B.3 Inquiry Labs

A second long-term objective is the creation of inquiry

laboratories involving students in real research.  These labs

allow students to design, control, explore, record, annotate,

measure, and analyze processes in the real world and compare them

with results of desktop supercomputer modeling.  Our experience has been that students are motivated to study a phenomenon if they 

first are fascinated by ``doing it'', and so wonder what is

happening.  Such hands-on experiments, which can easily be

performed in any high school classroom, are able to give the

students a feeling for how unique and special water really is.

Here we mention a few of the many possible examples of hands-on

experiments.  These range from the ``very simple'' to relatively

``high technology'' experiments.
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Surface tension is an unusual and 

very important  property of water:
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(1) ``How many pennies does a cup of water hold?'':  

Fill a small container with water and add pennies one at a time.

Because of the high surface tension of water, the surface will

develop a large bulge before it overflows can be compared

to the number for other liquids.  The number of pennies added

before the water overflows can be compared to other liquids.

(2) ``Pepper, soap, and water don't mix'': 

Once again, fill a small glass container with water and sprinkle pepper

on the water.  Now, place a drop of liquid soap at the center of the

water surface.  Suddenly, the pepper races to the edge of the container

demonstrating that the addition of the soap lowers the surface tension.
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Water has unique properties which may be discovered by the student:

16pt

(3) Supercooled water:

Clean a glass capillary tube in chromic acid and rinse with distilled

water.  Fill the capillary with water (or, better still, evaporate some

water in a flask and let the vapor condense in the capillary).  Seal

the capillary with a flame.  Place some capillaries in the freezer, some

in dry ice, and some in liquid nitrogen.  Surprisingly, some do not

freeze.  Why?  Does this have anything to do with the sap in trees not

freezing in the winter?  Try a control experiment with uncleaned

capillaries.  Experiment with different sizes of capillaries, and with

water containing small amounts of additives (e.g., alcohol, hydrogen pyroxide,

salt, etc.)

(4) Superheated water:

Pour silicon oil into a column which is surrounded by heating coils such

that the bottom of the column is at the lowest temperature (100 C) and

the top is at the highest temperature (300 C).  A water droplet is added

to the bottom of the column and it begins to rise.  Surprisingly, the

droplet does not vaporize at 100 C but instead vaporizes only at

about 280 C.  Why?

(5) Stretched water:

Add water to a glass container which has a metal bellows in the middle, and

place into a stretching apparatus.  Rotate the handle, thereby

stretching the bellows and the container.  At some point the water

cavitates, a loud bang is heard, and a bubble can be seen, indicating

that the water has indeed cavitated.

(6) Density of water:  

Place water in a specialized glass container with a long narrow

neck.  Cool the water to demonstrate that there is a change in density

by observing the change in water height along the neck.  What happens as

the temperature is reduced below 4 C?

(7) Viscosity of water:

Place a ball bearing in an inclined narrow water-filled tube so

that the ball falls down the tube.  Now pressurize the tube

and note that the viscosity of the water decreases as the

pressure increases.  This is counter-intuitive---e.g.,

the fact that at 6 am  you can walk anywhere you want inside a

Boston trolley car.

At 9 am there are so many people you can barely

move.  Aren't most liquids the same (increase in pressure

increases viscosity)?  However water is not like most liquids.

Increased pressure in water causes the hydrogen-bonded network to

be broken, thereby decreasing viscosity!  Perform the same

experiment with a solution of jello at various temperatures.  At

what temperature does it gel? What happens to the time of fall of

the ball bearing as the temperature decreases near the gel point?

(8) Heat capacity:

Place some ball-bearings in a water-filled insulated container

with a paddle-wheel stirring mechanism run by a crank.  Crank

the rotor so that work is being done on the water while monitoring the

change in temperature.  Now compare the amount of work (number of

cranks) to cause the same increase in temperature for another liquid.

This demonstrates the extremely high heat capacity of water.
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The experiments described above can be done without overly

sophisticated high technology.  However, increasing advances lead

to greatly reduced prices of state of the art equipment such as

lasers, photodiodes, and desktop supercomputer interfaces.  Our

goal is to expose the students to this low cost high technology

to prepare them for twenty-first century science.  Using low

power He-Ne lasers, photodiodes, A/D converters, and interface

boards, students can design a computer-controlled light

scattering apparatus to show how light can be used as a probe for

the actual molecular motion.  Such a system permits a variety of

experiments, such as the following:
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(9) Laser light scattering:

Colloidal suspensions of micron-sized spheres mimic atoms that

tumble in a liquid.  Dynamics can be seen experimentally in the

fluctuations of laser light intensity scattered by a cloudy

suspension of particles (e.g., from a little bit of milk and

water).  Every time a particle (or droplet) moves in or out of

the laser's path, the intensity changes.  Given the large number

of particles () and the large size of the particles

( to  micrometers), the fluctuations can be easily

``seen'' using a simple photodiode, amplifier and interface board

with a desktop supercomputer.  

When salt content and temperature are varied, the suspension

passes from a liquid to a crystalline state.

A light scattering experiment with these spheres provides an

optical way of measuring Bragg diffraction.  By experimenting

with spheres of varying sizes, students can appreciate the

relationship between the size of the ``molecule'' and the size of

the appropriate probe.  What happens when the temperature is

lowered? --- the diffusion of the microspheres slows down and

increases the decay time of correlation fluctuations in the

scattered laser light.  Such an experiment helps students relate

measured time fluctuations to the characteristic time of the

processes responsible for providing the fluctuations.

 Similarly, using gelatin gels as a model hydrogen-bonded network and

measuring the fluctuations in the scattered light intensity, students

can see how the formation of a network slows down the diffusion.  They

can then relate the slowing down of the movement of individual molecules

to the increased viscosity seen in experiment 7.

In summary, we will develop personal inquiry labs that enable

each student to become involved in the same sort of combination

of hands-on experimentation and desktop supercomputer simulation that marks

much of the current research in chemistry, biology, and physics.

Our experiences with students show that this is the most

effective way to bridge the gap between the abstract concepts

and the reality to which these concepts correspond.  All of these

ideas can be implemented only because of the advanced technology

that we are attempting to bring to bear on this set of problems.

