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UNDERSTANDING EXPERIMENT
12 IN CHEM 21 LABS: A
COMPLETE GUIDE TO
CALORIMETRY AND HESS’S LAW

For many students navigating a general
chemistry laboratory course, Experiment
12  in  the  Chem  21  Labs  curriculum
represents  a  pivotal  moment  in
understanding  core  thermodynamic

principles.  This  experiment,  which
typically  focuses  on  calorimetry  and
Hess’s Law, challenges learners to move
beyond theoretical equations and apply
the i r  knowledge  to  rea l -wor ld
measurements  of  heat  transfer.  If  you
are searching for Experiment 12 Chem
21  Labs  Answers,  you  are  likely
looking for clarity on how to approach
the  data  collection,  calculations,  and
conceptual  questions  that  accompany
this lab. This article provides a thorough
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walkthrough  of  the  experiment’s
objectives, procedures, common pitfalls,
and strategies  for  arriving  at  accurate
results,  all  while  fostering  a  genuine
understanding of the chemistry involved.
Rather  than  simply  providing  a  list  of
answers, this guide is designed to help
you understand the “why” behind each
step. Mastering Experiment 12 is not just
about getting the right number on your
report  sheet;  it  is  about  building  a
foundation for more advanced topics in
thermochemistry.  Let  us  explore  the
components of this experiment in detail,
ensuring  you  are  well-prepared  to
perform the lab, interpret your data, and
answer  post- lab  quest ions  with
confidence.

The Core
Objective: What
Experiment 12
Aims to Teach
Experiment  12  in  the  Chem  21  Labs
series is almost universally dedicated to
the  principle  of  Hess’s  Law  and  the
practical  application  of  calorimetry.
Hess’s Law states that the total enthalpy
change  for  a  chemical  reaction  is  the
same, regardless of whether it occurs in
a  single  step  or  through  a  series  of
intermediate  steps.  This  means that  if
you can measure the heat absorbed or
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released for a set of related reactions,
you can calculate the enthalpy change
for a target reaction that may be difficult
or impossible to measure directly in the
lab.
The experiment typically involves using
a simple calorimeter—often a Styrofoam
cup with a lid—to measure temperature
changes during acid-base neutralization
reactions.  By  conducting  two  or  three
related  reactions  and  applying  Hess’s
Law,  students  can  determine  the
enthalpy change for  a  target  reaction,
such as the formation of a salt  or the
dissolution  of  a  solid.  The  hands-on
nature of this lab reinforces the additive
property of enthalpy and highlights the
importance  of  careful  temperature
measurement.

Common
Laboratory Setup
for Experiment
12
Before  diving  into  the  specifics  of
answers and calculations, it is helpful to
review  the  typical  equipment  and
reagents you will encounter. Familiarity
with your  tools  reduces the chance of
experimental  error  and  leads  to  more
reliable  data.  In  most  Chem  21  Labs
sections,  Experiment  12  requires  the
following:

Two Styrofoam cups (one nested
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inside the other for insulation)
A lid with a hole for a thermometer
or temperature probe
A digital thermometer or
temperature probe with 0.1°C
precision
A graduated cylinder for
measuring liquid volumes
Stirring rod or magnetic stirrer
Reagents such as HCl, NaOH,
NH₄Cl, or NH₃ solutions (varying by
your specific lab manual)

The quality of your data depends heavily
on how well you insulate the calorimeter
and  how  consistently  you  stir  the
s o l u t i o n .  S m a l l  t e m p e r a t u r e
changes—sometimes  as  l i tt le  as
2–5°C—must  be  recorded  accurately
because  these  values  are  used  in  all

subsequent  calculations.  I f  your
experimental setup has poor insulation,
you will  lose heat to the surroundings,
and your calculated enthalpy values will
be lower than expected.

Step-by-Step
Procedure: What
Happens in the
Lab
Although  the  exact  steps  may  vary
slightly depending on your institution’s
version of Chem 21 Labs, Experiment 12
general ly  fo l lows  a  predictable
sequence. Understanding this sequence
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will  help  you  locate  the  answers  you
need in your own data set.

Part A:
Measuring the
Heat Capacity of
the Calorimeter
Before  you  can  measure  reaction
enthalpies, you must first determine the
heat capacity of your calorimeter. This is
often done by mixing a known volume of
warm water with a known volume of cool
water  inside  the  calorimeter.  By
measuring  the  temperature  change  of
each  portion,  you  can  calculate  how

much heat the calorimeter itself absorbs.
This value, usually expressed in J/°C or
cal/°C,  is  essential  for  correcting  your
later measurements.
Key points for this part:

Record the temperature of the
cold water and the warm water
before mixing.
Start timing the temperature of
the mixture immediately after
combining.
Plot the temperature versus time
to find the maximum temperature
reached (this corrects for heat
loss).
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Part B:
Measuring
Enthalpy
Changes for
Individual

Reactions
In this portion, you will perform two or
three reactions sequentially. A common
pair involves:

The reaction of HCl with NaOH (a1.
strong acid-strong base

neutralization).
The reaction of NH₃ with HCl (a2.
weak base-strong acid
neutralization).

Some lab manuals also include a third
reaction, such as the dissolution of NH₄Cl
in  water.  The  goal  is  to  measure  the
temperature  change  for  each  reaction
and calculate the heat released (q) using
the equation: q = m × Cₚ × ΔT, where m
is the total mass of the solution, Cₚ is the
specific  heat  capacity  (usually
approximated  as  4.18  J/g°C  for  dilute
aqueous  solutions),  and  ΔT  is  the
temperature  change.
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Part C: Applying
Hess’s Law
Once  you  have  the  experimental
enthalpy  changes  for  the  individual
reactions,  you  wil l  arrange  them
algebraically to find the enthalpy change
for  a  target  reaction.  For  example,  if
your target is the overall reaction of NH₃
with  HCl  to  form NH₄Cl  (aq),  you  can
combine the measured reactions so that
intermediate species cancel out, leaving
the  desired  net  equation.  This  step
requires careful bookkeeping of reaction
coefficients and signs.

COMMON CALCULATIONS AND

HOW TO FIND EXPERIMENT 12
CHEM 21 LABS ANSWERS

Students  often  get  stuck  on  the
mathematical portion of Experiment 12.
The  most  frequent  questions  revolve
around  how to  handle  negative  signs,
how to convert temperature changes to
joules,  and  how  to  express  results  in
k J /mol .  Let  us  break  down  each
calculation  in  plain  language.

Calculating the
Heat Capacity of
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the Calorimeter
(C_cal)
When you mix warm and cold water, the
heat lost by the warm water equals the
heat gained by the cold water plus the
heat gained by the calorimeter. You can
solve for C_cal using this formula:
q_lost  (warm  water)  =  q_gained
( c o l d  w a t e r )  +  q _ g a i n e d
(calorimeter)
Where q = m × 4.18 J/g°C × ΔT for each
water portion.  The heat gained by the
calorimeter is  equal  to C_cal  × ΔT_cal
(where ΔT_cal is the same as ΔT for the
cold water, since the calorimeter starts
at the cold water temperature).

Typical values for C_cal range from 10 to
50  J/°C,  depending  on  the  size  and
construction of your calorimeter. If your
calculated C_cal  is  negative,  you likely
mixed  up  your  temperature  differences
or  entered  a  sign  incorrectly.

Calculating
Enthalpy Change
for Each
Reaction
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(ΔH_rxn)
For each reaction you perform in Part B,
you  will  calculate  the  heat  released
(q_rxn) using:
q_rxn = -(m_solution × 4.18 J/g°C × ΔT
+ C_cal × ΔT)
The  negative  sign  is  crucial:  if  the
temperature  increases  (exothermic),
q_rxn  is  negative,  indicating  heat  is
released by the system. You then divide
q_rxn by the number of moles of limiting
reactant to obtain ΔH in kJ/mol. Pay close
a t t e n t i o n  t o  t h e  v o l u m e  a n d
concentration  of  your  solutions  to
calculate moles correctly. For instance, if
you used 50.0 mL of 1.0 M HCl, that is
0.0500 moles of HCl.

Applying Hess’s
Law to Find the
Target ΔH
Once  you  have  the  experimental  ΔH
values for your individual reactions, you
will  manipulate  their  thermochemical
equations so that they sum to the target
equation. This involves:

Reversing a reaction (which1.
changes the sign of ΔH).
Multiplying a reaction by a2.
coefficient (which multiplies ΔH by
the same factor).
Adding the equations together and3.
canceling species that appear on
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both sides.

For example,  if  your target reaction is
NH₃ (aq) + HCl (aq) → NH₄Cl (aq), and
you have measured ΔH for HCl + NaOH
and for NH₃ + HCl, you may not need to
manipulate  the  equations  at  all—they
may already sum directly.  However,  if
your  lab  involves  the  dissolution  of
NH₄Cl,  you  may  need  to  reverse  that
reaction and add it to another to cancel
t h e  s o l i d  o r  a q u e o u s  s p e c i e s
appropriately.
The  final  calculated  ΔH  for  the  target
reaction should be close to the accepted
literature  value,  usually  around  -50  to
-55 kJ/mol for a neutralization reaction.
Deviations  beyond  10-15%  typically
indicate  procedural  errors  such  as
incomplete  mixing,  poor  insulation,  or

incorrect molarity assumptions.

INTERPRETING POST-LAB
QUESTIONS FOR EXPERIMENT 12

Your  lab report  for  Experiment  12 will
almost  certainly  include  conceptual
ques t i ons  t ha t  go  beyond  the
calculations.  These  questions  are
designed to test your understanding of
the underlying principles. Here are some
common themes and how to approach
them thoughtfully.

Sources of Error
and Their Impact
One frequently asked question asks you
to identify the largest source of error in



Experiment 12 Chem 21 Labs Answers 11

11

your  experiment.  The  most  common
answer  relates  to  heat  loss  to  the
surroundings.  Even with  a  Styrofoam
cup  calorimeter,  some  heat  escapes
during the reaction, leading to a lower
measured  ΔT  and  therefore  a  smaller
calculated  ΔH.  Other  sources  of  error
include:

Inaccurate temperature readings
(if the thermometer is not
calibrated or if you read it too
quickly).
Incomplete reaction (if the
solutions are not mixed
thoroughly).
Incorrect assumption about
specific heat capacity (the 4.18
J/g°C value assumes the solution
has the same density and heat

capacity as pure water, which is
not exactly true for concentrated
solutions).

Why Is Hess's
Law Valid?
Another  common  question  asks  why
Hess’s Law works. The answer lies in the
fact that enthalpy is a state function.
This means that its value depends only
on  the  initial  and  final  states  of  the
system,  not  on the path  taken to  get
there. Therefore, as long as you can add
the  enthalpy  changes  of  a  series  of
reactions that connect the same initial
and  final  states,  the  sum  will  equal  the
enthalpy change for the overall reaction.
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Remind  yourse l f  t ha t  th i s  i s  a
consequence  of  the  First  Law  of
Thermodynamics—energy is conserved.

Comparison with
Theoretical
Values
When your post-lab questions ask you to
compare  your  experimental  ΔH to  the
accepted literature value, do not simply
say  “they  are  close”  or  “they  are
different.”  Analyze  the  discrepancy:  Is
your  experimental  value  less  negative
than expected? That is consistent with
heat loss. Is it more negative? That could
indicate  that  the  specific  heat  capacity

of your solution was actually higher than
4 .18  J /g°C ,  o r  that  your  in i t ia l
temperature  readings  were  off.  A
thoughtful answer shows your instructor
that  you  understand  the  physical
meaning  behind  the  numbers.

STUDY TIPS FOR SUCCESS WITH
EXPERIMENT 12

If you are preparing for a quiz or writing
your  lab  repor t  and  need  so l id
Experiment  12  Chem  21  Labs
Answers,  the  best  approach  is  to
combine  careful  data  analysis  with
conceptual  review.  Here  are  a  few
actionable  tips:

Graph your temperature data:
For each reaction, plot
temperature versus time. The



Experiment 12 Chem 21 Labs Answers 13

13

initial rapid rise followed by a
plateau (and then a slow cooling)
helps you identify the maximum
temperature. This is more accurate
than simply taking the highest
number you see.
Use consistent units: Convert all
masses to grams, all temperatures
to Celsius, and all volumes to liters
or milliliters as needed. A common
mistake is using mL where grams

are needed, but for dilute aqueous
solutions, 1 mL ≈ 1 g.
Check your sign conventions:
After every calculation, ask
yourself: Is this reaction
exothermic (temperature goes up,
ΔH negative) or endothermic
(temperature goes down, ΔH
positive)? If your sign does not
match your expectation, recheck
your work.


