	Objectives

	· Describe rate of reaction and its units. 

· Describe the factors affecting reaction rates. 

· Write the rate expression for a single-step chemical reaction. 

· Use experimental data to determine the mechanism for a reaction. 
	
	


Chemical Reaction Rates
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Reaction rate refers to one or more of the following: 

· The rate of disappearance of one of the reactants. 

· The rate of appearance of one of the products. 

· The rate of change of concentration in a constant volume process. 

Units of reaction rate: (moles / dm3) / second 

Lab #1 
Different chemical reactions take place at different rates. The study of reaction rates is the study of the forming and breaking of chemical bonds, a very complex subject. The nature of the reactants involved in a chemical reaction will determine the kind of bonding that occurs. Reactions with bond rearrangement or electron transfer generally take longer than ionic reactions. Ionic reactions are almost instantaneous because of the strong attraction between the charged particles. 

Because of electron cloud repulsion, most neutral molecules that come in contact with one another bounce off without reacting. For these molecules to react, they must collide with enough kinetic energy to cause changes in the electron clouds of both molecules. When such a change occurs, an activated complex is formed, which allows the reaction to proceed. The energy required to give molecules enough kinetic energy to form an activated complex is known as the activation energy for the reaction. 

	Other factors affecting reaction rate: 
	Lab #2 


· Concentration - For a chemical reaction to occur, the particles must collide. An increase in the number of particles per unit volume (concentration) increases the chance of their colliding. Increasing the concentration of the reacting particles generally increases the reaction rate. 

· Temperature - An increase in the speed of molecules increases the number of molecules that have the required activation energy. Increasing the number of molecules with activation energy generally increases the reaction rate. 
· Catalysts - A catalyst is a substance that increases a reaction rate without being permanently changed. The catalyst appears to be chemically unaffected by the reaction. A catalyst changes the reaction mechanism in such a way that the activation energy required is less than that in the uncatalyzed reaction. 

· Inhibitors - An inhibitor ties up a reactant in a complex so that it will not react. 

Stable compounds: do not spontaneously decompose in air. 

· Thermodynamically stable - At room temperature, the compound does not spontaneously decompose in air. The overall energy change in the decomposition reaction is positive. 

· Kinetically stable - At room temperature, the compound spontaneously decomposes in air. The overall energy change in the decomposition reaction is negative. However, the reaction takes place so slowly, at room temperature, that no observable change takes place for years. Since the rate of change is imperceptible, the substance is still considered stable. 

Rate expression: a mathematical equation used to calculate the rate of a chemical reaction. 

· The rate expression for a reaction is expressed as k times the product of the concentrations of the reactants. 

	r a t e = k [ a ] [ b ] 


· The brackets [  ] in the rate expression indicate concentration in moles/dm3. 

· k in the rate expression is the specific rate constant. 

· Any reaction has only one value for the constant, k, at a given temperature. 

· If a chemical reaction occurs in one step, the concentrations of the reactants in the rate expression have exponents equal to the coefficients of the reactants in the balanced equation for the reaction. 

Here is an example: 

· For the reaction: H2O2 + 2HI [image: image2.jpg]


2H2O 

· The rate expression should be: rate = k [H2O2] [HI]2 

· If a chemical reaction occurs in more than one step, the concentrations of the reactants in the rate determining step are the only ones that are important. 

· The only way to be sure of the rate expression is to use experimental data. 

· Experimental data proves the actual rate expression for the reaction above is: 

rate = k [H2O2] [HI]

· This indicates that the reaction occurs in more than one step. 

  

  

Iron combines with oxygen to produce iron (III) oxide in a single-step reaction. 

a. Write a balanced equation for the reaction. 

b. Write the rate expression for the reaction. 

c. What is meant by the expression [Fe2O3]? 

d. What units are indicated by [  ]? 

2. For the single-step reaction, 2NO + Br2 [image: image3.jpg]


2NOBr2 , the k is 0.8 dm6 / mole2 • sec. If the initial [NO] was 1.4M, what initial [Br2] would produce NOBr2 at an initial rate of 0.75 moles/dm3/sec? 



Reaction mechanism - the series of steps that must occur for a reaction to go to completion. 

Most chemical reactions occur in a series of steps. Each step normally involves the collision of only two particles. There is very little chance of three or more particles colliding with the proper energy and geometry to cause a reaction. Some reactions have several steps and others have very few. The only way to determine the number of steps in a reaction mechanism is by interpreting experimental data. 

In any reaction mechanism, one of the steps will be slower than all the others. This is known as the rate determining step. It is the only step that will affect the reaction rate. At a given temperature, the reaction rate varies directly as the product of the concentration of the reactants in the slowest step. 

	Concept Understanding: 

1. Nitrogen (IV) oxide gas was combined with oxygen gas to produce nitrogen (V) oxide gas in the laboratory producing the following data: 

  

Trial
[NO2]
[O2]
Rate of N2O5 Formation
1
0.025
0.011
3.1 X 10-4 mole/dm3/sec
2
0.025
0.022
6.2 X 10-4 mole/dm3/sec
3
0.050
0.011
6.2 X 10-4 mole/dm3/sec
a. Write the rate expression for the reaction. 

b. Calculate the rate constant. 

c. Use the rate expression and calculated value for k to compute the initial rate of formation of N2O5 if the concentrations of NO2 and O2 were each 0.0030M. 
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  Answers:

  

  

  

day 1 - problem one: 

a. 4Fe + 3O2 [image: image5.jpg]


2Fe2O3 

b. rate = k[Fe]4 [O2]3 

c. The concentration of Iron (III) Oxide 

d. Moles / dm3, that is to say, Molarity 

day 1 - problem two: 

0.48 moles Br2 / dm3 

  

  

  

  

  

  

day 2 - problem one: 

a. rate = k [NO2] [O2] 

b. 1.1 dm3 / mole / sec 

c. Rate = 9.9 X 10-4 mole / dm3 / sec 
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	Our Hypothesis: Reaction rate decreases as solution concentration decreases. 
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	The Lab Question: Can black powder be made in our lab? 
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X 

	Research References:   Lab Key

	Procedures
	Observations

	XXXXXXXXXXXXXXXXXXX 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X
	X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X


Gunpowder Lab Key 

THE MANUFACTURE OF GUNPOWDER. 

From Godey's Lady's Book June 1861. 
http://www.idevelop.com/godeys/njfl/g-powder.htm 

We should never advise any one, who is not called by duty, to visit a Powder Factory, for, firstly, you run a risk of being blown to nothing; and, secondly, you increase the danger in which the workmen are placed. So, to save you, reader, from these dangers, and to give you a clear account of the various processes that are gone through to produce this important element of war, we sit down to write. 

As we enter the gates we observe nothing very particular, and our guide seems to be used to all matters connected with the business, so we go gently on until we reach several large stacks of wood, alder and willow, which are standing there to be dried by the atmosphere, previous to being converted into charcoal. 

Each piece of wood is about three feet in length, and the manner of burning is as follows: 

A series of iron cylinders, each about two feet six inches in diameter and five feet in length, are ranged in a building known as the cylinder house. Each of the cylinders is set in brick-work, so arranged that the hot air from the furnace plays quite round it, causing the heat on the upper and under sides to be uniform. Made to fit these cylinders are others of thinner iron and lighter make, capable of being drawn in or out at pleasure. In this portable cylinder, technically called a slip, the wood is put, and then pushed into the fixed cylinder and shut in by air-tight iron doors, or doors made air-tight by means of sand. As soon as the action of carbonization commences, all the gaseous products of the wood are expelled through a hole at the back of the cylinder, and thence into the flues, where they are burnt. Here is a twofold benefit. The gases are almost sufficient to convert the wood into charcoal, and the great nuisance which would be caused by their escape into the atmosphere is avoided. 

After remaining in these cylinders at a low red heat for about six hours, the wood is perfectly carbonized. It is then allowed to cool; and when drawn out is charcoal of the purest quality and is ready for grinding. This process is none other than that of grinding coffee. The charcoal is put into a hopper, from which it falls into the mill, is cut or crushed to pieces, passed through a reel covered with a canvas of the finest mesh, and is then fit to perform its part in the manufacture of gunpowder. 

Sulphur is prepared by heating a quantity of crude sulphur in an iron pot, conducting the vapors into cool chambers, where they fall as a very fine powder, called flowers of sulphur. When the chamber becomes warm these flowers of sulphur melt, and run into cylindrical moulds, in which form the sulphur is called roll sulphur, and is quite pure. It is then ground and passed through a very fine sieve, when it also stands ready. 

The last and most important ingredient is Nitre or, as it is more commonly called, saltpetre. This is obtained chiefly from Bengal, and in its crude or "grough" state contains from one to twenty per cent. of impurities; common salt being the chief. In this state then it arrives, and before being used has to be freed from every impurity. This used to be done by repeated boilings and crystallizations; but now it is boiled once and passed (in a fluid state) into large shallow copper pans, called coolers. Now if allowed to cool at rest it forms itself into large crystals, which contain much that is impure; but if you can get the crystals small, there is little impurity to be found. This is obtained by keeping the liquid constantly in motion during the cooling process; so that the nitre crystallizes in very small particles, so small indeed that the saltpetre thus crystallized is called saltpetre flour, and is, if carefully washed with distilled water, absolutely pure, and so fine that no grinding is necessary. Under the old system the saltpetre had to be thrice boiled, thrice set to cool in crystallizing pans, and then melted, run into moulds, cooled, and ground. We are indebted to the French for the new process. 

After having then seen our ingredients carefully prepared, we now bring them together in a house, called the mixing house. They are here weighed in the following proportions: 

	Saltpetre 75%    
	Sulphur 10%    
	Charcoal 15%


These ingredients are then placed in the mixing machine, which is simply a wooden box, through which a shaft passes armed with long copper or gun-metal teeth. The shaft is made to turn on its axis very rapidly, and by means of the teeth the mass is intimately mixed. A bag is placed under the machine, a slide is withdrawn from the bottom, and the powder (for such it is now, but very weak) falls into the bag. The quantity placed in one bag is called a charge, and weighs between forty and fifty pounds. 

The charge (green charge called generally) is now ready for the incorporating mills, where the several ingredients, which before were only mixed, are now incorporated, or very intimately combined, by means of a heavy grinding pressure. 

Imagine a large round dish of iron. In the centre of the dish is an upright shaft, made to turn by means of gearwork underneath the floor; on this dish are placed two wheels, called runners, made of iron or stone, each weighing three or four tons. Through the centre of each runner a horizontal spindle passes, which spindle also passes through the upright shaft before mentioned, cutting it at right angles. When the upright shaft is put in motion of course it carries round these runners, which perform about ten revolutions per minute. The weight of the runners causes great pressure upon the powder, which is spread equally over the bottom of the dish, and the small circle in which the runners revolve causes the grinding, by which means, and the aid of water, the intimate mechanical combination of the ingredients, upon which the strength of the powder entirely depends, is obtained. 

The time necessary to bring the powder to its proper strength varies from one hour to ten, according to the quality required. One manufacturer has patented a process by which he causes the bottom of the dish to be heated, by which means he obtains the required strength in a much shorter time. When taken from these mills it is in broken cakes of a grayish color, and about half an inch in thickness. It is now called mill-cake, and has attained its greatest strength - the remaining processes decreasing its explosive force, but increasing its durability. 

From the incorporating mills it is taken to the press house, where the mill-cake is passed between cylindrical toothed rollers, which in motion turn towards each other, and crush the powder again to dust. On one side of this press house you see a large cubical box placed between four iron columns, which support a huge crossbar of iron, called a cap; underneath the cap is suspended a cube of wood to fit the box which stands below. The powder, when broken down, is carried to this box, on the bottom of which a layer of it is placed. This layer of powder is covered with a sheet of copper, and on the copper is placed another layer of powder, then another sheet of copper, and so on, alternately a layer of powder and a sheet of copper, until the box is full. A man then turns a small cock, the box begins to rise, and pushes itself against the piece of wood suspended beneath the cap. As this wood fits the box, the box keeps rising, but as it rises the powder is compressed to the requisite hardness. 

But how is the box made to rise? By hydraulic pressure. The box stands upon the ram, as it is called; this ram fits into an iron cylinder; into the cylinder water is forced, which raises the ram and of course the box placed upon it. The pressure obtained is generally about four tons to the square inch upon the ram. When the pressure is taken off, and the box opened, the powder and copper are compressed into one solid mass; but a few hard blows with a wooden mallet soon cause the cakes to separate. The copper plates are put aside for future use; the cakes of powder, about two feet six inches square and one-eighth of an inch in thickness, are carried to the breaking-down machine, where they are again passed between the toothed rollers and broken into pieces hard and black, of irregular forms, varying from an inch and a half to half an inch in length. The powder is now fit for granulating or corning, as it is called. Before we leave this house we may just get a glimpse at the men here, and yet the men you cannot see, only their intensely black faces and lively eyes. Strong men and true, no doubt, to their employers, but not always conscious that while careful for " the master, " they are caring for their own lives. 

We take leave of the press house, then, and follow the hard pieces of powder to the granulating house. Here we are in great danger, and not very well able to see it on account of the "dust" flying about. However, we can perceive the "house" is tolerably full of machinery; consisting principally of the toothed cylindrical rolls and "Jacob's Ladders". These "Jacobs" are endless straps passing over wooden wheels; each strap has a number of cups fixed upon it. The powder is "shot" into a hopper on the floor; at the bottom of this hopper one of the wooden wheels rotates, and over it the endless strap passes. In the downward journey the cup is inverted, but no sooner does it get its turn on the bottom wheel that it rights itself, and not only so, but fills itself with powder, which it carefully carries to the housetop, and as it turns on the upper wheel shoots its load headforemost into another hopper, from which it passes between the rollers, and is crushed into the required sized grain. So these "Jacobs" save the trouble and expense of having men to carry up the powder on their backs. The powder here is not only granulated, but a large portion of the dust is taken from it and returned to the incorporating mills. 

We have now the powder in grains of various sizes and of a very dull grayish brown color, not much like the powder of commerce. But we shall get it so much like that, that you will recognize it wherever you may meet with it. From the granulating house it is carried to the rubbing house, where the powder is placed in cylindrical vessels of wood or canvas, and rapidly turned upon the vessels' axes. By this motion the grains of powder are hardened, and by the attrition they gain a glossy appearance and look bluish-black. This rubbing of the powder is a great deterioration to the explosive quality of the powder; it makes it less angular, but, as a counterbalance, it is much more durable, being less impervious to moisture than before. 

Well, having whirled it in the cylinders for ten or twelve hours, and having seen it brought out, and noted its different appearance, we follow it to the drying house. 

Not long since it used to be dried as follows: The powder was spread upon canvas cases and placed in racks round a room, called the stone; into the wall of this building a huge iron pot was built: not standing on its bottom, but so placed that the bottom of the pot should project into the room while the mouth was outside. In this a fire was kindled, and the bottom of the pot heated to a red heat. Pleasant, certainly, when one entered to see the round red pot glaring in amongst the powder and threatening death and destruction to all. 

Now the stove is heated by means of steam pipes passing through it, and the temperature usually obtained is about 130. For twenty hours it rests in this warm climate, during which time it parts with all its moisture except about nine per cent. At this stage the powder is somewhat dusty and of different-sized grains; two things then are required, to clean it from the dust, and to separate the grains into the various sizes, for large or small arms. To accomplish these ends, the powder is transported from the stove to the dusting house. 

The dusting house, as its name implies, is the place where the powder is dusted, or finally cleansed from any remaining dust. This is an important affair, as the fouling or not fouling of the gun depends greatly upon this matter. It is generally performed by causing the powder to run through a series of reels covered with open canvas, which reels are rapidly whirled round, and while they are in motion all the very fine powder or dust falls through the canvas. When properly dusted, the different-sized grains have to be separated one from another; the "large grain" for artillery; the "fine grain" for rifles; the "double F." and "treble F." for sporting purposes; and so on. When separated it is carefully weighed, put into barrels, headed up, and carried away to magazines, quite finished and ready for use. 

These various processes cannot be carried on without much risk to life and property, hence the necessity that exists for the greatest possible care throughout all departments. Every man has clothes to be used only in the houses, so that there can be no chance of the least particle of grit getting on to the clothes, neither is any man permitted to wear metal buttons. All shoes are exchanged for shoes made only of leather, no nails of any kind; and these are worn only in the houses. In the machinery brass and copper are largely employed, because from them it is almost impossible to strike fire and to prevent any friction under foot should grit get into the houses, the floors are carefully covered with leather. Still, with all these precautions, accidents are not entirely avoided, though greatly diminished. 

	. . . . . . 
Chemistry B
Reaction Rates
	 Name ________________________ Period________



Use complete sentences to answer these questions. 
	1. 
	Reaction rate can refer to any of what three things? 

  

  

  

	2.
	Reaction rate is expressed in what units? 

  

	3. 
	Define the term "activated complex". 

  

	4.
	How does a catalyst increase the rate of a chemical reaction? 

  

	5.
	What does an inhibitor do that changes the rate of a chemical reaction? 

  

	6.
	How do a thermodynamically stable substance and a kinetically stable substance differ? 

  

  

  

	7.
	Use one sentence to define the term "reaction mechanism". 

  

	8.
	Use one sentence to define the term "rate determining step". 

  

	9.
	What do the brackets in a rate expression represent? 

  


