Hey everyone,

Thanks to everybody who responded to my atomic theory questions, You all 

helped a bunch.

I have been teaching my 9th graders about physical vs chemical changes. I 

have tried everything and yet they just don't get it. I thought they had 

this in like elementary school, but my students are still struggling with 

the concept. Does anyone have any suggestions on how to get this across to 

them?

I have told them that the identity of the substance does not change in a 

physcial change but when we talk about dissolving salt in water, they think 

the identity has changed and they want to call it a chemical change. I am 

not sure what else to do.

Any input would be greatly appreciated.

Thanks,

Ashlee

Ashlee Sligh [ashleesligh@hotmail.com]
After you dissolve the salt in water, go ahead and evaporate the water by heating it or just let the water evaporate over time.  The salt will be there after the water is gone and so they will get to see that the salt is still salt even when dissolved. You can do this with just about any binary ionic compound like copper II chloride.  The copper compounds will give a nice blue solution.  Kids like color.

Bradley Wright

Eisenhower High School

Blue Island, Illinois.

bradley.wright@chsd218.org
That only shows that the chemical reaction of dissolving is  

reversible...as are many other chemical reactions.  The distinction  

between chemical and physical changes is clear in some cases, like  

burning wood...irrreversibly, or dropping a rock.  But in between  

there are lots that could be in either camp.  Sadly it shows up on  

tests, but the scientists I know generally back away from it.

joe

Joseph J. Bellina, Jr. Ph.D.

Professor of Physics

Saint Mary's College

Notre Dame, IN 46556

jbellina [jbellina@saintmarys.edu]
I demonstrate physical and chemical changes with paper. I hold up a piece of 

paper, tear it in half, and ask "Is it still paper?" Then I crumple the 

paper up and ask "Is it still paper?" Then I put the paper on a watch glass 

and set it on fire. Then I ask "Is it still paper?"

I remind the students that substances don't change their identities in 

physical changes. But with chemical changes, you end up with something 

totally different.

Carole Henry

Chemistry Teacher

San Antonio, TX

Carole Henry [CHENRY1@satx.rr.com]
I've always thought that dissolving was a physical change (a homogeneous mixture), not chemical.  If I put salt in water, there is no new chemical produced, so how can it be considered a chemical reaction?

Eileen

Eileen Gratkins [emgratki@mpsaz.org]
This is a good example of how to distinguish them, but that does not  

say that you can do that so easily with things like dissolving salt  

in water.  So you have to pick the examples and the questions  

carefully.l

Joseph J. Bellina, Jr. Ph.D.

Professor of Physics

Saint Mary's College

Notre Dame, IN 46556

I think you could almost look at dissolution as being in the intersecting region of a Venn Diagram - Some of it is explained by the looking at definitions of chemical change vs chemical reaction. 

Although I use dissolving salt as an example of physical change - I believe I said originally in this thread that I talk about chemical maneuvering - there is chemistry involved - possibly it might help to think of it as chemical interactions rather than chemical reactions. The questions invariably come again when we talk about ionic solutions and how can I explain that in light of my earlier comments to the class that identity does not change! (there's always one kid.....)

kathy g

Kathleen Gorski [kmgorski@concentric.net]
Seems like we just shifted the definition issue to change vs  

reaction...how do you distinquish these...what is it that makes it a  

reaction, rather than a change.  Perhaps in the word change there is  

the covert idea of permanency, whereas reaction somehow involves  

reversibility...just guessing.  That wouild account for your wanting  

to say that dissolving salt is water is not a change, but burning  

paper is.

joe

Joseph J. Bellina, Jr. Ph.D.

Professor of Physics

Saint Mary's College

Notre Dame, IN 46556

You might try 'showing' them.  Design a simple lab having them dissolve things in water- salt, sugar, food coloring- then have them put a small quantity on a watch glass and warm it on a hot plate to boil off the

water- they will get their salt, sugar, and food coloring back.  This may drive home the notion that 'dissolving' is making a mixture, not forming a new compound.  This gets messy though when the water is spattering during heating.

Deena Earnest [earnestd@fort-mill.k12.sc.us]
How about this one. Suppose that we say that dissolving salt in water 

is a physical change. Our reason is that it can be separated through 

evaporation.

Now what if I slap some ammonia onto some goldenrod indicator paper? It 

turns bright red - clearly a chemical change, but if I let the paper 

dry out, the red goes away, and I can use it again.

So we have two examples of a liquid mixing with a solid, and separating 

again through evaporation. But one leads to a color change. Is that the 

distinguishing factor? What about the common temperature changes that 

come from making solutions? Those look chemical to me.

If *we* can't figure it out, then how can our students, and is the 

concept really important? Maybe we should stop at phase change, and 

call everything else a chemical change. But what about solids that 

change their crystalline structure? When carbon forms nanotubes or 

diamonds, was that really a physical change? How would you reverse it?

Scott Orshan

Millburn High School

Millburn, NJ

sdorshan@aol.com
Let me try a different approach.  A mixture is something in which the  

quantities can be mixed in any proportion.  There is not limit to how  

much you can have of either component.  Think for example of fine and  

coarse gravel.    However if you dissolve salt in water you find that  

there is a limit, after a while you cannot get any more to go into  

solution.  So dissolving salt in water cannot be producing a  

mixture.  It is a reversible chemical reaction...when the salt is  

dissolved it is indeed a new chemical species...the spectroscopy is  

different, the gross physical properties are different.

I don't know about food coloring...that may indeed be a mixture.

cheers,

joe

Joseph J. Bellina, Jr. Ph.D.

Professor of Physics

Saint Mary's College

Notre Dame, IN 46556

Along these lines, I always ask myself "what scientific value does this particular classification scheme have?"  In other words, what does this allow me to predict that I wasn't able to predict before?  So, what does classifying the "salt in water" as "chemical" or "physical" allow me to do that I wouldn't be able to do otherwise?

If we are not careful, we'll get so tied up in the specifics of the classification scheme we'll forget why we developed the classification scheme to start with. :)

Just my two cents worth - in my twenty years as a professional and academic chemist, I mostly worked with reversible, weak interactions, such as host-guest complexation and metal-ligand uptake and stripping. Were the changes I investigated chemical or physical?  As far as I was concerned, I was a chemist, they were chemical changes, and I was doing chemistry when I studied them.  

I suppose that the emphasis we put on distinguishing "chemical" from "physical" changes is to get students thinking about the concepts of constancy and change.  But, frankly, this particular distinction is meaningless if you're actually doing science!  Let me at those standards that say students should be able to define and distinguish chemical and physical changes - and I'll rip 'em up.  Or should I burn them?  Would they still be standards in either case?

Richard Barrans

Lecturer

Department of Physics and Astronomy

University of Wyoming
____________________________________________________

Robert Cohen; 570-422-3428; www.esu.edu/~bbq
East Stroudsburg University; E. Stroudsburg, PA 18301

And of course any scheme we develop is bound to have limitations, and  

so may not work well all the time.

Joseph J. Bellina, Jr. Ph.D.

Professor of Physics

Saint Mary's College

Notre Dame, IN 46556

I think there have been some excellent points here - all are worth considering - I really like Joseph Bellina's approach by considering solubility and Robert Cohen's reminders that we need to remember that there are many different ways to classify anything and so we must establish our criteria. 

I certainly try to do that with my students - which is, I guess, why I pointed out my comments that I hint at the chemistry of solvation to them. As Richard Barrens points out, even what we are terming physical changes are, on some level, indeed chemical ones. (My mantra with my students is that regardless of the science branch: "it's all about the electrons" - particle physicists, please accept my apologies, after all, I'm talking to 10 - 14 year olds!)

I think I may have been the one that unleashed this look in my reply to Ashlee Sligh's original question. Although I did not intentionally open a can of worms - I want everyone to know how much I've enjoyed this particular thread. You have given me new ways to discuss the topic and reminded me to qualify my terms when we start discussing ways to sort things/ideas.

thanks!

kathy g

I haven't read all the the threads, but here is my take. Any chemists who can critique my science, please do. I teach 6th grade.

I preface the topic with a study of molecules and chemical reactions, writing out the equations involved: ex. vinegar and baking soda; burning propane gas, etc. We had already discussed inferences.

I told them that on the molecular level, if the molecules changed (ie. bonds broken, new molecules formed), it was a chemical change. If the molecules stayed the same (ex. water is still water when it boils, cellulose molecules are still the same when the paper is torn up or the tree is cut up with a chain saw), then it is a physical change.

Since we can't see the molecules, we have to make an inference about what is going on at the molecular level. To do that, we make observations and look for clues.  These clues are this like temperature and color change, bubbles, precipitates, reversibility, etc. Not all these clues are reliable (ex. you can't glue the sawdust back into a tree) but with enough of them and prior knowledge and reasoning, we make an inference about what is going on on the molecular level and, therefore, whether it is a chemical or physical change.

Does this make sense or is my science off? If someone already suggested this, I apologize for not reading the threads first.

Thanks,

David Vernot

The Sea Otter team, 6th grade science

Fairfield Intermediate School, room 101 vernot_d@fairfield-city.k12.oh.us 513-829-4504 ext. 575

David Vernot [vernot_d@fairfield-city.k12.oh.us]
I can go with that.  In a previous note I suggested that a better  

approach might be to raise the question you have answered.  If we  

want to decide if a change is physical or chemical, what should we  

look to, what sorts of data, what sorts of inferences, what sorts of  

ideas.

joe

Joseph J. Bellina, Jr. Ph.D.

Professor of Physics

Saint Mary's College

Notre Dame, IN 46556

Unless you are referring to chemical reactions at equilibrium...  what chemical reaction is reversible w/ Thermo II?

Given Thermo II, isn't a chemical reaction either endothermic or exothemic within a controlled system and not reversibe without noting an energy change?  In the case of salt in solution, the water can be separated at room temperature over time without an energy change.   What chemical reaction is reversible under similar conditions?

Jim Marilley [jasmarilley@earthlink.net]
I'm not sure how to reply to this, since the second law...I guess  

that is what you mean by Thermo II is really not an issue here since  

we are not considering the role of energy interchanges, in other  

words, I don't think anyone is claiming to limit the ideas to  

adiabatic processes.

Lots of reactions are reversible.  Generally as long as you don't  

remove the product as in a gas escaping or a precipitate being  

removed.  Of course if the binding energy in one of the products is  

very high compared to the reactants, it appears to be essentially  

irreversible.

To speak to the issue of the salt solution.  I don't understand your  

claim that the water can be separated at room temperature without an  

energy change.  A beak sitting in a room is not an adiabatic  

environment.  As the water evaporates, liquid  cools, so unless  

energy is added from the environment, the evaporation rate will  

decrease and the separation will in time essentially stop.

joe

Joseph J. Bellina, Jr. Ph.D.

Professor of Physics

Saint Mary's College

Notre Dame, IN 46556

I thought they had this in like elementary school, but my students are still struggling with the concept. Does anyone have any suggestions on how to get this across to them?

I tell the kids that if it's a physical change it's relatively easy to return to the original state. A chemical change means that another chemical change is necessary to return to the original state. Yes, I know it's more complicated than that - but if they can't even get this, why bother!!

I use examples like changing my hair color (even though I know that the process is chemical), wearing high heels, etc. I'm still me, although my physical appearance has changed. We talk about a pine tree and a piece of furniture. And then to ice, liquid H2O and steam. You can't do this without addressing characteristic properties simultaneously. It's sort of a vicious circle, but it is the easiest way I've found to help them understand what we mean by chemical identity.

I have told them that the identity of the substance does not change in a physcial change but when we talk about dissolving salt in water, they think the identity has changed and they want to call it a chemical change. I am not sure what else to do.

Being the anal chemist that I am, when we discuss dissolution, I tell them that this one is a little tricky - that, yes, there is some chemical maneuvering going on that permits the salt to dissolve, we consider it a physical change because it's relatively easy to return to the original substances. (good place to make rock candy, and then with the salt, introduce crystal structure!) When I do this with 8th graders, even though it's a little early for them to be drawing chemical compounds, I diagram water and NaCl, show hydrogen bonding, etc. and give them a flavor for how solutions are formed. I have found that it really does help!
kathy g
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