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EXPERIMENT: SOLUTION AND COLLIGATIVE PROPERTIES 
PURPOSE:  lab experiments were conducted on %5 sodium chloride, %5.0 vinegar, and distilled water to determine the solution and colligative properties of solutions.
MATERIAL: weighing balance, thermometer, beaker, volumetric flask, source of heat. 1 L beaker, solutions 5% distilled water, 5% sodium chloride and 5% vinegar, three sandwich bag, wood stick, labels, paper towels 
METHOD
Part a: weighing of substances
Materials: weighing scales, weighing bowl 
1. The weighing scale was turned on by pressing the power button and tare.
2. A container was placed on the weighing balance, and the tare button pressed.
3. The substance to be measured was placed inside the container, and the measurement was recorded by reading the value on the screen.
4. For the solid, the sodium chloride was scooped and placed in a container, for liquid, the substance is placed in a beaker for gases, the substance placed in an enclosed container.
Part b: Making molar solutions 
Materials: two 1 L beaker, volumetric flask, 
1. About 5.0g of sodium chloride was placed in a container and placed on the weighing scale the reading taken to ensure the salt was 5.0g.
2. About 50ml of water was poured into a volumetric flask, and the salt added to it.
3. The solution was swirled vigorously to ensure that the salt dissolves completely.
4. More water was added to the volumetric flask until it reached the stem level.
5. Using a pipette, drops of water were added to the solution, till the calibrated level of the measuring cylinder and the mixture stoppered and labeled sodium chloride solution
Part c: Making molal solutions
Materials: scale, salt, weighing bowl, two beakers weighing balance, two beakers, spoon, pipette
Method 
1. The weighing bowl was placed on the scale, and the tare button pressed.
2. About 5.0g of the salt was scooped using a spoon and placed in the weighing balance and the measurement taken.
3. A beaker was placed on the scale, and the tare button pressed.
4. About 90ml of water was poured in the beaker, and the weight reading was taken.
5. For accuracy, a pipette was used to add drops of water to achieve the needed 95.0g of water.
Part d: Preparing the solutions 
1. 5% sodium chloride solution was poured in a clean graduated measuring cylinder, ensuring that it does not exceed the mark was added to the beaker.
2. The solution was swerved vigorously and poured in a sandwich bag tightly sealed after squeezing all the air present in the bag.
3. The graduated cylinder was cleaned and dried for the rest of the other experiments.
4. Processes 1-2 was repeated using 5% vinegar and distilled water.
5. The sandwich bags were labeled distilled water, 5% vinegar, and 5% sodium chloride solution.
Part e: Determining the freezing point 
Method.
1. A thermometer was placed inside the sandwich paper containing the distilled water, ensuring that it does not touch the walls of the container.
2. The temperature reading was taken, and the thermometer was withdrawn from the bag and sealed again.
3. The thermometer was cleaned and set up one and two repeated for 5% sodium chloride and 5% vinegar.
4. The sandwich bags were placed in a freezer for cooling, and the temperature reading was taken every five minutes until the solutions solidify.
5. The setups were left in the freezer for an overnight stay.
Part d: Determining the melting points 
Material: paper towels, frozen solutions of distilled water, 5 %sodium chloride, %5 vinegar, wood stick
1. Paper towels were placed on the surface of the table and the solutions placed on top of them.
2. The sandwich containing distilled water ice was opened, and the temperature reading was taken using a thermometer.
3. To increase the accuracy of the temperature reading, the ice was crushed using a wood stick, and the temperature changes recorded until the ice melts majorly.
4. Method 2-3 was repeated for the other solutions.
5. The solutions beginning to form were placed cups to ensure they do not spill 
6. The temperature changes were recorded after 2minutes until the substances stabilize.
Part e: Making ice cream 
Material: two large bags, salt, vanilla, ice, cups, sugar, sandwich bag.

Method:
1. All the ice cream ingredients were placed inside the bag in an equal measure using a bag.
2. The mixture was stirred to achieve uniform texture and the mixture and the bag sealed.
3. Three cups of ice were placed in a large bag, and 1/3 cup of salt added to it.
4. The small sandwich bag was inserted in the large bag, and the large bag was sealed.
5. The large bag was swirled to ensure all the ice cream is in contact with the ice-salt solution until the ice cream begins to solidify.
6. The bags were opened, and the ice cream poured into a cup 

	Chemical Name
	Chemical Formula
	Molar Mass (g/mol)
	Hazards
	reference
	PPE

	Sodium chloride 
	NaCl 
	58.49
	 Causes serious eye irritation 

	PubChem. "Sodium Chloride." PubChem, pubchem.ncbi.nlm.nih.gov/compound/Sodium-chloride.
	Goggles, lab coat 

	Vinegar  
	CH3COOH
	60.02
	Irritation, indigestion,
	"Vinegar." Get Poison Control Help Online or Call 1-800-222-1222, 5 Dec. 2016, www.poison.org/articles/vinegar-164.
	Lab coat, goggles













RESULTS
Part a
Mass of NaCl weighed = 5.0g
Mass of vinegar weighed = 5.0 g
Part b
The volume of water used = 95ml
Mass of NaCl = 5.05g
Mass of vinegar = 5.0g
Part d 
	Time 
	0
	5
	10
	15
	20
	40
	60
	65
	70

	Distilled water
	23.1
	15.4  
	13.2
	9.2
	2.2
	0
	0
	0
	0

	Vinegar 
	23.2
	19.7 
	14.5
	10.2
	7.1
	3.4
	-1.9 
	-1.9
	-2.0

	Sodium chloride solution
	23.2 
	11.4
	7.3
	5.7
	2.0
	1.4
	-3.62
	-3.6
	-3.6



	Time 
	0
	2
	4
	15
	20
	40
	55
	60
	65

	Distilled water
	-9.2
	-8.8 
	-6.5 
	-3.8
	-1.4
	-0.8 
	0
	0
	0

	Vinegar 
	-10.0
	-10.0
	-8.6
	-7.4
	-6.5
	-2.1
	-1.8
	-1.9
	-1.9

	Sodium chloride solution
	-10.0 
	-10.0
	-10.0
	-8.3
	-6.3
	-6.0
	-3.6
	-3.5
	-3.5


Part e
	Ice cream formed in the bag containing %5 NaCl 
	Ice cream formed in the bag containing %5 acetic acid

	Muchly solid 
	Runny 

	Colder 
	Cold.








DISCUSSION/DATA ANALYSIS
The different types of weighing scales are used depending on the substance to be measured. The weighing balance is tared to ensure the actual reading is taken by calibrating the scale to 0.00g.
The concentration of a solution can be described in three quantities. These are Mass percent, Molarity, and Molality.
Mass percent is described as the percentage amount of a solute per the amount of solution.
Conventionally, mass is in grams and quoted in %



The molarity of a substance describes the moles of a substance per liter solution. It’s represented by M.



In the lab, the appropriate glassware to measure molar solution is a volumetric flask, teat pipette. 
Molality refers to the moles per kilogram mass of a solvent.



Molality is the appropriate measurement for this experiment because molarity uses a volume of solution. The volume of the solution is affected by temperature, which affects the measurement.
The amount of substance is a substance that is described as a mole. Each compound is made up of several elements that are composed differently due to their mass; mole.in the lab, molal solutions are prepared 
Mole fraction can be defined as the part composition of the substance divided by the total mole of the compound.



Freezing point refers to the point at which a liquid changes phase from a liquid to a solid; the temperature remains constant until all the liquid turns to liquid. The freezing point is dependent on the colligative properties of a liquid. the number of a solute in a solvent lowers the freezing point while a high concentration causes a higher freezing point 
Electrolytic solvents have a higher freezing point due to van’t Hoff factor.
The freezing depression equation takes the form

Kf is the freezing depression constant of a substance. It refers to the amount of energy used to raise the temperature of 1 kg of a solvent per mole. Its obtained by manipulating the equation above as 

The freezing depression constant for 5% acetic acid 


ΔT = kf * m                where kf = Freezing constant 
= 1.86 C/ m * 0.766 m   = 1.630 oc

The freezing point depression for the 5% NaCl solution.
The calculated oc
The dissociation of NaCl produces two particles, because its an electrolyte 
Salt ionic productions 
1NaCl (aq) → 1Na+ + 1Cl-
Total number of moles produced two moles of Na and Cl ions

ΔT = kf * m *i              where kf = Freezing constant 

 = 1.86 C/ m * 0.899 m *2 = 3.43 oC

This error could attribute the wrong measurement of temperature or mass
The freezing point depression of acetic acid is lower than that of sodium chloride is because acetic acid is a weak electrolyte.



	


 From the graphs, the freezing point for a substance is the same as its melting point.
 Distilled Water = 0oC
5% vinegar = -1.9oC
5% NaCl = -3.6 oC
An aqueous solution is a solution that contains dissolved ions. The ions are mobile: enabling an aqueous solution to be able to conduct electricity. Depending on electrical conductivity, solutions are classified as either electrolytes or non-electrolytes. Electrolytes conduct electricity while non-electrolytes do not conduct electricity
Strong electrolyte %5 sodium chloride
Weak electrolyte %5 acetic acid and distilled water.






[image: CAS SW-II Basic Weighing Scale in Kenya]EQUIPMENTS AND APPARTUS 
Weighing scale used to measure the amount of a substance. The top pan is cleaned regularly to ensure accuracy. For better results, the substance to be measured is placed in container, and the scale tarred. 
[image: Volumetric Flask, 100ml - Class B, ASTM - Tolerance &plusmn;0.160 ml - Glass Stopper - Single, Blue Graduation - Eisco Labs]Volumetric flask used to measure molar solutions , care should be taken when swirling as the glass is sensitive to temperature.
Pipette for delivering drop wise amounts of liquids.
[image: Aquarium Co-Op - 3ml Pipette]




Thermometer for taking temperature readings for the freezing and melting point of solutions
[image: 44/826/8 | Brannan Immersion Glass Thermometer, Laboratory, -10 → +360 °C |  RS Components]


ASSUMPTIONS 
Material with the same or close to the same molecular weight is expected to have the same freezing point. However, this is not the case due to different properties such as the electrolytic ability
Salt is added to the ice over vinegar because it causes salt lowers the freezing point of ice, providing forming ice cream crystals faster and better results. This can be seen illustrated by the numerical values of freezing point depression of NaCl being higher than that of acetic acid. (-3.43 0C to -1.63oC).
In snowing areas, salts are applied to the road to lower the melting ice water; this ensures water does not melt, making the roads slippery for cars and pedestrians.
Aluminum chloride would provide better results because it dissociated to form four mobile ions. Thus, increasing the temperature depression value as the Van’t Hoff factor increases four-fold. In making ice cream with Aluminum chloride, the ice cream ingredients turn to crystal solid in a short time and better taste. 
Determining the boiling point elevation of a solution
Material: weighing balance, thermometer, beaker, volumetric flask, source of heat. 1 L beaker, solutions 5% distilled water, 5% sodium chloride and 5% vinegar, three sandwich bag, wood stick, labels, paper towels vinegar
Method
1. Place about 5.0 g of sodium chloride in a test tube fitted with a stopper having a thermometer.
1. Add about 95.0 ml of water to the test tube.
1. Clamp the test tube to a ring stand and the temperature reading taken.
1. For every 2 min, take and record the temperature of the sodium chloride solution me as heating takes place.
1. Repeat method 1-4 was using acetic acid and distilled water
1. Fit the test tube with a stopper with a thermometer and placed it in a source of heat for it to boil.
1. The point at which the temperature steadily remains constant is the boiling point of the liquid.
1. Using the boiling point elevation formula  , obtain the values of the boiling point elevation.

Conclusion
In this experiment chemical experiments were carried using distilled water, 5% sodium chloride and 5% vinegar to determine the colligative properties of substances.
It was found Sodium chloride is provided a better freezing depression of over acetic acid due to colligative properties.
The concentration of a solution can be described using mole percent, Molarity, and Molality.
Colligative properties of a solution are characteristics that depend on the concentration of particles present in a physical change. Freezing depression is an example of a colligative property. The solute lowers the freezing point of a solvent.
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a heating curve for freezing of the substances 
Distilled water	0	5	10	15	20	40	60	65	70	23.1	15.4	13.2	9.1999999999999993	2.2000000000000002	0	0	0	0	Vinegar 	0	5	10	15	20	40	60	65	70	23.2	19.7	14.5	10.199999999999999	7.1	3.4	-1.9	-1.9	-2	Sodium chloride solution	0	5	10	15	20	40	60	65	70	23.2	11.4	7.3	5.7	2	1.4	-3.62	-3.6	-3.6	time(min)

temp(0C) 



a heating curve for the melting of three substances
Distilled water	0	2	4	15	20	40	55	60	65	-9.1999999999999993	-8.8000000000000007	-6.5	-3.8	-1.4	-0.8	0	0	0	Vinger 	0	2	4	15	20	40	55	60	65	-10	-10	-8.6	-7.4	-6.5	-2.1	-1.8	-1.9	-1.9	Sodium chloride solution	0	2	4	15	20	40	55	60	65	-10	-10	-10	-8.3000000000000007	-6.3	-6	-3.6	-3.5	-3.5	time(min)

temp(0c)
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