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Background Information


What are crystals? Most people think crystals are only found in minerals that grow (like quartz) but a crystal is any solid in which atoms are arranged in a 3-dimensional manner. Crystals are found virtually everywhere: in snowflakes, in ice, in all metals, in salt, and sugar. They are even present in the proteins found in our bodies. Why do some crystals grow faster than others? What is different about their molecular structure that makes quartz form over centuries and a snowflake form in only minutes? 


An understanding of how crystals form is essential to a variety of industries. For instance, current research in liquid crystal display technology has yielded color screens only a cm in thickness. Various gems like diamonds, sapphires, and rubies can be synthetically produced with the help of crystallography. Crystallography is also used in such applications as the production of quartz for keeping time, silicone for extensive use in computers and various other industries. This experiment on rates of crystallization for a variety of inorganic molecules will provide comparable results for the production of crystals used in the industries listed above.

This experiment will evaluate the rate of re-crystallization of several different supersaturated solutions. When a solid is dissolved in a liquid, the particles leave the solute and diffuse into the solution. When something is dissolved in something else the matter that is being dissolved is called the solute and the matter that the solute is being dissolved into is called the solvent. In this experiment the solutes will be crystals and the solvent will be water, the universal solvent. A crystal is made up of atoms that are arranged in an orderly fashion. The more solute that is dissolved in a solution, the more particles reattach to a crystal. When a solution is saturated it has reached solution equilibrium and the number of particles that re-attach to a crystal equals the number of particles that are being removed from those crystals. By increasing the temperature of the solution more crystals will dissolve into the solution. Thus the solubility of a solid solute in water will almost always increase as the temperature of the solution increases. If the solution was saturated at a higher temperature and is then cooled, the quantity of solute is above the level of saturation. In this event the solution is supersaturated. Super-saturation only occurs if there are no crystals currently in the solution and the container does not have a rough surface. After the solution has been supersaturated a single crystal will provide the platform to enable the solute to recrystallize until solution equilibrium has been reached when the solution has become saturated. The speed at which the solute crystallizes is called the crystallization rate.

For experimental reasons and in order to compare results, the only solute will be a solid and the only solvent is water. First, 100g of H2O is raised to the boiling point. The reason that 100g of water is utilized is that the International Union of Pure and Applied Chemistry uses and provides measurements for solubility as follows: “Values expressed as 100W. Where Ms = mass of solute and Mw = mass of H2O, W=Ms/(Mw+Ms). Mass of solute per 100 g of H2O: r=100w/(1-W).”(David R. Lide, 1999, p8-102) The specific reason why 100( C is used is because there is no other way of maintaining a temperature higher than 25( C with the equipment available. The reason 25( Celsius is being used is because it is one of the solubility rates provided in the Handbook of Chemistry and Physics 79th Edition along with 100( C, and also is the temperature of the lab where it cools. Then the solvent will be added in concentrations that will saturate the solution. The temperature will be given time to fall 75(C, to room temperature at 25( C. This procedure of bringing it to boiling before the solution is saturated will ensure that as the temperature decreases the solution will become supersaturated. The process of supersaturating the solution will ensure that when the crystal is introduced at 25( C the crystal will expand and the amount of mass that that will be added to the crystal will be exactly predictable. At this time a single crystal will be introduced into the solution. The crystal will expand because there will too much solute to be sustained at such a low temperature. The time it takes to stop re-crystallizing will be recorded because that will be the result used to obtain the rate of crystallization. After that the next trial shall be run. If the solution re-crystallizes before it reaches 25( this trial will be eliminated from the data set. If the crystal that is introduced into the solution dissolves then the trial will be eliminated from the data set.
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Title: The effect of a different solute on the time it takes to recrystallize in a supersaturated solution.
Hypothesis: The time it takes to crystallize will be directly proportional to the mass that will be re-crystallized regardless of the type of solute.

IV: Different solute.

Groups:
Table Salt
Epsom salt
antifreeze salt
Baking Soda
No solute

Trials:
10
10
10
10
10

DV: Time taken for re-crystallization and the solution becoming saturated.
Control: Water only.
Constants: All solutions are saturated at 100(C and the crystals are re-introduced at 25(C. Same exact type of glass container. Same rates of temperature decrease. Same level of saturation (100%). Same environmental conditions. 

The effect of a different solute on the time it takes to recrystallize the solute in a supersaturated solution.
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Baking soda NaHCO3

Table salt NaCl

Epsom salt MgSO4
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Where Ms-= mass of solute and Mw = mass of H2O

Values expressed as 100W

W=Ms/(Mw+Ms)

Mass of solute per 100 g of H2O: r=100w/(1-w)

Where V= mass described above

The mass of solute added to 100 g of H20= r = V/(1-V/100)
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Quartz is one of the purest minerals known. Nevertheless, tiny amounts of impurities have an important effect on this crystalline form of silicon dioxide. The delicately hued type of natural quartz known as amethyst, for example, owes its distinctive purple color to traces of iron compounds that are locked into its crystal lattice as it grows. 

By focusing on another type of impurity, researchers have now developed a simple method of determining growth rates along different directions in a quartz crystal. In effect, "we can see just what the crystal looked like throughout its growth history," says geophysicist Phillip D. Ihinger of Yale University 

Ihinger and Yale coworker Stephen I. Zink describe their technique in the April 20 NATURE. Such research could provide insights into geological processes such as magma crystallization, they say. 

Growing into fluid-filled cavities, natural quartz crystals typically form prismatic structures with flat faces. They also invariably incorporate traces of hydrogenbearing compounds, such as water, lithium hydroxide, and aluminum hydroxide. 

Like a snowflake, every quartz crystal has a unique structure, reflecting details of how it arose, the researchers note. Moreover, the concentration of impurities can vary widely within a single crystal. 

Ihinger and Zink used high-resolution infrared spectroscopy to map impurity concentrations across different slices of a gem-quality quartz crystal. The hydrogen-containing compounds produce defects in the crystal lattice. Faster growth rates generally lead to higher impurity concentrations. 

"We discovered that the actual growth rate of individual . . . faces is preserved in the chemical makeup of the crystal," Ihinger says. "Our technique allows us to read the preserved growth-rate record, much like reading the speedometer in a car." 

In the quartz sample that they studied, for example, the researchers found that two crystal faces growing from the same fluid at the same time actually formed at rates that differed by a factor of 10. From such data, they were able to reconstruct a single crystal's complete history. 

At present, Ihinger and Zink can obtain only relative growth rates. They plan to calibrate their speedometer by measuring the hydrogen content of synthetic quartz crystals grown in controlled environments at known rates. 

"Our technique can be applied to crystals from a variety of geological environments to determine their growth history," the researchers contend. The technique may also prove useful in the electronics industry for monitoring the production of defect-free synthetic quartz crystals. I Peterson 

Individual quartz crystals in this cluster from Brazil are about 4 inches long. 

Materials Section
Quantity
Description
Source

1
1 kg baking soda
Safeway

1
1 kg table salt
Safeway

1
1 kg Epsom salt
Safeway

1
1 kg antifreeze salt
Safeway

1
4 kg distilled water
Safeway

5
Glass containers
cupboard

1
Heating apparatus
y226

1
Metric thermometer
y226

1
Metric balance
y226

1
Metric timer
wrist

Methods

1. Measure 100g of distilled H2O into the glass container.

2. Heat the container to a boiling, while the correct mass of solute is being added and mixed.

3. Remove the container from the heat and let it cool while measuring its temperature.

4. When the temperature has reached exactly 25( Celsius introduce a crystal of the same compound as the solute that was dissolved into the water.

5. With the metric timer measure the time between when the crystal hits the surface of the solution and when is has completely re-crystallized.

6. Record this time in seconds into the log entry.

7. Repeat steps 1-6 for the other trials.

                                                                                              Glass container

                                                                                         Crystal is introduced into solution

                                                                                               Re-crystallization occurs


Supersaturated solution

