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Introduction: 

In a face-to-face class with lab, I would be able to walk around and offer prompt 
questions and suggestions.  I could watch folks develop their experiments and help with 
problems of interpretation or redesigning experiments in live time.  This isn't as easy in 
an online class.  To give you some feedback and the benefit of my experience, I present 
below my own walk-through of this lab, showing the challenges I encountered and how I 
addressed them. 
 
As incentive for you to read through and consider the walk-through, I offer extra credit if 
you submit an addendum to your lab report, addressing new insights that you may have 
on your own experimental results as a result of this walk-through (up to 15% of the lab, 
depending on how well you present your addendum). 
 
Set Up: 
I started off by placing one watch glass of melted Thymol in cool (but not ice-cold) water 
and a second on a hot pad to insulate it from the underlying countertop so it would cool 
more slowly.  I didn't bother with measuring equal amounts of thymol into each (even 
though I considered the possibility that depth of molten thymol might influence cooling 
rate).  I did leave a few thymol crystals around the perimeter to act as "seed" crystals so 
that I wouldn't (hopefully) have a problem with getting crystal growth started (called 
nucleation). 
  
My set up is shown in this video (2 minutes):  Experimental set up.  
 
Initial Results: 
The results are shown here.  Can you tell which one is the faster cooled and which is 
the slower cooled experiment? 

 
 

https://mediaspace.mnscu.edu/media/thymol_crystallization_lab_set_up/1_4fd0sssx


 
 
So, which one do you think cooled faster? 
 
In my judgment, the results are ambiguous at best, and at worst opposite what I was 
expecting.  The first picture above is the one cooled in water, the second the one cooled 
on a hotpot holder.  Tiny particles in a material often make the material appear white 
due to lots of internal reflections off of the particles (why clouds look white), and maybe 
the slower cooled one looks a bit less "milky", suggesting fewer tiny crystals.  However, 
the faster cooled one has the largest crystals (see arrow), and the slower cooled one 
has a "feathery" pattern to the crystals that is typical of rapidly cooled melts or melts 
with a strong temperature or compositional gradient.  I would not be convinced by such 
evidence that faster cooling results in smaller crystals. 
 
I videotaped the crystallization of each of the samples above so we can consider if 
something in the process of crystallization gives me clues to what caused the results.  
 
You can watch the crystallization of the two experiments (speeded up by a factor of 4), 
along with my commentary, in this video (3:37 min):  first crystallization with comments 
from Dr. C.  
 
To summarize my observations, two things popped out at me.  
 
One, the big crystals in the fast-cooled sample began growing earlier than other crystals 
around them, giving them more time to grow.  This suggests that the way things 
crystallize (for example from the outside in, or with crystallization beginning in the 
interior of the material) has a big effect on crystal size regardless of cooling rate. 
 
Two, crystal growth in the slow-cooled sample did not begin for nearly 2 minutes after I 
started the video (and even longer after I began cooling), suggesting the possibility that 
the melt failed to nucleate and became supercooled before crystallization began.  Once 
crystallization began, crystal growth was controlled by presence of nucleation crystals 
around the perimeter of the melt with crystallization proceeding inward.  This limited the 
size of crystals that were possible. 
 

https://mediaspace.mnscu.edu/media/Thymol_crystallization_sped_up_with_Comments/1_093rsi49
https://mediaspace.mnscu.edu/media/Thymol_crystallization_sped_up_with_Comments/1_093rsi49


A third point that I considered:  Taking into account the delayed crystallization, the slow 
cooled experiment took 7 minutes to freeze completely while the fast cooled experiment 
took 4.25 minutes--maybe my difference in cooling rate was not enough to allow me to 
detect a difference in crystal size given my crude (eyeball) method of seeing the 
difference. 
 
I repeated my experiments to see if I could get the same results.  The repeat-
experiment results are shown below. 

 
 

 
 
The first of the two pictures is the fast-cooled experiment, the second is the slow-cooled 
one.  This time, the feathery appearance noted in the first slow-cooled experiment is 
absent (possibly it did not become supercooled like the first-time slowed cooled 
experiment, however I didn't videotape this experiment and so can't confirm that 
possibility).  Also, the fast-cooled experiment looks distinctly more milky, consistent with 
more small crystals. 
 
Even so, both experiments had fairly large crystals which could be seen by turning the 
sample in the light and catching the glint of light off of large crystal faces.  Pictures are 
shown below with the samples rotated so that some of the crystal faces catch the light.  
The fast-cooled sample is the first of the two pictures. 



 

 
 
The largest crystal appeared in the slow-cooled sample (shown by arrow), but there 
appear to be more largish crystals in the fast-cooled sample than the slow.  Again, the 
results do not convince me that rapid cooling causes smaller crystals. 
 
 For the experiments above, there was more Thymol in the fast-cooled samples, 
possibly slowing the rate of cooling (it takes longer to cool off a larger mass of material).  
Also, the water bath may not have been particularly effective at cooling the sample for 
reasons shown in the illustration below. 

 
 



The second set of experiments: 
With these observations in hand, I concluded that I needed to increase the difference in 
cooling rate and see if that produced any observable difference in crystal size.  To do 
this, I used a small metal measuring cup to hold the thymol.  Metal conducts heat better 
than glass, allowing me to change the temperature of the thymol more rapidly.  Because 
of the good heat conduction, it also allowed me to minimize the thermal gradients in the 
thymol that I think might be producing the dendritic crystals.   

I also wanted to make sure that I had the same volume of melt in each 
experiment.  To do this, I reused the sample and container for both slow and fast cooled 
experiments. 
 
I put the metal measuring cup with melted thymol either in an ice-water-salt bath 
(presence of salt lowers the temperature below freezing) or in a hot water bath (starting 
out at close to the melting temperature for thymol). 
  
My results are shown in this video (4:43 min):  2nd set of Thymol experiments with 
comments 
 
I then repeated the experiments, getting similar results to those shown in the video.  My 
repetition results are shown below. 
 
Fast-cooled is below (this one was held against a bag of ice rather than immersed in a 
water-ice bath, for reasons discussed further below). 

 
 
And then the slow-cooled experiment is below (this one was completely melted and 
then a single seed crystal was dropped into the melt at a temperature of about 43 
degrees, before crystallization began) 

https://mediaspace.mnscu.edu/media/Thymol_crystallization_second_set_of_experiments_with_comments/1_p2z39agl
https://mediaspace.mnscu.edu/media/Thymol_crystallization_second_set_of_experiments_with_comments/1_p2z39agl


 
 
The difference is crystal size is distinct both for the initial experiments in the metal 
measuring cup and for the repeat experiments.  The faster-cooled experiments have 
smaller crystals and the slower-cooled experiments have larger crystals. 
 
 
Additional experiments: 
The unexpected results in the initial experiments stirred my curiosity about the effects of 
nucleation density (or number of seed crystals) present in the melt, and the effect of 
temperature gradients.  So, I did a couple of quick experiments to see if I could put 
some constraints on the effects of these variables. 
 
The experiment shown below was cooled slowly in a bath of water that started out close 
to 50 degrees Celsius (causing slow cooling in the melt).  However, in the upper part of 
the measuring cup, I added a whole bunch of seed crystals (perhaps 50 or more).  I did 
not add the seed crystals to the lower half of the cup.  The result shows a clear effect of 
the number of seed crystals present.  More seed crystals result in more, smaller crystals 
even when the cooling rate is the same. 
 

 
 



I cooled the experiment below by holding one side of the metal measuring cup against a 
bag of ice, intentionally creating a temperature gradient.  The ice was held against the 
upper and left side of the cup, and a gradient in crystal sizes is apparent, with smaller 
crystals on the upper left and larger on the lower where my hand held the cup and kept 
it warmer longer.  Barely visible in the picture on the extreme left is a zone of dendritic 
crystal growth (the fibrous structure of the crystals in this region was more apparent in 
the live sample than can easily be seen in the picture).  This added additional support to 
my interpretation that temperature gradients caused the dendritic growth in my first 
slow-cooled experiment in the watch glass. 

 
 
Another approach to these experiments: 
My wife, Mary, has been doing this lab activity in her 8th grade earth science classroom 
for many years.  She uses the watch glasses, like the ones I used in my first 
experiments and like those included in your lab kits, but makes one key change to her 
experimental method.  Instead of placing the fast-cooled watch glass in a basin of cool 
water, she has students place the watch glass on top of a plastic petri dish filled with ice 
water.  The petri dish catches the edges of the watch glass and holds the bottom of it 
suspended in the cold water above the bottom of the petri dish.  This increases the rate 
of cooling relative to my experiment above (better circulation under the watch glass and 
colder water to start with).  This gives her consistently small crystals formed by rapid 
cooling.  In the slow-cooled experiments, her students sometimes see the dendritic 
growth effect that I observed in the first slow-cooled experiment, but her students 
typically get larger crystals, and a less milky appearance, than in the faster-cooled 
experiments.  The watch glasses have the advantage of making the crystals easier to 
see than in the metal measuring cup. 
 
Mary's experimental setup is shown in the picture below. 



 
 
 
One key difference between Thymol and Magma: 
For Thymol experiments (and unlike cooling of igneous rocks) the crystals and melt are 
of the same composition, which means that the process discussed in the text for 
producing smaller crystals with fast cooling (less time for the ingredients of the mineral 
to diffuse) can't be a factor in producing small crystals.  This makes the Thymol not a 
perfect analog for real igneous rocks.  Crystal size in the thymol depends not so much 
on diffusion of elements as on the density and location of crystal nuclei.  This is 
consistent with many of the complexities I encountered in doing these experiments. 
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