Avogadro, Atomic Movements, Absolute Zero, and a Big, Fat, Hairy Mole

By Ivan Fong

Ok, I’m back. I’m supposed to write an assignment relating to the unit that we just completed. However, I will not. Instead, this assignment will be loosely based upon the concepts of the unit, and actually pertain more to my ISU topic. It’s about time that I worked on my ISU... Anyways, I’ll be reviewing Avogadro’s work, Ideal Gases, the Kinetic Molecular Theory, and the concept of Absolute Zero.

In 1811, the Italian physicist, Amedeo Avogadro, realized that elements such as oxygen, helium, and hydrogen exist as diatomic compounds. He realized that in each of his two litres of hydrogen, the particles did not exist as singular hydrogen atoms. Instead, the particles existed as two hydrogen atoms bonded together. Avogadro also discovered that same principle occurred in his litre of oxygen, too. When he combined the two litres of hydrogen with one litre of oxygen, Avogadro ended up with 2 litres of water vapour. He postulated that this occurs because the diatomic oxygen molecules split up into singular atoms during the reaction, and each oxygen atom bonded with a diatomic hydrogen molecule to form H2O (meaning there are 2 hydrogen atoms for every oxygen atom in DiHydrogen Oxide).

Avogadro then took two grams of diatomic hydrogen gas and called it his standard of measurement: his formula weight of the gas per mole. Avogadro realized that each particle in a gas was so distant from each other that the size and weights of atoms did not affect the volume of the gas. Therefore, Avogadro claimed that no matter what gas was used, no matter what formula weight the gas weighed, at 0 degrees celsius and 1 atm of pressure, his ‘set number of particles’ occupied 22.4 litres of volume. He called his ‘set number of particles’ a mole, after the latin word for a pile of dirt or matter. As I mentioned earlier, the formula weight (how much the gas weighs naturally in nature) of 1 mole of dihydrogen gas weighed 2 grams. Since hydrogen exists as 2 hydrogen atoms together, a mole of singular hydrogen atoms must weigh half of it’s formula weight, therefore it would weigh 1 gram. This is known as the element’s relative atomic weight (approximate weight of the element if it existed as a single atom).

Avogadro has his name written in history in two ways. First, he summarized the results of his experiment (in the previous paragraph) in Avogadro’s Law: equal volumes of gases, at equivalent temperatures and pressures, contain the same amount of molecules. In the 19th century, chemists and physicists calculated that 2 grams of dihydrogen molecules, or 1 mole, contained about 6.0221367 x 1023 molecules. Although Avogadro himself did not invent this number, it was named after him in honour of his achievements. To this day, this number is known as Avogadro’s Number.

Okay, we all have it in our notes that to calculate the amount of moles of a substance, we first multiply the pressure in kilopascals and volume in litres together. We then divide them by the product of the temperature in kelvins and of the universal gas law (abbreviated with an R). Hey, wait a sec! Where did this gas constant come from? Well, all 3 of the laws that we learned in class (Boyle’s, Charles’, and Gay-Lussac’s) were based on ideal gases. An ideal gas is a gas where all of the particles’ energy is being used up on molecular motion, yet there is no loss of energy at all. An ideal gas is a gas where particles are so distant from each other that they cannot attract each other, thus eliminating the coulombic forces that result in potential energy. An ideal gas is like a school where the hallways are so large that there is never traffic, and so large that we never see each other to stop and talk. All 3 laws require the use of ideal gases, otherwise, for example, the law of P is proportional to T may be a result of an outside force acting on the contents on the inside of the experiment, and so on. Therefore, if we want to find the moles of a substance, we have to take in account that we are using an ideal gas. That’s where the universal gas constant comes in. It’s a number to identify that the gas is an ideal gas. The equation of (pressure x volume), divided by temperature, equals the R per mole, is known as the equation of state of an ideal gas. It is a combination of all 3 ideal gas laws proposed by Boyle, Charles, and Gay-Lussac.

Boyle, Charles, and Gay-Lussac proposed laws about pressure, volume, and temperature. These 3 concepts can be explained through the kinetic molecular theory. This theory suggests that all particles are in constant movement. Any amount of kinetic energy (heat) would cause a particle to vibrate, and a large amount of kinetic energy causes particles to move back and forth faster and faster, like a toddler who’s high on sugar. p is inversely proportional to V explains that as the volume of the container shrinks, particles have less room to move. Thus, the particles bounce from one side of the container to the other, faster than before. It’s like comparing a 100 metre dash to a 16 km run. What’s going to be completed in less time? This rate of hitting the walls, or bouncing off the finish line, of the container is known as pressure. For V is proportional to T (heat), as I mentioned earlier, increases in kinetic energy (heat) cause particles to move faster. Think of it as a summers day. In winter, when it’s cold, we like to huddle together to cumulate heat, but in summer, we stand farther away from each other from being too hot. An increase in kinetic energy (heat) breaks the attractive bonds between particles, and each particle takes up more space by going farther away from each other particle. This taking up of space is known as volume. Finally, for p is proportional to T, increases in kinetic energy (heat) cause particles to move faster. The faster a runner goes, to quicker he or she can finish the race. Thus, the faster the particles go, the quicker they can hit the walls of the container to produce higher pressure.

My last paragraph is about absolute zero. It’s a fascinating topic, is it not? If we took the cooling curve of any gas (and only the gas; solids and liquids do not work for this graph) , and continued it straight down to when it hits the x axis, we find that it always hits at about –273.15 degrees celsius. It is postulated that at this temperature, the kinetic energy in each particle is so low that particles no longer move around, but rather stay in one place and simply vibrate (no kinetic energy is in use; only potential energy exists). It is kind of a holy grail for chemists to finally reach absolute zero, but this is impossible since how can you find something that is at absolute zero to freeze the substance that you are trying to freeze to absolute zero? However, this temperature has nearly been achieved. For instance, liquid helium has a boiling point of just 4.2 kelvins, and at extremely low pressures, it’s boiling point has been modified to 0.7 K. The use of magnetic fields to demagnetize atomic nuclei have yielded temperatures of less than 0.00001 K! That’s close, but not yet there. Another problem associated with absolute zero is that any thermometer in existence would not be able to measure absolute zero, since how can you measure below the point of no kinetic energy? Instead, measurements in electron volts must be used. It is also postulated that at absolute zero, the electrons of particles begin to align themselves into orbits around their nucleus, much like Bohr postulated in his atomic model. If this is true, reaching absolute zero would allow physicists and chemists to study atoms and electrons in a predictable manner, rather than having the calculate the probability of an electron being in an orbital. Think of the possibilities! At absolute zero, chemists may be able to decipher all of the secrets of the Quantum Mechanical Model.. or maybe find out we were wrong all along!
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