Candy Chemistry Combustion
Calorimetry STEM Lab

Scientific Method « Variables * Data & Graphing
Classroom-Ready
Data tables + bar graph templates included
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Candy Chemistry Combustion Calorimetry — Laboratory Experiment

Coneepts: Energy in Food » Canservation of Energy » Heat Measurerent
Time: 45-70 minutes (plus ~10-15 min prep) | Groups: pairsftriads

Essentlal Question
How misch energy is stored in candy, and haw can we measure it by transferring heat to water?

Learning Targets
*  Measure temperature change of water heated by a burning candy sample.
» Caleulate energy transferred 1o water using q = mec:AT and estimate food energy (Calories).
= Explain sources of ernor and energy loss in 3 simple calorimeter and relate results to nutrition labels.

Standards
= NGS5 MS-P53-3/4 [relationship bety By transfer and te «hange; conservation of
energy)
+ NGSS HS-PS3-1/4 (qualitati itath By conservation; calorimetry, advanced extension)
= Sclence & Engl lces: Planning Analyzing & Data; Using
Mathernatics; CER

Materials (for =B groups + teacher dema/ignition)
Per Group
= Sada can calorimeter (clean, dry aluminum can with top opening)
250 ml beaker or cup to hold the can upright [or ring stand)
100 mL room-temperature water (=100 g}
Thermometer (~10 to 110 *C or digital)
Heat-resistant tray of ceramic tile under apparatus
‘Weighing tray or small foil square
Balance (0,01 g preferred; shared)
Metal paperclip or wire stand 1o hold the candy
One small candy sample (e.g., mini marshmallow, small sugar cube, or small hard candy]
Woaden splint or long match [teacher uses to ignite]
Tongs/forceps for safe handling

Shared,Teacher

mup & Pating

Prep (~10-15 min): Fill labeled cups with 100 mL water; lay out cans, stands, balances, thermometers,
trays.

Review ignition procedure and designate a safe ignition zone,

Flow (4560 min): lIntro + safiety (5 min). Station work & measurements [25-35 min). Caleulations &
CER start (10-15 min). Debrief (S min).

*  Cleanup {5=10 min]: Extinguish fully; cool cans; discard residues; wipe benches,

Cleanup & Disposal
= Extinguish any remaining flame; allow metal parts to cool completely,
= Dispose of burned candy and foil in trash; pour cooled water down sink,

Task
Goal: Measure the energy released by burning a small candy by heating water in a soda-can calorimeter.

You'll need (per group): can 100 mL water, er, balance, small candy, wire stand, tray,
tongs.
Steps: Each Group

1. Measure the mass of your candy on a tray: M., initial = [N

2. Add 100 mL water to your cauldron {can) =100 g. Record initial water temperature: T = .

3. Your teacher will ignite the candy on the wire stand beneath the cauldren using their wand. Center the

flame beneath the cauldren opening.

Gently swirl the cauldron occasionally [use tongs on the rim} and watch the thermometer. When the
flarne goes out, record the highest water temperature: Ty = *C.

Measure the remaining mass of the candy residue + tray, then subtract tray mass to find M.s, final.
Compute mass burned: &m_candy = m_initial - m_final = B

Record: All masses, temperatures, and caloulated values in your data table.
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Once each group is done, compile all data on the board for their reference.

Answer Key [ Teacher Notes

q=m-caT

ASSUmE: Muwaee = 100 . Ti=22.0°C, Te=36.5"C > AT=14.57C

Guater = 100 g % 4.18 J/g*C % 14.5°C =605 )

If AfMicassy = 0.90 g, then Energy per gram = 6060 ) / 0.90 g = 6730 g

Food Calories per gram = (6060 ) / 4184 J/Cal) /0,90 g = 1.61 Calfg (keal/g)

Note: Real values are lower than label values due to heat loss to airfcans and i

Analysis Questions:
1) Where did some of the energy from the burning candy NOT go7? List two loss pathways.
= Tothe surroundings: warm air rising around ‘hr flame (convection/radiation).

= Into the heal.lnsthe nf instead of the water,
fOther fﬂnsoo!yﬂ'nme, evoporation heating of woter vapor; heat
lost to the bench/tray.)

2] If two groups burned the same mass but recorded different AT, what procedural differences could explain
it?
+ Flame-can distance different = poorer heat transfer for the lower AT group.
Insufficient shielding from drafts - more convective Iuss
Stirring ¥ = thermal l-rriled water.
Thermometer placement/lag =» tip not centered in wam read too early/late.
Starting temperatures [ water volume not the same.
Candy position off-center so heat missed the can bottom.

3] Compare your kealfg estimate to =4 kcalfg®* for sugar, Explain differences,**
= Student result is usually lower than 4 kealfg because the slmple calnnmelm doesn't capture all the
heat: energy warms the can/airfth and is (soot).
« [Ifa result is higher, it's typically due to {misread ftemp water volume,
or timing).

4) CER - Example
= Claim: The tested candy contains ~1.6 keal/g (example value) of usable energy i our setup,
= Evidence: We heated 100 g of water from 22.0 C to 36.5 "C [4T = 14.5°C).
= Candy mass burned = 0.90 g.
o Energy per gram = 6060 /0,90 g=6.73x103 ) g-1=1.61 keal g-1.
= Reasoning: By conservation of energy, chemical energy in the candy became heat. Our calorimeter
only measures heat galned by water, not losses to alefean, o the measured value underestimates the
true food energy.

Erveryy Content of Hasomeen Candars

5) Graph of class data =
Candy Type | Energy (Jfg) | Energy (kcal/g)
Marshmalhw | 4,500 1.08
Gumm Candy | 6,000 143
| Hard Candy E.EDCI 155
| Svgar Cub ? 000 167

ey . =

= Safety goggles (class set), heat-resistant gloves for teacher Chocolate Minl 8500 203
= Fire extinguisher of fire blanket; water for extinguishing b .
= Lighter or matches (teacher-only) Prodah Warm-Up = Semple Answers
1) Definitions:
Safety (post & read aloud) - R - = in a known mass [usually
+  Goggles on for everyane. Long hair tied back; no loase elothing. .
+ TEACHER Ignites samples. Students keep hands and faces away from Har] s iehemical -5 thermal] and
* St apparatus on a nonflammabile tray; keep combustibles clear. Have ang
Iry Combustion Calorimetry — Laboratory Experiment variation in heat absarption and
Date:
Lab Extensions: Optional [y but how much energy Is there In food?
::;n.:.::;zﬁm setup leaked heat! Redesign your can calorimeter to capture more energy in the water, Grading Rubric ]
+ Modify one variable: distance from flame, insulation (foil wrap, cardboard sleeve, catton), of can @ did some of the energy from the buring candy NOT go7} cttarian Ll A "'"’;:]""‘ f']2=Davicping|2 pe)| "1=Eagimning it
1 I L] pts ] pt
= .c‘:dT::l new AT data under the same candy mass. Safoty & Setup | Goggles onatalltimes; | Miner Froquent reminders; | Unsafe behavier
«  Compans beforefatter effici . er volume and can position consistent for all groups? groups burned the same mass but recorded different AT, hairfclothes secured; i ional unsafe or di
: [ - fould release more energy per gram and why (stagar cube vs. marshmallow). in it? apparatus stable on tray; | apparatus placement (flame-can | safety directions;
Efficiency = ——— 5 ignition zone respected; | stable; follows | distance, clutter). apparatus
= quick spill/heat ignition unstable,
= Rank designs and explain why the eptimized one worked better [using surface area, convection, and by burming a small candy by heating water in a soda-can calorimeter. pare your kealfg estimate to a typieal nutrition label value f reaponse. directions.
insulation reasoning). 100 mi water, balance, small candy d, tray, jences. Experimental | IV/DV/controls explicitly | Variables Variables partially Variables unclear;
Design & stated; procedure identified; small | identified; major deviations
four candy on a tray: M, initial = B Procedure followed exactly with but || i Irrvalids
Follow Up Guestion: four can =100 g. Record initial water temperature: = *C. ptake a claim about your candy's energy content. Support Fidelity L kept distances/volumes or
“Estimate how many mini marshmallows (2 g each) would you need to power a 60-Watt lightbulb for one the candy on the wire stand beneath the can, Center the flame beneath the can ©n energy conservation. distance and water enough for fair | timing.
minute.” volume; timing/stirring | test,
Given Data frasionally juse tongs on the rim] and watch the thermometer, When the flame dardized.
«  Power of lightbulb; 60 W = 60 )5 fehest water temperature: Tr s T e a bar graph: Candy Type vs. Energy per gram (/g or Calfi Measurement | Masses (initial/final), Most values Some missing Sparse or
«  Time: 1 minute = 60 seconds e mass of the candy redidue + tray, thien subtract tray Fdss 1o find Mews, final. & Data Quality | water volume, TyTf recorded with unitsfvalues; unreliable
«  Energy used by bulb: ; &m_candy = m_initial = m_final = g recorded with correct units; AT mostly | calculation mistakes; | measurements;
Epus = 60 /s % 605 = 3600 res, and caleulated values in your datatable. @0 1] [N units and significant correct; miner little attention to major errors make
pile all data on the board for theirreference. & | | | N O I figures; 8T computed sig fig issues, precision, data unusable.
= Average energy content of a mini marshmallew from the lab: = 4,500 Jfg T correctly; outliers
1 | | nated/justified.
Let's assume one mini marshmallow has a mass of 2 g. T Calculations & | All steps shown; units Steps shown; Incomplete steps; Incorrect method
T Units (g = carried correctly; g, )/g. | minor math/unit | repeated unit/math. | or missing work;
Step 1: Energy per marshmallow mecAT; ) &3 and keal/g accurate; slips corrected | errors; answers results not
Earshensiicn = 4500 /g x 2 g = 9000 ) { keal) clear statement of in final; answers | plausible but interpretable.
| ions (m_water =
Step 2: Compare to bulb energy T voluma).
Each marshmallow contains 9,000 J, while the bulb needs 3,600 I for one minute. | [ Graphing & Clean bar graph Candy Graph present Graph missing No graph or graph
Euum 0 . | O | I O Data Type vs Energy per gram | with title and labelsfunits or scale | not related to
Marshmallows needed = & — = 3000 ~ °4 LT I Presentation | with title, labeled axes + | labeds; small distorts comparison; | data collected.
..... | | T - units; sensible scale; scaling or bar- errors in values.
FinalAnswer: ) T T T T T bars accurate to data; height issues.
It would take about half of one minl marshmallow (=0.4 marshmallows) to power a 60-W lightbulb for ore @ B W legend/notes as needed.
minute—if all the candy’s chemical energy could be perfectly converted into electrical energy. e = 4.18 /") | EEEEE NN | Analysis & CER | Claim aligns with data; | Claim supported | Vague | Claim absent or
______________ Evidence cites specific with general claim/evidence; contradicted by
Extension Discussion Jet=awater/amandy | WFTPTT T ITTTTITTT I numbers (4T, /g, evidence; reasoning thin or data; no
= Real systems are not 100% efficient — onlly a small fraction of chemical energy becomes usable n T EY T T e T O keal/gl; Reasoning reasonil partially incorrect. reasoning.
electricity, " e e R L A A A A Cnl’le:}ﬂ'f uses nmﬂyc“:lre:l.: "
= In practice, powering a lightbulb from candy would require many once o L I IIEIEEIENSE ES FEEEEEEEEEEEEEEEEEEEEN] conservation of energy mentions at
losses are included. Jfmaibbl 9 W T and heat loss pathways; | least ene loss
addresses discrepancies | pathway,
vs. & keal/g.




What You Get

Teacher Guide: Setup checklist, materials, safety/ignition protocol,
timing/roles; background on combustion, heat transfer (g = m-c-AT), and
conservation of energy; quick troubleshooting.

Student Packet: Driving question, hypothesis template, variables table
(IV/DV/controls), and a numbered, step-by-step procedure for fair tests
and repeats.

Data Tables: Trial logs for mass (initial/final), water volume, Ti/Tf, AT,
with spaces for averages and quick notes.

Calculations & Graph Page: Structured prompts for g = m-c-AT, J/g ©
kcal/g conversions, and a bar-graph template (Candy Type vs. Energy
per gram) with labeled axes/units.

Analysis + Model Answers: Focused questions on energy losses,
procedural differences, comparison to ~4 kcal/g sugar value, and an
exemplar CER; concise answer key.

Simple Rubric: Single-point rubric with 4 performance levels for
Safety/Setup, Design & Procedure, Data Quality, Calculations/Units,
Graphing, and Analysis/CER.



