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My purpose for using an inquiry lab in
Instruction of oxidation states

Meet a content standard (NSES, 1996) that all
students should develop an understanding of chemical
reactions that involve the transfer of electrons
(oxidation/reduction)

«Create an experience for students to
build on

Make the invisible visible

Link seemingly arbitrary rules to a meaningful
real-world context


Presenter
Presentation Notes
I introduce the problem and start asking students for their prior knowledge. “What do you know about Vitamin C?”



We know it helps with building new proteins and if someone doesn’t eat any Vitamin C they could end up with scurvy.  We may have also heard that Vitamin C is an antioxidant. 


Students have lab
notebooks and will
have performed and
written 2 or 3 (Inquiry-based) labs already

Students already know about the structure of the
atom and that electrons can be exchanged or
shared to form new compounds.


Presenter
Presentation Notes
Students may have begun using oxidation numbers and how to write formulas but they haven’t mastered it yet. Or they may know nothing yet. I’m still figuring out the best placement for the students.
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My friend has restless leg syndrome.

Her doctor says she should take more
Vitamin C.

Why might the doctor recommend
Vitamin C?



Presenter
Presentation Notes
I introduce the problem and start asking students for their prior knowledge. “What do you know about Vitamin C?”



We know it helps with building new proteins and if someone doesn’t eat any Vitamin C they could end up with scurvy.  We may have also heard that Vitamin C is an antioxidant. 


Her doctor says she needs the Vitamin
C to increase her iron absorption, which

will decrease her restless leg syndrome.
What other problems can happen if
iIron absorption is low?

What effect might the
Vitamin C be having on iron?


Presenter
Presentation Notes
Low iron also causes anemia.

So the vitamin C should also help with anemia, a very common problem for women. So between the anemia and the restless leg many of you either have issues with one of those problems or know someone who does.



We now (hopefully)  have situational interest created. 


Lets back up

Your body Is a salt-water solution. What
usually happens to iron exposed to salt-water?

What is the formula for this “new Iron
compound”™?

Now what do you predict will happen to iron
exposed to an antioxidant like vitamin C?

What about an oxidant like hydrogen
peroxide?


Presenter
Presentation Notes
We have a prediction now of the effect Vitamin C might be having on iron 



 Can we do some chemistry to test our prediction? 

These are both substances we can find and manipulate. 

So lets generate our list of materials


To investigate a reaction between
vitamin C and iron what materials
do we need?

‘body’ solution tweezers

iron (nails) 50 mL beakers
well plate (or test tubes)

vitamin C pellets  hydrogen peroxide

mortar and pestle

spatulas stirrers or toothpicks
‘indicator’ solution colored pencils

SAFETY


Presenter
Presentation Notes
I always ask the class questions so the students generate most of  this list.

I usually start them off reminding them we are creating a model of what? The human body and that again can be simplified to a bubble of salt water.

The ‘body’ solution is salt water. I make no secret of this, but I find that to call it ‘body’ reminds students of our original purpose, that we are modeling a biochemical process and repeating salt water often distracts them from this labs purpose. 



Then, I ask the class questions like

Can think of a cheap small source of iron we might have in the classroom. 

What are we going to put the solutions in?



I add the indicator to the list. I don’t tell student’s it is potassium ferrocyanide K3Fe (CN)6 It isn’t important what it is at this point, just that it will show them something they otherwise wouldn’t see and it won’t interfere with their experiment, (The purpose of any indicator)

I remind students the peroxide will put lots of oxygen in the reaction vs the Vitamin C which we mentioned is an antioxidant and decreases the oxygen in the reaction.  



We then discuss and list safety before students design procedures. 






Work with your partner to
decide how to set up and
observe reactions of iron.

Example

1. Label the wells H,0, , Vitamin €, and control.
2. Add a nall to each well.

3. Pour ‘body’ solution in each well, about halfway.
4. Add some H,0, to its well.

5. Crush vitamin C with the mortar and pestle.
6. Add some crushed vitamin C to its well


Presenter
Presentation Notes
I ask that students show me at least a rough procedure for my approval before they proceed.






Results/Observations

Part I.
Nail Samples Immediate after 10 minutes after 25 mins
only salt water - yellow forming a few spots on nail solution

around nail slight
salt water - slightly yellow cloudy true blue color
vitamin C. some blue color cloudy
salt water - lots of bubbling still bubbling few bubbles, spots on
hydrogen peroxide slight orange forming more nail,

I |

Part II.

Observations of known Fe?* and Fe3*solutions

i !

Fe2* solution is blue and Fe3* solution is orange E k.

Orange (Fe®") Blue (Fe?*)

What do the known solutions and indicator tell you
about the effect Vitamin C and hydrogen peroxide have
on iron? Restate evidence!


Presenter
Presentation Notes


Students must walk around and look at others samples.



Students have now SEEN and CREATED (through color changes) two different oxidation states of the same element!

In other words what are all the conclusions can you draw?

Now usually the next day

students get to put what they’ve observed into equations, the written portion of organizing and coming to a deeper and broader understanding of submicroscopic behavior;

the very essence of chemistry!


The Submicroscopic Drama (Or Chemistry)

We need some background to describe what was
happening in our experiment.

Oxidation numbers

Pure elements are zero. Like solid iron. We write Fe®

*The oxidation number represents what has happened to
the electrons.

Rust is really a mixture of Fe?* and Fe®*.


Presenter
Presentation Notes
This is an example of what students are given in their student handout for the lab.



We have created an environment where we can see iron in three forms; as a solid, Fe0, and aqueous as Fe2+ and as Fe3+.



So now students have been introduced to oxidation numbers. And they can SEE them. Blue, or orange or yellow.

A lot of exploring of, how come mine took so much longer (oil on the iron)

Or mine had green what was that all about?

Or even is this why our blood is red or blue??? Which is not exactly, but sortta, in my course students can research any extra phenomena like this for EC.

http://images.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/6/6f/Rust-flake-macro.jpg/800px-Rust-flake-macro.jpg&imgrefurl=http://commons.wikimedia.org/wiki/Image:Rust-flake-macro.jpg&h=600&w=800&sz=136&hl=en&start=5&um=1&tbnid=aryYC2EvEnSA7M:&tbnh=107&tbnw=143&prev=/images%3Fq%3Drust%26um%3D1%26hl%3Den%26sa%3DN

Oxidation reactions

As pure solid iron became rust in the presence of Vitamin C, the iron
formed the +2 ion, Fe?*. We can write the reaction,
0 2+
Fe —> Fe + 2 electrons
This 1s called an oxidation half-reaction for two reasons
1. Describe what happened to the electrons of the element (iron, FeY).

Iron loses electrons.

2. Describe what happened to the oxidation number of the element
(iron, FeY).
It increased.

3. Write a definition of oxidation half-reactions

Now guess what happens in a reduction half-reaction?


Presenter
Presentation Notes
So now students have been introduced to oxidation numbers.

I now guide students with questions to their own definition of oxidation reactions.

They can identify when oxidation or reduction is happening. Next they write their own oxidation reduction half reactions for the experiment itself.

***Identifying which well each was happening in. critical reconnect!

Of course, I also let them in on the mnemonic LEO says GER.

At this point I don’t usually introduce the terms of the oxidizing and reducing agent. I let them get used to the half-reactions and then those terms are applied later as only terms to describe something they already understand.




My friend’s doctor said that restless leg
syndrome can be aggravated by low iron and
our bodies absorb iron more easily in its
"reduced form”.

Now you can explain what the doctor means by
“reduced form” and how Vitamin C can help my

friend.

Students then
summarize the lab

Vitamin C


Presenter
Presentation Notes
The final job is to reflect on what they learned form the lab.

Students must go back and fill in what general chemistry objectives they feel were accomplished in doing this lab.

Write a summary in their notebook including what they wanted to know, what they tested, how it turned out, any conclusions they came to and what they  will remember from this lab.


The Inquiry of the Lab

«Students introduced to a new concept

«Students designed and evaluated their own
procedures

eStudents used their observations to construct
new knowledge

eStudents also used their observations to answer
a real-world chemistry question


Presenter
Presentation Notes
The final job is to reflect on what they learned form the lab.

Students must go back and fill in what general chemistry objectives they feel were accomplished in doing this lab.

Write a summary in their notebook including 

what they wanted to know, 

what they tested,

 how it turned out, 

any conclusions they came to 

and what they will remember from this lab.


Acknowledgments
Dr. Deborah Herrington, Dr. Ellen GRAND\ALLEY
Yezierski and Dr. Julie Henderleiter of STATE UNIVERSITY

DEPARTMENT OF CHEMISTRY

The Camille and Henry Dreyfus Foundation:
2005 Special Grant Program in the Chemical Sciences

F LI N N Flinn Chemtopic Labs: Oxidation and
SCIENTIFIC, INC | Reduction Volume 16

The chemistry
students of



Presenter
Presentation Notes
I ask that students show me at least a rough procedure for my approval before they proceed.






Questions?

e Email Debbie Johnson at
johnsode@nmps.k12.mi.us

 Download student and teacher guide at
http://www.gvsu.edu/targetinguiry/
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