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STAGE 2 CHEMISTRY

Elemental and Environmental Chemistry
Unit 4
Periodic Table:   
secondary interactions – forces of attraction

between molecules

The Syllabus statement says:

	Key Ideas
	Intended Student Learning

	The strengths of secondary interactions between non‑polar molecules depend on their molar mass.


	Explain the higher melting-points and boiling‑points of substances of large molar mass.

	The strengths of secondary interactions between molecules of similar molar mass depend on the polarity of the molecules.
	Explain the higher melting-points and boiling‑points of polar substances when compared with those of non-polar substances of similar molar mass.



	Molecules containing N–H, F–H or O–H groups can form hydrogen bonds to N, F or O atoms in other molecules.


	Describe, with the aid of diagrams, hydrogen bonding between molecules.


The KEY IDEAS here are:

· There are three types of secondary interactions between molecules:

· (London) dispersion forces – operate between all molecules

· Dipole-dipole interactions – operate between polar molecules

· Hydrogen bonding – a special type of strong dipole-dipole interaction occurring between molecules that contain H bonded to N, O or F atoms.

· London Dispersion forces operate in all molecular substances. They are the only secondary interactions operating in non-polar substances, elements like H2, O2, N2, Cl2 or compounds like CH4, CO2, SO3. They are the weakest of the three types of secondary interaction.
· The strength of dispersion forces increase as the number of electrons in the molecule increases (ie the molar mass increases). This increased strength of dispersion forces explains the increase in boiling and melting points as molar mass increases.

· The strength of secondary interactions is also related to the polarity of the molecules. Polar molecules have stronger secondary interactions due to dipole-dipole interactions between molecules. Polar molecules therefore have higher melting and boiling points than non-polar molecules.

· In a molecule where a hydrogen atom (H), is covalently bonded to an atom of one of the three most electronegative elements, fluorine (F), oxygen (O), or nitrogen (N), the secondary interactions operating here are called hydrogen bonds. These are the strongest of the secondary interactions and hence these molecules have the highest melting and boiling points of similar molar mass molecules.

Hydrogen bonding is the electrostatic force of attraction between the δ+ charged hydrogen atom in one molecule and the δ– charged fluorine, oxygen or nitrogen atom in a neighbouring molecule.


Molecules like H2O, NH3 and CH3OH and proteins display hydrogen bonding.

My Notes
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Describe the meaning of secondary interactions
The strength of the intermolecular forces in a substance determines

the melting and boiling temperatures of the substance. The strength of

intermolecular forces is determined by the strength of the electrostatic

attraction between the molecules that, in turn, is dependent on whether

the molecules are polar or non-polar, big or small.

______________________________________________________

______________________________________________________

________________________________________________________________________________

What are Dispersion forces?

Dispersion forces are the weak attraction between molecules that occurs due to the instantaneous dipoles

formed as a result of the random movement of electrons within the molecules.
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Molecule Number of electrons  Melting point  Boiling point
in molecule el ey
Fluorine (Fy) 18 220 188
Chlorine (Cly) 34 -101 -3
Bromine (Bry) 70 ] 58
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The larger a molecule, and so the greater the number of electrons present, the more pronounced will be these Dispersion forces. Referring to table 2.5.1, it can be seen that the boiling points of the group 7 elements increase as we move down the group from fluorine to iodine. Melting and boiling points are directly related to the strength of the bonds acting between molecules; the stronger the forces of attraction, the higher the boiling point. All four molecules are diatomic and non-polar. Molecules of fluorine have a total of 18 electrons,

chlorine 34 electrons, bromine 70 electrons and iodine 106 electrons. As the number of electrons present within the molecule increases, the number and magnitude of instantaneous dipoles increases and hence so do the melting and boiling points of the elements.
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As all molecules contain electrons, Dispersion forces are always present between molecules,

________________________________________________________________________________

________________________________________________________________________________

What are Dipole-Dipole forces?

[image: image5.png]TABLE 2.52 THE BOILING POINTS OF THE HYDROGEN HALIDES

Hydrogen halide Melting point (*C) ~ Boiling point (°C)
Hydrogen fluoride (HF) 83 20
Hydrogen chloride (HCI 114 -85
Hydrogen bromide (HBr) -87 67

Hydrogen iodide (HI 51 -3




Polar molecules have a permanent dipole. One ‘end’ of the molecule is always positive in relation to the other ‘end’ of the molecule. For example, the hydrogen chloride molecule has a permanent dipole because the chlorine atom is more electronegative than the hydrogen atom, and so the bonding electrons will more often be located nearer to the chlorine than the hydrogen. As electrons have a negative charge, the chlorine end of the molecule will tend to carry more negative charge than the slightly positive hydrogen end.

As these molecules have a positive part and a negative part, they can attract other polar molecules by electrostatic attraction. The strength of this attraction depends on the size of the dipole, and this is determined by the difference in the electronegativities of the atoms in the molecule.

For example, HCl and HBr are both polar molecules. 
The difference in electronegativities in HCl is (3.0 − 2.1) = 0.9, and in HBr it is (2.8 − 2.1) = 0.7. 

HCl is a more polar molecule than HBr.

This example presents an interesting problem. Based on polarities alone, it would be reasonable to expect the boiling point of HCl to be higher than those of HBr. After all, HCl does have a larger dipole than HBr. However, you will recall in our discussion of Dispersion forces that as all molecules contain electrons, Dispersion forces are always present between molecules. The difference in number of electrons of HCl and HBr is significant. HCl has 18 electrons and HBr has 36 electrons (twice as many as HCl). This difference in the strength of Dispersion forces is sufficiently large to overcome the greater strength of the HCl dipole, and HBr has a higher boiling point than HCl.


________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

What is a hydrogen bond?

As we have seen, a permanent dipole is formed when two atoms in a molecule have different electronegativities; the greater the difference in electronegativities, the more polar the resultant bond. The most electronegative elements are all found in the top right-hand corner of the periodic table: fluorine (4.0), oxygen (3.5) and nitrogen (3.0).

The combination of any of these three elements with hydrogen (2.1) produces a particularly strong dipole and results in the formation of highly polar molecules such as water, ammonia (NH3) and hydrogen fluoride (HF). The special name of hydrogen bonding is given to the intermolecular forces that occur between molecules that contain H−F, H−O and H−N bonds. 

In hydrogen bonding, the positive (H) end of a dipole is strongly attracted to the negative (F, O or N) end of the dipole of another molecule.

Supporting Questions 1

1
Briefly explain how Dispersion forces operate between molecules.


_______________________________________________________________________________


_______________________________________________________________________________


_______________________________________________________________________________


_______________________________________________________________________________


_______________________________________________________________________________

2
Carefully consider the following group of molecules:

Cl2  , CF4 ,  I2  , CH4 ,  SO3   

(i) As a group, are these molecules polar or non-polar?

______________________________________________________

(ii) What property do these molecules have that enabled you to give the answer you gave in part i?

_________________________________________________________________________

(iii) State the type of secondary interaction operating in these molecules.

_________________________________________________________________________

(iv) Predict which of the molecules listed above would have the highest melting point.


Give a reason for your answer.



________________________________________________________________________



________________________________________________________________________

3
CF4 is a non-polar molecule.


Draw an electron dot diagram for this molecule and name the shape.

4
Explain why the boiling point of the following molecules, CH4, C2H6, C3H8, increases with the 


increase in their molar mass.

5
Briefly explain the requirements for a bond to be a hydrogen bond.


_________________________________________________________________________________


_________________________________________________________________________________


_________________________________________________________________________________

6
Draw a diagram to show the hydrogen bonding between the molecules H2O and NH3.


Label the negative and positive dipoles on the atoms in the hydrogen bond.

7
Carefully consider the following group of molecules:

Cl2 ,  CS2 ,  NH3 , CH4 ,  SO2 ,  H2O

(i) From this list select the non-polar molecules.  

(ii) From this list select the polar molecules.     

(iii) Cl2 has a boiling point of –350C whereas CS2 has a boiling point of +460C.

Both molecules are non-polar. Explain this difference in boiling point.

(iv) CH4 has a boiling point of –1610C whereas NH3 has a boiling point of -330C.

a) Which molecular substance has the higher boiling point?     ____________________
b) Which molecule is polar?     ______________________________________
c) Which type of secondary interaction is found in CH4?    ________________________ 

d) Which of these molecules will have hydrogen bonding?   ________________________
e)
Which of these two molecules will have the strongest secondary interactions?


__________________________________________________________
8
State the two main factors that determine the strength of secondary interactions between molecules.


__________________________________________________________________________________
Supporting Questions - solutions
1
Briefly explain how London Dispersion forces operate between molecules.

Dispersion forces are the weak attraction between molecules that occurs due to the instantaneous dipoles formed as a result of the random movement of electrons within the molecules.

2
Carefully consider the following group of molecules: Cl2  , CF4 ,  I2  , CH4 ,  SO3   

(v) As a group, are these molecules polar or non-polar?

non-polar

(vi) What property do these molecules have that enabled you to give the answer you gave in part i?

high degree of symmetry / they all have an even distribution of charge around the central atom/ the negative and positive dipoles cancel each other out.

(vii) State the type of secondary interaction operating in these molecules.

dispersion forces

(viii) Predict which of the molecules listed above would have the highest melting point.


Give a reason for your answer.

Iodine, I2,    -   it has the largest molar mass/ it has the largest number of 

electrons.

4
Explain why the boiling point of the following molecules, CH4, C2H6, C3H8, increases with the 


increase in their molar mass.


As the number of electrons present within the molecule increases, the number and 

magnitude of instantaneous dipoles increases and hence so do the melting and boiling 


points of the elements.
5
Briefly explain the requirements for a bond to be a hydrogen bond.


The special name of hydrogen bonding is given to the intermolecular forces that 

occur between molecules that contain H−F, H−O and H−N bonds. 

In hydrogen bonding, the positive (H) end of a dipole is strongly attracted to the negative (F, O or N) end of the dipole of another molecule.
7
Carefully consider the following group of molecules: Cl2 ,  CS2 ,  NH3 , CH4 ,  SO2 ,  H2O

(v) From this list select the non-polar molecules.  Cl2 ,  CS2 ,   CH4
(vi) From this list select the polar molecules.     NH3 ,  SO2 ,  H2O
(vii) Cl2 has a boiling point of –350C whereas CS2 has a boiling point of +460C.

Both molecules are non-polar. Explain this difference in boiling point.


CS2 has a larger molar mass ( a greater number of electrons ) than the Cl2 molecule. Hence the dispersion forces in CS2 will be stronger than the dispersion forces in Cl2. Hence CS2 will have a higher boiling point.


(viii) CH4 has a boiling point of –1610C whereas NH3 has a boiling point of -330C.

a) Which molecular substance has the higher boiling point?     ammonia
b) Which molecule is polar?     ammonia
c) Which type of secondary interaction is found in CH4?     dispersion forces
d) Which of these molecules will have hydrogen bonding?   ammonia
e)
Which of these two molecules will have the strongest secondary interactions?


ammonia

8
State the two main factors that determine the strength of secondary interactions between molecules.


whether the molecule is polar or non-polar


the molar mass of the molecule
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