5 degrees within 5 minutes.

Observations/data/results:

While weighing the ammonium chloride, it was difficult to collect the exact amount of grams needed for the experiment. Also it was difficult to quickly close the lid on the styrofoam cup and add the thermometer to the lid, right after the chemical was added and mixed with the water.

Trial #1: 
· 100ml of water outside of can. 15.2g ammonium chloride
· 4.5 degrees Celsius temperature drop in 5 minutes
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Trial #2:
· 100ml of water outside can. 15.2g of ammonium chloride
· 4.4 degree temperature drop in 5 minutes
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Trial #3:
· 100ml of water outside can. 17.01g ammonium chloride
· 4 degree temperature drop in 5 minutes

Calculations

1.  (heat capacity of water is 4.18)
2. 	(heat capacity of aluminum is 0.9)
3.  =
4. 
5. 
6. 

Discussion

Before starting the lab, the expected result were that the water inside the can was going to decrease temperature at increasingly faster rates as more ammonium chloride was added to the mixture. However much to the groups disbelief, as more ammonium chloride was added to the mixture, the water’s temperature did not fall as much in 5 minutes as the water with less ammonium chloride did. Both times when 15.2 grams of ammonium chloride was added to the mixture, the temperature dropped roughly 4.4 degrees celsius in 5 minutes. But when the amount of salt was increased to 17.2 grams, the temperature of the water only decreased 4 degrees celsius in 5 minutes.

Much of these odd results are due to errors in the lab. Errors can either be due to lack of attention to detail while performing the lab, or sometimes due to faulty equipment or materials provided in the lab. The first error observed in the lab was the loss of heat to the surroundings due to the homemade calorimeter used. Obviously our calorimeter system was not perfect, and in result the system lost heat due to the design. The lid on top of the styrofoam cup was not completely sealed on top, and the thermometer also did not completely seal the opening in the lid, which both would have resulted in heat and temperature loss.

Another error observed during the lab was the inability to simultaneously mix the salt in with the water, while recording the temperature of the water drop. During the time that the salt was being mixed, and trying to put the lid on, drop the thermometer in, and start the recording, the water could have dropped fractions of a degree celsius and this could have added to our temperature loss that we were not able to achieve in 5 minutes. Instead of the calorimeter having to open from the top of the lid where the thermometer is placed, maybe the styrofoam could have some kind of capsule at the bottom of the cup where you can pour the mixture in and slide it back into the cup. This way the thermometer would already be in place, and the recording could already be started. 

Conclusion

After data was collected and calculations were made, the mixtures used were not able to drop the temperature by 5 degrees in 5 minutes. The hypothesis made at the beginning of the lab turned out to be inaccurate due to errors encountered in the lab.
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Assessment Criteria for Planning the Boyle’s Law Investigation
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Students in /\"(M’CM\( a
Group:
b. Nimar
Agnengd
Date: Squ‘e/rwW I 2077 ]
Criteria: Marks Assessment
Possible Self TA
1. Identify the problem
and state it clearly in a 1 (
way that can be tested.
2. Use proper
apparatus, techniques 1 k
and safety precautions. e
3. Materials are easily 1
available. \
4. Plan to vary only one
independent variable at 1 /
a time.
5. Controls on other
variables are clearly 1 /
stated.
6. Measurement errors
are minimized by
appropriate procedures 1 /
or apparatus.
7. The methods are clear
enough to be followed 1 1
by other students.
8. No invalid
assumptions are made. 1 B
9. Reagents that need
accurate measurement
are identified. 1 |
10. Lab trials are stated. 1 1
11. Repeats are stated. 1 )
12. Chemistry
vocabulary is used 1 }
correctly.
13. Limitations of the
experimental design are 1 ‘
described.
TOTAL: 13 V3

Verification of Boyle’s Law...7




image13.png
[E] UOttawa's Gee Gee's Sp- X )/ [E] Untitied spreadshect -G X e

C | @ Secure | httpsy//docs.google.com/spreadsheets/d/15ekEUju25)2VONIKPIbYFFyHOypspIWcAGabvkOxq8Y/edit#gid=0

Apps [ Toronto & GTAgas = (@) Brightspace v MoplaTA G Google [} Chemistry [} Colc Homework [7 Wiley Plus e

Untitled spreadsheet - m
e St Vew bt Fomst Dms Teos Adtans Hep Alshes smednOne

BT e b ow o | T D D L 1~y cEEY-I B
T [Tmels  Temp (o)
2 0 28
> S 213
5 » 22
© s
. ® 23
7 @ 28
0 £ 28
O ® 21
© ® o7
[ w0 105
= o) o3
- ) 0
0 0 s
- ) w7
0 150 w7
" 0 s
0 ) w7
0 w0 s
B 100
) ) n
= 20 w2
= 20 19
= 20 e
= 0 s
= =0 L)
£l =0 2
= ) 7
= 20 e
> =0 7
" a0 s
310 i)
) [ —
= i) T





image15.png
1 Logger Pro - Trial1_thermo.qmbl

File Edit Experiment Data Analyze Insert Options Page Help

0@ U &|+i|page1

VDAL LIS

sk

@

[ > |

Is Change in Temp T}
Time | Temp
(s) (C)
121 600 208

%

N
SR

I
%

QI%

é

é

3828
Temperature
5
f

n
il

D e —l

=

Temperature
°C

214

20

174

LinearFitfor Time vs Change in Temp Trial #1 | Temperature
Temp = mx+b

m(Slope)-0.01436 °Cls

b (V-Intercept): 21.31°C

Correlation:-0.9554

RMSE:0.4550 -C

0
(45.1,20.042)

Time (s)

T
200 300





image14.png
[E] UOttawa's Gee Gee's Spe X Untitled spreadshest - € X e
C | @ Secure | httpsy//docs.google.com/spreadsheets/d/15ekEUju25)2VONIKPIbYFFyHOypspIWcAGabvkOxq8Y/edit#gid=0
Apps [E] Toronto 8 GTAgas e (@ Brightspace v MeplaTA G Google [} Chemistry [} CalcHomework [J Wiley Plus

Untitled spreadsheet - m
e St Vew bt Fomst Dms Teos Adtans Hep Alshes smednOne

BT e b ow o | T D D L 1~y cEEY-I B
T [Tnels)  Temp (Calss)
2 0 22
> S 23
5 » 28
© 21
. ® EL
7 @ »
0 £ w07
O ® s
© ® 102
[ w0 w1
= o) 19
- ) w7
0 0 s
- ) s
0 150 1
" 0 )
0 ) s
0 w0 w2
B w0 w2
) ) i
= 20 n
= 20 £
= 20 s
= 0 =
= =0 [ —
B =0 ) i
= ) 19
= 20 )
> =0 e
" a0 2
310 7]

= 03 e





image19.png
154 Logger Pro - trial 2 thermo.qmbl - X
File Edt Eperiment Data Analyze Insert Options Page Help
0@ 0 8|Epeer  [FEBAAXLLILTLMIRC [

No device connected.

is Change in Temp
Time | Temp
() (C)
614 —3665——78/d
61513676477
616 3675477
617 3086478
6183685477
6192006476 217
620 |—3695—+78
621 3100 177
6223465477
623 |—s3+t6—+78
624 |—3++5—+7¢

22

6251 —34+26—78| [ L 20 o
626 —=sr25——7 | & Linear it for. Time vs Change in Temp Trial 2 | Temperature
627|136 477 | Temp=mcd
628 3125 477 g m(Slope) -0.01179 *Cls
b (Y-Intercept): 20.75 °C
629 —sreo——+78l | Consiaton 0574
630 |—3+45—478/ RMSE- 06419 C
631 |—3456—478/ 194
632|455 477
633

—stes— 477
634 3165 178

Temperature

0
°C (255,21437) Time (s)





image22.png
15 Logger Pro - trial 3.qmbl™ - X
File Edit Eperiment Data Analyze Insert Options Page Help
DU dper  ([*DBBIAAALLIETLHR EH

No device connected.

Is Change in Temp T}
Time | Temp
(s) (C)

585]
586}
587 |—2936—+7+ 21
588}

593 —296-0——+++ 20+

%
L

LinearFitfor Time vs Change in Temp Trial #3 | Temperature
Temp = mx+b

o
8
Temperature

599 —299-6——4#6 19+ m (Slope} 0.01096 *Cls
600 |—2995—+75 b (VIntercept): 19,66 °C
01 —eeo—+zo it
602 |—366-5——+6

603 —36+-6——+#6

604 |—36+5—75

605 302.0 170 18+

Temperature|

0
OC (46.1,21.127) Time (s)





