Ch. 1 Sec. 7 Why is Water Liquid at Room Temperature?
What is the relationship between intermolecular forces and boiling point?
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How does polarity affect boiling point?

Figure 1.24 adds the boiling points of the group V, VI, and VII hydrides to the
data for the group IV hydrides from Figure 1.21. The structures of the hydrides
in each group are the same:

Group Molecules Structure
v CH,, SiH,, GeH,, SnH, tetrahedral like CH,
v NH,, PH,, AsH,, SbH, pyramid like NH,
Vi H,0, H,S, H,Se, H,Te bent like H,0
Vi HF, HCI, HBr, HI linear like HF

(2) Do the polarities of the hydrides increase or decrease as you go from left to
right in Figure 1.24? Explain your reasoning. What trend in boiling points
would you expect for this trend in polarities?

(b) Do the dispersion forces (induced dipole attractions) increase or decrease as
you go from left to right in Figure 1.24? Explain your reasoning. What trend
in boiling points would you expect for this trend in dispersion forces?

(c) What conclusions can you draw about the relative strengths of polarity and
dispersion force attractions between the molecules in these compounds?
Explain your reasoning. Discuss in your group and with the class how you
might explain any deviations from trends you see.
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Does hydrogen bonding explain the boiling points
of NH; and HF?

(@) The boiling points for NH, and HF (Figure 1.24) are out of line with other
group V and VII compounds. Sketch models to show how hydrogen bond-
ing can account for their relatively high boiling points.

(b) Tf we have a large number, N, of water molecules, there are 2N hydrogen
atoms and 2N nonbonding pairs that can interact to form hydrogen bonds.
Since it takes one hydrogen atom and one nonbonding pair to form each
hydrogen bond, the maximum number of hydrogen bonds that can be
formed among these molecules is 2N. If we have N ammonia molecules, how
many hydrogen atoms are available to form hydrogen bonds? How many
nonbonding pairs> What is the maximum number of hydrogen bonds that
can be formed among these N ammonia molecules? Do the same analysis for
N hydrogen fluoride molecules.

(©) Do your results in part (b) help to explain the boiling points of NH, and HF
relative to FLO in Figure 1.24? Explain why or why not.
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Predicting relative boiling points

Lewis structures for z-butane, ethyl methyl ether, and 1-propanol are shown.
Predict the relative boiling points of these compounds. Explain your reasoning.
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How does boiling point vary with the number
of molecular electrons?

Figure 1.21 shows the boiling points of CH, (methane), SiH, (silane), GeH,
(germane), and SnH, (stannane) plotted as a function of the total number of
electrons in each molecule. These hydrides (compounds of the element with
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Figure 1.21.

Boiling point vs. electrons per
molecule for group IV hydrides.
The points are connected only to
highlight the trend in the data.

hydrogen) of group IV elements all have the same symmetrical, tetrahedral
structure you observed for methane in Consider This 1.16 and all are nonpolar.
Describe the relationship between the boiling point and the number of elec-
trons. What conclusions can you draw about the relative attractions between the
molecules in these compounds? Discuss in your group and with the class how
you might explain any trends you see.
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Figure 1.24.

—

Boiling point vs. electrons per
molecule for groups IV through
VII hydrides. The points are
connected only to highlight

the trends in the data.





157y e i o Temperare?
[tk s

_————




