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Form 6 Chemistry Practical

Experiment 9: 
Hydrogen Bonding

Introduction

Intermolecular forces are weak attraction forces. Although they are weak, when they are broken or formed, enthalpy changes are involved. Hence there are enthalpy changes when different liquids mix. Hydrogen bonds are strong intermolecular forces and the breaking or formation of these bonds causes significant enthalpy changes. This experiment is to investigate the strength of hydrogen bonds formed between molecules of ethanol and those between molecules of trichloromethane (chloroform) and ethyl ethanoate.

Chemical

Ethanol, cyclohexane, ethyl ethanoate, trichloromethane, tetrachloromethane
Apparatus

10 cm3 and 25 cm3 measuring cylinders, 50 cm3 beaker, thermometer (-10℃ to 110 ℃)
Safety Precaution

Ethanol and cyclohexane are inflammable. Trichloromethane (chloroform) is harmful and tetrachloromethane is carcinogenic and toxic. Good ventilation is necessary. 

Procedures

Before performing the procedures in each part below, the beaker to be used must be weighed.

A.
The existence of hydrogen bonds in ethanol

1,
Measure 10 cm3 of ethanol into a 50 cm3 beaker using a measuring cylinder.

2. Wrap the beaker with a cloth or insulate the beaker by other means. Record the temperature of the ethanol.

3. Pour 10 cm3 of cyclohexane to the ethanol in the beaker. Record the highest or lowest temperature reached.

B.
The strength of hydrogen bonds between ethanol molecules

4. Repeat steps 1 to 3 above using the same volume of ethanol but 20 cm3 of cyclohexane.

5. Record the maximum temperature change.

C.
The formation of hydrogen bonds between molecules of ethyl ethanoate and 
trichloromethane

CAUTION: THE MIXTURE OF TRICHLOROMETHANE AND PROPANONE (ACETONE) IS EXPLOSIVE. DO NOT DISCARD THE MIXTURE INTO A CONTAINER CONTAINING PROPANONE.
6. Measure 10 cm3 of ethyl ethanoate into an insulated beaker. Take the temperature.

7. Add 10 cm3 of trichloromethane into the beaker and mix. Record the highest or lowest temperature attained.

D.
The strength of hydrogen bonds between molecules of ethyl ethanoate and trichloromethane

8. Repeat steps 6 and 7 above using known amounts of ethyl ethanoate and trichloromethane with either one of them in excess.

E.
The atom in the molecules essential for the formation of hydrogen bonds

9. Measure 10 cm3 of ethyl ethanoate into an insulated beaker. Record its temperature.

10. Add 10 cm3 of tetrachloromethane into the beaker. Record the temperature change.

Data Treatment

1. Tabulate the results in the following way:

	
	Part A
	Part B
	

	Initial Temperature / ℃
	
	
	

	Highest or Lowest Temperature / ℃
	
	
	

	Temperature change / ℃
	
	
	


A.
The existence of hydrogen bonds in ethanol

2. Account for the temperature change in the result.

B.
The strength of hydrogen bonds between ethanol molecules

3. Determine whether ethanol or cyclohexane is in excess.
4. Is the process endothermic or exothermic? Explain.

5. How many moles of hydrogen bonds are present in the given amount of ethanol?

6. Calculate the strength of hydrogen bonds in ethanol in kJ mol-1.

C.
The formation of hydrogen bonds between molecules of ethyl ethanoate and trichlormethane

7. Account for the temperature change in the result.

D.
The strength of hydrogen bonds between molecules of ethyl ethanoate and trichlormethane

8. Calculate the numbers of moles of ethyl ethanoate and trichloromethane used.

9. Find the strength of hydrogen bonds between molecules of ethyl ethanoateand trichloromethane.

E.
The atom in the molecules essential for the formation of hydrogen bonds

10. From the result, determine hydrogen bonds are formed or destroyed during the addition of tetrachloromethane.

11. Compare the result with that of part C, which atom takes part in forming hydrogen bond?

Relevant Data

Specific heat capacity of glass=0.78 kJ kg-1 K-1

	Compound
	Structural Formula
	Density / g cm-3
	Specific Heat Capacity / kJ kg-1 K-1

	Ethanol
	CH3CH2OH
	0.79
	2.41

	Cyclohexane
	C6H12
	0.78
	1.83

	Ethyl Ethanoate
	CH3COOCH2CH3
	0.90
	1.92

	Trichloromethane
	CHCl3
	1.48
	0.98

	Tetrachloromethane
	CCl4
	1.59
	0.84


Questions

1. Why the beakers used are insulated?
2. Explain why it is not important whether ethyl ethanoate or trichloromethane is used in excess in part D?

3. Draw the hydrogen bond formed between ethyl ethanoate and trichloromethane.
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