Where did the sugar go?

D. Leela, Chennai

Maya was stirring the sugar into her cup of milk. After some time Leela came over to her.

“You've been stirring that milk for 10 minutes! You'll wear out the spoon!”, she said.

Maya took out the spoon and thoughtfully licked it. “That's just it,” she said. “It doesn't wear out.”

Leela looked confused, as Maya went on. “Well, if you don't stir in the sugar for long enough, you find it at the bottom of the cup. But why doesn't the spoon ever melt into the milk?”

Leela laughed, “Well, if the spoon were made of sugar, it would, I guess.” Then she added, “No-one would make the spoon of something that would melt, right? They must have figured out long ago what the appropriate material was. You know, like glass, metal, and such stuff.”

“That's right,” said Maya. “The cup is not melting either,” and she held it up against the light for a better look, promptly spilling the milk all over herself.

Leela laughed but Maya continued thinking, “Where does the sugar go when it dissolves in water? I've seen them drying sea-water--after the water evaporates the salt is left behind. I'm sure this is the same with sugar too. But where is the salt when it dissolves in water?”

“You've got it right," said Leela. "We learned this as an experiment about salt water in school. You let the water evaporate off and get back the salt. When it's dissolved, the salt fills up the spaces in water.”

“There are no spaces in water,” objected Maya.

“Not any that you can see. It's a rather strange theory. Apparently all things are made up of atoms.”

“Atoms?" asked Maya. "Like the atomosphere?”

“That's the atmosphere, stupid!" said Leela. "You take just about any thing at all, and keep chopping it smaller and smaller, and at some point you'll be left with an atom.”

“Any thing at all?” asked Maya.

“Yes, that's the amazing thing about it. Just any thing at all. But the kind of atom you'll get is different. If you keep chopping an iron spoon, you'll get an atom of iron, but if you cut up paper, you'll get an atom of ... an atom of ...” she stopped, obviously having trouble with her `theory'.

Just then Mother came in. Maya said hastily, “I was just going to clean up, but Leela was telling me all about the sugar.”

Leela explained the discussion while Maya went to wash up. 

“Yes," said Mother, “They thought atoms were indivisible, which means 'cannot be divided'. But it turns out that atoms can be divided, mainly into two kinds of things.” Just then Maya came back.

(Cartoon: girl imagining an atom like an apple and doing division!)

“Yes, atoms have a dense centre called the nucleus, surrounded by particles called electrons.” 

“Like our solar system?” asked Maya.

“That's a good analogy,” said Mother, “but remember that all electrons are identical, not like our planets. The electrons have a negative charge and are responsible for electricity. Different atoms have different numbers of electrons, that is what distinguishes them.”

“What's in the nucleus?” asked Leela.

“Protons and neutrons. They are about 2,000 times heavier than electrons. But there are so many atoms in your body that the mass of one proton is very small. There are as many protons in the nucleus as there are electrons in an atom, and since they have a positive charge, the atom is overall electrically neutral. Neutrons are like protons but have no charge.”

“Atoms can combine to form molecules. This happens when their electrons interact to form bonds. It's like when I use hair bands to keep your plaits in place! For instance, two atoms of hydrogen and one atom of oxygen combine to form a special molecule: it's called water!”

“So the sugar fits into the spaces between these molecules?” asked Maya.

“Just so,” said Mother. 

“But the sugar itself is a molecule, right?” asked Leela.

“That's right,” said Mother. “But it's a more complicated chemical containing not only hydrogen and oxygen but also carbon. Carbon atom is found in all living things.”

“I just realised," said Leela slowly. “Sugar gives us energy, right? And you mentioned the nucleus just now and we've been hearing about nuclear energy.”

“Go on,” said Mother.

“And now I remember we learned about hydro-carbons in fossil fuels like coal and petrols. They also give energy. And the most amazing thing is that the energy that comes from such tiny little atoms. Next time I run on the foot-ball field, I'll remember how many millions of atoms have had to work so hard to give me energy for just one kick!”

Exercise: Can you correct Leela's statement about paper?

