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Greetings, chemical engineering colleagues, Margot 
here in the italics! For this column, I’m fortunate to 
be joined by Kendall Jenkins, who graduated from 

Bucknell’s ChemE program in May 2024. She spent her se-
nior year working on a yummy research project that we’re 
both excited to share with you today. 

Chocolate is an appealing way to introduce a variety of 
chemical engineering concepts, especially when tasting is 
involved. A number of colleagues including Ford and Luks,[1]

Comolli,[2] and Hollar, Savelski, and Farrell [3] have used 
the bean-to-bar as a multi-week introduction for fi rst-year 
students to processes and chemical engineering. Chocolate 
can also be an enticing gateway to ChemE for outreach ac-
tivities,  as described by Bullard.[4] The approach we take to 
chocolate here is a nice single-class activity to make solid 
phase diagrams a more tactile experience, suitable for ma-
terials science or some thermodynamics classes.   

A really cool thing that most people don’t know about 
chocolate is that cocoa butter (the main fat in chocolate) can 
adopt a number of crystal forms. That sounds esoteric, but 
these crystal forms have practical implications — is your 
chocolate bar shiny, does it “snap” when you break it, does 
it melt in your mouth (but not in your hands)? OR is your 
chocolate dull, sticky, and never quite solid? Guess what —
that’s all a result of the crystal structure of the fat! And this 
can be useful for an in-class demo or activity on crystals and 
enthalpy of fusion. There are two learning outcomes from 
this edible in-class experiment — fi rst, directly observing 
crystal polymorphism and its impacts on readily perceptible 
physical properties. Second, just reveling in how neat it is to 
casually drop into conversation, “That funny looking choco-
late bar you left in the hot car then stuck in the freezer? It’s 
fi ne to eat, it’s just in the wrong crystal formation.”

Cocoa butter has six crystal forms ranging from I, being 
the least stable, to VI, being the most stable.[5] This stability 
is based on the packing of the fatty acid chains that make 
up the chocolate fat. Recall, a fat is a triglyceride — that is, 
three fatty acids generally between 12-20 carbons hanging 
off of a glycerol backbone. It kind of resembles a three-tined 
fork, if a fork’s pointy bits were 2-5 times longer than the 
handle! In crystal forms I and II, the crystals are loosely 
packed, causing these forms to have a low density and melt 
at about room temperature. Manufacturers do not want their 
candy melting before consumers can even have a bite, so 
these two forms are not used commercially. Forms III and IV 
melt at higher temperatures and are denser, but the chocolate 
is still too soft to have the nice snap that consumers look 
for. Form V is the perfect form that you fi nd in most choc-
olate bars. These crystals are packed more compactly and 
have a melting point higher than room temperature* (right 
around human body temperature of 37ºC, in fact, which is 
part of what makes them taste so nice — the melting pro-
cess enhances contact with taste buds!) Form V has a glossy           
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appearance and has the perfect clean snap when broken. 
These characteristics make chocolate the most appealing 
to consumers, so manufacturers create the conditions to 
seed and grow form V crystals when making chocolate.[5] 
You might get asked, “Why V and not VI, if that’s the most 
stable?” Crystal form VI melts at a higher temperature than 
most folks’ body temperature, so is unsatisfyingly brittle and 
hard when you eat it. Also, it’s only formed by solid-solid 
recrystallization, not liquid-solid crystallization, so it gener-
ally only appears in a piece of chocolate you forget about in 
your desk for a year or more.[5]  

Creating form V chocolate uses many underlying chemi-
cal engineering principles. How? Through a method called 
tempering. The term “tempering” may be familiar from 
materials science — in that context, it means heat-treating 
a piece of metal to improve its toughness. It also appears 
elsewhere in food when making egg-thickened custards.                   
In that case, it means adding a small amount of the warm 
milk to the eggs to dilute them and warm them up prior to 
adding the resulting mixture back to the rest of the hot milk 
— thus preventing the scrambled eggs that would happen 
if you were to simply add raw eggs to hot milk all at once.  
Tempering chocolate is defined as “heating and cooling 
chocolate to stabilize it for making candy.”[6] The chocolate 
is melted and held at a specific melt-temperature for a pe-
riod of time to ensure all residual crystals are gone to guard 
against seeding crystal growth from the “wrong” crystal for-
mations. Then the temperature is reduced to just above the 
melting point of the desired crystal formation (about 37 ℃ 
for semi-sweet chocolate). A seed crystal (that is, a small 
piece of solid chocolate in the correct crystal form — a com-
mercial chocolate chip, for example) is added to produce the 
desired crystal structure: form V. Note that for different types 
of commercial chocolate — white, milk, semi-sweet, dark, 
etc. — the temperatures vary slightly because the composi-
tions vary. 

With all that background, it’s now time for the class ac-
tivity! Tempering is a relatively straightforward process, al-
though the band of acceptable temperatures to achieve the 
correct outcome is relatively narrow. Keep the temperature 
too low, and the correct crystal structure won’t form. But 
bringing the melt temperature too high might burn the co-
coa solids. As an instructor for food science and engineer-
ing courses, chocolate tempering is the most challenging in-
class activity I do. I have about a 50% success rate because 
it’s easy to miss a narrow temperature band while teaching. 
I strongly recommend practicing. By comparison, I have a 
near 100% success rate with my other “impressive” food 
demos of making roux or bananas Foster. Please don’t tell 
the Dean about the latter. The Tempering Chocolate Instruc-
tions Sheet found in the reference section provides an easy 
method to follow to create tempered chocolate in class, 
along with helpful figures.[7]

A natural thermodynamic consequence of the various crys-
tal forms having different stability is that they must have not 
only different melting points but different enthalpies of fu-
sion as well. An in-class demonstration of this is likely fa-
miliar and literally already in your students’ hands — hold 
well-tempered (form V) and poorly tempered (probably form 
IV) chocolate bits of similar size, one in each hand, and see 
which melts first. For students with cooler hands or who don’t 
want to get covered in melted chocolate, popping the pieces 
into the mouth one at a time will work. While this isn’t quan-
titative, the subjective experience is clear — form IV will be 
instantly sticky and quickly turn to liquid, form V won’t!

Just as intriguing as properly tempering chocolate is the 
results when it goes wrong. Have you ever opened a candy 
bar and there were whitish spots all over? This is called 
chocolate bloom, which occurs when formation IV crystals 
are present. Because form IV crystals have a larger specific 
volume than form V, cocoa butter (fat) gets pushed to the 
outside of the chocolate bar, causing a white appearance.[1] 
White spots on candy do not make it look appealing to eat. 
Note that it’s still safe to eat and likely tastes fine, although 
the texture will often be grainy. This is the reason temper-
ing is really important in chocolate production because the 
correct crystal structure has to be present to create the nice, 
smooth appearance of chocolate you see on the market. 

It is helpful in conducting the in-class tempering experi-
ment to have each group of students run the experiment 
twice — once properly, once intentionally making a com-
mon mistake — in order to observe two different crystal 
forms. Another approach is to purposely sabotage some of 
the groups in one of the common failure-modes listed below, 
and then get the groups to share results with each other. 

Even though tempering is theoretically straightforward 
and achieved by following a pattern of temperatures and 
hold times and seeding, there are many common ways for 
chocolate to not temper and result in unappealing chocolate, 
the most common of which are:

•	 Burning the cocoa solids
•	 Allowing moisture to come in contact with the melted 

chocolate
•	 Cooling too rapidly

Burning results in the flavor characteristics that you’d ex-
pect. In addition, both burning and moisture cause clump-
ing of the cocoa solids, creating a grainy texture. The term 
for what happens to chocolate when water is introduced is 
“seizing,” and you can see that the product goes with ex-
treme rapidity from smooth, flowing, yummy looking choco-
late to something nearly unstirrable and unmeltable with 
the texture of chunky peanut butter. Clumping starts to occur 
because there is repulsion between the fat (hydrophobic) and 
sugar (hydrophilic) clusters, resulting in chocolate looking 
like Figure 3 in the Tempering Choclate Instruction Sheet. [8,9]
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The last way that chocolate cannot temper is by cooling the 
chocolate rapidly. I must say this is a common failure-mode. 
It just seems like quenching melted chocolate by shoving it 
into the freezer must be a good idea. It is not. The rapid-sub-
cooling approach results in the crystal form IV. This might 
look okay briefly, but it will have a low melting point and 
thus make a sticky mess on the hands of whoever touches it. 
Further, over time it will recrystallize in form V, resulting in 
bloom. If you want to see what bloom looks like, Figure 2 in 
the Tempering Chocolate Instructions Sheet shows choco-
late bloom brought on by overheating.[7] Another risk when 
chocolate is cooled down rapidly is that it causes condensa-
tion to form on the surface of the chocolate.[8] As previously 
mentioned, water droplets in chocolate do not end well for 
the goal of making a smooth and shiny end product. 

Overall, tempering chocolate is a fun way to teach chemi-
cal engineering students materials science. It gives the stu-
dents an easy, clear (and edible) way to visualize crystals 
forming and the different types that can form at different 
conditions. When chocolate is maintained at the correct tem-
peratures and time duration for tempering chocolate, the end 
result is a smooth, glossy, and form V crystal. Tempering 
chocolate is an easy (with practice and a good thermometer) 
demonstration or in-class activity that can be done for class 
to see the importance of process conditions when working 
with food, materials, and unstable crystal structures. It high-
lights the seriousness of how one small change in the pro-
cess can result in an entirely different product.
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