
11.4 Properties of Liquids!

1)  Surface Tension"
•  Molecules at the surface of a liquid are pulled towards the 

interior, resulting in surface tension that leads to liquids 
forming spherical droplets in order to minimize their surface 
area."

Properties of a liquid that depend on the strength of IMFs:"

Figure 11.18"



Properties of Liquids (contd.)"
2)  Capillary Action"
•  Water will rise up a thin tube, due to adhesive 

interactions between H2O molecules and the tube."
•  This also leads to the existence of a meniscus: Water 

can make hydrogen bonds with the silica of glass  
(Si–O:•••H–OH), which are stronger than the cohesive 
forces between H2O molecules."

Figure 11.21"
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3)  Viscosity"
•  The resistance of a liquid to flow"
•  Viscosity is greater when IMFs are stronger, and also for 

long molecules that can have many points of interaction."
•  Liquids become less viscous as the temperature increases"
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Figure 11.22"



11.9: Special Properties of Water!
Each water molecule can make hydrogen bonds to four other 
water molecules."
The hydrogen bonding in water leads to:"
•  Unusually high boiling point of H2O"
•  Unusually high heat capacity (Cs) and ∆Hvap"
•  Hexagonal structure of ice with much empty space. This 

causes the solid ice to be less dense than liquid water. So 
water expands when it freezes. "

Figure 11.41"



11.5: Vapor Pressure"
•  Some molecules have enough energy to escape from the 

surface of a liquid and become vapor."

Figure 11.23" Figure 11.24"



Vapor Pressure (contd.)"
•  In a closed container, molecules will evaporate and 

condense until the vapor above the liquid is at a constant 
pressure. "

•  The vapor pressure of a liquid is the partial pressure of 
the vapor above it."

Figure 11.25"



•  Vapor pressure increases as temperature increases."
•  The boiling point of a liquid is the temperature at which 

the vapor pressure is equal to the external pressure."
•  Comparing different liquids, as IMFs become stronger, 

vapor pressure becomes lower."

Vapor Pressure (contd.)"

Figure 11.28"



•  At a lower external pressure (e.g. in a location at higher 
elevation), the V.P. will equal the pressure at a lower 
temperature, thus a liquid’s boiling point is lower 
when the atmospheric pressure is lower:"

Vapor Pressure (contd.)"



11.7: Phase Changes"

•  Vaporization or evaporation: liquid → gas  "!
•  Condensation: gas → liquid "!
•  Melting (fusing): solid → liquid "!
•  Freezing: liquid → solid " "!
•  Sublimation: solid → gas" "!
•  Deposition: gas → solid " "!

"endothermic!
exothermic!

"endothermic!
exothermic!
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Energies Associated with Phase Changes"

Enthalpy of fusion, ΔHfus: the amount of heat needed 
to melt 1 mol of a substance."
Enthalpy of vaporization, ΔHvap: the amount of heat 
needed to vaporize 1 mol of a substance."
•  ΔHvap is usually larger than ΔHfus."
•  ΔHsub: heat needed to sublime 1 mol of a substance"



Heating Curve for Water"
Figure 11.36"



•  Each stage of the heating curve has an equation 
associated with its heat change:"

1)  Solid heating: q = m Cs(solid) ΔT 
2)  Solid melting: q = n ΔHfus 
3)  Liquid heating: q = m Cs(liquid) ΔT 
4)  Liquid vaporizing: q = n ΔHvap 

5)  Gas heating: q = m Cs(gas) ΔT 

•  So if a temperature change also involves a phase 
change, to calculate the total amount of heat 
transferred, you have to sum the heat for each stage."

Heating Curve for Water (contd.)"



11.8: Phase Diagrams 
•  A phase diagram shows what phase of a substance is 

the most stable at a certain temperature and pressure."
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Triple Point – A specific T 
and P at which solid, liquid 
and gas are all in equilibrium."

Critical point – The 
maximum pressure at 
which a liquid and gas 
can be distinguished."



Phase Diagrams (contd.) 

•  The slope of the solid/liquid line depends on which 
phase is more dense."

Figures 11.37-9"


