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Handout for Exam 2 – Part 2


Handout: Chemical Calculations, Chemical Equations

Formula mass

Remember that just like we weigh things in the supermarket in pounds, in context of atom we are using atomic mass unit (amu). This unit is defined as exactly 1/12 fraction of mass of isotope of carbon 12C. Thus, atomic mass of 12C is 12.000000000 with as many zeros as you want!!!
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Formula mass is the sum of average atomic masses of all atoms shown in the formula. You can view this as the mass of the molecule expressed in amu’s. Example below shows formula mass for calcium carbonate. All atomic masses are average atomic masses and are taken directly from MPT. 
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Formula mass tells you that one molecule of calcium carbonate has mass of 100.09 atomic mass units. 

Problem: 12C has atomic mass of 12.0000 amu. One can guess that 1 amu is a very, very small mass. What if – what if we borrow the number 12.0000, but use a gram as the unit. You would get 12.0000 grams of carbon, and that would have to contain a very “large number” of atom carbons, since mass of 1 carbon atom is so negligible, right? 

Mole – The Chemist’s “Dozen”

So what is the “large number” of carbon atoms? Is it 100; 10,000 or else? This puzzle was eventually solved, and it is now known that 12.0000 grams of 12C contains 6.023*1023, or the so-called Avogadro’s number. 
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0.000 g

atoms of 

12

C

keep adding atom 

by atom until...

12.000 g

How many atoms on the balance?

1 mole of course!!!

Definition of "mole"

 
One mole of any OBJECTS always contains the same number of units. So, 1 mole of eggs, carbon atoms, sugar molecules, sodium ions all contain 6.023*1023 of their respective objects. Just like a dozen of anything contains 12 pieces of that anything. 
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1 dozen of eggs

12 eggs

1 mole of eggs

~ 6x10

23

 eggs

Group count Objects

1 mole of O

2

~ 6x10

23

 

molecules of O

2

dozen

mole

0.1 mole of O

2

~ 6x10

22

 

molecules of O

2

Note: You know that your conting "object" is a molecule because O

2

 is "2 or more atoms bound by chemical bonds", thus a         

"molecule"


MOLAR MASS = mass of 1 mole of objects.

For chemical substances, molar mass is the same number as formula mass, except the unit is “gram”.
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Glucose: C6

H12

O6

Formula mass:

6 atoms C    =   6x12

12 atoms H  = 12x  1

6 atoms O    =   6x16

FW  = 180 AMU

Molar mass:

MW = 180 grams


Note: Chemical formula can “stand in” for three different things:

· One molecule

· One mole

· Number of grams corresponding to 1 mole

EXAMPLE:
CO2 may represent




- 1 molecule of CO2




- 1 mole of molecules CO2 (molecule is the “object”)




- 44 g of CO2 (formula mass of CO2 is 44)

This “visualization” is especially important for calculations. Looking at formula of CO2 you may see the following:

· One molecule of CO2 contains one atom of C and 2 atoms of oxygen

· One mole of CO2 contains one mole of C and 2 moles of oxygen

· 44 g of CO2 (weight of 1 mole) contains 12 g of C (mass of 1 mole of C) and 32 g of O (mass of 2 moles of oxygen atoms)

CALCULATIONS WITH MOLE
Below you see how mole relates to grams and # of molecules. Each of these equivalencies gives 2 conversion factors. Those will be used in the same fashion you used them for unit conversions. 
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MW grams

1 mole MW grams

1 mole 6x10

23

 molecules

1 mole

6x10

23

 molecules

1 mole

1 mole ~ MW grams

1 mole ~ 6x10

23

 molecules

GRAMS

MOLES

MOLES # OF MOLECULES


Example 1: How many molecules of C5H10 are present in 1.245 g? 
Solution: From the available conversion factors you can convert directly between grams and moles, and between moles and # of objects. 

1) Calculate molar mass: MW = 5x12 + 10 x 1 = 70 g

2) Plan a route: 

                            
[image: image7.emf]g


r


a


m


s


m


o


l


e


s


#


 


m


o


l


e


c


u


l


e


s




grams moles # molecules


3) Select appropriate conversion factors and perform conversion:
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grams moles # molecules

1.245 g *

*

70 grams

1 mole

6.023x10

23

 molecules

1 mole

=

1.067x10

22 

molecules


Example 2: What is the mass of 1.25x1022 atoms of gold? 

Solution: 
1) Calculate molar mass of gold: Au – single atoms; MW = 197 g

2) Plan a route: 
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3) Select conversion factors and perform conversion: 
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 atoms *

1 mole

*

197 g

1 mole

=

6.023x10

23

 molecules

4.088 g


CALCULATING AMOUNT OF ELEMENT PRESENT IN AN AMOUNT OF COMPOUND
Concept of mole will help us to solve practical problems. For example, you are own certain amount of Au2O3 and you are wondering how many grams of gold it contains. 

To solve these types of problems, we have to make additional considerations. As shown below on line A, one molecule of Au2O3 will contain 2 atoms of Au. If one molecule contains 2 atoms, then larger number of molecules will contain larger number of atoms. Line B shows this for 6x1023 molecules. Line C simply points out that 6x1023 objects is just a codeword for 1 mole. Line D shows that moles of object do have a mass – MW. Frame on the bottom shows a conversion factor linking grams of gold to grams of Au2O3. 
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1 molecule Au

2

O

3

2 atoms Au 1 mole of Au

2

O

3

2 moles of Au

442 g of Au

2

O

3

2*197= 394g Au

394 g Au

442 g Au

2

O

3

A) B)

C)

D)

6x10

23 

molecules Au

2

O

3

2 *

(6x10

23 

atoms Au)

Conversion Factor


Armed with the above conversion factor we can convert any number of grams of Au2O3. 

Example 1: How many grams of gold are present in 4.875 g of Au2O3?
Solution: Perform conversion with the above conversion factor. 
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Example 2: How many grams of C are present in 10.450 g of C3H6O?

Solution: 
1) Calculate molar mass of C3H6O: MW = 58. 

2) Derive proper gram – gram conversion factor and perform conversion. 
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BALANCING EQUATIONS

Chemical Equation: description of a chemical process
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Two requirements imposed on chemical equations: 

· Chemical process must be able to occur

· Reactants and products must be used in the form they actually exist

While the first requirement is pretty self-explanatory (if the process does not happen, you should not write chemical equation describing it…). The second is best illustrated below: 
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The second requirement means that the number of atoms of each kind on the left side must be the same as the number of atoms of the same kind on the right side… That means, not only the grand total number of atoms stays the same, but the total for each kind as well. This rule will serve us to balance equations. 

In the example below you see an unbalanced equation for oxidation of ethanol. 
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In this case, the most complex molecule is ethanol. The unique elements are carbon and hydrogen: they appear on the left only in ethanol, and no other reactant; on the right carbon is found only in one product (CO2) and so is hydrogen (H2O). Let us use carbon as a starting point. Let us pick one molecule of ethanol.
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Now the equation is balanced for carbon. We will do the same for hydrogen. 
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To figure out oxygens, the following will apply. By choosing one molecule of ethanol we determined we get 2 CO2 and 3 H2O. Thus we must find how many atoms of oxygen are contained in the products. The total count is 7. Next, realize that the 7 oxygens must come from ethanol and O2. Ethanol, since we chose 1 molecule, will bring in 1 atom of oxygen. The O2 must provide the rest, that is 7 – 1 = 6 atoms. Since each O2 molecule provides 2 atoms, we will need 3 molecules of O2. 
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And so the balanced equation appears below. 

[image: image1.wmf]C

1

2

6

1

 

a

t

o

m

i

c

 

m

a

s

s

 

u

n

i

t

 

=

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

o

f

 

m

a

s

s

 

o

f

1

2

.

0

0

0

0

0

0

0

1


In the next example, oxidation of propanol, we follow the same scheme. The only difference is that the fractions of molecules, which we get in the primordial equation, will be eliminated by doubling the amount of all components of the equation. 


[image: image21.wmf]C

3

H

8

O

 

 

 

 

+

 

 

 

 

 

 

O

2

C

O

2

 

 

 

+

 

 

 

 

 

H

2

O



[image: image22.wmf]1

C

3

H

8

O

 

 

 

 

+

 

 

 

 

 

 

O

2

C

O

2

 

 

 

+

 

 

 

 

 

H

2

O

1

C

3

H

8

O

 

 

 

+

 

 

 

 

 

 

O

2

C

O

2

 

 

 

+

 

 

 

 

 

H

2

O

1

 

p

r

o

p

a

n

o

l

 

=

 

3

 

c

a

r

b

o

n

s

 

=

>

 

n

e

e

d

 

3

 

C

O

2

 

t

o

 

a

c

c

o

u

n

t

 

f

o

r

 

3

 

c

a

r

b

o

n

s

 

o

n

 

t

h

e

 

r

i

g

h

t

3



[image: image23.wmf]1

C

3

H

8

O

 

 

 

 

+

 

 

 

 

 

 

O

2

3

C

O

2

 

 

 

+

 

 

 

 

 

4

H

2

O

1

 

p

r

o

p

a

n

o

l

 

=

 

8

 

h

y

d

r

o

g

e

n

s

 

=

>

 

a

s

 

o

n

 

t

h

e

 

r

i

g

h

t

 

e

a

c

h

 

m

o

l

e

c

u

l

e

 

o

f

 

w

a

t

e

r

 

a

c

c

o

u

n

t

s

 

f

o

r

 

2

 

h

y

d

r

o

g

e

n

 

a

t

o

m

s

,

 

w

e

 

n

e

e

d

 

4

 

m

o

l

e

c

u

l

e

s

 

o

f

 

w

a

t

e

r

 

t

o

 

a

c

c

o

u

n

t

 

f

o

r

 

8

 

h

y

d

r

o

g

e

n

 

a

t

o

m

s

 

(

4

 

m

o

l

e

c

u

l

e

s

 

*

 

2

 

a

t

o

m

s

 

p

e

r

 

m

o

l

e

c

u

l

e

 

=

 

8

 

a

t

o

m

s

)



[image: image24.wmf]1

C

3

H

8

O

 

 

 

 

+

 

 

 

 

?

 

 

O

2

3

C

O

2

 

 

 

+

 

 

 

 

 

4

H

2

O

1

0

 

o

x

y

g

e

n

 

a

t

o

m

s

 

t

o

t

a

l

1

 

o

x

y

g

e

n

 

a

t

o

m

w

e

 

n

e

e

d

 

1

0

-

1

=

9

 

a

t

o

m

s



[image: image25.wmf]1

C

3

H

8

O

 

 

 

 

+

 

 

 

 

 

 

 

 

O

2

3

C

O

2

 

 

 

+

 

 

 

 

 

4

H

2

O

9

2

B

a

l

a

n

c

e

d

 

p

r

i

m

o

r

d

i

a

l

 

e

q

u

a

t

i

o

n

 

c

o

n

t

a

i

n

s

 

f

r

a

c

t

i

o

n

s

:

*

2

F

i

n

a

l

 

b

a

l

a

n

c

e

d

 

e

q

u

a

t

i

o

n

 

d

o

e

s

 

n

o

t

 

c

o

n

t

a

i

n

 

f

r

a

c

t

i

o

n

s

:

2

C

3

H

8

O

 

 

 

 

+

 

 

 

 

 

9

 

O

2

6

C

O

2

 

 

 

+

 

 

 

 

 

8

H

2

O


Calculations involving chemical equations.

The first type of calculations gives you the amount of one reactant or product and you calculate the “matching” amounts of all other components of the equation. For example, you may be asked the following. 

Example 1

How much gold you will obtain when 1.5 g of gold chloride reacts with zinc metal? How much zinc you need? 

We must start by writing down a balanced chemical equation for the process. 
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First, figure out molar mass of each component of the equation. Then multiply the molar masses by the respective reaction coefficient, thereby getting “adjusted molar mass” (AMM). On this line you see that 606.6 g of AuCl3 “asks” for 196.14g of Zn to give 393.94 g of Au. Next, take the known number of grams – 1.5 g of AuCl3 – and divide it by its respective “adjusted molar mass”. You will get a number of moles. If you multiply this number by adjusted molar mass of Zn (196.14) you will get the needed amount of Zn in this reaction – 0.485g. Doing the same for Au, you get 0.974g of Au. 
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Example 2

How much aluminum sulfate and hydrogen will you get by dissolving 4.2 g of aluminum in sulfuric acid? 

Again, you figure out adjusted molar masses of each reaction component. Following the same scheme: known amount of Al – 4.2 g – is divided by AMM of Al in this reaction (54g). You get number of moles. Multiply by AMM of aluminum sulfate (342g) and you get the amount of this substance generated in the reaction – 26.7g. Doing the same for hydrogen will give you 0.47g of hydrogen? 
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************************************

The second type of calculations involves the so-called “limiting reagent”. As opposed to calculating “how much of B will I need to react with 2.5 g of A”, the issue is “if 2g of A react with 4.5g of B, how much products will I get”? As you can see, the issue is whether the amounts of A and B “match”, and if not, to figure out which one is the “weakest link”, as the reagent in excess can only react with the limiting reagent present. 

Example 3

Calculate how much of silver chloride you get from reaction of 1.0g silver nitrate with 0.5g sodium chloride. The first task is to figure out AMM’s for each reaction component. Then, divide any known masses of substances (in our case AgNO3, NaCl) by their respective AMMs. This gives you number of moles. Select the smallest of the numbers (5.88*10-3 is less than 8.55*10-3). Use this as a “magic key” to give you the unknown gram amounts: taking adjusted molar masses of remaining components (in this case AgCl) and multiplying them with the “magic key” you get the unknown masses. 
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Example 4

“Please determine how much magnesium chloride you get by reaction of 1.0g magnesium and 1.0g of HCl.” Again, the starting point is a balanced equation for the reaction.  Then follow the scheme outlined above. 
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