9.3 - Rates Passage

The reaction rate of a chemical reaction is defined as how quickly the reaction takes place. Students wished to investigate the reaction rate, burn time, and peak burn temperature for three common combustion reactions.

Study 1
Students used a computer model to simulate the combustion of pure hydrogen (H2), methane (CH4), and propane (C3H8). The model was created with the assumption that the reactions took place in a closed system of constant volume. Figure 1 shows the computer-generated reaction rates as a function of temperature for hydrogen, methane, and propane gas.
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Study 2
Students measure the burn time (the length of time for which a fixed amount of each fuel will burn), ignition temperature (the temperature at which the fuel spontaneously ignites), and the peak temperature of each fuel by igniting a fixed amount of each fuel and a fiexed amount of air inside a closed, heatproof, insulated container. A thermocouple (high temperature electronic thermometer) was attached to the container to measure temperature. Their results are shown in table 1 below.
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Study 3
Students learned that of 10 fires in their county this year, four had peak burn temperatures over 1,500 oC: fire 1 reached a peak of 2,295 oC, fire 4 reached a peak of 2,100 oC, and fires 5 and 9 reached a peak of 2,400 oC. Students hypothesized that the peak burn temperature could be used to determine the cause of these fires.

1. If the hypothesis made by the students in Study 3 is correct, which fuel would most likely have been the cause of fire 9?


A. Hydrogen


B. Methane


C. Propane


D. Kerosene

2. A student hypothesized that the higher the molecular weight of the fuel, the longer its burn time. Do the results of Study 2 and all the information in the table below support this hypothesis?
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A. Yes; propane has the highest molecular weight of the gases and the longest burn time.

B. Yes; propane has a higher molecular weight than hydrogen and a longer burn time

C. No; the higher the molecular weight of a fuel, the shorter its burn time.

D. No; there is no clear relationship between molecular weight and burn time.

3. A student hypothesized that increasing pressure on a fuel would increase its reaction rate. The best way to verify this hypothesis would be to repeat Study 1 with:


A. Changing pressures instead of temperatures


B. Higher temperatures


C. Different fuels


D. Greater initial amounts of fuel

4. According to Study 1, which of the following statements best describes the relationship, if any, between temperature and reaction rate?


A. As temperature increases, reaction rate increases


B. As temperature increases, reaction rate decreases


C. As temperature increases, reaction rate first increases, than decreases


D. There is no apparent relationship between temperature and reaction rate

5. Which of the following graphs best represents the relationship between the ignition temperature and burn time of the three fuels?
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6. Which of the following best explains why students used a fixed amount of fuel to determine burn times in Study 2? The students wanted to be certain that:


A. variations in burn time were not due to varying starting amounts of fuel


B. the fuel had enough time to burn completely


C. the temperature in the container was hot enough to ignite the fuel


D. no other fuels were present in the container

