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In chemistry we learn that an element, such as oxygen (O), is something which is not made up of other elements. A compound, such as water (H2O), is something which is made up of other smaller elements. Water is made up of the elements hydrogen (H) and oxygen (O).

In mathematics we learn that a prime number, such as 2 or 13 or 93, is a positive whole number (greater than 1) which cannot be divided by any smaller number except 1. We can call prime numbers the "elements" of arithmetic. Until a few hundred years ago, 1 was also called a prime number, but from the 19th century mathematicians started saying that 1 itself is not a prime number, and the smallest prime number is 2.

Composite numbers are those which can be divided by smaller numbers other than 1, such as 4 or 39 or 1000. So composite numbers are like the "compounds" of arithmetic. The smaller numbers which divide them are called their factors (again we will ignore 1). For example, 1024 has factors such as 2, 4, 64, and many others. But 64 is itself composite and has factors 4, 32 and others. The only prime factor which 1024 has is 2, it can be written as 210, that is 2 times 2 times ... times 2, where you keep on multiplying by 2, writing 2 in the formula above 10 times. 1000 has two prime factors 2 and 5. Check it out yourself.

A big challenge in chemistry was finding what elements a compound is made up of. It was in 1766 that the British chemist Henry Cavendish discovered that water is made of hydrogen and oxygen. Cavendish was very shy. He did not even complete his college degree. Luckily he came from a rich family and he could build a chemistry lab at home. At that time neither hydrogen nor oxygen were recognized to be elements. That there are two atoms of hydrogen to every atom of oxygen in a molecule of water was discovered a century later in 1865.

Similarly hydrogen gas (H2) is made up of molecules of hydrogen which have two atoms each. So prime numbers are not really like "elements", they are like "atoms". The number 1024 is like a "molecule" made up by multiplying the "atom" 2 many times.

A big challenge in mathematics was finding what factors a number is made up of, even just knowing whether a large number is prime or composite. In 1732, the great Swiss mathematician Leonhard Euler, who was at the Academy of Sciences in St Petersburg in Russia, was working on the number 232+1 (you write 2 times 2 times 2 ... thirty two times, and then add 1). It is a ten digit number. Euler found that this number is composite. It can be divided by the prime number 641.

Even if we know whether a number is prime or composite, finding a factor might still be very difficult. In 1876 mathematicians discovered that the number 267-1 (this is very long to write down so I will not even try) is composite, but they did not know any of its factors. Of course, 267 has only one prime factor 2, but the number 267-1 before it might have many! (Think of 25 and 24.)

It was 1903 by the time the American mathematician Frank Nelson Cole, who worked at Columbia University in New York, discovered a factor for 267-1. He sat and calculated every Sunday afternoon for three years (he thought of it as a kind of hobby) before he found that 193707721 divided 267-1. The division gave another factor 761838257287.

If you find this awesome, think of how many years it took before chemists discovered the atomic formula H2O for water!

Chemistry is more than arithmetic

Actually chemistry is harder than arithmetic in one way. If you know that water is H2O that does not tell you everything about its properties. Chemical compounds are to be found in the world around us, and chemists have to find out how the different atoms fit around each other. For example, water does not look like H-H-O but it is like H-O-H, a big fat oxygen atom with two little hydrogen atoms on its sides.

The name of another chemical compound benzene comes from its Arabic name luban jawi (which means "perfume of Java"), since Arab traders used to get it from Java in Indonesia, and used it in making perfumes. Benzene has the formula C6H6, but chemists did not know how the atoms were arranged. Finally in 1865 the German chemist Friedrich August Kekule, working in Belgium where he was a teacher, figured out that benzene is a ring. It looks like a hexagon of carbon atoms with one little hydrogen sticking to each one of them (see the picture). Its shape was different from other carbon compounds known at that time, which had carbon atoms in a line with the hydrogens next to them.

You might have read about the shape of deoxyribonucleic acid (DNA). Finding out the shape was so hard that its discoverers, the British chemist Francis Crick and the American chemist James Watson, working at Cambridge University in England, got the Nobel prize for their achievement.

Arithmetic is, in this sense, much easier. Whether we write 1000 as 23x53 (that is, 2 x 2 x 2 x 5 x 5 x 5) or as 103 (that is, 2 x 5 x 2 x 5 x 2 x 5) does not matter very much. Numbers do not live in some "physical" place in the world, it does not matter how we arrange their factors.

Mathematicians have a fancy way of saying this. They say that the order of writing a number's factorization is unimportant. Another fancy way of saying this which you may come across in high school is that multiplication is commutative (for example, 5 x 2 = 2 x 5) and it is also associative (for example, 50 = 25 x 2 = (5 x 5) x 2 = 5 x (2 x 5) = 5 x 10). One way you can think about this is that the atoms and compounds of arithmetic are easier stuff to deal with than those in chemistry.

Arithmetic is more than chemistry

If you are beginning to think that you should stop worrying about arithmetic and concentrate on studying chemistry, beware! There is another way of looking at these two subjects.

This has to do with the fact that there is no end to the positive whole numbers. You don't believe me? Give me any number you can think of (suppose it is 2010) and I will give you back a larger number by adding one more to it (2011). So there is no end to the numbers, they are endless or infinite in the mathematicians' fancy language. By the way, there is a smallest positive whole number; which one is it?

In chemistry, there are only 92 elements: hydrogen, helium, lithium ... and so on upto uranium, which is the biggest and heaviest. There are a few heavier experimental elements (about 20) which chemists have made up in laboratories and which live for a fraction of a second before breaking up. We ignore them and concentrate on those we find naturally in the world.

Why aren't there an endless number of chemical elements? Well, if there were, they would have to be larger and larger as we went down the list of elements. Ultimately we would come to an element which would be larger than you. Further down the list there would be an element larger than the whole Earth! Then there would be an element larger than the Sun. Where would these super-size elements live in? So you see that we would have a hard time fitting all these endless elements into the world around us. The number of chemical elements is finite because they are "physical", they have to live in our world.

So in a sense chemistry, with its finite number of elements, is simpler than arithmetic with its endless list of numbers.

Here is a question for you to think about: how many compounds do you think there are? finitely many? infinitely many?

We will continue with this story of chemistry and arithmetic in the next issue of Jantar Mantar.

You say you want to know why the number of elements is 92? There is an explanation but you have to learn some college-level chemistry first.

