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Measurement:


Calculating Molar Weight
URL: http://mathbench.umd.edu/modules/measurement_molarity/page01.htm
Note: All printer-friendly versions of the modules use an amazing new interactive technique called “cover up the answers”.  You know what to do…
What is a mole? 
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These bars (shown actual size) each represent 1 mole of a particular metal – copper, iron, zinc, or aluminum.

To be a little more exact, a “mole” is approximately 6.022 x 1023 atoms or molecules. A mol is not a measure of WEIGHT – rather, it is a measure of NUMBER, similar to a “dozen”. You can have a dozen eggs, and that would weigh about 12oz. A dozen donuts would weigh about 24 ounces, and a dozen cornflakes would weigh about 6 grams. So, 

1 dozen = 12 of something 
1 mol = 602,200,000,000,000,000,000,000 of something 
Remember logs? 

So one mol is 602,200,000,000,000,000,000,000 of something, also known as 6.022x10 23 If you're going to memorize a few numbers in life, that's a good one to memorize. Remember when we talked about logs? 

	What is a mol in log scale?

· Remember that for big numbers, the log is approximately the number of zero's after the first digit. 

· 602,200,000,000,000,000,000,000 has 23 zero's, so the answer is going to be more than 23, but less than 24. 

· The log of 6.022 is approximately 0.8. 

Answer: 23.8 


How much does a mole weigh? 

If I wanted to know how much a dozen eggs weighed, I could take the average weight for one egg and multiply by 12: 

1 oz * 12 = 12 oz 
That was easy. We could do the same thing with atoms -- for example, a mol of helium: 

.0000000000000000000000664 g * 602,200,000,000,000,000,000,000 = ??? 
Two problems here: 
•  How did I know how much a helium atom weighs? 
•  What a nasty computation!!! Miss a few zero's and you're completely screwed. There must be an easier way... 

Molar weight made easy
The guy who came up with 602,200,000,000,000,000,000,000 (named Avogadro) probably didn't like all those zero's any more than you do. So he did something very smart: he defined a mol as 

the number of carbon atoms in 12 grams 
It turns out 602,200,000,000,000,000,000,000 is approximately that number. 

But why 12 grams? Well, if you remember something about atomic structure, you know that a carbon atom has six protons and six neutrons (which means it has 6 electrons as well, 4 of which are on its outer shell, allowing it to form 4 covalent bonds and be backbone of organic life ... but that's a different story) 

Anyway, back to the 12 grams. Since a proton and a neutron each weigh 1 atomic unit, a carbon atom weighs about 12 atomic units (the electrons don't weigh much of anything). And a mol of carbon weighs 12 grams. That means 1 mol of protons or neutrons weighs 1 gram. 

…but not that easy 

Well, not exactly. See, Avogadro had in mind the “standard” form of carbon which has 6 protons and 6 neutrons. But some carbon atoms have an extra neutron – in fact this is what allows us to do carbon dating ... but that's another different story. 

So, when you take the extra-big carbons into account, the average weight of many carbon atoms, as found in nature, is slightly more than the weight of the 6-neutron kind. 
And therefore, a mol of carbon found in nature actually weighs 12.011 g. 

In fact all of this information is nicely summarized on a periodic table. For example, here is the entry for carbon: 
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This neat little trick completely avoids the awful calculation we were faced with before:

.0000000000000000000000664 g * 602,200,000,000,000,000,000,000 = who cares, because now we can just look up helium on the periodic table

When you need to figure out molar weights, always make sure you have one of these tables with the molar weight of each element. The element number will probably be at the top (6, in the case of carbon) and the molar weight down below. In any case, you know that the element number (the number of protons) should increase by one per cell as you move across the table. The molar weight is always approximately double the element number, because there are always at least as many neutrons as protons. Large elements like Uranium have extra neutrons, so their molar weights are more than double their element numbers. 

Gotcha ... 

-- yes, I know, a few people out there are dying to tell me that the molar weight of Hydrogen is NOT double its molecular number, because it has no neutrons. Well done. 

How about other atoms? 

Below is an excerpt of the periodic table. 

	1
H
1.01
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
He
4.00

	3
Li
6.94
	4
Be
9.01
	
	
	
	
	
	
	
	
	
	
	5
B
10.81
	6
C
12.01
	7
N
14.01
	8
O
16.00
	9
F
19.00
	10
Ne
20.18

	11
Na
22.99
	12
Mg
24.30
	
	
	
	
	
	
	
	
	
	
	13
Al
26.98
	14
Si
28.09
	15
P
30.97
	16
S
32.07
	17
Cl
35.47
	18
Ar
39.98

	19
K
39.10
	20
Ca
40.09
	21
Sc
44.96
	22
Ti
47.88
	23
V
50.94
	24
Cr
51.94
	25
Mn
54.94
	26
Fe
55.85
	27
Co
58.93
	28
Ni
58.69
	29
Cu
63.55
	30
Zn
65.39
	31
Ga
69.72
	32
Ge
72.61
	33
As
74.92
	34
Se
78.96
	35
Br
79.90
	36
Kr
83.80


	How much does a mol of sulfur weigh?

· The chemical symbol of sulfur is S. 

Answer: 1 mol Sulfur = 32.07 g


What about more complicated molecules? 

How about a mole of water? You know that the formula for water is H2O. So, if you broke all the bonds, a mole of water would actually contain TWO moles of hydrogen and ONE mole of oxygen. 
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You can then use the periodic table to determine how much each of those weighs: 

total weight = 2 x Hydrogen + 1 x Oxygen 
total weight = 2 x 1.008g + 1 x 15.99g 
total weight = 18.006g 
So a mol of water is about one swallow. 

Ready to try? 

How about sulfuric acid, H2SO4, a.k.a battery acid ? 
2 * 1.01    +    1 * 32.07    +    4 * 16.00 = 98.09
How about a mol of instant coffee powder in your cup? 

The formula for caffeine is C8H10N4O2 ... see if you can remember the molecular weights (rounded off to the nearest gram) for each of these elements, rather than looking them up. 

8 * 12.01   +    10 * 1.01   +    4 * 14.01   +    2 * 16.00 = 194.22 
194 grams would be one heck of a cuppa joe. 
Heading the other direction 

Let's say I tell you that a sugar cube weighs 5 grams. Given the formula C6H12O6, how many mols would that be? 

If this kind of problem is unfamiliar to you, start by thinking about what you do know how to do. For example, you do know how to calculate the molar weight of sugar. So, given the formula above, what's the molecular weight of sugar? 

Answer: 180
So the molar weight of sugar is 180 grams: in other words
180 grams / 1 mol. 
But what we want to know is how many moles per gram, not grams per mole ... therefore we need to flip the fraction "upside down":
1 mol / 180 grams = 0.0055 mol/g
and we have 5 grams, so that's 
1 cube = 5 g * 0.0055 mol/g= 0.028 moles. 

Congratulations, you have won a 0.18 mole ruby... 

How big would that be? The molecular formula for ruby is Al2O3, so its molar weight is: 

2 * 26.98 + 3 * 16.00 = 101.96
But you actually won a 0.18 mol ruby, so you'll need to multiply the weight of one mol by 0.18, giving you a final weight of 18.3 grams. 20 grams is the same as about 100 carats and would be a huge crystal. Sadly such large crystals rarely have much value as gems. Too bad... 

