Molecular Weight



The molecular weight of a substance is the weight in atomic mass units of all the atoms in a given formula. 

An atomic mass unit is defined as 1/12 the weight of the carbon-12 isotope. The old symbol was amu, while the most correct symbol is u (a lower case letter u). The ChemTeam will use amu. 

By the way, carbon-12 is defined as weighing exactly 12 amu. This is the starting point for how much an atom weighs. For example, if you weigh 1/2 as much as C-12, you weigh 6. If you weigh twice as much, you weigh 24. 

The molecular weight of a substance is needed to tell us how many grams are in one mole of that substance. 

The mole is the standard method in chemistry for communicating how much of a substance is present. 

You should have a periodic table for looking up atomic weights and a calculator. 



Point #1 - You need to know how many atoms of each element are in a substance in order to calculate its molecular weight. 

For example H2O has two atoms of hydrogen and one atom of oxygen. H2O2 has two atoms each of oxygen and hydrogen. Mg(OH)2 has one atom of magnesiun and two each of oxygen and hydrogen. 

If a subscript follows an atom with no parenthesis, that number tells you how many of that atom are present. If parentheses are involved, you must multiply each subscript inside by the one which is outside. 

How many of each element are in the following examples ?

KCl 



Fe2O3 


Al(NO3)3 


NH4NO3 


Al2(SO4)3 

Point#2 - You need to know the atomic weight of each element in order to calculate the molecular weight of the substance. 

The atomic weight of each element is found by examining the periodic table. Just below are typical entries in the periodic table for hydrogen and oxygen. 
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The important number right now is at the bottom of each box. For hydrogen the number is 1.0079 and for oxygen it is 15.9994. These numbers are the atomic weight for each element. 

The atomic weights in your periodic table may be slightly different than the ChemTeam's. This is usually due to rounding off by the publisher. Also, atomic weight values are periodically redetermined and refined and this may contribute to minor differences in the weights used. There are lots of periodic table web sites. 



How to calculate the molecular weight of a substance

Here's how: multiply each element's atomic weight by how many atoms are present in the formula, then add the answers. 

Example #1 - Al2(SO4)3 

There are: 

· two atoms of aluminum and the atomic weight of Al is 26.98 amu. 

· three atoms of sulfur and the atomic weight of S is 32.06 amu. 

· twelve atoms of oxygen and the atomic weight of O is 16.00 amu. 

First multiply: 

2 x 26.98 = 53.96 total weight of all Al in formula 

3 x 32.06 = 96.18 total weight of all S in formula 

12 x 16.00 = 192.00 total weight of all O in formula 

Then add: 53.96 + 96.18 + 192.00 = 342.14 amu. 

This answer, 342.14 amu, represents the molecular weight of Al2(SO4)3 

You might be asking why I used oxygen at 16.00 and not 15.9994. Actually, you could use the more exact value, but then when rounding off your answer, you would get back to the 342.14 value. 

Example #2 - H2O2 

Hydrogen: two atoms, atomic weight = 1.0079 amu 

Oxygen: two atoms, atomic weight = 15.9994 amu 

(2 x 1.0079) + (2 x 15.9994) = 34.0146 



Review
four steps to calculating a substance's molecular weight

Step One: Determine how many atoms of each different element are in the formula. 

Step Two: Look up the atomic weight of each element in a periodic table. 

Step Three: Multiply step one times step two for each element. 

Step Four: Add the results of step three together and round off as necessary. 



Special Note about Hydrates

Suppose you were asked to calculate the molecular weight of CuSO4 . 5H2O 

Remember that the dot DOES NOT mean multiply. 

You could approach this two ways: 

1. Add the atomic weights of one copper, one sulfur, nine oxygens, and ten hydrogens. 

2. Add the atomic weights of one copper, one sulfur, and four oxygens. Then add the molecular weight of five H2O molecules. 

The answer is 249.68 amu. 



The Mole & Molar Mass



The mole is the standard method in chemistry for communicating how much of a substance is present.

Here is how the International Union of Pure and Applied Chemistry (IUPAC) defines "mole:" 

The mole is the amount of substance of a system which contains as many elementary entities as there are atoms in 0.012 kilogram of carbon-12. When the mole is used, the elementary entities must be specified and may be atoms, molecules, ions, electrons, other particles, or specified groups of such particles. 

This is the fundamental definition of what one mole is. One mole contains as many entities as there are in 12 grams of carbon-12 (or 0.012 kilogram). 

In one mole, there are 6.022 x 1023 atoms. Here's another way: there are 6.022 x 1023 atoms of carbon in 12 grams of carbon-12. 



Let's say that real clearly: one mole of ANYTHING contains 6.022 x 1023 entities. 



The word "entities" is simply a generic word. For example, if we were discussing atoms, then we would use "atoms" and if molecules were the subject of discussion, the word entities would be replaced in actual use by "molecules." 

Avogadro's Number has been very carefully measured in a number of ways over many decades. The symbol for mole is "mol." Why does a four-letter word have a three-letter symbol? That's really the wrong question. Here's why. 

Here it is again: one mole of ANY specified entity contains 6.022 x 1023 of that entity. For example:

· One mole of donuts contains 6.022 x 1023 donuts 

· One mole of H2O contains 6.022 x 1023 molecules 

· One mole of nails contains 6.022 x 1023 nails 

· One mole of Fe contains 6.022 x 1023 atoms 

· One mole of dogs contains 6.022 x 1023 dogs 

· One mole of electrons contains 6.022 x 1023 electrons 

· One mole of ChemTeam members contains 6.022 x 1023 poor, suffering (I mean happy, joyful) high school students 

Get the idea?

6.022 x 1023 is so important in chemistry that it has a name. It is called Avogadro's Number and has the symbol N. It is so named in honor of Amedeo Avogadro, an Italian chemist, who, in 1811, made a critical contribution (recognized only in 1860 after his death) which helped greatly with the measurement of atomic weights. (Someday, the ChemTeam hopes to tell the story for the WWW.)



Avogadro's Number has a unit associated with it. It is mol¯1, as in 6.022 x 1023 mol¯1. The superscripted minus one means the unit mol is in the denominator. There is an understood numerator of one, as in 1/mol. 

Why is there no unit in the numerator? There could be, but it would vary based on the entity involved. If we were discussing an element, we might write atoms/mol. If we were discussing a compound, we would say "molecules per mol." What is in the numerator depends on what "entity" (atom, molecule, ion, electron, etc.) is being used in the problem. 

Consequently, units names in the numerator are not used and a one is used instead. 



Getting back to Avogadro's Number role in chemistry; please note that counting atoms or molecules is very difficult since they are so small. However, we can "count" atoms or molecules by weighing large amounts of them on a balance.

When we weigh one mole of a substance on a balance, this is called a "molar mass" and has the units g/mol (grams per mole). This idea is very critical because it is used all the time.

· A molar mass is the weight in grams of one mole. 

· One mole contains 6.022 x 1023 entities. 

Therefore, a molar mass is the mass in grams of 6.022 x 1023 entities.

OK. How does one calculate a molar mass? Get ready, because you already know how to calculate a molar mass.

The molar mass of a substance is the molecular weight in grams.

All you need to do is calculate the molecular weight and stick the unit "g/mol" after the number and that is the molar mass for the substance in question.



Calculate the molar mass of Al(NO3)3
(1 x 26.98) + (3 x 14.007) + (9 x 16.00) = 213.00 g/mol

213.00 grams is the mass of one mole of aluminum nitrate.

213.00 grams of aluminum nitrate contains 6.022 x 1023 entities of Al(NO3)3


Practice Problems

For the ChemTeam's class: calculate the mass of one mole for each of these substances. 

1. AlCl3 

14. Ba(SCN)2
27. LiH

40. Ba(BrO3)2
53. AlBr3

66. HCl

2. TeF4


15. K2S


28. CO

41. Hg2Cl2

54. P2O5

67. K2SO4

3. PbS 


16. NH4Cl

29. SnI4
  
42. Cr2(SO3)3
55. NH4NO3

68. NaCl

4. Cu2O


17. KH2PO4

30. KOH
  
43. Al(MnO4)3
56. Ba(OH)2

69. LiI 

5. AgI 


18. C2H5NBr
31. K2O

44. CoSO4

57. PbSO4

70. Hg2O

6. N2O


19. Ba(ClO3)2
32. H2SO4
45. Ca(NO3)3
58.Na3(PO4)2
71. HF

7. MoCl5 


20. Fe(OH)3

33. Hg3N2
46. NaH2PO4
59.NaC2H3O2
72. FeCl3

8. Hg2Br2 

21. (NH4)2S

34. SiF4

47. (NH4)3PO4
60. Ba(OH)2

73. NaHSO4

9. Ta2O5


22. CoCl2

35. NH4OH
48. KAl(SO4)2
61. NaHCO3

74. Ag2O

10. HgF2


23. KMnO4

36. N2O5

49. Hg2SO4

62. Al(OH)3

75. Pb(ClO2)2

11. KCl


24. CaSO4

37. SnCrO4
50. Al2(SO4)3
63. NH4MnO4
76. CoF3

12. KF


25. H2CO3

38. Al2O3

51. FePO4

64. Fe2O3 

77. Al(C2H3O2)3

13. ZnO


26. CO2


39. CuCO3
52. Ca(C2H3O2)2
65. CaCO3
78. Na2Al2(SO4)4

79. (HOOCCH2)2NCH2CH2N(CH2COOH)2

80. (NH4)2CH(CH2)5COOH

Mole Conversions

Given Moles, Convert to Grams



In chemistry, the mole is the standard measurement of amount. When substances react, they do so in simple ratios of moles. However, balances give readings in grams. Balances DO NOT give readings in moles.

So the problem is that, when we compare amounts of one substance to another using moles, we must convert from grams, since this is the information we get from balances.

There are three steps to converting moles of a substance to grams:

1. Determine how many moles are given in the problem. 

2. Calculate the molar mass of the substance. 

3. Multiply step one by step two. 

Make sure you have a periodic table and a calculator handy.

The three steps above can be expressed in the following proportion:
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In this particular lesson, the grams of the substance (upper left) will be the unknown (signified by the letter x). The exact same proportion is used in the grams-to-moles conversion lesson. Then the "x" will reside in the lower left.

This proportion is a symbolic equation. When you solve a particular problem, you insert the proper numbers & units into the proper places of the symbolic equation and then you solve using cross-multiplication and division. Also, do not attach units to the unknown. Let it be simply the letter "x." The proper unitshould evolve naturally from soving the proportion and cancellation of units.

Make sure you have a periodic table and a calculator handy.



Example #1 - calculate how many grams are in 0.700 moles of H2O2 

Step One: The problem will tell you how many moles are present. Look for the word "mole" or the unit "mol." The number immediately preceeding it will be how many moles.

I suppose that a problem can be worded in such a way that the number of moles comes after the unit, but that type of trickery isn't very common in high school.

0.700 moles are given in the problem.

Step Two: You need to know the molar mass of the substance. Please refer to the lessons about calculating the molecular weight and molar mass of a substance if you are not sure how to calculate a molar mass.

The molar mass of H2O2 is 34.0146 grams/mole. You may wish to pause and calculate this value, if you desire the practice.

Step Three: You multiply the moles given by the substance's molar mass:

0.700 mole x 34.0146 grams/mole = 23.8 grams

The answer of 23.8 g has been rounded to three significant figures because the 0.700 value had the least number of significant figures in the problem.

Example #2 - convert 2.50 moles of KClO3 to grams.

2.50 moles is given in the problem.

The molar mass for KClO3 is 122.550 grams/mole. Please note the unit of 'grams/mole.' It is important for proper cancelling of units that you remember to write this unit down when using a molar mass.

Following step three, we obtain:

2.50 moles x 122.550 grams/mole = 306.375 grams

The answer should be rounded off to three significant figures, resulting in 306 g. as the correct answer. Note how the mole in the numerator and the mole in the denominator cancel.

Practice Problems

Calculate the grams present in:

1) 0.200 moles of H2S



2) 0.100 moles of KI



3) 1.500 moles of KClO

4) 0.750 moles of NaOH


5) 3.40 x 10¯5 moles of Na2CO3

Determine the mass of the stated number of moles.

1.
2.55 mole Cu2CrO4
8.
1.95 mole HNO3

15.
2.00 mole HC2H3O2
2.
10.0 mole NaCl

9.
2.20 mole SnCl2

16.
5.00 mole Ag2O
3.
3.00 mole H2


10.
3.27 mole O2


17.
0.000300 mole AuCl3
4.
1.55 mole KrF2

11.
0.100 mole NH3

18.
0.00550 mole CH4
5.
0.100 mole H2O

12.
0.500 mole CaCO3
19.
0.300 mole H3PO4
6.
1.500 mole K2SO4
13.
0.0010 mole H2SO4
20.
5.0 mole NH4OH
7.
4.50 mole Na2O

14.
0.30 mole HCl

21.
0.00200 mole Na2SO4
Mole Conversions

Given Grams, Convert to Moles



In chemistry, the mole is the standard measurement of amount. However, balances DO NOT give readings in moles. Balances give readings in grams.

So the problem is that, while we compare amounts of one substance to another using moles, we must also use grams, since this is the information we get from balances.

There are three steps to converting grams of a substance to moles.

1. Determine how many grams are given in the problem. 

2. Calculate the molar mass of the substance. 

3. Divide step one by step two. 
The three steps above can be expressed in the following proportion:
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In this particular lesson, the moles of the substance (lower left) will be the unknown (which will be signified by the letter x). The exact same proportion is used in the moles-to-grams conversion lesson. Then the "x" will reside in the upper left.

This proportion is a symbolic equation. When you solve a particular problem, you insert the proper numbers & units into the proper places of the symbolic equation and then you solve using cross-multiplication and division. Also, do not attach units to the unknown. Let it be simply the letter "x." The proper unitshould evolve naturally from soving the proportion and cancellation of units.

Make sure you have a periodic table and a calculator handy.



Example #1 - Convert 25.0 grams of KMnO4 to moles.

Step One: The problem will tell you how many grams are present. Look for the unit of grams. The number immediately preceeding it will be how many grams. Common abbreviations for grams include g (just the letter) and gm.

I suppose that a problem can be worded in such a way that the number of grams comes after the unit, but that type of trickery isn't very common in high school.

The problem gives us 25.0 grams.

Step Two: You need to know the molar mass of the substance. Please refer to the lessons about calculating the molecular weight and molar mass of a substance if you are not sure how to calculate a molar mass.

The molar mass of KMnO4 is 158.034 grams/mole. Please take a moment and calculate the molar mass of KMnO4, just to be sure.

Step Three: You divide the grams given by the substance's molar mass:
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The answer of 0.158 mole has been rounded to three significant figures because the 25.0 value had the least number of significant figures in the problem.
Example #2 - calculate how many moles are in 17.0 grams of H2O2
17.0 grams are given in the text of the problem. The molar mass is 34.0146 grams/mole, which is calculated using the formula and the atomic weights on a periodic table. You may want to calculate this value as a double-check of your mastery of calculating molar masses.
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This answer has been rounded to three significant figures because of the 17.0.

Practice Problems

Calculate the moles present in:

1) 2.00 grams of H2O



2) 75.57 grams of KBr


3) 100. grams of KClO4

4) 8.76 grams of NaOH



5) 0.750 grams of Na2CO3
Determine the number of moles in the stated mass. 

1.
26.0 gram Ca(ClO4)2

13.
5.08 gram XeF4


25.
10.0 gram KAl(SO4)2
2.
32.0 gram O2



14.
10.0 gram V2O5


26.
2.50 gram CoSO4 . 6H2O
3.
34.2 gram NH3


15.
2.50 gram K2Cr2O7

27.
24.0 gram CO
4.
9.00 gram H2SO4


16.
10.00 gram Na2CO3

28.
3.45 gram ZnCl2
5.
59.3 gram SnF2


17.
3.091 gram K2SO4

29.
36.0 gram Na2CrO2 . 4H2O
6.
0.00500 gram XeO3

18.
20.00 gram KOH


30.
15.0 gram PbO
7.
10.0 gram SO3


19.
0.0089 gram IF7


31.
50.00 gram KBr
8.
1.00 gram CO2


20.
32.58 gram CuS


32.
1.00 x 102 gram KCl
9.
5.00 gram CaCO3


21.
1.00 gram Ba(OH)2

33.
12.25 gram Sr(HCO3)2
10.
1.00 gram NaCl


22.
2.001 gram Al2O3


34.
0.00860 gram Ca3(PO4)2
11.
98.9 gram NaI


23.
2.00 x 10¯3 gram NH4NO3
12.
14.0 gram N2



24.
0.0010 gram Al(MnO4)3
