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The Process of Scientific Inquiry
In chemistry, we study the properties and changes of matter.  We seek to learn how the structure, properties and behaviour of substances are related in order to better understand the world around us.  To do this we must observe the physical properties of substances and investigate the changes in composition and properties they undergo - changes that we call chemical reactions.  

The Scientific Method is a formal description of how we develop an understanding of the world.

1.

Observe your surroundings.

2.

Identify a problem.
3.

Form a hypothesis (an educated guess and explanation).

4.

Design and carry out an experiment.



- identify a variable to change (independent variable)



- identify a variable to measure (dependent variable)



- keep all other variables the same (control variables)
5.

Make observations.

6.

Make conclusions.


Observation
An observation is something that scientists directly sees, hears, tastes, smells or touches.   
i) Qualitative Observations -involve observations that cannot be expressed numerically such as colour, odour, texture, sound, taste. etc.

ii) Quantitative Observations - involve measured or counted quantities such as mass, melting point, volume, etc.

· Observations should be objective (unbiased).
· Observations should be as precise as possible. 
· Observations should be concise (to the point)
· Observations should be reproducible.
· An anomaly is an irregular result. Anomalies should not be ignored. There must be a logical explanation for an anomalous event. Investigating an anomaly often increases our knowledge and adds to our understanding of nature.

Conclusion:


A conclusion (inference) is a judgment or opinion based on direct observations.  

Both observation and inference are important components of studying matter.   For example, we can infer the identity of a sample of matter by making many direct observations of it.
Empirical and Theoretical Knowledge:
Empirical knowledge describes what is being observed, such as water boils at 100oC.   Theoretical knowledge explains how or why something occurs.  For example, the kinetic molecular theory provides an explanation.  When the water molecules possess enough kinetic energy, the weak bonds between them can be broken and the molecules enter the gas state.   A theory is an explanation that results from a large number of observations.
Models: 

A model is a representation that communicates a theory or idea.  Models change over time as new information is added.   Models also need to be tested.  If a theory does not agree with new observations, it needs to be changed along with the model.

Questions:
1.  Phosphorus is an element that is both beneficial and harmful.   It is an essential in bones and teeth as part of the compound calcium phosphate (Ca3(PO4)2) and phosphorus is also required a part of the structure of DNA (deoxyribonucleic acid).  Plants require phosphorus and it is commonly used as a fertilizer to promote growth of crops.     In society, phosphates are used as food additives and were once commonly used as detergents until their use was restricted in the 1970’s.     When lakes become contaminated with phosphate, excessive algae growth can coat surfaces, create foul odours and decrease oxygen levels in the water.
Imagine you are designing an investigation to determine the effect of phosphorus-containing detergents on algae growth.  Identify the following:


i) the independent variable (the variable changed by the scientist)


ii) the dependent variable (the variable measured or observed)


iii) the controlled variables (variables that will be held constant)

2.  Read each statement.   Identify if the statement is an observation or an inference (conclusion).   If it is an observation, identify if it is qualitative and which are quantitative.


a) Alex is 1.97 m tall.
b) Jane has brown eyes.
c) Wood does not burn when it is wet.  
d) The temperature of a hot metal is increased when the atoms vibrate faster. 
e) Lead is a softer metal than iron.

f)  Hydrogen gas is 1/6 as dense as oxygen gas.
g) Static electricity is due to a build-up of electrons. 

h) Potassium floats on water, but reacts vigorously with the water. 

i) The melting point of lithium chloride is 6100 oC 
j) Noble gas elements are unreactive because of their full outer electron shell.
3. “Theories cannot be proven, they can only be supported with experimental evidence.”   Is this statement correct?  
Remember to visit the D2L website and complete the on-line Safety Contract!

