PAGE  
1

Chemistry 11            Problem Solving in Chemistry          Unit 1

1.0 Significant Figures

Numbers have two characteristics which they convey.  First is the quality of size or magnitude and secondly is the accuracy of the number.  When numbers are dealt with in a purely theoretical fashion, as in most math lessons, or if they are defined values (eg. 1 km = 1000m), or if they are counting numbers (eg. There are 28 people in this room), they are exact and they are not rounded off to change the accuracy conveyed.  However if a number is a measurement, then the accuracy of the number is limited by the accuracy of the measuring device and by the level of care of the measurer.  In these situations, numbers must be rounded off to the correct place and in the correct manner to communicate the proper level of accuracy of the measurement.  This is done with the use of significant figures (sig figs).  There are four key skills that you must develop…

· Identifying sig figs

· Rounding off numbers

· Applying sig fig rules to addition and subtraction

· Applying sig fig rules to multiplication and division

1.1 Identifying sig figs

All digits are significant except zeros at the beginning of a number.  

Note that a number begins with its first non-zero digit.  Also the last significant digit often has a slight uncertainty associated with its value.

1.2 Rounding off numbers

If the first digit to be thrown away is greater than or equal to five, then the last digit kept is rounded up by one, otherwise it is unchanged.

1.3 Applying sig fig rules to addition and subtraction

We always begin by adding as usual and then allowing sig fig theory to guide the rounding off process.  Addition and subtraction follow the same rules because subtraction really is addition of the opposite and addition rules should apply to all additions.  The rule is that you must keep significant digits in your answer up to the right most place value in which all addends had significant digits.

Example:     
  122.3      (accurate to the nearest tenth)




+240.08    (accurate to the nearest hundredth)
                                                  362.38  is correctly rounded off to the final answer 362.4


                                                                        (accurate to the nearest tenth)
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1.4 Applying sig fig rules to multiplication and division

                    We always begin by multiplying as usual and then allowing sig fig theory to 

                     guide the rounding off process.  Multiplication and division follow the same

                     rules because division really is multiplication of the reciprocal and 

                     multiplication rules should apply to all multiplications.  The rule is that you 

                     must count the number of sig figs in each factor and the answer retains the 

                     number of sig figs from the least accurate factor.

 Example:       122.3         (4 sig figs)



        x   40.800      (5 sig figs)        
     4989.84

                                  … is correctly rounded off to the final answer 4990 (4 sig figs)

 Example:        169.3         (4 sig figs)



        x  832.95        (5 sig figs)


      141018.4

                                 … is correctly rounded off to the final answer 1.410 x 105 (4 sig figs)

                       Notice that it was necessary to use scientific notation in this example to

                       enable us to retain the correct size of the number while showing the correct

                       number of sig figs.

Things to note about significant figures…

· Always do your arithmetic as usual, then round off correctly at the end of your calculation to the place value as required by sig fig rules.

· When you round off, the answer is never drastically changed.

· When you have done your calculation, the calculator may show digits beyond what you are entitled to report.

       Eg)        5.19

                   x2.37

                                     12.3003     appears as your answer on the calculator, but you must 

                   apply sig fig theory and report 12.3 as the final answer.

· When you have done your calculation, the calculator may show fewer digits than what you are required to report.  

      Eg)        5.00

                  x2.00

10. appears as your answer on the calculator, but you must 

              apply sig fig theory and report 10.0 as the final answer.

· Make sure you are in control of your calculator by rounding off correctly and by roughly estimating what size your answer should be.

Problems:

1)   Underline all significant digits in each question

       a)   5,600                        b)   8,060                      c)   3.090                   d)   0.0112

       e)   0.002                        f)   4.007                      g)   0.0040                  h)   0.0390

       i)   0.00700                     j)   8,000                      k)   0.06                      l)   120.0

2)   Write the number 840.556 with…

      a)   five sig figs ________________________

      b)   four sig figs ________________________

      c)   two sig figs ________________________

d) one sig fig  ________________________

3)   Perform the following operations and express the answer with the correct number of 

       sig figs.

       a)   5.63                                      b)   873.6                               c)   2.338

             0.024                                          - 42.17                                   0.00041

          + 1.6470                                                                                 + 55.00009

       d)     263                                      e)   37800 = 


x 120                                             18.00     _______________________

e) (160)(2.7) =

(3.9)(678)    _____________________

The Factor Label Method

Problems involving proportional thought can be solved by the factor label method.  This involves reading the problem, identifying “what you want to find”, “what you are given” and multiplying what you are given by appropriate fraction(s) whose actual value is one.  This is done to change the form of the answer into what you want without changing its value. The set up of a problem follows the plan… 

	“What you want” = “what are given” x “what you know”




Note:   “What you are given” is usually a definite quantity specific to this problem.


“What you know” is usually a relationship that you know which helps you 

               change the given value into your wanted form or something closer to your 

               wanted form.

Example:  How many millimeters are in 2.7 km?

Solution :   # of mm = 2.7km x 1000 m x  1000 mm

                                                      1 km           1 m

	# of mm = 2.7 x 10 6 mm


Be sure to…

· Include all units

· Round off according to sig fig theory after additions are done and then after all multiplications are done.

· Put matching units in matching positions on both sides of the equation.

· Understand that “per” means “in every one”.  Therefore 0.36g NaCl per liter can be written as 0.36 g NaCl
1 L

· The “what you know” fractions can be written right side up or upside down.  For instance it is correct to say 1000 mL /L and equally correct to say 1 L/1000 mL.  Therefore you may use this true fact in whichever form is appropriate, in fact you must decide what is appropriate.

The advantages of the factor label method are…

· It is fast with a bare minimum of writing.

· It emphasizes the units so they tend not to be neglected.

· It is somewhat self checking.  If the algebra on the RHS units agrees with the algebra on the LHS units then the numerical value of the answer is probably correct. (Assuming no reading or calculator error has occurred)

Factor Label Problems:

1)   How many mm are in 1.59 cm?

2)   How many cm are in 2.68 km?

3)   How many Mg are in 2.86 kg?

4)   How many seconds are there in one century?

5)   On a certain school yard where the sport of marbles is taken very seriously, marbles 

      are traded on occasion.  The black market value on marbles is…

· 4 cat’s eyes = 1 cob

· 2 peeries = 1 agate

· 5 cat’s eyes = 7 agates

    How many peeries could a marble player acquire through trading if he/she started with         

    8 cobs?

6)   If the density of Lead is 11.3g/mL, then what would it be in units of mg/L?

7)   If the solubility of a substance is 2.88mg/L then what would it be in units of g/L?

8)   Robert Millikan once needed to buy (16 )1000 mL beakers at a cost of $24.95 per     

      dozen.  What was his total cost?

9)   How long in weeks would it take for a spaceship to travel from earth to dwarf planet
      Pluto, given that the distance is 5,900 million km and the spaceship travels at a speed 
      of 48,000 km per hour?

10)   The density of Copper is 8.96g/cc.  If a rectangular sheet of copper is 14.6 cm wide, 

         38.4 cm long and 0.028 cm thick, what is the mass of this piece of copper?

11)   An ancient Celtic chicken farmer wished to purchase a gift for his wife. The price of 

        the gift was two horses.  However 3 horses were equal in value to 5 cows, 1 cow       

        was worth 4 hogs, 3 hogs were worth 4 goats, and 1 goat was worth 9 chickens.   

        How much was the gift going to cost the farmer, who had to pay in chickens?

12)  A wind generator capable of supplying enough electricity for a 250 home 

       subdivision was built in 2002 near Toronto at a cost of 1.2 million dollars.  If the  

       average consumption of electricity per home is $80 per month, then…

a) How much revenue is collected annually by the power company from the homeowners?

b) How long in years is the break even period?

c) What additional costs exist beyond the cost of construction of the wind generator?

d) What environmental issues are solved and what issues are created by the wind generator?

13) What is the value, in Canadian dollars of the Silver in Carter’s piggy bank, given that…

· The empty jar weighs 190 g

· The jar with the Silver weighs 880 g

· The value of Silver is $7.29 USD per ounce

· $1.00 USD = $1.18 CDN

· 16 oz = 1 lb

· 1 kg = 2.2 lb
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