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Kinetics

Why are chemists interested in reaction rates? Studies of rates provide an insight into the mechanism, the individual steps of the reaction that describe how reactions occur. 



PRINCIPAL TOPICS

Several conditions must be met for a chemical reaction to occur. 

· Molecules must collide. 

· The geometry of the molecules must be proper for forming new bonds.

· The molecules must have enough energy to break old bonds and form new bonds. 

Reaction rates increase as the number of molecules collides with sufficient energy to break old bonds and form new ones. The energy required to do this is called the activation energy. Only a fraction of the molecules with sufficient energy react because the orientation of molecule during collision is not always favorable for breaking old bonds and forming new ones. The number of collisions increases with concentration of reactants, and the number of molecules with enough energy for reaction increases with temperature. 



Reaction Rates
What is meant by reaction rate?

Consider the reaction:

2 H2O2 -----> 2 H2O + O2(g)

The rate is defined as the change in concentration of either a reactant or product with respect to time. The change in concentration of H2O2 with respect to time is the rate of reaction of the H2O2 in this reaction. The rate of production of water is the same as the rate of disappearance of peroxide. The rate of production of oxygen is half the rate of reaction of peroxide, however, because 2 moles of peroxide produce one mole of oxygen.

Rate = -[H2O2] /t 

where [H2O2] = [H2O2]( time2) – [H2O2]( time1) and t = (time2 - time1)

Units of measure of rates are frequently moles/(liter x time). Concentration is usually in moles/liter (molarity) or pressure in atmospheres.



Temperature Effects

Temperature is a direct measure of the average kinetic energy of molecules and also is a measure of the number of reactant molecules with enough energy to react. All reactions take place faster at higher temperature. 

Not all reactions increase at the same rate as the temperature increases. For instance at a lower temperature, the reactants may produce 80% A and 20% B, while at a higher temperature they produce 40% A and 60% B. Rates of production of A may slow, but rates of reaction of the reactants increases. The reactants are used up more quickly in these examples. 

Temperature effects are treated more quantitively in the subsequent sections using the activation energy and the Arrhenius equation. As a general rule, raising the temperature 10o doubles the rate.



Activation Energy



Catalysis

Catalysts are substances that increase the rate of a reaction without being consumed by the reaction. These substances function by providing a pathway with lower activation energy. Catalysts work by reacting to form activated complexes with lower energies or labile (low stability) compounds that react quickly to form the desired products and the catalyst. Catalysts are a special because the catalysts may become inactive due to side reactions that are not present at lower temperatures.

A catalyst may be a simple metal ion for the decomposition of hydrogen peroxide, or a complex enzyme with a molar mass of several 100 000g/mol for many biological reactions. Catalysts work by offering a pathway with lower activation energy. 

Some catalysts such as zeolite cages and enzymes also lower the geometric factor by holding a reacting species in the proper orientation for reaction to occur. Biological enzymes frequently react with the surrounding solution to change geometry at higher temperatures. These enzyme molecules may then be inactive as catalysts. 

While catalysts are defined as substances that do not change the products of a specific reaction, in complex systems where several reactions are possible, the catalyst usually favors one pathway. A catalyst can practically eliminate some side reactions by accelerating the main reaction.



Surface Area Effects

Reaction rates of solids are a special because reactions only take place at the outer surface where collisions take place. To increase solid reaction rates, solids are ground to provide a larger surface area exposed to other reactants. For example, two solids may be ground together, a solid and liquid react faster when a ground solid is dispersed in the liquid, or a solid and gas react faster when a ground solid is dispersed in the gas as a fine powder or dust. 



Concentration Effects

Not all collisions result in reactions, but collision is required for all reactions. In either gaseous or liquid solutions, the probability of molecules colliding is proportional to the concentration of the molecules. In the slowest step of a reaction in solution, the rate of that step is proportional to the concentrations of the molecules colliding. 



Mechanisms and Reaction Order
Reaction rates give insight into the mechanism of a reaction. Reactions usually take place in several small steps rather than one step where many existing bonds must be broken at one time and many new bonds must be formed at once. The steps are called the mechanism of the reaction. The rate depends on the concentration of the reactant or reactants in the slowest step of the mechanism, which always determines the rate of the reaction. If the rate of the slowest step depends on just one molecule, the rate of reaction is directly proportional to the concentration of the reacting substance. If two molecules of reactants must collide before reaction can take place, the rate depends on the concentration of both substances. The collision of more than 2 molecules with sufficient activation energy at one time is highly improbable; consequently most slow steps are either unimolecular or bimolecular. Complex rate laws usually indicate that a rapid equilibrium produces a reactive species that is a reactant in the slowest step. Rapid steps after the slowest step do not change the reaction rate, and kinetics studies give no information about the mechanism of steps occurring after the slowest step. Steps before the slowest step may alter the amount of a reactant present during the slowest step. Consequently, kinetics studies may help to elucidate information about the reactive species formed during these early rapid steps.

If one molecule reacts without collision in the slowest step, the reaction is said to be first order. For example,

A ---> C

If two molecules collide in the slowest step, the reaction is said to be second order. For example,

2 A ---> C
 
A + B ---> C

For simplicity, most kinetic measurements are done with one reactant as the limiting reagent and a large excess of all other reactants. The concentration of these other reactants remains within experimental error of a constant concentration during the measurements. In the reaction, A + B ---> C, if B is in large excess as A reacts, the reaction is said to be “pseudo first order” with respect to A. If A is in large excess as B reacts, the reaction is said to be “pseudo first order with respect to B.” Sometimes a reactant that appears in the overall balanced reaction does not change the reaction rate because the reactant is not a part of the slowest step. The reactant may react after the slowest step. That dependence is said to be zero order. 



Rate Laws and Constants



Graphical Determinations of Rate Orders



Half-life



Rate Laws from Data Tables



Mechanisms and Rate Laws

After determining the rate law for a reaction, mechanisms are proposed that fit the rate law. The chemistry of the compounds is paramount in proposing these mechanisms. 

Many rate laws, particularly in aqueous solutions, involve an acid or base dependency even when H+ is not part of the overall balanced equations. An ion formed by reaction with H+ frequently reacts at a different rate than neutral compound. When H+ reacts with another compound or ion, the reaction is still a bimolecular reaction. Termolecular reactions are very slow, and many rate equations that include two compounds and H+ are reactions of an acid ion with a second compound not a termolecular reaction. 



Arrhenius Equation



Allosteric Enzymes

Allosteric enzymes are of a general class of compounds called cooperative enzymes. Enzymes that respond to the binding of ligands to other sites than the active site are termed 'allosteric' (i.e. other site).  Cooperativity is one case of allosteric response; binding of substrate at one active site responds to the binding of another substrate molecule at a different active site. With cooperative enzymes, the binding of substrate to the molecule influences further binding and the overall kinetics of the reaction. Hemoglobin is the classic example. Allosteric enzymes have multiple subunits which interact positively or negatively in a cooperative fashion.

Allosteric behavior can usually be described by a modification of the Michaelis-Menten equation. One feature of cooperative enzymes is that they are more sensitive to changes in substrate concentration in the vicinity of the K0.5 than enzymes displaying Michaelis-Menten kinetics are at their Km values (i.e. the slope of the kinetic response is more steep).  For this reason, enzymes that are regulated in biochemical systems are often cooperative enzymes.  Regulation by cellular metabolites involves a site, separate from the active site which binds the substrate(s), which binds cellular metabolites indicating whether the particular reaction should be activated or inhibited.  

Allosteric responses may also involve changes in affinity for substrate or Vmax due to the binding of non-substrate molecules at allosteric sites on the enzyme.  Cellular molecules that let them “sense” the need for their products usually regulate them. Such allosteric responses are important for cellular regulation.  



CONTENT INTEGRATION



Enzymes

Enzymes catalyze most biochemical processes. These catalysts are large proteins with active sites that bond weakly with the reactants, bringing the reactants into the correct geometry for reaction to occur. The enzyme forms an unstable intermediate with the reactants by providing hydrogen bonding sites, nonpolar areas, polar sites, or even metal ions for complexing. 

Because enzymes are proteins they exhibit all of the structural properties of proteins: primary structure with covalent bonding, secondary structure holding the molecule in coils (frequently an alpha helix) with hydrogen bonding, and tertiary structure which bonds the helical arrangements together. Heating these molecules too much permanently destroys secondary and tertiary structure. When that happens, the enzyme is inactive and is “denatured.” These denatured enzymes no longer act as catalysts because the structure has been rearranged. Cooking food denatures the enzymes in foods helping to preserve the foods. As temperature increases, the rate of the denaturing reaction increases which decreases the concentration of active enzyme. 

When an enzyme catalyzes a reaction, the overall rate of that reaction decreases as the enzyme denatures because the concentration of the active catalyst is decreasing. Most enzymes have a temperature where the reaction rate is maximized before denaturing occurs. For example, the enzyme from a warm-blooded animal with a temperature of about 36°C or 98°F has a maximum rate is close to that temperature. 


Biodegradation

Biodegradation refers to the ability of a compound to either decompose or be decomposed. There are many implications for chemists in how substances are designed on a molecular level. Biodegradation plays an important role in how chemical interact with the environment and in medicine with the design and use of drugs. 



Gasoline additives

When gasoline is ignited in an engine it has a tendency to explode. The result is a violent force against the piston head and an audible engine 'knock'. When the gasoline reacts with oxygen at a very fast rate (like in an explosion) the force produced against the piston head within the engine is violent, uncontrolled, and inefficient. To control the rate of this reaction and to ensure complete combustion of the fuel, certain chemical compounds are added. The ability of a fuel to resist engine knock is measured on a scale known as the octane rating.
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	iso-octane
	n-heptane
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	methyl t-butyl ether


Originally, branched chain hydrocarbons like iso-octane were substituted for linear hydrocarbons like n-heptane.
Branched chain hydrocarbons have a slower rate of combustion due to their increased surface area. Recently compounds termed 'oxygenated hydrocarbons' like methyl t-butyl ether (MTBE) were introduced. Oxygenated hydrocarbons reduce the combustion rate and improve the octane rating my supplying an added oxygen source. Unfortunately, MTBE use is controversial due to its toxicity and potential as a ground water pollutant. 


Explosions

Explosions are simply very rapid reactions that generate a large burst of hot gas. The gas may be rapidly heated air or a product of the reaction. Any factors that increase the rates of reactions favor explosions.



Population demographics

The current human population of the earth is more than 6 billion (year 2001). Population growth  without an environmentally limiting factor growing at a constant rate is described mathematically as an exponential functions .
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	P=Pokt
P = Population
Po = Initial Population
k = growth constant
t = time


Exponential Growth

A bounded population is limited. Its growth slowly approximates a terminal value or carrying capacity. This type of growth is modeled with a logistic equation.
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	P=L/(1+Ae-kt)

P = Population
L = Population Maximum 

(Carrying Capacity)
A = equation constant
k = growth constant
t = time


Logistic Growth


ACTIVITIES



Home Labs

Yeast and Peroxide Decomposition
Hydrogen peroxide (3% commercial) can be readily decomposed. This reaction is catalyzed using readily available compounds like yeast and iodine, producing oxygen gas.

· A qualitative investigation of the decomposition of hydrogen peroxide with yeast  

· A more advanced kinetic study of the decomposition of hydrogen peroxide with I-  

Lightsticks

Commercial lightsticks produce their light via a peroxyoxalate reaction involving a peroxide and an oxalate ester. These lightsticks are commonly used to qualitatively demonstrate the temperature effect on reaction rates.

Alka-Seltzer® Tablets

Cool science experiments can be found on the Alka-Seltzer® Web site.

Investigating Reaction Rates

Factors Affecting Rates of Reactions: Who can make Alka Seltzer react the fastest? Examine the factors of temperature, concentration, agitation, surface area, and a catalyst; the formaldehyde clock 



Graphing Calculators
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	Explore chemical rate laws. Use reaction data to construct scatter plots and determine rate law coefficients. 






Probes

In the presence of hydroxide ions the organic crystal violet pigment is chemically converted to a colorless compound. This conversion is colorimetric in nature and is slow enough that a colorimeter of spectrophotometer can measure the absorbance of the crystal violet solution and track the kinetics of the reaction. In this experiment, the reaction between crystal violet and sodium hydroxide is observed, and the rate coefficient for crystal violet will be determined and a pseudo-rate law will be constructed. 



Simulation

Investigate the chemical kinetics in a 2-dimensional simulation of a binary chemical reaction. 



APPLICATIONS



Biochemistry and Metabolism

Kinetics are fundamental in understanding the chemistry of energy production and use in living organisms. 



Drug Delivery

Drugs must be delivered in a constant concentration for maximum benefit and safety. The rate of both beneficial reactions and unwanted side reactions increases as the concentration of a drug increases. It is desirable to release drugs at a constant rate, thereby maintaining drug concentration within the therapeutic range and eliminating the need for frequent dosages. 

Drugs may be administered as "controlled-release" formulations. The rate of release of the drug depends on the rate of reaction of the coatings or the rate of transport of the drug through a membrane or film. Two major types of processes are used. In one type, the drug is imbedded in a polymer matrix which dissolves or allows the drug to diffuse out. In the other type, the drug is enclosed in a reservoir by a membrane. 

Productions of coatings may be made by several different processes including a spray process which works for many diverse types of compounds.  

The prototype chip has 34 tiny reservoirs etched into the silicon's surface and each reservoir can hold 25 nanoliters of chemical in solid, liquid, or gel form. Santini noted that such a chip could potentially hold 1,000 such reservoirs. Each reservoir is covered by a thin membrane of a material that acts as an anode in an electrochemical reaction. Other electrodes serve as cathodes. 

The membrane anodes and cathodes are made of a thin layer, about 0.3 micrometers of gold. It takes less than 10 seconds to dissolve the membrane with a charge of about 1 volt. Then the material inside the reservoir is released. Each reservoir can be activated individually because each anode has an independent connection to the power source. In the prototype, 34 wires connect each reservoir to an external power source. 

In the future, researchers believe, the device could be fitted with a small battery and microprocessor and the chip preprogrammed to release chemicals. The drug-delivery system could also be triggered by remote control, or activated by an on-chip sensor. In chips with large numbers of reservoirs, a microprocessor could send the code to a demultiplexer that could route power to a particular reservoir. While the chip uses the same materials and techniques employed in traditional semiconductor manufacturing, scientists have to overcome technical challenges in material selection, process design, and reservoir filling to create the microchip.



Food Science

Food science is the application of science and technology to the manufacturing, production, processing, product development, packaging, preparation, evaluation, distribution, utilization, and safety of food products. Food Science studies everything that happens to food from the time it leaves the farm, field, or waters until the consumers buys it. The question of food spoilage is really a chemical kinetics question. Regardless of whether spoilage is caused by a microbial problem or a more traditional chemical problem. The laws of chemical kinetics dictate the rate of spoilage. 



Industrial



Petroleum Cracking

Cracking:  Process by which heavy hydrocarbon molecules are broken up into lighter molecules by means of heat and usually pressure and sometimes catalysts.



Wine Production



Radioactive Decay



Effective Dates on Products

Products with a short shelf life are frequently dated to be sure that spoiled products are not sold. Grocery stores use the dates to rotate stock on and off of the shelves. For example, products with fats are slowly air oxidized forming compound with a rancid (bitter) taste. Butter, oils, nuts, and many other fat products that are open to the air must be used before the rancid taste is apparent. Milk products are dated because enzyme reactions or bacterial reactions may change the product. Milk is said to sour as the proteins in the milk react. Sweeteners in diet drinks react slowly in the acid solutions in carbonated beverages leaving behind a bland liquid. Any processes that slow the reaction help to preserve the product. 



Compost

Waste organic materials like lawn clippings and leaves may be composted and recycled to fertilize and condition the soil. The rate of this process is quite slow when materials are left spread thinly over the grass, but adjusting conditions accelerates the rate of the process in piles. The process uses organisms processing oxygen and the organic solids in water solutions. To speed the process, growth of the organisms must be accelerated by increasing the temperature to optimum level and incorporating large concentrations of oxygen on the wet surface of the solid organics. This process is heterogeneous involving a gas, a solution, and a solid. 



Grain Elevators

Grain elevator explosions are a real threat in many Midwestern-farming communities. This problem as a phenomenon is a function of the particle size of small hydrocarbon particles dispersed in the air. These particles are produced during the transfer of grain from transportation trucks to an elevator. Many safety precautions are used at the elevators to limit and remove the dust produced in moving grain. The kinetics of this reaction provides a very fast reaction rate that provides explosive power. Many chemistry teachers simulate the problem for demonstration purposes with baker's flour or lycopodium powder. A commercial teaching video entitled Deadly Dust has been produced to describe the phenomenon and educate the public about the dangers. 



Environmental



Catalytic Converters

A catalytic converter provides a large surface area to maximize the rate of the chemical reactions. A catalyst is a substance that speeds up a reaction, but is not itself affected by the reaction. The catalyst usually consists of platinum, palladium, or rhodium-coated beads that provide a good surface for the reaction to take place. A converter can usually provide a massive surface area equivalent to five football fields. This can be done using corrugated sheets of metal or ceramic structures.

Both a reduction and an oxidation are required to clean up the emission gas. These reactions are most efficient when different catalysts are used. Consequently, modern catalytic converts consist of two distinct parts each with a different catalyst. Three reactions have been initially chosen as representative for the performance of the metallic phases in the three-way catalyst, namely: 

· In the reduction process, nitrogen dioxide (NO2) reacts to form oxygen (O2) and nitrogen gas (N2). Reduction of nitrogen oxide (NOx) is brought about by the rhodium, which inhibits the cracking of the N2 molecule (which when oxidized, would form NOx) while also promoting the cracking of any NOx molecules that may have formed. 

2 NO2 + 4 CO ---> N2 + 4 CO2
Air is pumped into the middle of the converter to increase the rate of the second step. 

· Hydrocarbons (HC) and carbon monoxide (CO) react with oxygen to form carbon dioxide (CO2). At temperatures above 250°C the catalyst produces oxygen free radicals that react with rapidly with CO on a platinum catalyst. The oxidation of alkanes takes place on palladium, platinum, and nickel. 

HC + CO + 2O2--->H2O + 2CO2
While catalytic converters have dramatically reduced the presence of nitrogen oxides that produce acid rain, other problems still remain because the conversion to nitrogen gas is not 100%. Some nitrous oxide is produced and even some ammonia. Ammonia plays a role in the formation of very small airborne particles. The EPA recently targeted such particles for regulation under Clean Air Act on the grounds that they endanger human health. Opposition to the EPA's proposed regulation led to a legal case that the U.S. Supreme Court will hear this term. The researchers, led by Robert Harley, a professor at the University of California at Berkeley, found unexpectedly high levels of ammonia in the vehicles' exhaust. The most likely cause is the catalytic converter, he said. Engines that are not tuned properly also can contribute to ammonia formation, he added. 

Harley explained that the root of the problem might be catalytic converters that work too well. When nitrogen oxide from the engine's exhaust is "over-reduced," a complex chemical reaction ensues. Ammonia gas (NH3) forms in the catalytic converter, which is then emitted from the vehicle's tailpipe. 



Rates of Burning

Combustion, or burning, is a rapid, self-sustaining chemical reaction that releases a significant amount of heat. Examples of common combustion processes are burning candles, forest fires, the burning of natural gas, and the burning of gasoline in internal combustion engines. Combustion is a key element of many of modern society's critical technologies. Electric power production, home heating, ground transportation, spacecraft and aircraft propulsion, and materials processing all use combustion to convert chemical energy to thermal energy or propulsive force. Although combustion, which accounts for approximately 85 percent of the world's energy usage, is vital to our current way of life, it poses great challenges to maintaining a healthy environment. Improved understanding of combustion will help us deal better with the problems of pollutants, atmospheric change and global warming, unwanted fires and explosions, and the incineration of hazardous wastes. Despite vigorous scientific examination for over a century, researchers still lack full understanding of many fundamental combustion processes. 



Internal Combustion Engines
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	· Learn how a car engine (www.howstuffworks.com) 

· Learn how a diesel engine (www.howstuffworks.com) 




Bioremediation

Bioremediation refers to the process where living organisms (i.e. bacteria) break down contaminants into less toxic forms. Bioremediation minimizes physical disruption and offers a unique solution to petroleum contamination. 


PEDAGOGY



INQUIRY
Depletion, © 1996, 2000 by Judith Herzfeld, is a game with natural rules that reinforces central concepts of reaction rate theory through simulation and is designed as a supplement to classroom instruction in introductory chemistry. 

DESCRIPTIVE

Oscillating clock reactions provide for an interesting demonstration or investigation when studying chemical kinetics. Unfortunately, the chemistry behind the reaction is beyond the general chemistry level. There are only a few 'classic' clock reactions, but the Web is repleat with examples.



SAFETY CULTURE

Explosions
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	Flinn Scientific-Safety Information


Fireworks

The National Council on Fireworks Safety provides a comprehensive collection of safety information. This includes a state-by-state comparison of laws governing the distribution and consumption of consumer fireworks. 



MISCONCEPTIONS

The following are typical misconceptions associated with chemical kinetics.

· All reactions are immediate.

Students get the false impression that nearly every chemical reaction occurs instantaneously. This is reinforced by the examples they see in introductory chemistry. The types of reactions teachers tend to demonstrate have very rapid reaction rates (many times for good reasons). Using videotape or digitized movies to slow down chemical reactions with very fast reaction rates can help alleviate this problem.

· All reactions are in essence rate determining steps.

Student’s inability to conceptualize chemical reaction principles leads to many misconceptions. An example in chemical kinetics deals with rate determining steps. Because students have trouble 'visualizing' the kinetics involved in a chemical reactions mechanism, the falsely see all chemical reaction steps as limiting. Or they cannot perceive how one step could be limiting and another not. Developing quality mental images of reaction kinetics can help with this problem. Students who develop good mental models of reaction kinetics have a much better chance of predicting and conceptually understanding rate limitation. Students who perceive chemical reactions as manipulations of chemical equations are prone to misconceptions.

· Equilibrium rates are not kinetics.

Thermodynamics and chemical kinetics are separate and mutually exclusive concepts. Thermodynamics dictates whether a reaction will occur, kinetics dictates the rate at which the reaction occurs. Thermodynamic effects are measured with an equilibrium constant, reaction kinetics are measured using reaction rates, Chemistry teachers tend to mix the two concepts and develop or reinforce misconceptions for students.

· Enzyme kinetics are just like any other catalyzed reaction kinetics.

Reaction kinetics and mechanisms for enzyme-catalyzed reactions are not as straightforward as other catalyzed reaction mechanisms. They require special mathematical models and rules for interpretation. 



DEMONSTRATIONS

· Light Sticks

· Lycopodium powder reaction

· Catalysis Reactions



EXPERIMENTS

Many experiments exist that allow students to measure reaction rates using both traditional equipment and probes. 

Doing Chemistry Experiments

· 048, Combustible Powders: A combustible powder is injected into a closed vessel that contains a burning candle, and an explosion ensues.

· 051, Hot Penny Catalysis: A piece of copper metal heated red-hot. When placed in the vapor of an alcohol, it continues to glow red as the result of continuing oxidation and the attendant release of heat.

· 052, Catalyzed Burning of Sucrose: A cube of ordinary table sugar (sucrose) does not burn readily. When ashes (a source of alkali) are rubbed on the surface of the cube, however, it burns easily.

· 112, First Order Reaction Analogy: A known number of pennies are placed in a box. The box is covered and shaken. All of the pennies with tails up are removed and the number counted. The box is reclosed, retaken, and all of the tails-up pennies removed and counted. This process is repeated until very few pennies remain in the box. The data is used to illustrate a first order reaction.

· 113, Temperature and Reaction Rate: Light sticks that use chemiluminescent to glow in the dark are placed in reaction baths at different temperatures. Sticks in the hot bath give off much more light than those in room temperature baths. Sticks in cold baths give off the least light.

· 114, MicroScale Iodine Clock Reaction: A kinetics experiment is performed in such a way that a product of a slow chemical reaction consumes a fixed amount of a reagent. The time required for a fixed amount of thiosulfate to be used up is measured and related to the concentration of one of the reactants, hydrogen peroxide. From this information, the order of hydrogen peroxide in the reaction is determined.

· 130, Kinetic Study of Thiosulfate in Acid: The acidification of thiosulfate solutions leads to the formation of colloidal sulfur. This sulfur scatters light in the Blocktronic colorimeter, and permits a quantitative study of the reaction. A hands-on "microscale" chemical version of this experiment is included.

· 131, A Kinetic Study of the Ferric Ion/Iodide Ion Reaction: Iron (III) ion oxidizes iodide ion with the formation of iodine and triiodide ion. The color appearance is readily followed in a Blocktronic.

· 132, Kinetics of Crystal Violet/Hydroxide Ion Reaction: Crystal violet undergoes a reaction in which the dye molecules are converted into a colorless substance. This reaction is first order in dye and in hydroxide ion. As a result, the reaction rate is very sensitive to changes in ionic strength.
LABS Experiments

Kinetics: A Study of Reaction Rates: Have you ever wondered how chemists slow down reactions that are potentially explosive or speed up reactions to synthesize a product in a shorter period of time? In this laboratory activity, a familiar reaction:

Mg(s) + 2 HCl(aq) --> MgCl2(aq) + H2(g)

Is used to investigate this problem. The rate may be measured in several different ways. For example, it may be expressed as the volume of H2 gas produced per second or as the mass of magnesium metal used per second. To design a procedure to measure the rate or speed of the Mg/HCl reaction, two factors other than catalysis are identified that quantitatively alter the speed of this reaction.


PROBE EXPERIMENTS

· Lightstick Kinetics, JChemEd 1999 (76) 1514 (Nov)  

· Using CBL Technology and a Graphing Calculator To Teach the Kinetics of Consecutive First-Order Reactions, JChemEd 1999 (76) 635 (May)  



RESOURCES

HASP food chemistry teaching module.



Bibliography

Reaction Rates:  http://www.chem.vt.edu/RVGS/ACT/notes/rxn_rates.html Bottom of Form

Temperature Effects: http://www.chem.vt.edu/RVGS/ACT/notes/temp_effects.html

Activation Energy: http://www.chem.vt.edu/RVGS/ACT/notes/act_energy.html

Activation Energy and Chemical Kinetics: http://www.towson.edu/%7Eladon/kinetics.html

Catalysts: http://www.chem.vt.edu/RVGS/ACT/notes/catalysts.html

Reaction Mechanisms: http://www.chem.vt.edu/RVGS/ACT/notes/rxn_mechanisms.html

Kinetics: http://www.shodor.org/UNChem/advanced/kin/index.html

Using Rate Laws Quiz: http://proton.csudh.edu/lecture_help/usingratelaws.html

Reaction Order: http://www.chem.vt.edu/RVGS/ACT/notes/rxn_order.html

Half-lives Quiz: http://proton.csudh.edu/lecture_help/hlives.html

Determining Rate Laws Quiz: http://proton.csudh.edu/lecture_help/kinetics.html

Reaction Mechanisms: http://www.chem.vt.edu/RVGS/ACT/notes/rxn_mechanisms.html

Mechanisms and Rate Laws Quiz: http://proton.csudh.edu/lecture_help/mechanisms.html

Mechanisms and Rate Laws Advanced Quiz: http://proton.csudh.edu/lecture_help/advmechanisms.html

Kinetics: http://www.towson.edu/~ladon/kinetics.html

The Arrhenius Equation: http://www.shodor.org/UNChem/advanced/kin/arrhenius.html

The Arrhenius Equation Quiz: http://proton.csudh.edu/lecture_help/arrhenius.html

Kinetics of Allosteric Enzymes: http://www.biology.arizona.edu/biochemistry/problem_sets/energy_enzymes_catalysis/03t.html

Biodegradation: http://composite.about.com/library/PR/1999/blcornell1.htm?once=true&

Gasoline Additives: http://www.landfield.com/faqs/autos/gasoline-faq/part3/index.html

http://www.britannica.com/seo/o/octane-number/

Population Demographics: http://www.popexpo.net/eMain.html

http://www.geom.umn.edu/education/calc-init/population/

Yeast and peroxide decomposition: http://www.phys.virginia.edu/education/outreach/8thgradesol/DecompositionHydrogenPeroxide.htm

http://www.wpi.edu/Academics/Depts/Chemistry/Courses/CH1010/Stream1/kinperoxide1.html

Light sticks: http://chemistry.about.com/?once=true&iam=dpile&terms=+peroxide++decomposition

http://www.cyalume.com/exprmnt.html

Alka-Seltzer® tablets: http://www.alka-seltzer.com/as/experiment/student_experiment.htm

http://cesme.utm.edu/resources/science/PSAM/psam31.pdf

Graphing Calculators: http://dwb.unl.edu/calculators/pdf/ratelaws.pdf

Probes: http://dwb.unl.edu/calculators/activities/CrystalViolet.html

Simulation: http://www.chem.uci.edu/education/undergrad_pgm/applets/sim/sim_explain.htm

Drug Delivery: http://www.denison.edu/chem/DCS/journal/thrashv1n1.shtml

http://www.initium.demon.co.uk/rel_nf.htm

http://www.encap.com/process.html

http://www.techweb.com/wire/story/TWB19990202S0004

Food Science: http://www.uky.edu/Agriculture/AnimalSciences/food/whatis.html

http://www.findarticles.com/m0841/1_34/54128066/p1/article.jhtml

Compost: http://www.oldgrowth.org/compost/compost.html

Grain Elevators: http://www.findarticles.com/cf_0/m1204/n2_v96/20517967/print.jhtml

http://www.iserv.net/~chargers/chem/secagrain.htm

http://www.cdc.gov/nasd/videos/v000001-v000100/v000062.html

Catalytic Converters: http://www.howstuffworks.com/catalytic-converter.htm

Combustion: http://mgnwww.larc.nasa.gov/db/combustion/combustion.html

Bioremediation: http://www.lbl.gov/NABIR/generalinfo/primersguides.html

Inquiry: http://people.brandeis.edu/~herzfeld/Deplete.html

Descriptive: http://chemlearn.chem.indiana.edu/demos/THEOSCI.HTM

http://chemlearn.chem.indiana.edu/demos/ROSSINI.HTM

http://www.flinnsci.com/homepage/chem/yellblue.html

Safety: http://www.flinnsci.com/homepage/sindex.html and http://fireworksafety.com/

Demonstrations: http://genchem.chem.wisc.edu/demonstrations/Gen_Chem_Pages/12kineticpage/kineticsmain.htm

http://www.iserv.net/~chargers/chem/secalightstick.htm

http://chem.lapeer.org/Chem1Docs/SurfaceAreaRate.html 

http://chemlearn.chem.indiana.edu/demos/SURFACEA.HTM

http://chemlearn.chem.indiana.edu/demos/OSCMETH.HTM

http://chemlearn.chem.indiana.edu/demos/LIVER.HTM

http://chemlearn.chem.indiana.edu/demos/ASHCATA.HTM

Experiments: http://chem.lapeer.org/Chem2Docs/BromphenolBlue.html

http://chem.lapeer.org/Chem2Docs/BromphenolBlue.html

Doing Chemistry: http://chemmovies.unl.edu/Chemistry/DoChem/DoChem00.html

LABS Experiment: http://dwb.unl.edu/Chemistry/LABS/LABS13.html

Probe Experiments: http://jchemed.chem.wisc.edu/Journal/Issues/1999/Nov/abs1514.html

http://jchemed.chem.wisc.edu/Journal/Issues/1999/May/abs635.html

Resources: http://www.dcs.edu/HASP/FoodChem/index.html
