University of Wales Trinity Saint David – OME Programme
ACDA0514: THEMOCHEMISTRY CALCULATIONS
Risk Assessment
Before starting the experiment, you need to carry out a safety check and respond to the following statements.

I 	…………………………………………………………………………………………………………………………
Hereby agree to the following statements:
· I have taken part in the lab induction session with Mark and Ewa
· I agree to follow all rules and instructions therein 
· I have received my PPE kitbag and checked the contents 
· I understand that I must wear safety goggles, gloves and fastened lab coat for the duration of the entire experiment.
· I understand not to touch my face and/or eyes while wearing gloves as they can be contaminated with chemicals.
· I am aware of the risk associated with the handling of laboratory glassware such as cuts from broken or damaged glass and potential burns from hot glassware/ Bunsen burners.
· I understand the COSHH hazards associated with the chemicals but if I am unsure, I will ask Mark or Ewa.
· I understand that should I have an issue that may prevent me from doing the practical’s (such as illness, pregnancy or injury) that I will inform Mark or Ewa in good time before the session so alternate arrangements can be made.
· That I will report unsafe behaviour in a confidential and professional manner.
· I also understand that should I fail to adhere to instructions/ guidance, I will be putting myself and others at risk and could be removed from the practical which may affect my course grades. This removal will also be reported to the Academic Liaison Officer and, by extension possibly your parent company.


Signed………………………………………………………………..


Date………………………………… 




Lab Quiz
· The hazard(s) associated with the chemicals used in this experiment are: ...........................................................................................................................................................................................................................................................................................................................................................................................................................
· Where would I find the hazard information for a chemical? (2 answers) …………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
· If there is a fire, what are my (your) responsibilities? ..................................................................................................................................................................................................................................................................................
· Why must glassware be labelled (2 reasons): …………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
· Name 5 instructions for clothing and hair in the lab: ……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
· What is the procedure for disposal of reacted acidic reagents? ……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
	Chemical
	Hazards

	Sodium hydroxide pellets (NaOH pellets)
	[image: Icon

Description automatically generated]Causes severe skin burns and eye damage.

	Sodium hydroxide solution 
(1 M NaOH)
	[image: Icon

Description automatically generated]
Causes severe skin burns and eye damage. 

	Hydrochloric acid solution                 
(1 M HCl)
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Description automatically generated]
                Causes severe skin burns and eye damage.
[image: Icon

Description automatically generated]
                     Harmful if swallowed.

	Ammonium chloride
(NH4Cl)
	[image: Icon

Description automatically generated]Harmful if swallowed.



Student name & number: ……………………………………………………………………………………………………………       

Student signature: ……………………………………………………          Lab assistant: …………………………...........

AIM OF THE EXPERIMENT: To measure (i) the specific heat capacity of a metal, (ii) the molar heat of solution of various ionic compounds, and (iii) the molar heat of reaction of a chemical reaction.

INTRODUCTION
Heat is a type of energy. Exchange of heat between an object and its surroundings causes a measurable change of temperature of both. In this experiment, the “object” is either (i) a piece of metal, or (ii) the dissolution of an ionic compound, or (iii) a chemical reaction, and its surroundings is water placed in a closed Styrofoam coffee cup equipped with a thermometer and stirring rod as shown in Figure 1. The assumption is made that the object and its surroundings form an isolated system that does not exchange energy and matter with what is around it. Please note that the word “object” has been intentionally put in quotation marks since it does not only refer to a physical object (e.g. a piece of metal) but also to a physical/chemical process (e.g. chemical reaction). 
[image: ]
Figure 1. Schematic of the calorimeter used in this practical. The calorimeter is made of two stacked Styrofoam coffee cups, a lid with a thermometer and a stirring rod. A hot object (in yellow) releases heat (in red) to the cold water (in blue) and calorimeter (cups, thermometer, and rod).
When a hot piece of metal is immersed in cold water in a coffee cup calorimeter, heat is transferred from the metal to the water. As a result, the metal cools down while the calorimeter (water, cups, thermometer, and stirring rod) warm up until thermal equilibrium is reached and they all have the same temperature. 
The heat change Q (in joules, J) of an object (here the piece of metal) is defined using three parameters according to Eq.1, where m is the mass (in grams, g), ΔT is the temperature change (in degree Celsius, °C), and cp is the specific heat capacity (in J per g per °C) of the object:
	Q  =  m    cp    ΔT
	(Eq.1)


The specific heat capacity cp is defined as the amount of heat needed to raise the temperature of 1 g of an object by 1 °C (the term “specific” is used to indicate that a quantity is normalised per unit of mass). ΔT is negative when the object cools down, and positive when it warms up (and so are the signs of the corresponding values of Q); the same applies to the surroundings.
According to First Law of Thermodynamics, energy may never be created or destroyed, it can only be transferred between object and its surrounding. In other words, the heat lost by an object or process must be gained by the surroundings, and vice-versa. In this experiment, the heat lost by the metal (QMETAL) is the heat gained by the water and the calorimeter (Qwater + Qcalorimeter):
- Qmetal  =  Qwater + Qcalorimeter 						   (Eq.2)
The negative and positive signs in Eq.2 represent the direction of heat flow; when the heat is lost, the sign is negative (-Qmetal), when the heat is gained, the sign is positive (Qwater + Qcalorimeter). In this example Qmetal < 0, Qwater > 0, Qcalorimeter> 0. Note that Eq.2 is valid under the assumption that metal, water, and calorimeter form an isolated system.
Combined Eq.1 and Eq.2 give the following relationship: 
Mmetal  cp metal  ΔTmetal =                                                           (Eq.3)
= - (mwater   cp water  ΔTwater  +  HCcalorimeter  ΔTcalorimeter)
where HCcalorimeter is the heat capacity of the calorimeter that must be measured experimentally, as described in the next section. 
Eq.3 can be used to determine the specific heat capacity of a metal, cp metal, when all other parameters in the equation are found (masses and temperatures are measured experimentally, cp water is 4.186 J/(goC)).

To measure the heat of solution of a compound, Eq.2 and Eq.3 are used and the heat exchanged by the metal (Qmetal ) is changed to heat exchanged by the dissolution process (Qsolution): 
Qsolution  = - (mwater   cp water  ΔTwater  +  HCcalorimeter ΔT calorimeter) (Eq.4)

The heat of reaction of a chemical reaction can be expressed as: 
Qreaction  = - (mwater  x cp water x ΔTwater  +  HCcalorimeter x ΔT calorimeter)
	
	(Eq.5)



where Qsolution and Qreaction are the heat released (exothermic) or absorbed (endothermic) by the processes of dissolution and reaction, respectively. Note that the heat values of the two processes can be determined experimentally when all the parameters on the right-hand side of Eq.4 and Eq.5 are found, again as described in the next section.


PROCEDURES
In this experiment, the following calorimetric measurements will be performed:
1. Measure the value of the heat capacity of the calorimeter (HCcalorimeter)
2. Measure the specific heat capacity of a metal (cp metal)
3. Measure the molar heat of solution of various salts (qsolution of NaCl, NH4Cl, NaOH)
4. Measure the molar heat of reaction of HCl with NaOH (qreaction)
The lower case “q” is used to denote molar heat, hence q = Q/n where n is the number of moles of the substance involved in the heat exchange process (e.g. the moles of NaCl that dissolve in water).

IMPORTANT: Record all your data and calculation in the data sheets at the end of this script.

1. Measure the value of the heat capacity of the calorimeter (HCcalorimeter)
Obtain two Styrofoam coffee cups (one inside the other) with a lid, a thermometer, and a stirring rod, to build the calorimeter.  Set up the calorimeter using a stand and clamp, as shown in Figure 2. The goal of this experiment is to measure how much heat this apparatus absorbs.
[image: ]
Figure 2. Apparatus used to perform all calorimetric measurements. The calorimeter consists of two stacked Styrofoam coffee cups, a lid, a thermometer, and a stirring rod. A stand and clamp are used to keep the calorimeter in place.
Procedure to measure HCcalorimeter:
(1.1) Add 50.0 mL of water to the Styrofoam coffee cups, and close with a lid. Add the thermometer and stirring rod to set up your calorimeter.
(1.2) Take 50.0 mL of water in a separate beaker and heat to about 80 °C. Close the gas and wait till the temperature reaches  60 °C. When the "hot water" is ready, record is temperaturet as Thot.
(1.3) Measure the temperature of the water in the calorimeter, and record it as Tcold.
(1.4) Add the hot water to the water in the calorimeter, and mix thoroughly, while watching the thermometer.  Record the maximum equilibrium temperature of the mixture, record it as Tmax.
(1.5) Calculate the heat capacity of the calorimeter, HCcalorimeter , using Eq. 1, Eq.6, and Eq.7:
- Qhot-water  =  Qcold-water+ Qcalorimeter					(Eq.6) 
 Qcalorimeter  =  HCcalorimeter  ΔTcalorimeter				  (Eq.7)
where Qhot-water is the heat lost by the hot water, while QCold-water and Qcalorimeter are the amounts of heat gained by the cold water and calorimeter, respectively. Calculate Qhot-water and Qcold-water with Eq.1, then use Eq. 6 to find Qcalorimeter, and finally Eq.7 to obtain the value of heat capacity of the calorimeter, HCcalorimeter. 
Note: The mass (m) and temperature change (ΔT) for both the hot and cold water can be obtained from the experimental data, also the ΔT of the calorimeter can be found from the same data. For example, ΔTcold-water = Tmax – Tcold. Assume that the calorimeter is in thermal equilibrium with the water during the experiment. The specific heat capacity of water is cp water = 4.186 J/(goC). Always specify the units of the results obtained from your calculations.
2. Measure the specific heat capacity of a metal (cp metal)
Procedure to measure cp metal: 
Use the same apparatus as before (Figure 2).
(2.1) Obtain a piece of metal rod, record what type of metal you chose. Weigh the rod and record its mass as mmetal.
(2.2) Set up a water bath, heat the water until boiling, and then carefully put your metal into it.  Keep boiling for another 5 minutes, to allow the metal to reach the same temperature as the water. Try to avoid heating the metal directly! To reduce the effect of direct heating, close the gas after 5 min and wait 2 minutes for the temperature of boiling water and piece of metal to equilibrate. 
(2.3) While this is being done, measure 30.0 mL of water and add it to the calorimeter.  Measure the temperature of the water in the calorimeter, as done previously, and record it as Tcold.
(2.4) Once the metal has reached "thermal equilibrium" with the boiling water, measure and record the temperature of the hot water as Thot, and quickly add the metal to the water in the calorimeter using the tongs.
(2.5) Stir the water and record the temperature every 10 seconds, filling in the datasheet provided at the end of this script with the entries (time, Twater). The temperature will increase at the start.  Continue until the temperature of the water has reached a maximum and then cooled down by about 2 oC. Record the maximum temperature reached by the water as Tmax.
(2.6) Calculate cp metal the specific heat of the metal using Eq.3 and the value of heat capacity of the calorimeter found previously. Assume that calorimeter and water are in thermal equilibrium, cp water = 4.186 J/(goC), and always give the units of the results of your calculations.

3. Measure the molar heat of solution of compound (qsolution of NaCl, NH4Cl, and/or NaOH)
The molar heat of the solution of a substance is the amount of energy involved in dissolving one mole of the substance in a solvent (usually water).  In this part of the experiment, the heat of solution of one or two of ionic compounds: sodium chloride (NaCl), ammonium chloride (NH4Cl), and sodium hydroxide (NaOH) are measured.
You should note that there is no such thing as the mass or specific heat of a process, including that of dissolution of an ionic compound in water, which simplifies the calculations.
Procedure to measure qsolution:
Use the same apparatus as before (Figure 2).
(3.1) Set up the calorimeter with 25.0 mL of water.  Measure and record the temperature of the water as Tstart.
(3.2) Weigh about 1.5 g of the ionic compound and record its mass as mcompound.
(3.3) Quickly add the solid into the calorimeter, stir and watch the thermometer. Record either the maximum (if the temperature goes up) or the minimum (if the temperature goes down) value of temperature as Tend.
(3.4) Calculate Qsolution the heat of solution using Eq.4 and the heat capacity of the calorimeter found previously. Again, assume that the calorimeter and water are in thermal equilibrium, cp water = 4.186 J/(goC), and always give the units of the results of your calculations.
(3.5) Finally, calculate qsolution the molar heat of solution as the heat of solution per mole of ionic compound, i.e. qsolution = Qsolution / ncompound , where the number of moles of the compound is ncompound = mcompound / Mcompound, and Mcompound is the molar mass of the ionic compound (use the following molar mass values for your calculations: H 1 g/mol, N 14.0 g/mol, O 16.0 g/mol, Na 23.0 g/mol, Cl 35.5 g/mol).
Apply the procedure for all three ionic compounds.






DATA SHEETS to RECORD CALCULATIONS and RESULTS
Write in the following box your student number and full name:

	STUDENT NUMBER & NAME: ____________________________________________



1. Measure the value of the heat capacity of the calorimeter (HCcalorimeter)
Use these entries to record your experimental data, results, and calculations.
THOT = ______59oC____            mHOT-WATER = ____50g_______       ΔTHOT-WATER = ____-22oC______
TCOLD = _____19oC_____             mCOLD-WATER = ___50g_______       ΔTCOLD-WATER = ____18oC______
TMAX = ______37oC_____                                                                       ΔTCALORIMETER = ____18oC______
QCOLD-WATER  = __3767.4 J__     QHOT-WATER  = __-4604.6 J_____        QCALORIMETER  = __837.2 J____
HCCALORIMETER  = ___46.5 J/ oC _______
	Write the calculations for QHOT-WATER , QCOLD-WATER , QCALORIMETER , and HCCALORIMETER :

QHOT-WATER = 50 g x 4.186 J/(goC) x (-22 oC) = -4604.6 J
QCOLD-WATER = 50 g x 4.186 J/(goC) x (18 oC) = 3767.4 J
QCALORIMETER = -(-4604.6 J) - 3767.4 J = 837.2 J
HCCALORIMETER = 837.2 J / 18 oC = 46.5 J/ oC



2. Measure the specific heat capacity of a metal (cp metal)
Use these entries to record your experimental data, results, and calculations.
Type of metal = __Al/Steel/Cu____________________            
THOT = __100/100/100 oC _        mMETAL = _9.14/8.56/9.01_              ΔTMETAL = _-76.5/-77.5/-78 oC_
TCOLD = __20/20/10 oC ____       mWATER = ___30/30/30g__              ΔTWATER = __3.5/2.5/2 oC __
TMAX = __23.5/22.5/22 oC __                                                           	    ΔTCALORIMETER = _3.5/2.5/2 oC__
cMETAL  = _0.861/0.648/0.490 J/(goC)_
	time (s)
	TWATER (oC)
	
	time (s)
	TWATER (oC)
	
	time (s)
	TWATER (oC)

	0
	20 / 20
	
	
	
	
	
	

	10
	24 / 22.5 / 22
	
	
	
	
	
	

	20
	24 / 22.5 / 22
	
	
	
	
	
	

	30
	24 / 22.5 / 22
	
	
	
	
	
	

	40
	24 / 22.5 / 22
	
	
	
	
	
	

	50
	24 / 22.5 / 22
	
	
	
	
	
	

	300
	23 / 22 / 21.5
	
	
	
	
	
	

	600
	22 / 22 / 21
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



	Al:
      cAl = - (mWATER  x cWATER x ΔTWATER  +  HCCALORIMETER x ΔTCALORIMETER)/( mAl x  ΔTAl ) =
           = -[30g x 4.186 J/(goC) x 3.5oC + 46.5 J/ oC x 3.5oC]/[9.14g x (-76.5oC)] =
           = 602.28J / 699.21goC = 0.861 J/(goC)
 Steel:
     cSteel = - (mWATER  x cWATER x ΔTWATER  +  HCCALORIMETER x ΔTCALORIMETER)/( mSteel x  ΔTSteel ) =
             = -[30g x 4.186 J/(goC) x 2.5oC + 46.5 J/ oC x 2.5oC]/[8.56g x (-77.5oC)] =
             = 430.2J / 663.4goC = 0.648 J/(goC)
Cu:
     cCu = - (mWATER  x cWATER x ΔTWATER  +  HCCALORIMETER x ΔTCALORIMETER)/( mCu x  ΔTCu ) =
             = -[30g x 4.186 J/(goC) x 2oC + 46.5 J/ oC x 2oC]/[9.01g x (-78oC)] =
             = 344.16J / 702.78goC = 0.490 J/(goC)



3. Measure the molar heat of solution of three compounds (qsolution of and NaOH)
Use these entries to record your experimental data, results, and calculations.
	SODIUM HYDROXIDE (NaOH)

	mCOMPOUND = ___1.73g___          mWATER = __25g_________               
TSTART = __20oC________          TEND = ___34oC__________     ΔTWATER = ___14oC _______
MCOMPOUND = __40g/mol____   nCOMPOUND = __0.043mol__     ΔTCALORIMETER = _14 oC______     
QSOLUTION = -[25g x 4.186 J/(goC) x 14oC + 46.5 J/ oC x 14oC] = _-2,116.1 J_ 
qSOLUTION of NaOH = 2,116.1 J / 0.043 mol = _-49,212 J/mol_

	[bookmark: _Hlk94362999]  

	AMMONIUM CHLORIDE (NH4Cl)

	mcompound = __________          mwater = ______________               
Tstart = ______________          Tend = ________________     ΔTwater = ________________
Mcompound = ___________       ncompound = ___________          ΔTcalorimeter = ____________    
Qsolution = ______________ 
qSOLUTION of NH4Cl = _____________________ 

	

	SODIUM CHLORIDE (NaCl)

	mcompound = __________          mwater = ______________               
Tstart = ______________          Tend = ________________     ΔTwater = ________________
Mcompound = _____________   ncompound = ___________     ΔTcalorimeter = ____________     
Qsolution = ______________ 
Qsolution of NaCl = _____________________ 
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