Laboratory Report Format
Chemistry/Bly
Laboratory Notes

You will record information related to the laboratory on the sheets provided by the instructor or, if not provided, in your notebook.  
· Every student must record the raw data themselves during the experiment.  You may not copy your laboratory group member’s data afterwards.  This is an IB requirement and a requirement of the teacher.  
· The data must be signed and dated by your teacher at the end of each laboratory period (even if you are not finished with the experiment) or you may have to redo the lab.  
· These notes must be stapled to the back of your final laboratory report.
Before you begin writing, do the following things: 

(1) Get the notes that you took in this class 


(2) Get notes you took as you planned and performed the experiment 


(3) With your partner, discuss what to include in each section and take notes.  When you begin writing your final report, you must work alone.
Guidelines

· Your final report should be typed in 12 pt, double-spaced Times New Roman.

· Use Excel to present tables, charts and graphs.  Note: all font—even titles—should be the same size (12 pt).
· Write your name, the class period, and the date in the upper right corner.
· Write in the third person (don’t use ‘I’, ‘you’ ‘we’, ‘he’ etc.).
· In your reports, be sure to give references as needed.  Remember, plagiarism = zero.
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Title
Write a concise title that describes what you investigated.  Write it at the top, center.
Aim
Describe the general aim in one or two sentences.
Introduction 
Research question: 
· Clearly state the research question, including the independent variable and dependent variable.
· A focused research question will naturally lead you to a hypothesis. Ask yourself, “what predictions can I make about the topic?”
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Hypothesis

· Hypotheses are more specific predictions about the nature and direction of the relationship between two variables. 
· The hypothesis should be quantitative.  It should be measurable by your experiment procedures.
What to write:
· Explain the relevant background of the experiment.  What chemistry do you need to explain in order to understand this experiment?  This should explain the reasoning behind your prediction of what you think will happen.


· Include names and formulas of chemicals as well as chemical equations if possible.  
· If there are many chemicals involved in the experiment, you can just describe the types of chemicals.
· Include equations or scientific theories/laws.

· Site sources, if used.
· Conclude your discussion of the hypothesis with a conditional statement of your working hypothesis (“If…, then…” statement relating independent and dependent variables)
Variables:

Ask yourself:

a. “What will I control and change?”  This is the independent variable.  You will control 


this one factor and change it to see the effect this has on the dependent variable. 

b. “What will change as a result of what I do?”  This is the dependent variable.  


It depends on other factors in the experiment.  

c. “What must I control and keep constant (unchanged)?”  These are the 


controlled variables.   You try to keep these constant so that they will have 


no effect on the experimental results.   Think of and write down as many 


as you can possibly think of.  The more the better.  

d. The essence of good experiments is to carefully control all variables except the 


one whose effect you want to test (IV, independent variable), and observe its 


effect on the DV (dependent variable).

· Define the independent variable with units and the range (what numbers/units). 
· Define the dependant variable with units and precision.

· Example:
· WRONG: the independent variable is acid.
· RIGHT:  the independent variable is moles of hydrochloric acid.  Range: 0.1-0.5 mol.
Procedure
· Write the methods you used to complete the experiment in order.  It’s best to use numbered steps (1., 2., 3.).

· Write it in the past, passive tense.  Write what you did.
· Like this:  “1. 10 drops of iron (II) sulfate were added to a solution of sodium sulfate.”

· NOT like this: “1. Next, put 10 drops of iron (II) sulfate in a solution of sodium sulfate.”  
· NOT like this: “1. Then, I put 10 drops of iron (II) sulfate in a solution of sodium sulfate.”
· Do not write too many unnecessary details.

· Good example: “5.0 mL of 1.0 mol / L acid A was added to 20.0 mL sodium hydroxide.”
· Bad example: “5.0 mL of 1.0 mol/L acid A was carefully measured with a graduated cylinder.  The calorimeter was opened, and then the 5.0 mL of 1.0 mol/L acid A was all poured inside.  20.0 mL sodium hydroxide was measured with a graduated cylinder.  The sodium hydroxide was poured inside.”
· Be certain to include quantities, dimensions, and other measurements that would be helpful to a person trying to repeat your results. 

· Explain how you will record data including uncertainty of tools (± ___) 
· Make a table of your controlled variables.
· How can each variable impact the results?
· Note safety concerns.

· Draw the setup, label all parts and annotate as needed.
Results
· Raw Data (before processing)

· Organize your results into data tables (with Excel).
· Include errors and uncertainties in ALL tables.  (example: +/- 0.1 °C).

· Processed Data

· Show calculations (including equations used) and show your work with units (remember to carry through uncertainty).

· Create graphs or charts from your data if it will help you make interpretations of the data.

· ALL Tables and charts should have detailed titles, column/row labels, correct units, and captions. 
	Table 1: Temperature of 20.0  mL NaOH and 5.0  mL Acid A

	Time (s)
	Temperature(°C) (+/- 0.5°C)

	15
	19.4

	30
	21.0

	45
	22.1

	60
	22.0

	75
	22.0

	90
	21.5

	105
	21.5

	120
	21.4

	135
	21.0

	150
	21.0

	165
	21.0

	180
	21.0


· Describe your results in paragraph form.  Make comparisons when appropriate.  
· How was your data processed?  From what data was that chart made?

· Explain where data comes from.  Example: If you are reporting temperature, what is it the temperature of?  How often was it recorded?  

· Refer to tables and graphs by name: “Table 1A shows the change in the mass of copper for each reaction.”

· Do not write what you think your results mean.  That belongs in the “conclusions” section.

Conclusions
· State a conclusion and explain how your results support this conclusion.  This should relate to your “aim.”  
· State the quantitative or qualitative relationship.

· Interpret data—what does it mean?

· Site specific data (such as calculated values) to support your conclusion.
· Explain how your results relate to scientific theory involved.
· What were the weaknesses and limitations of the experiment?  
· Do the results make sense?  Comment on the quality of the data.

· Explain major sources of error and where they came from. (Is systematic error or random error the main source of error?  State specific numbers (uncertainty and %error) in your calculations)
· Human error should not be the major source of error.
Evaluations
If you were to do the experiment again, how would you change your procedure and/or data collection?  How can the procedure be improved to give better results?  Give improvements for sources of error mentioned in the “Conclusions” section.
Notes for Writing Laboratory Reports

Significant Figures (Sig. Figs.)

Remember to record the correct number of significant figures, and to round correctly in your calculations.  When using a device with lines, like a graduated cylinder or a thermometer, estimate between the lines.

Variables*
An independent variable is that variable which is presumed to affect or determine a dependent variable. It can be changed as required, and its values do not represent a problem requiring explanation in an analysis, but are taken simply as given.
More generally, the independent variable is the thing that someone actively changes; while the dependent variable is the thing that changes as a result.

Example 1: The wages of an employee depend on the time worked. Time is the independent variable that varies among employees, and the wages are calculated directly from the total time worked. Thus wages are dependent on time worked.
Example 2: In a call centre, the number of customers serviced per hour, depends on the number of agents, and average service time per customer. In this case number of customers is a dependent variable, entirely dependent on the other two independent variables namely agents, and average service time.

Exercise 1: What is an independent variable in the following function? Briefly explain your choice.


Y = 3X + Z – 5

*Explanation of variables is modified from http://cnx.org/content/m13448/latest/

Uncertainties
Remember to include uncertainty when you record qualitative measurements (numbers).  This includes measurements with a ruler, a balance, graduated cylinders, etc.  There are two ways I want you to record uncertainty.
· Method 1: Sometimes the uncertainty is written on the device.  Example:  some of our flasks have “± 5%” written on them.  If you measure 100 mL with a flask, what will your uncertainty be?
· Method 2: Estimate it based on the smallest division.
· For measurements with lines (rulers, graduated cylinders, etc.).  Uncertainty will be ± half the smallest division.  Example: For the cylinder at right, the smallest division is 0.1 mL, so uncertainty = ± 0.05 mL.
· For measurements on an electronic device: Uncertainty will be ± 1 in the smallest decimal place.  
· Example: 34.42 ± 0.01g.
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Cite your references using MLA Citation style.
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A focused research question:


“How does ______ affect ____________?”


“Is (are) _______ as effective as ________?”


“How do the hours of sunlight per day affect growth of leaves of a tomato plant?”








A formal laboratory report should contain the following sections: 


Title, Aim, Introduction (for design), Method, Results, Conclusions, and Evaluations.
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