Halloween Candy Combustion
Calorimetry STEM Lab
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m Candy Comb Calorimetry -1

Concepts: Enengy in Food « Condervation of Enerpy » Hoat Mediurement
Tieme: 450 minutes [phas ~10-15 min prea) | Groups: pair/iriads

¥ Experiment

Essentlal Guestion
Haw mech ereergy is stored in

and how can we % heat to water?
Learning Tarpets.

*  Mcavare temperature chanpe of water heated by a burning Halloween candy samgde.

= Caloulate energy tranafevred to water using q = m-c-T and estimate food enengy (Calories).

*  Explain sources of error and energy loss in a simphe calorimetar and relate results 1o eutrition labes.

Standards
=« WG5S MS-F33-374 [relasionshi L L o change; hon o
enengyl
= NGS5 HEPS3- 104 li e energy
*  Scence & Engineering Practices:
Mathematics; CER

Aralyting & interpr Using

Tencher Guide
Mutarishs {for <8 groups + tracher dema/ignition)
Per Group
Soda can calorimeter (chean, dry aluminum can with top apening)
250 m beaker or cup to ol the cam upright [or ring stand)
§00 mi ream-temperature water (=100 g
Thermometer [~10 1o 110°C or digital]
Heat-nesistant trary of ceramic tile under apparatus
‘Wieighing trary or smiall foil square
Balance {0.01 g preforred; shared)
| clip or wire stand
[ [, Pmiind
VWooden splir or lorg ®

Tongs/ferceps for sale handling

4
» small zagar cube, or small hard candy}
he)

Shared/Teacher
, Sd:nm(duomI,MtMlmMﬁurlm:f
. ; waber for
. mhm«m:ml:mﬂh

Safety [post & read sloud)

Goggles on for everyone. Long hair tied back; no loose diothing.

TEACHER igrites sameles. Students keep hands and fages away from flames and hot metal.

et apparatus on ¥ b chear. Have avadable.
Do not eat ab food.

Handle hot can and wire with songs; allow to cool before disposalldeanss,

Sebup B Paci

trays.
Rieciew igation

Preps [~10=15 miss]: Fill labeled cugr with 100 sl water; iy out eans, stanss, Balances, thermomaters,

Cheanup & Disporsl

Flow (4560 mink: Intra + Mﬂ?is miri). umwk& lnﬂw!mh 12535 min). Cakeulations &
CER 3tart {10=15 i), Dekeied {5 min).
Cleanup [5=10 min): Extisguish fully; cosl cans; discard residues; wipe benches.

I togonl

= Extinguith any

Task

allew
* Dispose of burned candy and foil in trash; pour cooked warter dow sink.

Geal: Measune the erergy

tangs.
Steps: Each Group

W

You'll need [per groupl: can calorimeter, :wmum« thermameter, balance, small candy, wire stand, tray,

. Mexsure the mass of your ciedy On 3 tray: M., initisl = e

dd 100 mil water to your cauldron [can) =100 g Record initial water temperatures Tom ____*C
Ve teachee will ignite the candy on the wire stand bemsath the eauldres using their wand, Center the
Hlarsse benaath the eacddeon opening

by atieg water in 8 soda-can ealorimeter.

w

Answer Key [ Testher Notes.
qam-cat

asionally [ rim) and watch the themsometer. Wi the
ﬂmmaur mluhw:mmlmnma .

Measure the remaining mass of the candy residue + tray, &
Compute mass burned: Am_candy = m_initial = m_final = B
Recond: All masses, temperatures, and calculated values in your data table.

e each group i done, compile all dats on the Bosed for heir meference,

ASSUME: M = 100 £, T # 220°C, Trm I65°C 5 AT w 1457C
G 100 % 438 g "Cx 10,5 °C w 6051

1 M0, = 0.90 . then Energy per gram = 5060 [0.90 ¢ = 6730 Ifg

Food Calories per gram = (5060 )/ 4184 1Cal) £ 0.90 § = 1.61 Calfg (kealig)

n subtract tray mass o find M, final.

tranafers (1o wates, can, air).

Ioid, making results comparable,

Note: © lower st 1o Pt s to and
Pre-Lab Warm-Up - Sample Answers

1) Definitions:

Calorimetry: of heat transfer by L mass (usually
water].

Compervation of Enengy: Enengy cannat be crested of deitioyed; it transforms [chermical = thermal) nd

1) Cempivtancy erauses. & A3iF 1oSt=Same WIE 055 and gecmetny redute vriation in heat JEteaption ded

3) Prodiction: A pune sughe cube liely releases mone enengy per gram than a masshmallow (which contaieg air
and water that do not add much fued].

kb Extaraions: Optional
Prompt: “Your first setup beaked heat] Redesign your can calarimeter to capture mare enengy i the water”
Student tasks:

ble: flame, insul I i, cardboard sleeve, cotion), of can
height.
+  Caollect new AT data under the samse candy mad.
+  Compare before/after effickency:
Efficieney = T
s, W AIEE
+ Rank designs and o [using surface area, commection, and

Irlation reasaning).

Follow Up Question:
“Estimate how muny mini marshmaliows (2 g sach] would you need 1o power 3 60-Watt lightbulb fer one
L
Given Data

s Power of ightbul: 60 W= 8015

» Time: 1 eninute = 60 seconds

+ Erergyused by bulb:

Eipge = 60 15 % 60 5 = 3600

o Awverape enegy content af & st marihmaliow fram the Lak: = 4,500 1§
Let's anvume one mind marshmallow has a mass of 2g.

$tep s Energy per marhmallow
Ensrponsirn = 4500 4g % 2 5 = 9000

Step 3: Compare 1o bulb energy
!-:hmmnlmﬂ.ﬂl while the bulb needs 3,600 1 for one minute.
o

Marshmallows needed = & - 04
Final Answer:
half ef 04 prorwrer @ 60-W lightbulh for coe

minsgte—If all the candy” per Inta ehectrical 1
Externion Discussion

»  Real systems ane not 100% efficent — only a small fraction of chemical enengy beoomes usable

electricity.
+  In practice, powering a ligh fr v © many coeversion

lenvet are included.

Mames:

Wi all leve canly, but have you ever thought about how much enengy i3 stesed in that Halloween candy you

peteach year?

Pre-lab Warm-Up
1) Define;

Hallaween Candy Combustion Calorimetry — Laboratory Experiment
Dt

Analyils Questions:
I:maeumu:Hwhrrmwwu.gwumwmmmnuw

- Te ngs: warm e sisl radiaticn).

- inta the heating ! Instead of the water.

o ke @ so0ty o heating of water vapor; heat
lot 1 ehe Benchyray.)

2) 1 rwa groups burned the same mass but recorded different AT, what progedural differences could explain
t?

Fame—can distance different < nnumhut transfer for the lower AT group.

flag =5 tip rt water; read too earky/late.
Slldngmr-,f“lumlmmlhm.
Candy pesition off.center so heat missed the can bottom.

. thielding
. S:hthrrmwmmuam-roe«nulm fication vs, well-mixed water.
.

JJCemranwInnf.l‘gmlmlnem"\dhul.l’s"hrwr.hphlnddflmmu o

= Student result s crualy the simpl s
heat: energy wanms f: " and some
& M resultis bigher, it's typically due 1o errar sture, water wolume,
or timing)
) CIR - Example

o Claien: The tested eandy ceenaing =16 kealfp (example valit] e usabie enengy in our secup.
= Evidance: Wi heated 100 g of water from 220 °C to 36.5 °C (8T = 14.5°C)
= Candy mass burned = 0.50
o Lnergrpﬂvlm = 6060 190 g6 73101 ) - 1=161 kal g-1.
. energy, iy In the candy b
e-\}rmnmwhmr ot ks 16 i fean, 30 W mrasured vakor undereitimates the
true food energy.

5) Graph of class data

| Cancy Type | Emevgy (i) Inllulhul!.ﬂ
| Marshmallow | 4,500

| Gummy Candy | 6,000 I1A.t

|Mard Candy | 6,500 155

=
= Conservation of Energy =

2) Why mest we keep the water volume and can position consistent for all grof

3) Predict e would By per gram and why [
Procaduwe
1. Meatare the mass of your candy o0 8 100 My, initil = B

2. Add 100 mb water i your caukdron jcan) =100 g. Record initial waier if
.+ Your teachar will igeite the sandy on the wine stand beneath the cauld:
flame beneath the cauldron
4. Ganiby swirl the cacldron accasionally |use toegs on the rim] and waic
flame: goes out, record the highest water temperature: Ty = L
5. Meajre the remaining mats of the candy residor + tray, mmrm
Compute mass burmech &m_candy = m_initial - m_final =
Recced: All massers, Eemperatures, and caloulated vabues Iﬂwuda’uuble o}
the data from your teacher,

Data & Ghservations
A - Measurements

Ca

s
1) Where did some of the enengy from the burning candy NOT go7 List twa lods patbwanyd.

2) W two grougs burned rece
wmplain it}

AT, what proce cond

3) Compane your kealfg estimate to 3 typical nutrition label vabat for sugas (=4 keal/g). Explain any
differences.

4) CER: Muke 3 elaim our canehy's eneag . Supgart with
based on energy conservation.

and feasaning

5) Create a bar graph: Candy Typs vi. Enengy per gram [4ig or Calfg) afver looking a1 the class daza,

Micasa initial i)

e Pl )

iy burmed ()

\Water volume {mL) {= mass, g

i

T.CCh

~ Cabeulatizns (thiw wark)

ATaT=Ti(C)=

Guester ® Mgs - Conpier~ BT [Coner ® 8,181/ "C)

Energy per gram of candy [Ifg] » o_water [ Am_candy =

Food Calories per gram (kcalfgl 1 Call = 4134 1 3 (G / 4184}
f By =

Percent difference va. label [ avallable] =

‘Criterion A-Exemplary [§pts) | 3 -Proficlent (3 | 2~ Developing (2pty] | 1 - Beginning [1

I 1 1 + ! 2]
Safewy & Setup | Goggles on atall times; | Minor Frequent reminders; | Unsafe behavior
2 secured; i ale o dipregads
apparatus stable on tray; | apparatus. phacerment [lame—can | safety directions;

igrtion rone respected; | stable; follows | ditance, clutter], apparatus
quick iglfhest ignition uritable
| | revponse. | directions. I 1 |
Expermental | V0, conbrok explicithy | Variables Variables partially Varlables unclear;
Design & stated; procedure identified; small | iderified; major deviations
Prosedure Fellowed exscthy with Sevistions but | incansistens invalidate
Fidelity comistent Mame—can kept consistent | distances/volsmes or | comparison.
distance and water encogh for fair | timing,
volume; timingfstiming | test.
| | standuedized, | 1 |
[ Some missing Sparse or
& Data Quality .um.-aum,mr recorded with | units/values; urrebable

recorded with correct | wnits; AT mostly | caboulation mistakes; | measurements;

uniti and sigrificasy comect; minar | Erthe atention to major error make
figures: 8T eomputed g fig ssues, presition. dats unusable.
wmﬂr eutlier
Caleulasions & a.l mm.um Stegn thewn; incomglete stes; Incarrest meshod
Units (g = carried correcty; @ Mg | minor mathfunit | repeated unitfmath. | or missing work;
eneBT; 165 | andkealfg accunate: 1lips corrected | errors; answers resuits ot
fazal) clear statement of inifinal; answers | plausible but Interpretable.
(m_water = .

L | wolume], 1 1 { |
Graphing & Clean bar graph Candy | Graph present | Graph missing Mo graph o gragh
Data Type vs Energy per gram | with title and labelsfunits or scale | not related to
Prasentation | with title, labeled sums s | labels: pemall ditorts comparison; | duts collected,

units; senaible seate; scalingoe bar- | errors invalues,

bars aeurite tocata; | Beight isues.

Anabysis & CER Chim supporied | Vapar Claim abient of
with general claim/evidence: contradicted by
eviderce: neasoning thin or data; ne
reawoning pastially incorrect. resoning.

conservation of energy | mentions at

and heat boos pathrways; | least one boss

sddnedies discrepancies | pathway.
|t d kcallg.




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.



