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EXPERIMENT (1): THERMAL EQUILIBRIUM AND THE
ZEROTH LAW

Aim
The aim of this experiment is verification of the zeroth law of thermodynamics.

Introduction

The zeroth law of thermodynamics states that if both of two thermodynamic systems are in thermal
equilibrium with a third, then both are in thermal equilibrium with each other. Accordingly,
thermal equilibrium between systems is a transitive relation. Two systems are said to be in thermal
equilibrium if they have the same temperature.

The figure below shows that if system "A" is equilibrium with system "C " and system™ B" also
in thermal equilibrium with "C" , then the two systems "A" and "B" are in thermal equilibrium
with eath other .

A

Equilibrium Equilibrium

Thermal
Equilibrium

Equilibrium E
Materials

Saturated NaCl aqueous solution at lab temperature
Hot water water

500 ml- beakers

Two 100 ml- beakers

Thermometer

Procedures

1) Inasuitable container (large beaker or a large dish), put hot water to a high temperature
(between 50 °C and 70 °C). Call this water “system (C)”.

2) In a 100 ml- beakers put about 50 ml of water at lab temperature. Call this “system (A)”.

3) In another 100 ml- beaker put about 50 ml the saturated NaCl solution at laboratory
temperature. Call this “system (B)”.

4) Put both systems (A) and (B) inside the system (C).

5) After some minutes measure the temperatures of system (A) and system (C), and once both
systems have the same temperature record the values as Tsystem (a) and Tsystem (C)-

6) Also, measure the temperature of system (B) and system (C). Record the values as Tsystem(a)
and Tsystem(C)



REPORT OF EXPERIMENT (1)

Title:
Aim:
Results:
°C
Tsystem (A)
Tsystem (B)
Tsystem ©
Conclusion:

Write your conclusion in a way that verifies or does not verify the zeroth law of thermodynamics.

Answers of the questions

1. Define heat.

2. Can energy be stored in a system as heat? Rationalize.



EXPERIMENT (2): THE CONSTANT-PRESSURE CALORIMETRY

Aim
The aim of this experiment is to understand what a constant-pressure calorimetry means by the
determination of the heat capacity of a constant-pressure calorimeter “Ceal”.

Introduction

Calorimetry is a thermodynamic technique used to determine the heat transfer.

The heat transfer is the quantity of heat absorbed or released by a system as a result of a physical
or a chemical change in the thermodynamic state of the system.

Physical and chemical changes are usually performed at constant temperature and also at either
constant volume or constant pressure.

If the change is performed at constant temperature and constant volume, the technique is called
“constant-volume calorimetry”. It is also called “bomb calorimetry”. These kinds of changes
with its calorimetry are rarely used and rarely preferred.

If the change is performed at constant temperature constant pressure, the technique is called
“constant-pressure calorimetry”, “coffee-cub calorimetry” or “Styrofoam calorimetry”. These
kinds of calorimetry are the mostly used and the mostly preferred.

In all of our experiments discussed and carried out here the technique that will be used is “The
constant-pressure calorimetry”.
The following figure shows the specially-manufactured constant-pressure calorimeter.

J

,//

The regular and common Styrofoam coffee cups are sometimes used to do the jobs the
specially-manufactured constant-pressure calorimeter.



The constant-Pressure calorimeter consists of two vessels (inner
vessel and outer vessel) and two accessories. The inner vessel is /Thel'mometef
accommodated by the outer vessel:
Glass stirrer
v" The inner vessel (The calorimeter glass tube):
The inner vessel is a glass tube with a size of about 50 mL. This | o
glass has a mass and a known specific heat. <

ammar

:
:

Cork stopper

v' The outer vessel:

The outer vessel is an insulator (sometimes, it is called “jacket”)
inside which the inner vessel is accommodated and kept
protected from losing any of its energy as heat or intrusion of heat
into it. This vessel usually is made of a Styrofoam that has walls |
with enough thickness so to ensure no transfer of heat across it.

This outer vessel acts as an insulator of the inner vessel. The
outer vessel also consists of a lid made of the same material and it has two holes to insert
through the accessories.

T~Two Styrofoam®

cups nested together

Reaction mixture
in solution

v" The accessories:

The accessories are a thermometer and a stirrer both are inserted through the holes of the
lid all the way to the bottom of the inner vessel.

The system is put inside the inner vessel and is stirred gently to ensure that temperature is the
same all over.

The temperature of the system before anything happens must be accurately measured and
recorded. This temperature is called the initial temperature.

The system is then allowed to undergo its physical or its chemical change which will cause an
increase or decrease in the temperature. During this change, gently stirring must continue in
order to ensure that temperature is the same all over.

The temperature of the system after the change is over must be accurately measured and
recorded. This temperature is called the final temperature.

In calorimetry, the equation used is the following equation:

q=Cx(T2—T1)
q=mx Csx (T2—Ty)

q = amount of heat gained by the system or lost (the unit is “J”)
C = the heat capacity of the system (the unit is “J/°C”) m =
mass of the system (the unit is “g”)

Cs = the specific heat of the system (the unit is “J/g °C” t1

= the initial temperature of the system (the unit is “°C”)

t2 = the final temperature of the system (the unit is “°C”)



In this experiment a hot water will lose energy as heat and a cold calorimeter glass tube will
gain this energy as heat.

Lost heat qiost will have a negative sign and gained heat ggaineda Will have a positive sign, but
have the same value:

qlost = Mwater X 4.184 J/g °C x (At)water

ggained = Ccal X (At)cal

Ccal X (At)cal = (mwater x 4.184 J/g °C x (At)water)

__ (mwater X 4.184]/g °C X (A)water)

Ccal (At)cal

Materials and chemicals

Constant pressure calorimeter with its accessories
graduated cylinder

Balance

Hot water (40 °C - 50 °C)

Procedure

1)

2)
3)
4)
5)

6)

7)

Put the thermometer inside the empty inner vessel (The calorimeter glass tube) and measure
the temperature. This temperature should be the same as the laboratory temperature. Record
this temperature as “tcal”.

Measure the mass of the inner vessel (The calorimeter glass tube). Record this mass as “mcai”.

Measure the exact temperature of the hot water. Record this temperature as “twater”.

4) Put inner vessel (The calorimeter glass tube) inside the outer vessel.

Up to no more than three quarter the space, fill the inner vessel (The calorimeter glass tube)
with the hot water from water bath and immediately cover it with its lid.

Gently stirring, observe the thermometer and record it once it levels off. Record this
temperature as “tfinal”.

Measure the mass of the inner vessel (The calorimeter glass tube) with the water it contains.

Record this mass as “Mcal+water”.



REPORT OF EXPERIMENT (2)

Title:

Aim:

Results:

mcallg mcal+water/g

tcal/ ° C

twater/oc

tfinal/ OC

Calculations

1) Calculate the mass of water:

Mwater = Mcal+water — Mcal

2) Calculate the change in the temperature of the water:

(At)water = tfinal — twater

3) Calculate the change in the temperature of the calorimeter glass tube:

(At) cal = tfinal — tcal

4) Calculate the heat capacity of the calorimeter:

__ (mwater X 4.184]/g °C X (A)water)

Ccal (At)cal

5) Calculate the specific heat of the calorimeter, Csca:

_ Ceal

Cscal  Mcal




6) Calculation of the experimental error If the reference value of Cs,cal is 0.836 J/g.°C

Cs ,actual ~ Cs ,exp

Error% :l Cs actual | x 100

Questions

1) Repeat your calculation but using for temperature the Kelvin unit instead of the Celsius unit. Do the final
results differ from each other? Rationalize.

2) If the reference value of Csca is 0.836 J/°C g, calculate the experimental error.

Answers of the questions
1) Repeating calculation using the Kelvin unit:

(At)water =

(At) cal =

Cea =

Cscal: =

2) Error % in Csca =



EXPERIMENT 3: DETERMINATION OF SPECIFIC HEAT

Aim
The aim of this experiment is to determine the specific heat of a solid substance.

Introduction

» The heat absorbed or released, g, to change the temperature of a substance is given by the
following equation:

g =m X Cs X (Tfinal — Tinitial)

“m” is the mass of a substance, “Cs” is its specific heat; “Tinitia” is its initial and “Trina” is its final temperature.

» The heat capacity, C, of a substance is the quantity of heat required to raise the temperature of
any mass “m” by only 1 °C:

C:mes

» Provided that no heat is exchanged with the surroundings, if a hot unknown metal becomes in
contact with cold water, then heat will be lost from the metal and gained by the water and the
calorimeter. The final temperature will be the same for all including the solid:

(lost= — (gained

» In this experiment a hot metal will be in contact with a cold water in a constant-pressure glass
calorimeter. The following are the symbols that will be used in calculation:
Mass of the metal = Mmetal
Specific heat of the metal = Cs metal
Initial temperature the metal = Tretal
Mass water = my
Specific heat of water = Csw = 4.184 J/g °C
Mass of the glass calorimeter = mca
Specific heat of the glass calorimeter (Csca) = 0.836 J/g °C
Initial temperature of water, calorimeter = Tw,cal
Final equilibrium temperature of mixture = Tfinal
Heat lost by the metal = Qmetal

Heat gained qw,cal = {(Mwater X Cs,water) + (Mcal X Cs,cal)} X (Tfinal — Tw,cal)
by water, calorimeter and stirrer = Quw,cal

gmetal = Mmetal X Cs,metal X (Tfinal - Tmetal)

qw,cal = {Mwater X Cs,water X (Tfinal — Tw,cal)} + {mMcal X Cs,cal X (Tfinal — Tw,cal) }



From the following equality, the specific heat of the metal (Csmetar) can be obtained:
(lost= — (gained

{mmetal X Cs,metal X (Tfinal - Tmetal)} =— {(mw X Cs,w + mcal X Cs,cal) X (Tfinal - Tw,cal}

_ ~{(mw X Csw + Meap X Cscal) X (Trinal — Tw,cal}

Cs metal {Mmetal X (Tfinal — Tmeta1)}

Materials and chemicals

An unknown metal

Balance
Constant-pressure calorimeter Thermometer
500 mL-beaker Ice

Hotplate or water bath

Procedure

1)
2)
3)
4)
5)
6)
7)

8)

9)

Weigh the solid metal. Record this mass as Mmetal.

Insert the metal into the hot water using a thread.

Weigh the calorimeter tube. Record this mass as mcal

Fill the calorimeter tube about half way with cold water and add some crushed ice.

Weigh the calorimeter tube containing and the cold water. Record this mass as mcal+w.

Place the calorimeter tube inside its insulation jacket (do not forget to cover with its lid).
Insert thermometer inside the calorimeter tube and measure the temperature of the cold water
(Be sure to stir the water first). Record this temperature as as Tcal,w.

To measure the temperature of the heated metal, insert thermometer water bath which contains
the hot water and the metal. Record this temperature as as Tmetal

Without splashing any water, quickly and carefully transfer the heated metal from the hot water
to the calorimeter tube. (Be sure to cover the tube with its lid as soon as this transfer is done).

10) Observe the thermometer, stir the content gently and once the temperature becomes almost

constant record it as Tiinal.

Calculation

1)

2)

Calculate mass of water:
Mw = Mecalw — Mecal

From the following equation calculate the specific heat of the metal (Cs metal):

_ {(mw X Csw + Mca) X Cs cal) X (Trinal = Twcall

Cs,metal {Mpetal X (Tfinal = Tmeta)}

10



REPORT OF EXPERIMENT (3)
Title:
Aim:

Results:

Quantity: Values

Mass of the metal Mmetar (Q)

0
Initial temperature of the metal, Tmetal ( C)

Specific heat of the glass calorimeter Csca (J/g °C) 0.836

Mass of calorimeter mcai (g)

Mass of calorimeter and water mcai+w (Q)

Specific heat of cold water. Csw (J/g °C) 4.184

0

Initial temperature of cold water, Tcaw ( C)

(o]
Final equilibrium temperature Tfina ( C)

Calculations :

1) Calculation of mass of water :

2) Calculation the specific heat of the metal :

11




Questions :

1) What are the sources of error and how can it be minimized?

2) Why should the water be stirred?

3) What is the purpose of using a calorimeter in this experiment?

4) Why is it important to transfer the hot metal quickly into the cold water?

12



EXPERIMENT 4: ENTHALPY OF HYDRATION OF SOLID
SALTS (SODIUM ACETATE OR COPPER SULPHATE)

Aim
O The aim of this experiment is to measure the enthalpy of hydration of copper sulfate, sodium

sulfate or any other salt that is capable to be hydrated.

Introduction

The word “hydration” is used to mean different aspects. The process of dissolving a salt is in
water involves the attractions between the molecules of water and the ions of the salt. This is
called “hydration”.

When some slats crystallize they attach some water molecules to their solid crystal lattice. This
process is also called “hydration”. This hydration is the subject of this experiment. O Hydration
is accompanied by heat exchange (absorption or releasing).

Copper sulfate and sodium acetate are just examples of the salts which may have some water
molecules within their solid crystalline lattice.

The quantity of heat absorbed or released as a result of the attachment of water molecules to
one mole of a solid ionic salt is called “the enthalpy of hydration™.

The enthalpy of hydration is difficult to calculate as it is not possible to measure the chemical
potential energy (the molar Gibbs energy) directly as the salt crystallizes. However, it can be
determined using the following indirect method:

v' First, we dissolve solid CH;COONa.3Hz0 in water and evaluate its enthalpy of solution, AHxn 1:

v

v

H,0(L)

CH3COONa.3H20(s) —— CH3COONa(aq) + 3H.0(L) AH = AHpn1
Second, we dissolve solid CH3COONa in water and evaluate its enthalpy of solution, AHxn 2:
H,O(L
CH3COONa(s) 2% CHCOONa(aq) AH = AHn:
Third, we apply Hess’s Law as follows:
H,O(L
CH3COONa(aq) + 3H20(L) H200 CH3COONa.3H20(s) AH =— AHmn,1
H,O(L
CHsCOONa(s) 25 CH;COONa(aq) AH = AHpn
CH3COONa(s) + 3H20(L) —» CH3COONa.3H20(s) AH = (— AHin,1) + (AHixn,2)

13



Materials and chemicals

Constant-pressure calorimeter

Sodium acetate (or Copper(ll) sulfate)

Sodium acetate trihydrate (or copper(1l) sulfate pentahydrate)
Water

Scale (thermometer)

Procedure
Measure the mass of the calorimeter tube, Record this mass as “mcal”.

Reaction 1
1. Inthe calorimeter, add 25 mL of distilled water and measure the total mass. Record this mass

as “mcal+water,1”.

2. Gently stir the water and measure the temperature once it settles off. Record this temperature
as “Tinitial,1”.

3. Measure a 2.5 g of the hydrated salt (sodium acetate trihydrate, CH3COONa.3H20 or copper
sulfate pentahydrate, CuSO4.5H,0). Record the exact mass as “msalt,1”.

4. Add the hydrated salt to the water and cover the calorimeter with its lid. To dissolve the salt,
stir the solution but gently.

5. Observe the thermometer, and after being confident that all the mass is dissolved, measure the

temperature as it settles off. Record this temperature as “T1 final,1”.
6. Record your experimental measurements on its correspondent table of results.

Reaction 2
Clean the calorimeter tube and dry it.
1. Asin“Reaction 17, in the calorimeter, add 25 mL of distilled water and measure the total mass.

Record this mass as “mcal+water,2”.

2. Gently stir the water and measure the temperature once it settles off. Record this temperature
as “Tinitial,2”.

3. Measure a 2.5 g of the unhydrated salt (sodium acetate, CHsCOONa or copper sulfate, CuSOa).
Record the exact mass as “msalt,2”.

4. Add the hydrated salt to the water and seal the calorimeter with its lid. To dissolve the salt, stir
the solution but gently.
5. Observe the thermometer, and after being confident that all the mass is dissolved, measure the

temperature as it settles off. Record this temperature as “Tfinal2”.
6. Record your experimental measurements on its correspondent table of results.

14



REPORT OF EXPERIMENT (4)

Title:
Aim:
Results:
Value
‘ Mcal / g
Reaction 1 (hydrated) Reaction 2(anhydrous)
Value Value
Mcal+water,1 / g Mcal+water,2 / g
msalt,1/ g msalt,2 / §
Misolution,1 / g Misolution,2 / g
Tinitial,1 / °C Tinitial,2 / °C
Tfinal,l / °C Tfinal,Z / °C

Calculations:
A) Reaction 1

-Calculate the mass of water:

Mwater,1 = Mcal+water,1 — IMcal

-Calculate the mass of solution:

Msolution, 1= Mwater,1 + Msalt, 1

15



-Calculate the temperature difference:

AT1 = Tfinal,l — Tinitial,l

-Calculate the heat exchanged:

q1 = {mcal X Cs,cal X (AT) 1} + {msolution,l X Cs,solution,1 X (AT) 1} Note that q: is the quantity
of heat exchanged as a
result of dissolving nsalt1
which is the number of
moles of the hydrated salt
that you dissolved.)

-Calculate the number of moles of the salt:

_ Mgajita
Ngalt,1 =

Msalm

-Calculate, the change in enthalpy as a result of dissolving one mole of the salt:

—_
Aern,l Ngalt,1

-Write the thermochemical equation of dissolving the salt:

16



B) Reaction 2

-Calculate the mass of water:

Mwater,1 = Mcal+water,1 — Mcal

-Calculate the mass of solution:

IMsolution,2 = Mwater,2 + Msalt,2

-Calculate the temperature difference:

AT2 = Tfinal,2 — Tinitial,2

-Calculate the heat exchanged:

(Note that gz is the quantity of

q2 = {mcal X Cs,cal X (AT)2} + {msolution,2 X Cs,solution,2 X (AT)2} heat exchanged as a result of
dissolving nsar2 which is the
number of moles of the
unhydrated

salt that you dissolved.
-Calculate the number of moles of the salt: y )

_ Mgalt2
Ngalt2 =

Msait,2

-Calculate, the change in enthalpy as a result of dissolving one mole of the salt:

— dz
Aern,Z Ngalt,2

-Write the thermochemical equation of dissolving the salt:

17



C) Enthalpy of hydration of the salt From the calculations of reaction 1 and reaction 2, apply
Hess’s law to calculate the enthalpy of hydration of the unhydrated salt:

D) Theoretical enthalpy of hydration

From the following literature information, calculate the theoretical enthalpy of hydration of
solid sodium acetate, AHtheor:

CH3COONa.3H20(s) | CH3COONa(s) | H20(L)

AHrxne / k3 mol™ —1604.00 —709.32 —285.8

CHsCOONa(s) + 3H,0(L) — CHsCOONa.3H20(s)

AHiheor = ZAH;,products - ZAH;,reactants
AHpeor = {(— 1604 kJ )} — {(—=709.32) + (3 x —285.8)} =—37.28 kJ/mol

E) Error percentage
(Note: Your teacher assistant will provide you with the reference values of the enthalpy of hydration)
Calculate the error percentage of your experimental value of enthalpy of hydration:

AHtheo ’AHexp
Error% = | AHtheo |>< 100

18



EXPERIMENT 5: THERMODYNAMICS OF THE OXIDATION
OF ACETONE BY HYPOCHLORITE

Aim
The aim of this experiment is to measure the enthalpy of of the oxidation of acetone by
hypochlorite.

Introduction

* AH is the heat that flows into or out of the system at constant temperature and pressure.

» By measuring the change in temperature and calculating how much reactant was consumed,
we can determine the enthalpy of reaction.

« The reaction in this experiment is the oxidation of acetone by hypochlorite ion, the active
species in bleach which will be used in this experiment:

3NaOCl + CH3COCH3z — CH3COONa + CHCI3 + 2NaOH

* By performing the reaction in an insulated container open to the atmosphere and measuring the
temperature change, the amount of heat absorbed or released can be determined. Thus, the
enthalpy of reaction (AHxn) can be calculated.

» The following principles and formulas are used:

v Any heat lost by the system is gained by the surroundings, and vice versa.
v Heat absorbed or released (qg) by a certain mass of the substance (m) can be calculate if we
know the specific heat capacity of the substance (Cs) and the change in temperature (AT):
g=mxCsx AT

» The specific heat capacity of the calorimeter (the glass tube), Cs,car is known.
* The experiment involves the determination of the enthalpy of oxidation of acetone by
hypochlorite (AHrxn).

Substances and materials :
Constant pressure calorimeter (glass tube, stirrer and Styrofoam container)

50-mL and 250-mL beaker

Thermometer

5-mL and 20-ml graduated pipette

25 mL- graduated cylinder

5.25% (w/v) sodium hypochlorite (Bleach)
Acetone aqueous solution (5% by volume acetone)

19



Procedure :

(Warning: Bleach is irritating to the skin and dangerous if it gets in your eyes. Clean up any spills immediately).

1) Measure the mass of the calorimeter tube. Record this mass as mcal.
2) Add exactly 10 mL of 5.25% sodium hypochlorite solution (bleach) to the glass tube of the

constant pressure calorimeter.
3) Measure the temperature of this solution. Record this temperature a Tinitial-
4) Add 2.0 mL of 5.0% aqueous acetone into glass tube.
5) Quickly open the calorimeter, pour the acetone solution into the bleach, and close the

calorimeter.
6) Swirl the calorimeter gently while the reaction takes place (do not use the thermometer as a

stirring rod).
7) Record the temperature as it levels off after no less than 10 minutes as Tfinal.
8) Measure the mass of calorimeter tube and the reaction mixture , Record this as Mecai+soi 9)

Repeat steps (1) — (6) two more times.

(Note: the quantities given in this procedure guaranties that acetone is the limiting reactants)
Calculations
1) Calculation of the mass of solution :
Msol = Mcal+sol - Mcal
2) Calculate the total amount of heat that release as a result of reaction "gra":
(Qrxn = [ ( MecalX Cs,cal ) + ( MsolX Cs,sol ) ] X (Tfinal - Tinitial)

3) Because the concentration of acetone is 5% by volume acetone, it is clear that there is 5 mL

of acetone in 100 mL of solution. Therefore, calculate the volume of acetone as follows:

=
volume of acetone = 100 x volume of solution

4) From the volume of acetone, its density (0.791 g/mL) and its molar mass (58.078 g/mol),

calculate the number of moles of acetone, nacetone:

Mgcetone _ Volume of acetone x density of acetone
Nacetone = M = M
acetone acetone

5) Knowing the amount of heat (q) evolved per nacetone, and according to the pervious reaction

equation:

Calculate Aern in k\] / m0|e Of acetone.: Aern = ( = qrxn/ nacetone)

20



REPORT OF EXPERIMENT (5)
Title:
Aim:
Results:

1) Record your measurements in the following table

trial | 2¥trial | 39trial

Mcal / g

Tinitiat / °C
Ttina / °C

Calculations:

1. Calculation of the mass of solution

2. Calculation the total amount of heat that release as a result of reaction" grxn =qcal +Qsot *":

1. Calculation of the volume of acetone:

2. Calculation the number of acetone moles (nacetone)

3. Calculation of AHwn in kJ / mole of acetone:

21



EXPERIMENT 6: ENTHALPY AND ENTROPY OF
FUSION OF WATER

Aim
Understanding that fusion is a change of state of mater and its thermodynamic functions can be
determined only if both states are present in equilibrium at constant temperature and pressure.

Introduction The
enthalpy of fusion

Enthalpy of fusion is the heat absorbed by a substance to change the substance from its solid
state to its liquid state at constant pressure and temperature.

If the pressure is the standard pressure this change of state occurs at the substance standard
melting point.

Standard enthalpy of fusion, AH;us, is the heat absorbed by a substance to change its state from
its solid state to its liquid state at standard pressure and at its melting temperature.
This heat absorbed can be determined experimentally by calorimetry, and using the following
equation:

g=mx Csx (T2—Ti)

Where g, m, Cs, T1 and T are the heat absorbed, the mass, the specific heat, the initial
temperature and the final temperature respectively.

The entropy of fusion

Entropy of fusion is the change of the entropy of a substance as a result of changing it from its
solid state to its liquid state at constant pressure and temperature.

If the pressure is the standard pressure this change of state occurs at the substance standard
melting point.

Standard entropy of fusion is, AStus, the change of the entropy of a substance as a result of
changing it from its solid state to its liquid state at standard pressure and at its melting
temperature.

This change in the entropy can be determined, if the standard enthalpy of fusion is known, by
the following equation:

Substances and materials

Constant pressure calorimeter (glass tube, stirrer and Styrofoam container)
Hot-water bath(40 — 50) °C

Thermometer

22



Procedure
*  Weigh the calorimeter glass tube. Record this mass as “mi,tube”.

* Fill the calorimeter glass tube up to about one third with the hot water from water bath
,temperature that ranges between 40 °C and 50 °C .

« Put the calorimeter glass tube with the hot water inside the Styrofoam. And insert the stirrer
and the thermometer.

* Measure the temperature of the the calorimeter glass tube with hot water. Record this
temperature as “T1” Again, weigh the calorimeter glass tube with t hot water. Record this mass
as “mZ,tube”.

» To the hot water inside the calorimeter glass tube add some pieces of ice.

«  Stir the mixture gently.

» Make sure that the mixture contains water in both its liquid state and its solid state.

» Monitor the temperature of the content of the calorimeter glass tube, and once it levels off
record the temperature as “T>”.

*  Quickly remove all ice from the calorimeter glass.

*  Weigh the calorimeter glass tube with the liquid water inside. Record this mass as “ms3,tube”.

23



REPORT OF EXPERIMENT (6)
Title:
Aim:

Results:
Record your measurements in the following table

mi,tube / g ma2,tube / g ma3,tube / g T /°C T2 /°C

Cs,water =4184) / g °C
AHfys water = 6:01 kd/mol

AS;us ,Wate? 22 JIK .mol
Thus ,water =2/3K
Mwtwater = 18 g/mol

Calculations
Mhot water = M2 — M1

Mfinal water = M3 — M1

Mice melted = M3 — M2
-From data given data and using the following equations calculate heat lost by the calorimeter
tube and the hot water, qiost:

qlost = {(ml,tube Cs,tube (T2 — Tl)} + {(morigina water Cs,water (TZ — Tl)}

-Calculate the heat gained by the ice qgained:

(gained = — (qlost)

-From data given data, calculate number of moles of solid water (ice) melted, nice:

— Mmpelted ice

n. =
ice
Mwater

24



-Calculate :
_ Qgained

(=]
AHfus,water - Nice

-From data given, calculate AStus,water;

_ AHfus,water

=]
ASfus,wat;er T
fus,water

-From given data, calculate the percentage of your experimental error in the value of AStus,water
and AI—Ifus,\fvater

AS:u:tual _ AS:‘!XP
Error% :| ASactual |>< 100

AHactual - AH:%XP
Error% :| AHactual |>< 100
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EXPERIMENT 7: FREE ENERGY AND TEMPERATURE

EFFECT ON THE SOLUBILITY OF BORAX

Title: Free energy and temperature effect on the solubility of borax

Aim
The aim of this experiment is the determination of thermodynamic parameters for making a
saturated aqueous solution of borax.

Introduction

The effect of temperature, the free energy, the enthalpy and the entropy of the solubility of
borax in water will be determined.

Borax, Na,B4Os(OH)4'8H20, is a sparingly soluble sodium salt in water. The equation of its
solubility in water is presented by the following equation:

Hz0(1) n OH):2
Na2B405(0OH)4-8H20(s) «—— 2Na*(aq) + B4Os(OH)17(aq) + 8 H,0(l)
(Note: The two-heads arrow indicates that the solution is a heterogeneous solution which contains both the
undissolved borax and the dissolved borax in a chemical equilibrium.)

The equilibrium constant is presented as:

[Na*(aq)]2[B40s - (aq)][H,0(D)]®
K = [Naqu,OS.SHzO(S)]

However, we know from our knowledge about heterogeneous equilibrium, that the
concentration of any solid or liquid substance is constant. Therefore, the equation can be
rearranged to take the following form:

[Na;B,05.8H,0(s)] _
K x - [H,0(1)]° = = [Na,B,05 *(aq)][Na* (aq)]?

Because the left side of the last equation is a constant value, it is usually given a specific name
and a specific symbol. The name is “the solubility product” and the symbol is “Ksp”. This
convention turns the equilibrium constant equation for the solubility of this sparingly soluble
salt to the following form:

Keome = L B40s *(ag)][Na* (aq)]?

The molarity of borate, [B40s(OH)2 2(aq)] can be calculate by titrating the borate ions with an
aqueous solution of HCI that we know its molarity.
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The reaction between the borate and the aqueous HCI solution is as follows:
Na2B40s(0H)2%(aq) + 2HCl(aq) + 3H.0(l) — 4H3BOs(aq) + 2CI(aq) + 2Na*(aq)

The equation used to calculate the molarity of borate is as follows:

M xV M

(T)borate =( i

xV. n
n )HC] x (\_,)borate

(

><V) _
n /HC So, Mborate

The chemical equation of borax dissolution given previously shows that the molarity of
Na‘*(aq) is twice the molarity of Na2B+Os(OH)3™(aq):
[Na*(aq)] =2 x [B4Os(aq)*]

Knowing the values of [B4Os(aq)2-] and [Na*(aq)] enables us to calculate the value of the
SOIUb'I'ty pI’OdUCt, Ksp,borax.

In this experiment the value of Ksporax Will be calculated at two different temperatures (T1 and
T»). This enables us to evaluate the following thermodynamic parameters:

1) We can calculate the standard change in the Gibbs free energy for dissolving borax in water
at the two temperatures using the following equation:

AGsonution=— R x T % In Ksp borax ,  R=8.314Jmol. K , (T)inkelvin

2) We can calculate the standard change in the enthalpy of dissolving borax in water using
the following equation:

K .
In —sp.borax1

o _ Kspboraxz
AHsolution - T, -T,

XRxTy; xT,

3) We can calculate the standard change in the entropy of dissolving borax in water at the two
temperatures using the following equation:

AGsolution = AHsolution — ( T X ASsolution )
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ASD lution = AH;olution - A‘G'Dsolution
. solution . T The experiment will may be carried out twice at
Materials and chemicals two temperature:

Large for ice and 2 small beakers

This equation can be rearranged to take the following form:

The first at the lab temperature (about 25 °C)
The second is to be done at the lower
temperature that equals to 5 °C or close to 5 °C

Erlenmeyer flasks As _the teacher _assistant _instructs, _the
Magnetic stirrer or glass rod experiment will may be carried out by a group
Thermometers

A burette filled with standardized HCI solution (about 0.2 mol/L)

Procedure

1)

2)
3)
4)
5)
6)
7)
8)

9)

In a two small beaker add about 2.5 g of the solid borax and about 50 mL distilled water.
(Note: The mass of the borax and the volume of the water are approximate and not necessarily exact
but only to ensure the heterogeneity of the solution.)

Stir the mixture in for at least 10 minutes.

Place a thermometer in each beaker.

Put the first beaker on the bench at the lab temperature, and the second in a larger beaker that
contains water and ice.

To allow the undissolved borax to settle to the bottom, leave both beakers undisturbed until
the aqueous solution becomes clear.

Measure the temperature of the mixture in in each beaker. Record this temperature as “T1” for
the flask at the high temperature and as “T2” for the flask at the low temperature.

Without disturbing the solid at the bottom, carefully pipet 10 mL of the solution in each beaker
into an Erlenmeyer flask that is clean but not necessarily dry.

Add 20 mL of distilled water and 2 drops of methyl orange indicator to each of these two
Erlenmeyer flasks. The solution of each should turn from yellow to orange-red.

Titrate the sample with the standardize HCI solution. Record the volume of HCI at T1 as Vua,1

and at T2 as Vuc,2.

10) For each temperature, repeat the titration two more times.
11) Record the molarity of the standardize HCI solution as Mucl.
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REPORT OF EXPERIMENT (7)
Title:
Aim:

Results:
1) Temperatures and the molarity of the standardize HCI solution:

T1/K T2/ K Mua / mol L™

2) Titrations:

Titration number | Vuc,1/ mL | Vuc,2/ mL
1
2
3
Average volume

Calculations :

1. Using the following equation calculate the molarity of the aqueous borate at Ty,
[B4+Os(aq)?-]1 and at T2, [B4Os(aq)?] z:

M xV
n

(

n
Mborate = Jua % (\_,)borate

[B4Os(aq)® J1=

[B4Os(aq)® Jo=
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2. Calculate the molarity of [Na(aq)+] at Ty, T2

[Na(aq)*]1i= 2 x [B40s(aq)? |1

[Na*(aq)]2 = 2 x [B40s(aq)* ]2

3. Using the following equation calculate the value of the solubility product at T1, Kspporax,1, and
at T2, Ksp,borax,2,

Kspborax1 = [borate ion]1 [Na+(aq)]12

Kspborax.2 = [borate ion]z [Na+(aq)]2?

4. Also, using the following equation calculate the value of AGsolution at T1» AGsolution and at
T2 AGsolution,Z:

AGsolution” = — R X T X In Ksp,borax

5. Finally, using the following equation calculate the value of AHsolution:

K
sp.borax,
|n —SR20raxi

° Kg
_ p,boraxz
AHsolution - Ty - T,

XRxT; xT,
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6. Using the following equation calculate the value of ASsolution at Ty, and at T:

AS" = AHsolution =~ AGsolution
solution T

Tabulate the results of these calculations as follows:

At “Tl” At “Tz’)

[B40s(aq)?-]/mol L

[Na+(aq)]//mol L

Ksp,borax

AGsolution° /kJ mol~

AHo1ution (k3/mol)

AS;olution/J K71 mol*l

31



EXPERIMENT 8: DETERMINATION OF THE ENTHALPY OF
SOLUTION AT INFINITE DILUTION

Aim

Understanding the difference between the enthalpy of solution and the enthalpy of solution at

infinite dilution “AHinfindilution, and determining the value of AHinfin® dilution.

Introduction

» Mole fraction, solute mass percent, molarity and molality are the most common ways of

expressing the amount of a solute dissolved in a solvent. i.e. concentration.

» Dissolving a solid solute in a liquid solvent is usually accompanied by heat transfer between

the solution and its surroundings. This heat transfer is called the enthalpy of solution, AHsoln.

 If the solution process is done at the standard pressure and the amount of solute is one mole,

the heat transferred is called the standard enthalpy of solution, AHsoln” .
» The enthalpy of solution takes one of the following possibilities:

v'If the solution process is not accompanied by heat transfer from or to the system then the
enthalpy of solution is zero and the solution is described as an ideal solution. Such kind

of solution is few and rare.

v If the solution process leads the system to lose heat then the process is exothermic and the

enthalpy of solution is negative and the solution is not an ideal solution.

v'If the solution process leads the system to absorb heat then the process is endothermic and

the enthalpy of solution is positive and the solution, also, is not an ideal solution.

* The question which cannot be overlooked is the following question:

“if we dissolve 1 mole of a solid in a liquid, would the value of AHsoix™ be the same
regardless of the quantity of the solvent? Or would it differ as the quantity of the solvent

differs?”

« Itis found that AHsoln differs as the quantity of the solvent differs. This is due to what is called
“enthalpy of dilution.

«  This means that the values of AHsoin cannot be tabulated easily. Therefore, chemist has to

arrive to a solution to this case, and they did.

» Chemists take the value of the standard enthalpy of solution when the one mole is dissolved in
a quantity of the solvent that is large enough so that beyond which no more heat transfer can

take place.
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« This quantity of the solvent differs as solute differs, but, in all cases, it is given a special name
which is “the standard enthalpy of solution at infinite dilution”, and is given a characteristic

symbol, namely “AHinfin dilution”.
* As mentioned above, the aim of this experiment is to determine “BHixfin dilution.
Materials and chemicals

Balance

Constant-pressure calorimeter

A pipette, a burette or a graduated cylinder
NH4CI(s) or KCI(s)

Distilled water

Procedure

1) Measure the mass of the glass tube of the constant-pressure calorimeter. Record this mass as

“mgass tube”’.
2) Use a burette, pipette or graduated cylinder to add 50 mL distilled water into the glass tube.

Record this volume as “Vwater”.

3) Read the temperature and record it as “T1”.

4) Weigh about 2.5 g of the solute (NH4Cl). Or (KCI) Record this mass as “msolute”.
5) 5) In this step:
First- The solute you weighted must be added to the 50 mL in the glass tube. Note that once
you add the solid, you must be sure that the solvent is completely dissolved. You may need to
use the stirrer but gently.
Second- The thermometer must be monitored and the temperature must read once it settles off.
Record this temperature as “T2".
6) Clean the glass tube, the stirrer and the thermometer.
7) Repeat the steps from 2 to 6 two more times, using about 5 g and about 7.5 g of the solid.

Record these two masses as “Msolute,2”” and “Msolute,3”.
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REPORT OF EXPERIMENT (8)

Title:

Aim

Results
Tabulate the results of your experiment and calculations as follows:

Mcal /g Vwater /ML msalt/g t1/°C t2 /°C

N

Calculations

1) Calculate the mass of the water mwater:

Mwater = Vwater X dwater

2) Calculate the mass of the solution, mson, used in the three trials:

IMsoln = Mwater + Msolute

34

Density of water, dwater, = 1.0 g/mL,
Specific heat of solution, Cssoln = specific
heat of water, Cswater = 4.184 J/g °C

calorimeter, Cs,cal=0.836J/g °C

Mw of NH4CI , Msolute =53.489 g/mol
or Mw (KCI)=74.5 g/mol




3) Calculate the difference in temperature, At, in the three trials:

At=t2—t1

4) Using the following equation, calculate the heat absorbed by the calorimeter and by the
solution, ggained in the three trials:

(gained = (mcal Cs,cal + msoln X Cs,soln) X At

5) Calculate the number of moles of solute, nsolute, in the three trials:

__ Msolute

Ngolute = Msolute
u

6) For each of the three trials, use the following equation to calculate the heat released per mole
of the solute, AHson:

° — Qgained
AHsoln = 2
n
solute

7) Assuming that the volume of each solution, Vs (L), equals the volume of water,
Vsoln (L) = Vwater= 0.05 L

using the following equation, calculate the molarity, M, of each solution:

Ngolute
M — SO
soln Vsoin (L)
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Table of results of calculations:

Msoln /g | At/°C | q/ | nsolute /Mol | AH /kJ mol | Molarity/ mol L™

N

8) Using a graph paper draw the relation between AHgg1n on the Y axis and Msoin 0N the X axis.

9) Extrapolate the line of your graph to the point where it crosses the Y axis, and determine from
this pOint the value of AHinfin° .dilution:

AHinfin” dilution =
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EXPERIMENT (9): Le Chatelier’s principle: The common ion effect

Aim
The aim of this experiment t is to understand how changing concentration affects the reversible
chemical reactions in terms of their equilibrium constants and positions.

Introduction

When a sparingly soluble salt is dissolved in water only slight amount dissolves and the rest
settles down as an undissolved precipitate.

The dissolved part is dissociated into its positive and negative ions, while the undissolved part
stays as it is. i.e. undissociated.

A dynamic equilibrium is established between the dissociated ions and the salt that is not
dissociated.

Calcium hydroxide is an example of sparingly soluble salts, and when added to water its
dynamic equilibrium is given by the following equation:

Ca(OH),(s) = Ca?*(aq) + 20H (aq)

The equation says that a dynamic equilibrium is established between the solid Ca(OH), and
the aqueous Ca?* and OH ™ ions.
The equilibrium constant of the above equilibrium is given as:

[Ca®*][OH"]?
[Ca(OH),]

Equilibrium constant =
Because the denominator is a solid its concentration by itself is constant. Therefore:
Equilibrium constant x [Ca(OH),] = [Ca?*][OH™]?

The value of the constant “Equilibrium constant x [Ca(OH),]” is given the name “solubility
product” symbolized as “Kg,”.

The solubility product of calcium hydroxide is written as Ky, cacon, -

Ksp,Ca(OH)Z = [Caz+] [OH_]Z

The molarity of the aqueous hydroxide ions, (molarity)oy-, can be determined by titration
with an aqueous solution of hydrogen ions of known molarity.

OH™(aq) + H*(aq) - H,O(L)

Using the following equation:
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(molarity X volume molarity x volume)

Jon- = (

n n
molarity X volume _ ,molarity x volume
(romroume) - = (TR e,

H+

H+
(molarity X volume)gy- = (molarity X volume)y+

. (molarity X volume) ., +
(molarity)oy- = H

(volume)gy-—

e From the above, it appears that:

_ (molarity x volume) +

[OH_]total -

(volume)gy-—

e The molarity of the aqueous calcium ions, (molarity),2+, can be determined after knowing
the total molarity of the aqueous hydroxide ions, (molarity)oy-.
v' The equation “Ca(OH),(s) = Ca?*(aq) + 20H (aq)” tempts us to say that:

[Ca**] =

N |-

X [OH_]total

Here, we have to be very careful, because this is true only when the source of OH™ is only
Ca(OH),(s), but for cases were the source of OH™ is Ca(OH),(s) in addition to other
substance such as NaOH(s), then [Ca%*] does not equal half [OH ™ ]¢otar:

[Ca2*] # 2 x [OH Jiotal

v In the cases were the source of OH™ is not only Ca(OH),(s) but also other substance such
as NaOH(s), molarity of OH™ that are given by only Ca(OH),(s), [OH™ ]cacon, IS the total
molarity of hydroxide ions, [OH ™ ];ota1, Minus the molarity of hydroxide ions that are given
by the other source which, in this experiment, is sodium hydroxide, [OH™ |ya0on- The
molarity of calcium ions, [Ca?*], is half [OH™ Jcacom),-

Materials and chemicals
4 standard measuring flasks

8 conical flasks

Pipette

Burette

5 Funnels and filter papers
Thermometer

Solid calcium hydroxide,
Sodium hydroxide solution (0.1 molar)
Hydrochloric acid (0.1 molar)
Phenolphthalein
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Procedure

1) Prepare your filtering flasks using four of the conical flasks, the four funnels and the filter
papers. Label your filtering flasks as “A”, “B”, “C” and “D”. keep them aside.

2) Fill the burette with the 0.1 M HCI. Keep it aside.

3) Using the four measuring flasks prepare the following solutions:

Label of solution | Vy 1 M Naon Vi,0 Viotal
A 0 100 100
B 10 90 100
C 25 75 100
D 50 50 100

Label these measuring flasks as “A”, “B”, “C” and “D”

4) To each of the above solution in the measuring flasks, add (1.5 g) Ca(OH),, tightly close the
flask mouth and carefully shake it to assure saturation with Ca(OH),.

(Note: the amount of solid Ca(OH), must be as little as possible but large enough that little
amount of the solid can be clearly seen precipitated. For more information refer to your
instructor.)

5) Filter each solution into its corresponding filtering flask already left aside.

(Note: Avoid any dilution during filtration.)

6) Measure the temperature of each solution. Record temperatures as Ty, Tg, Tc and Tp.
(Note: T,, Tg, T, and T, are mostly expected to be the same or almost the same.)

7) Into a conical flask and using pipette, transfer 25 mL of each filtrate. Add 2 drops of the
Phenolphthalein to the content. Then titrate with the hydrochloric acid already in the burette.
Record the volumes of the acid as Vyc a, Vucis: Vicic and Vicl p-

8) Clean your glassware, put back in location.

Results
1) Tabulate the volume of HCI as follows:

Solution A B C D
VHCI / mL

e Calculation of [Ca?*] is as follows:
First case: If the solution is made up from only calcium hydroxide:
v The solution, here, contains aqueous calcium hydroxide which presents as ions:

Ca(OH),(aq) —» Ca?*(aq) + 20H(aq)
v The aqueous solution contains only dissolved calcium hydroxide.
[Ca®*] = % X [OH™ J¢otal

Second case: If the solution is made up from both sodium hydroxide and calcium
hydroxide:
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v The solution, here, is different from the above. It contains Ca?*, Na* and OH™.

v The sources of the hydroxide ions here is not only calcium hydroxide but also sodium
hydroxide.

v The source of the calcium ions is only calcium hydroxide. Therefore,
[Ca?*]# 2 x [OH Jyoral
Now, the molarity of hydroxide ions that are provided by calcium hydroxide,
[OH™ Jcacomy,, Can be calculated by subtracting the molarity of hydroxide ions that are
provided by only sodium hydroxide, [OH ~]ya0mn, from the total molarity of hydroxide ions,
[OH_]total:
[OH™ ]cacony, = [OH™ Jtotal = [OH™ Inaon

v Once [OH ™ ]cacomy, is calculated, [Ca**] can also be calculated:

1 —
[Ca®*] =2 x [OH ]cacom),

e After knowing [Ca?*] and [OH ™ ],ota for both of the previous two cases, the solubility
product of solid calcium hydroxide, Ky, cacony,, €an be calculated:

Ksp,Ca(OH)z = [Caz+][OH_]§otal

Calculations

1) For the four solutions, and from the results of titrations, calculate the total molarity of
hydroxide ions, [OH ™ ]iotal::

_ (molarity X volume)  +

[OH_]total -

(volume)oy-

(Note 1: In solution A, [OH ™ ];0tq; 1S the molarity of OH~ which is produced only by Ca(OH),.)

(Note 2: In solution B, C, and D, [OH ™ ];ota: IS the molarity of OH~ which is produced by both Ca(OH), and
NaOH.)

2) For the four solutions, and from the information in the table, calculate the molarity of
hydroxide ions provided by only NaOH, [OH ™ |yaon:

[OH_]NaOH X Vfinal = [OH_]original X V01"iginal
mol

[OH_]NaOH x100mL =0.1 L X Voriginal

(Note: In solution A, no hydroxide ions are provided by NaOH.)

40



3) For the four solutions, and from the information from the previous calculations, calculate the
molarity of hydroxide ions provided by only Ca(OH),:

[OH™ Jcacon), = [OH Jiotal = [OH Inaon
4) For the four solutions, calculate the molarity of calcium ions, [Ca*]:
[Ca®*] = % X [OH  ]cacon),
5) Calculate the solubility product of calcium hydroxide, Ky cacomny,

Ksp,Ca(OH)2 = [Ca2+][OH_]12:otal

6) Tabulate the results of your calculations as follows:

Solution A B C D
[OH_]total / mol L™

[Ca*]/ mol L1

Ksp,Ca(OH)z

Questions

1) How does the addition of more hydroxide ions to the saturated solution of Ca(OH), affect the
position of equilibrium between the dissolved Ca(OH), and the undissolved Ca(OH),?

2) How does the addition of more hydroxide ions to the saturated solution of Ca(OH), affect the
value of its K,?

3) Knowing that the literature value of Ky cacony, €quals 5.5 x 1078, calculate your experimental
error.

41



REPORT OF EXPERIMENT (9)
Title: Le Chatelier's principle: The common ion effect

Aim: The aim of this experiment is to understand how changing concentration affects the
reversible chemical reaction in terms of its equilibrium constant and position.

Results:

Solution A B C D
VHCI / mL

Calculations
1) The total molarity of hydroxide ions, [OH ™ ]iotal:

_ (molarity x volume) +

A) [OH_]total,A -

(volume)gy-—

_ (molarity x volume) +

B) [OH _]total,B -

(volume)oy-—

_ (molarity x volume) +

C) [OH _]total,C -

(volume)oy-

_ (molarity x volume)+

D) [OH _]total,D -

(volume)oy-

[OH™ ]¢otar,p = The molarity of hydroxide ions provided by NaOH, [OH ™ [ya0mn:

A) [OH_]NaOH,A X VA = [OH_]original X Voriginal

— _ [OH_]original X Voriginal,A
[OH ]NaOH,A - Va

B) (MOlaritYOH_)B X VB = (MOlaritYOH_)original X Voriginal

_ _ [OH_]original X Voriginal.A
[OH™ Inaon = Vo
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2)

3)

4)

C) [OH_]NaOH,C X VC = (MOlaritYOH‘)original X Voriginal

OH- _ (MOlaritYOH_)original X Voriginal,C
[ ]NaOH,C - Ve

D) [OH_]NaOH,D X VD = (MOlaritYOH_)original X Voriginal

OH~ _ (MOlaritYOH_)original X Voriginal, D
[ ]NaOH,D - Vb

The molarity of hydroxide ions provided by only Ca(OH),, [OH™ Jcacomn),:

A) [OH ]cacomy,a = [OH Jtotara = [OH ™ Inaon,a

B) [OH™]cacon),,B = [OH Jtotare = [OH ™ Inaon,B

C) [OH]cacomy,.c = [OH Jtotar,c = [OH™ Inaon,c

D) [OH  ]cacon),p = [OH Jtotat,p = [OH ™ Inaon,p

The molarity of calcium ions, [Ca?*]:

1 —

A) [Ca**]a ==2x [OH ]cacon),a
1 -

B) [Ca®*]g == % [OH ]cacom),
1 -

C) [Ca**]c == % [OH Jca(om), .

1 -
D) [Ca®*]p == 5 % [OH ]cacomy,a
The solubility product, Ksp,cacony,- Ksp,cacony, = [Ca?*1[OH [5otal

A) Ksp,Ca(OH)Z,A = [Caz+]A[0H_]Eotal,A
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B) Ksp,Ca(OH)z,B = [Caz+]B[OH_]§otal,B
C) Kspcaomyc = [Ca**1c[OH [foalc

D) Ksp,Ca(OH)z,D = [Caz+]D[OH_]'§otal,D

5) Table of the results of calculations:

Solution A

[OH™]/mol L1

[Ca?*]/ mol L1

Ksp,Ca(OH)Z X 10_5

Answers of the questions
1)

2)



3) The experimental error:
K . — (K .
+ ( sp,Ca(OH)Z)llterature ( sp,Ca(OH)z)experlmental x 100

Experimental error =
A)

(Ksp,Ca(OH)Z)literature

B)

C)

D)
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EXPERIMENT (10): SOLUBILITY PRODUCT AND
THERMODYNAMIC FUNCTIONS

Aim
The aim is obtaining the change in Gibbs free energy for the solubility of salts.

Introduction

e The relationship between standard change in Gibb free energy, AG®, change in enthalpy,
AH®, and standard change in entropy, AS°®, is given as:

AG°® = AH° — TAS®

e The relationship between the standard change in Gibb free energy, AG®, and the equilibrium
constant is given as:

AG°=—-RTInK

e From the above two equations, the following equation is obtained:

—AH° 1 AS°

InK = =
n R T R

e The "solubility product”, Ksp,.is an equilibrium constant which expresses the equilibrium
established between a solid salt and its dissociated ions in a saturated solution of the salt.
e As any other equilibrium constant, Ksp is affected by temperature.
e Examples are:
v Sodium chloride, NaCl:

water
NaCl(s) — Na*(aqg) + Cl (aq)
—NaHT T
Ksp,NaCla - [Na ] [CI ]
v Copper sulphate, CuSOa:
water
CuS0, - 5H,0(s)— Cu?*(aq)+ SO%~(aq) + 5H,0(L)

Ksp,CuSO4 = [CU2+] [SOAZL_]
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—AH° 1 AS° )
—X =4+ —alsoi
= T+ = also1s a

straight-line equation. Plot of “In K, versus % gives a straight line in which:

e As“y=mx+b”is astraight-line equation the equation “In Ky, =

slope = 22
Pe=—x

. AS°
intercept = —

e AG®, which usually cannot be determined experimentally, but can be obtained after
experimental determination of both AH® and AS°.

e From literature, obtain the value of both AH® and AS°® for each salt and use these values to
calculate the experimental error:

H;iterat re — AH; erimental
= =L x 100

. A
experimental error = +

AHliterature

AS

AS;iterat re — ; erimental
= = x 100

experimental error = +

ASliterature

Materials and chemicals

6 beakers (250 mL)

6 beakers (50 mL)

3 Pipettes (5 mL)

3 Thermometer

Solid sodium chloride

Solid copper sulfate pentahydrate

Balance

Two thermostats (one is peradjusted at 40 °C and the second one at 60 °C)
Hotplates or oven at 150 °C

Procedure
Before starting, prepare two water baths one at approximately 40 °C and 60 °C.

salt,1A is NaCl at room temperature

salt,1B is NaCl at 40 °C

salt,1C is NaCl at 60 °C

salt,2A is CuSO4-5H20 at room temperature
salt,2B is CuS0O4-5H20 at 40 °C

salt,2C is CuS04-5H20 at 60 °C

1) Label three 50-mL beakers as “salt,1 A”, “salt,1B” and “salt,1C”. Cover it with a proper lid
then weigh each and record masses as mjp;tja 14, » Minitial, 18 @Nd Mipjtia1c. Leave these
beakers aside.
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2)

3)
4)

5)
6)
7)
8)
9)

Label three 50-mL beakers as “salt,2A”, “salt,2B” and “salt,2C”. Cover it with a proper lid
then weigh each and record masses as mjp;tjal 24, » Minitial 25 @Nd Mipjtial2c. Leave these
beakers aside.

Label three 250-mL beakers as “salt,1A”, “salt,1B” and “salt,1C”; then add more than 5 g of
NaCl(s) and 10 mL of distilled water in each beaker to assure saturation.

Label three 250-mL beakers as “salt,2A”, “salt,2B” and “salt,2C”; then add 5¢g of salt and 10
mL of distilled water in each beaker to assure saturation.

Leave the 250-mL beakers labeled salt,1A and salt,2A aside at room temperature.

Put the 250-mL beakers labeled salt,1B and salt,2B inside the 40 °C-water bath.

Put the 250-mL beakers labeled salt,1C and salt,2C inside the 60 °C-water bath.

For at least 15 minutes, stir continuously each of the six beakers by a glass stirrer.

Use a proper pipette to transfer 5 mL from each solution in each of the six 250 mL beakers to

each of its correspondent six 50-mL beaker.
(Note: After each transfer, be sure that your pipette is rinsed with water at the same temperature of the water
bath three times before used for the next transfer)

10) Put each of the six 50-mL beakers in an oven or on hot plates for as long as it takes to ensure

total vaporization of water and total dryness.
(Note: Be so careful while heating that no splashes occurs otherwise experiment will be seriously affected.)

11) Weigh each of the six 50-mL beakers. Record masses as mgjna1 14, » Mfinal 18 @Nd Meipa) 1c

and mfinal,ZAa ) rnfinal,ZB and mfinal,ZC

12) Clean your all glassware, put back in location.

Results
Tabulate your experimental results as follows:

Minitial1a /9

Minitial1p /9

Mipitial1c /9

Mipitial2a /9

Mipitial 2 /9

Mipitialzc /9

rrlfinal,lA /g

I’nfinal,lB /g

Minaric /9

rrlfinal,ZA /g

I’nfinal,ZB /g

Minarzc /9

Calculations
1) After complete evaporation at each temperature, calculate the mass of the residue, Mresidue,
v Mass of the residues of salt number 1 at temperatures A, B and C:

My residues,A = Mfinal,1A — Minjtial,1A

My residues,B = Mfinal,1B— Minitial,1B
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My residues,C = Mfinal,1¢ — Minitial, 1C

v Mass of the residues of salt number 2 at temperatures A, B and C:
My residues,A = Mfinal,2A — Mynitial,2A
My residues, B~ Mfinal,2B — Minitial,2B

M3 residues,C — Mfinal,2Cc — Minitial,2C

2) Calculate the solubility in mol/L units:

mass of salt (g)

_ molar mass of salt (mol)

"~ Volume of solution (L)
(Note: the volume used in this equation is the volume of the saturated solutions taken to be
dried)

v" The solubility of salt number 1 at temperatures A, B and C are abbreviated as follows:

mass of salt (g)

molar mass of salt (mol)

Sl’A = (Volume of solution (L) )1'A =
mass of salt (g)
molar mass of salt (==7)
Sl’B = (Volume of solutlo:(()Ll,) )1'B =
mass of salt (g)
Sl’C - ( molar mass of salt (mol) )1 C

Volume of solution (L)

v The solubilities of salt number 2 at temperatures A, B and C are abbreviated as follows:

mass of salt (g)

g
mol)

Volume of solution (L)

molar mass of salt (=5

Son=( )2A =

mass of salt (g)

molar mass of salt (mol)

Volume of solution (L)

S28 = ( )28

mass of salt (g)

molar mass of salt (=25

mol) ) —
Volume of solution (L) 2.C

Soc=(

3) Tabulate your results of the previous calculations as follows:

Temperature A B C
Salt 1 ;nresidue
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4)

5)

6)
7)

Salt 2 Mresidue

S

Calculate the solubility products:

v The solubility product of salt number 1 at temperatures A, B and C:

Q2 -
Ksp,l,A - S1,A -
— Q2
Ksp,l,B - Sl,B -

— Q2 -
Ksp,l,C - Sl,C -

v The solubility product of salt number 2 at temperatures A, B and C:

Q2 -
Ksp,2,A - S2,A -

—_ Q2
Ksp,Z,B - SZ,B -

— Q2
Ksp,2,C - SZ,C

1
Calculate the values of “;” and “In K, s41¢” and tabulate as follows:

A B
1/ -1
- (K™)
In Ksp,salt,l
In Ksp,salt,z
Draw the relation given in the equation “In K, = —— ARHO X % + %”-

From the graph:
v Salt number 1
Obtain slope;, then calculate AH;:
— AHY
R

slope; =
AH; = —slope; X R

Obtain intercept;, then calculate AS;:

. AS
intercept,= Tl

AS; =intercept; x R

v Salt number 2
Obtain slope,, then calculate AH:
— AH,
R

slope, =
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AH, = —slope, x R

Obtain intercept,, then calculate AS:

: AS
intercept,= TZ

AS, =intercept, X R

8) Calculate AG® and tabulate as follows
AG®° = AH® - T x AS°

25°C 40 °C 60 °C

AG;
AG,

9) Calculate the experimental error in both AH® and AS°:

Hj; — AH, ;
lit t tal
iterature experimental 100

. A
experlmental error =+

AHlitera\ture

. AS); — ASpyperi
experlmental error = + literature experimental x 100

g
ASliterature
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REPORT OF EXPERIMENT (10)

Title: solubility product and thermodynamic functions

Aim: Obtaining the change in Gibbs free energy for the solubility of salts.

Results:
Minitial,1a /9 Minitial,1B /9 Mijnitial,1c /9
Mipitial,2a /9 Mipitial 2B /g Mipitial,zc /9
rrlfinal,lA /g rrlfinal,lB /g mfinal,lC /g
Mfinal2A /g mfinal,ZB /g Meinal2c /g

Calculations
1) Mass of the residues:
v’ salt number 1 at temperatures A, B and C:
M1 residues,A = Mfinal,1A — Minitial, 1A =
M1 residues,B = M¢inal, 1B~ Minitial,1B =
My residues,C — Mfinal,1c — Minitial,1C =
v’ salt number 2 at temperatures A, B and C:

mz,residues,A = mfinal,ZA - minitial,ZA =

mz,residues,B: mfinal,ZB - rninitial,ZB =

52



M3 residues,C — Mfinal,2C — Minitial,2C =

2) The solubility in mol/L units:
v The solubility of salt number 1 at temperatures A, B and C are abbreviated as follows:

mass of salt (g)

molar mass of salt (%)

Sia=(

Volume of solution (L) )1’A

mass of salt (g)

molar mass of salt (m—ol)

Volume of solution (L)

S1e = (

)1,B

mass of salt (g)

molar mass of salt (%)

Sic= =
1c (Volume of solution (L) )1'C

v The solubility of salt number 2 at temperatures A, B and C are abbreviated as follows:

mass of salt (g)

molar mass of salt (

Son= (V

mol)
olume of solution (L)

)2,A

mass of salt (g)

molar mass of salt (miol)

Sog =
2B (Volume of solution (L) )Z'B

mass of salt (g)

molar mass of salt (%)

Soc=(

Volume of solution (L) )Z'C B

3) Table of results calculations:

Temperature A B C
Salt 1 Mresidue
S
Salt 2 ;nresidue

4) Calculation of the solubility products
v The solubility product of salt number 1 at temperatures A, B and C:

2
Ksp,1,A - S1,A -
— Q2
Ksp,1,B - S1,B -
—_ Q2 -
Ksp,l,C — Y1,C~

v The solubility product of salt number 2 at temperatures A, B and C:

53



— Q2
Ksp2a =Sz =

— Q2
Ksp,Z,B - SZ,B

— Q2
Ksp2c = Sac

b 19’ (13 9%,
5) Calculation of “¥ and “In Kgp ca1¢”

A

(K™

In Ksp,salt,l

In Ksp,salt,z

6) From the graph:
v Salt number 1
Obtaining slope, and calculating AH;:

— AH;
R

slope; =

AH; = —slope; xR

Obtaining intercept, and calculating AS;:

. AS;
intercept;= Tl

AS] =intercept; x R

v’ Salt number 2
Obtaining slope, and calculating AH:

— AH,
R

slope, =
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AH; = —slope, x R

Obtaining intercept, and calculating AS,:

. AS;
intercept,= TZ

AS, =intercept, X R

7) Calculation and tabulation of AG®:
v' Salt number 1

AG; = AH] — T AS;

v" Salt number 2

AG, = AH, — T AS,

AG;

AG,

8) Calculate the experimental error in both AH® and AS°®:
v Salt number 1

: AH;'t t 1 _AHO i tal,1
experimental error,y: = _erare experimentatl x 100

AHlitelrature,l
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AS{I)iterature 1~ ASoex erimental,1
‘ E — x 100

experimental error,.° =% g
A51 ASliterature 1

v" Salt number 2

. AH;t t 2 AHO i tal,2
9) experimental error,ye =+ e experimentai x 100

AHliterature,z

AS(l)iterature 2 AS;x erimental,2
) P 2 % 100

10) experimental error,g = * 5
2 ASliterature,z

56



CHEM 232
PRELAB QUESTIONS
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Experiment (1):

1) In the procedure, what are the differences between systems A, system B and
system C.

2) How many times you will use the thermometer.

3) What is the condition under which you should comply with before recording
temperature?
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Pre-lab questions

Experiment (2)

1) Define calorimetry.

2) What are the constituent of the constant-pressure calorimeter?

3) What is the substance which loses heat and that which gains this heat?

4) 11 0.836 J/g °C is the literature value of the specific heat of the calorimeter
tube and Cs, is the one you determined in your experiment, so how would
you calculate your experimental error percentage . (Write the law).
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Experiment (3)

1) Write the equation used to calculate the amount of heat exchanged as a result
of changing the temperature of a substance.

2) Why should you stir the content of the calorimeter tube before you measure
and record its temperature?

3) Why transferring the heated metal from the hot water to the calorimeter
should be done quick
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Pre-lab questions

Experiment (4):

1) In this experiment what is the enthalpy of hydration?

2) In step number 5 of the procedure you are asked to be confident about
something. What is that thing? And why should you be confident about it.

3) After calculating( q) , explain how will you calculate (AH) ?
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Experiment (5) :

1) Write the chemical equation of the oxidation of acetone by sodium
hypochlorite.

2) Why is it wrong to stir by thermometer?

3) How can you calculate the volume of acetone?

4) In calculations, why the sodium hypochlorite is not used instead of the
acetone?
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Pre-lab questions

Experiment (6):

1) Define the standard enthalpy of fusion .

2) In the procedure, step number 10 says:

“Make sure that the mixture contains water in both its liquid state and its solid
state” Why?

3) If you are asked to determine AHpys water, why its value is given in the data of
the experiment?
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Experiment (7):

1) The equation of the solubility of borax in water is:

H,O0(l _
NaB40s(OH)s SFHL,0(s) <3 2Na*(aq) + B:0s(OH)3 (ag) + 8 H,0(I)
While the equilibrium constant is given by the following equation:
Ksplborax = [NaZB405(aq)2_] [Na+ (aq)]z

Why did not Na,B,Os(OH)4-8H,0(s) and H,O(l) appear in the equilibrium
constant equation?

2) Calculations requires the concentration of both borate and sodium ions.
However, in the procedure you only are able to determine the concentration
of borate ions. How can you evaluate the concentration of the sodium ions?

3) What is the indicator used for titration? How does it color change?
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Pre-lab questions

Experiment (8):

1) What is enthalpy of solution at infinite dilution?

2) In the procedure, which step is the one that may cause more experimental
failure? Rationalize.

3) Write the equation used to calculate ( ).
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Experiment (9):

1)  Why is added mass of solid Ca(OH) s critical ?

2) What would the color of the solution in the conical flask be after adding
some drops of (ph.ph) indicator ? And what would the color be at the end
of titration?

3) In the step number (5) of the procedure you were asked to avoid dilution
with water? What is the result if you do not comply?
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Pre-lab questions

Experiment (10):

1) In procedure steps number 3 and 4 you are asked to dissolve about (5 g )of
salt in 10 ml of distilled water . Why the added mass of solid is critical ?

2) In procedure step (10), Why would splashing out the solution affect the
accuracy of your experimint ?

3) Write the equation you will use to draw the required graph. Mention the
slope and the intercept of this equation .
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