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13.6 Colligative properties: Vapor pressure lowering, Freezing point Depression, Boiling point elevation, and osmotic pressure
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Chemistry in Your DaY | antifreeze in Frogs

W

ood frogs (Rana sylvatica) look like most other frogs. they are a few inches
long and have characteristic greenish-brown skin. However, wood frogs survive cold winters in a remarkable way—they partially freeze. in its partially frozen
state, a wood frog has no heartbeat, no blood circulation, no breathing, and no
brain activity. Within 1–2 hours of thawing, however, these vital functions return
and the frog hops off to find food. How does the wood frog do this?
Most cold-blooded animals cannot survive freezing temperatures because
the water within their cells freezes. as we learned in section 11.9, when water
freezes, it expands, irreversibly damaging cells. When the wood frog hibernates for the winter, however, it produces large amounts of glucose that is secreted into its bloodstream and fills the interior of its cells. When the temperature drops below freezing, extracellular body fluids, such as those in the frog’s
abdominal cavity, freeze solid. Fluids within cells, however, remain liquid because the high glucose concentration lowers their freezing point. in other
words, the concentrated glucose solution within the frog’s cells acts as antifreeze, preventing the water within the cells from freezing and allowing the frog
to survive.

▲ the wood frog survives winter by partially
freezing. it protects its cells by flooding
them with glucose, which acts as an
antifreeze.

QueSTioN
The wood frog can survive at body temperatures as low as -8.0 °C. Calculate the molality of a glucose solution (C6H12O6)
required to lower the freezing point of water to -8.0 °C.

osmotic Pressure
The process by which seawater causes dehydration (discussed in Section 13.1) is osmosis.
Osmosis is the flow of solvent from a solution of lower solute concentration to one of
higher solute concentration. Concentrated solutions draw solvent from more dilute
solutions because of nature’s tendency to mix.
Figure 13.16▼ illustrates an osmosis cell. The left side of the cell contains a concentrated
saltwater solution and the right side of the cell contains pure water. A semipermeable
membrane—a membrane that selectively allows some substances to pass through but not
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[in response to mr. Gladstone, the British Chancellor of the Exchequer,
when asked about the practical worth of electricity.]
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his chapter’s opening quote from Michael Faraday illustrates an important aspect of
basic research (research for the sake of understanding how nature works). The
Chancellor of the Exchequer (the British cabinet minister responsible for all financial matters) wanted to know how Michael Faraday’s apparently esoteric investigations of
electricity would ever be useful to the empire. Faraday responded in a way that the chancellor would understand—he pointed out the eventual financial payoff. Today electricity
is a fundamental form of energy, powering our entire economy. Although basic research
does not always lead to useful applications, much of the technology our society relies on
has grown out of basic research. The history of modern science shows that we must first
understand nature (the goal of basic research) before we can harness its power. In this
chapter, we discuss oxidation–reduction reactions (first introduced in Chapter 4) and how
we can exploit them to generate electricity. The applications range from the batteries that
power flashlights to the fuel cells that may one day power our homes and automobiles.

19.9 Corrosion: Undesirable Redox
Reactions 925

powered by a hydrogen–oxygen fuel
cell, a device that generates
electricity from the reaction
between hydrogen and oxygen to
form water.

19.1 Pulling the Plug on the Power Grid

KEy LEaRNiNG OUtCOmEs 930

The power grid distributes centrally generated electricity throughout the country to
homes and businesses. When you turn on a light or electrical appliance, electricity flows
from the grid through the wires in your home to the light or appliance. The electrical
energy is converted into light within the lightbulb or into work within the appliance.
The average U.S. household consumes about 1000 kilowatt-hours (kWh) of electricity
per month. The local electrical utility monitors your electricity use and bills you for it.
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▲ The smartphone shown here is

The kilowatt-hour is a unit of energy
first introduced in Section 6.2.
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