Chemical Connections #5 – CHM 130
Applications of Gas Laws

The gas laws describe the relationship of pressure (P), volume (L), temperature (K) and quantity (moles,) as they relate to ideal gases. The relationship of these variables is described in your textbook in chapter 8. Gas laws are applied to many interesting activities and phenomenon. Having an understanding of gas laws, help us to better understand these systems. 

There are two parts to this chemical connections assignment, so be sure to complete both. 

Part 1: Application of Gas Laws
Provide a detailed and thorough relationship of gas laws to a scenario in everyday life. 

1. Select a scenario/application of gas laws to investigate. I have listed some examples of possible scenarios you may investigate; however, you are not limited to this list.

2. Research this topic and identify the gas law(s) that apply. 

3. Answer the following questions (each should be at least a paragraph):

a. How does the scenario/technology work (must be detailed and accurate)
b. How does the scenario/technology relate to gas laws (must be detailed & accurate)

Example Scenarios for Part 1
Example Scenarios for Gas Law Investigations
How Hot Air Balloons Operate 
Guidelines for Mountaineering Expeditions at High Altitude 
Flight and Pilot Safety at High Altitudes 
Scuba Diving Preparation and Precautions 
Submarines-How they work 
The Science of Airbags 
Gas Laws in Space 
Cooking at High Altitudes 
Part 2 Case Study
Read the case study below and answer the questions that follow:
It is 6 p.m. and the Clarkson’s are preparing dinner for their friends, Carol and Steve. Ben is a truck driver and has been taking some night classes at a local community college for enrichment. Ann also leads a busy life, working two jobs. She has decided that tonight, in the interest of time, to try out the new pressure cooker she recently received for her birthday.
Ann: Honey, our guests are going to be here soon! Will you taste the beef stew? Let me know what you think so I can whip up a dessert quickly.
Ben: Yes, boss. Hmm … definitely under-cooked. Carol and Steve won’t like that.
Ann: What? How come? The pressure cooker should cook food faster.
Ben: Did you forget to use the vent stopper?
Ann: Shoot, I sure did. What does it do anyway?
Ben: Do you really want to know? I just learned about the gas laws in my chem class, very interesting stuff.
Ann: Sure, tell me more about it.
Ben: All right. As you know, water normally boils at 100°c, so the temperature of water can’t exceed 100°c in an open vessel (like what’s used in conventional cooking). Under normal conditions (1 atmosphere external pressure at sea level), any food in water can’t be cooked at temperatures greater than 100°c. However, the boiling point of water varies with external pressures—water boils at a higher temperature when the external pressure is increased. So, the higher pressure inside a pressure cooker lets the water boil at temperatures greater than 100°c. Make sense?
Ann: So, when the external pressure is lowered, water boils at a lower temperature?
Ben: Exactly! Pressure cookers are designed to cook foods at higher temperatures, so the cooking gets done faster!
Ann: Okay, what’s the vent stopper have to do with the temperature?
Ben: All right. A pressure cooker consists of a pot and lid, which are usually made of metals such as aluminum or stainless steel. The lid has a rubber ring to seal of the space between the lid and the pot, a safety valve made of low melting point alloy, a vent to allow steam to escape, and a detachable vent stopper or pressure regulator that sits on top of the vent throughout the cooking process. This pressure regulator generates extra force (pressure) in addition to the atmospheric pressure (1 atm), which allows water inside the pot to boil under a higher pressure and hence at a temperature higher than its normal boiling point (100°c). So, food can be cooked at a higher temperature (usually 125°c for most pressure cookers). According to my chem teacher, generally, for every 10°c increase, chemical reaction rate doubles. However, without the stopper, such as in your case, since there was no extra external pressure, your beef stew was cooked at regular speed at 100°c.
Ann: I see. What are some of the other advantages of using a pressure cooker besides saving time?
Ben: Well, you use less fuel, and there’s better retention of certain nutrients due to less water required and shortened cooking time (up to 70% faster than with conventional cookers). In addition, toxins and microbes can be destroyed more efficiently at greater temperatures. The same logic applies to canning foods and autoclaving instruments.
Ann: Why have safety valves?
Ben: Well, if the vent is clogged with food, no steam can escape from the pot. Under such circumstances— a sealed and rigid container—continuous heating would cause the steam pressure to build up inside the pot, which can be very dangerous and may cause an explosion.
Ann:   That’s not good.
Ben: Nope, it’s not. Tis can be explained by the ideal gas law: PV = nRT, meaning when volume (V) and temperature (T) are constant, more gas particles (n, numbers of moles of gas: mole is a counting unit used by chemists) generate higher pressure (P); R is a constant, i.e., ideal gas constant. The safety valve is used to prevent such dangerous conditions.
Ann: Wait, I know volume is constant since the cooker is made of metals. But did you say T is also constant?
Ben: Yes. At the beginning of boiling, although heat is constantly absorbed by water, it is used to convert liquid to gas, a physical state change; therefore, the water temperature remains constant.
Ann: I see. And how does the safety valve work?
Ben: After the vent is clogged up, the higher pressure, generated by the accumulated steam, in turn raises the boiling temperature, and both the water and steam get even hotter. Once the temperature inside the pot reaches the melting point of the valve, the valve melts right away in order to release the steam (n decreases) and the pressure (P decreases as well), thus preventing explosions. Some pressure cookers come with a small basket or guard underneath the vent to prevent any clogging from food.
Ann: Gotcha. Oh, I smell the aroma of the stew. Just in time!

Questions to answer
1. How does external pressure influence the boiling point of water?
2. How does a pressure cooker speed up the cooking?
3. At a higher altitude (e.g., Mount Everest), why does it take longer to cook?
4. Would a pressure cooker come in handy at Mt. Everest? Explain.
5. What is the air pressure inside the pot after the safety valve melts? Explain.
6. What is the advantage of using an autoclave (generates steam with high pressure and temperature) to sterilize surgical instruments rather than simply boiling them in water?
7. During the boiling process, although energy is continuously provided, the temperature of the water is constant. Explain where the energy goes.


