Experiment 1 - Physical Properties

PRE-LABORATORY ASSIGNMENT

Name________________________________________      

Section_________

1.  Circle the following properties that are physical properties.

Ductility
Boiling point

Acid neutralizing ability

Melting point

Density
Color


Solubility


Resistance to Corrosion

2.  An unknown ZnBr2 solution with a volume of 8.11 mL has a mass of 14.326 grams.  What is the density of the unknown solution (show all calculations)?

3.  When should the temperature be recorded while doing Part C of this experiment in order to determine the boiling point?

4.  A CHEM 1211K student's unknown boils at 98(C and is soluble in all solvents except water.  The density of the student's unknown is 0.673 g/mL.  Using Table 1.1, determine the student’s unknown.
5. Is the density of 1.00 L of water greater than, less than or equal to the density of 1.00 quart of water?  Explain your answer (1 qt. = 0.9464 L).

Experiment 1 - Physical Properties
Introduction
Chemists sometimes need to identify unknown compounds.  There are many methods to determine the identity of an unknown compound; these methods can vary greatly in expense.  Some instruments used for identification of unknown compounds can easily cost $100,000 or more! However, there are other, simpler methods that can be employed to assist in identifying an unknown substance.  These simpler methods can be used to "narrow" the possible list of compounds.  Some of these methods use physical properties to identify the compound.

Physical properties are characteristics of a compound that do not involve a change in the chemical identity of the compound.  When water freezes it is converted from liquid water to solid water.  The solid water still has the same chemical makeup (two atoms hydrogen for every one atom of oxygen) as the liquid, therefore, the freezing temperature is an example of a physical property.
In this laboratory, you will use the physical properties of solubility, density, and boiling point to identify an unknown liquid.  A list of the physical properties for a series of compounds is shown in Table 1.1.  Your unknown will be one of these substances.

Once you have determined the boiling point, density, and solubility of your unknown liquid, compare the list of compounds with your results to see which of the listed compounds most closely matches your unknown results.

Table 1.1  -  Physical Properties of Selected Compounds*

	
	Solubility In:

	Compound
	Density

(g / mL)
	Boiling Point ((C)
	Water
	Acetone
	Ethanol
	Cyclohexane

	Acetone
	0.79
	56
	S
	S
	S
	S

	2-Butanone
	0.81
	80
	S
	S
	S
	S

	t-Butyl alcohol
	0.79
	82
	S
	S
	S
	S

	Cyclohexane
	0.78
	81
	I
	S
	S
	S

	Cyclohexene
	0.81
	83
	I
	S
	S
	S

	Cyclopentane
	0.75
	49
	I
	S
	S
	S

	Ethanol
	0.79
	79
	S
	S
	S
	S

	Ethyl acetate
	0.90
	77
	S
	S
	S
	S

	n-Heptane
	0.68
	98
	I
	S
	S
	S

	n-Hexane
	0.66
	69
	I
	S
	S
	S

	Methanol
	0.79
	65
	S
	S
	S
	I or S**

	n-Pentane
	0.63
	36
	I
	S
	S
	S

	1-Propanol
	0.80
	97
	S
	S
	S
	S

	2-Propanol
	0.79
	82
	S
	S
	S
	S


*Data from CRC Handbook of Chemistry and Physics, 1st Student Edition.  CRC Press, Boca Raton, FL.  1988.

**Methanol is a very hydroscopic (absorbs water easily) compound.  If the methanol is absolutely free from moisture, it is soluble in cyclohexane.  In the laboratory, it absorbs water from the atmosphere, and the "wet" methanol may be insoluble in cyclohexane.

Procedure

Part A – Density
1.
Weigh a 10 mL graduated cylinder, and then add approximately from 2.5mL - 3.5 mL of your unknown liquid to the graduated cylinder.  
2.
Read the volume to at least 0.1mL.
3.
Reweigh the cylinder with the unknown in it.  Record your data on the report sheet.  
4.
Empty and dry the graduated cylinder.
5.  Repeat Part B, #1 and again record the data for your second trial on your report sheet.
6.  If the two densities differ by more than 0.1 g/mL, do a third trial.
7.  Retain unknown for part B, solubility.

Part B – Solubility
1.  In a 10 x 75 mm test tube, put 15 drops of one of the solvents (water, ethanol, acetone, or cyclohexane).  Add 10 drops of your liquid unknown to the solvent and mix well.  Based on your observations, determine the solubility of your unknown in that solvent.
2.  Repeat Part A, #1 for each of the remaining solvents, but be sure these are done in separate test tubes.
3.  Dispose of the solvent/unknown mixtures as directed in "WASTE DISPOSAL".

Part C - Boiling Point
1.  Put 30 drops of unknown in a 10 x 75 mm test tube.  Place a capillary tube into the test tube open end down.  Using a rubber band, attach a thermometer so the bulb is next to the unknown liquid (see Figure 1.2).
2.  Put the test tube/thermometer assembly into a water bath (see Figure 1.1).  Heat the water bath.  As you are heating the water bath, pay close attention to the open end of the capillary tube immersed in the liquid.  As the heating continues, bubbles will emerge from the open end of the capillary tube, slowly at first, then more rapidly.  When the bubbles emerge from the open end of the capillary tube in a rapid, continuous stream, turn off the heat.  Continue observing the open end of the capillary tube as the water bath cools.  When the bubbles stop all together, record the temperature.  This is the boiling point of your unknown liquid.  
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	Figure 1.1
	Figure 1.2


3.  For your second and subsequent trials, let the water bath cool to at least 20(C below your recorded boiling point or 30(C, whichever is higher.  Obtain a fresh sample of unknown liquid and a new capillary, and assemble the apparatus as before.  Once you have done that, you may reheat the unknown, and look for bubbling and record the temperature as you did in Part C, #2.
4.  Dispose of your unknown and any leftover capillary tubes as directed in "WASTE DISPOSAL".

WASTE DISPOSAL

Parts A, B, and C - Any leftover unknowns/solvents MUST be put in the container labeled "Recovered Organics Without Halogens".

Part C - Used capillary tubes are returned to the container marked "USED CAPILLARY TUBES", or if broken, are to be put into the "BROKEN/DISCARDED GLASS BOX".

SAFETY
95% ethanol and cyclohexane are FLAMMABLE.  Keep Bunsen burners away from dropper bottles containing those substances.

Acetone and the unknowns are EXTREMELY FLAMMABLE.  Keep the unknown dropper bottles and acetone dropper bottles far away from the Bunsen burners.

FLAMMABLE - A substance that easily ignites, even with a minimal amount of heat or a single electrical discharge.

Experiment 1 - Physical Properties

REPORT

Name________________________________________      Section _________
Unknown Code  ______________
Part A - Density of Liquid



      Trial #1

    
    Trial #2

1.  Mass of 10 mL graduated cylinder

_____________

____________

2.  Mass of 10 mL grad. cylinder + unknown

_____________

____________

3.  Mass of unknown




_____________

____________

4.  Volume of unknown



_____________

____________

5.  Density of unknown



_____________

____________

Show calculations for the density down below
6.  Average density of unknown




_________________
Part B - Solubility




  
Soluble

 Insoluble









(Check mark appropriate space)

1.  Solubility in water





________

________

2.  Solubility in 95% ethanol




________

________

3.  Solubility in acetone




________

________

4.  Solubility in cyclohexane




________

________

Part C - Boiling Point of Liquid


_____________

____________

Average Boiling Point of Liquid




_________________
Based on the data in parts A, B, C






the unknown is:






_________________
POST-LABORATORY QUESTIONS

1.  A student measured out 3.0 mL of liquid unknown, but recorded 5.0 mL as the volume on the report sheet.  Will the student’s reported density be too high, too low, or unaffected?  Explain.

2.  In Part B, the balance reads 0.200 grams high for the whole laboratory period.  Will the student’s reported density be too high, too low, or unaffected?  Explain.

3.  If you were analyzing an unknown that boiled at a temperature above 100(C, how could you modify the experiment in Part C so that you COULD determine the boiling point of the unknown liquid?  Explain.
