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INTRODUCTION:
THE HIDDEN
ORDER IN
CHEMICAL
REACTIONS

Chemistry  often  feels
like a story of opposing
forces. Some reactions
s e e m  t o  g o  t o
complet ion,  whi le
others appear to stall,
leaving  a  mixture  of
r e a c t a n t s  a n d
p r o d u c t s .  T h i s
observation lies at the
heart  o f  chemica l
equilibrium,  a  state
where the forward and
reverse reactions occur
a t  the  same  ra te .

Experiment  34  An
Equilibrium Constant
is  a  classic  laboratory
exercise  that  brings
this  abstract  concept
into  sharp  focus.  It
allows  students  and
researchers  to  move
beyond  qualitative
observation  and  into
the quantitative realm,
calculating  the  value
tha t  p red i c t s  the
c o m p o s i t i o n  o f  a
mixture at equilibrium.
Understanding  this
exper iment  i s  not
merely  an  academic
requirement;  it  is  a
gateway  to  grasping
how  countless  natural
a n d  i n d u s t r i a l
processes  operate,
from  the  transport  of
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oxygen in blood to the
synthesis  of  ammonia
for  fert i l izer .  This
article  wil l  dissect
Experiment  34  An
E q u i l i b r i u m
Constant,  exploring
i t s  p u r p o s e ,
methodology,  and
profound  significance
in  the  field  of
chemistry.

THE CORE
CONCEPT: WHAT IS
CHEMICAL
EQUILIBRIUM?

Before  diving  into  the
specifics  of
Experiment  34  An
E q u i l i b r i u m
Constant,  it  is crucial
to  establish  a  solid
foundat ion .  Many
chemical reactions are
reversible. As reactants
convert  into  products,
t h e  p r o d u c t s
themselves  can  begin
to react, reforming the
original reactants. This
i s  n o t  a  s t a t i c

c o n d i t i o n .  I t  i s  a
dynamic  equilibrium.
At  equil ibrium,  the
concen t ra t i on  o f
reactants and products
remains constant  over
time because the rates
of  the  forward  and
reverse  reactions  are
equal.  This  does  not
mean the amounts are
equal;  it  means  their
ratio is stable under a
given set of conditions.
T h e  e q u i l i b r i u m
constant  (K)  is  the
numerical  value  that
expresses  this  ratio.
For a general reaction
aA + bB ⇌ cC + dD ,
t h e  e q u i l i b r i u m
constant  is  defined  as
Kc = [C]c[D]d / [A]a[B]b,
where  the  brackets
d e n o t e  m o l a r
concentrat ions  at
equ i l ib r ium.  Th i s
simple  equation  holds
immense  predictive
power. It tells chemists
t h e  e x t e n t  o f  a
reaction—whether  it
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favors  products  or
reactants—and  i t
a l l o w s  f o r  t h e
calculation of unknown
c o n c e n t r a t i o n s .
Experiment  34  An
Equilibrium Constant
i s  t h e  p r a c t i c a l
appl ication  of  this
theoretical principle.

THE OBJECTIVE OF
EXPERIMENT 34:
AN EQUILIBRIUM
CONSTANT

The  primary  objective
of Experiment 34 An
Equilibrium Constant
is  to  determine  the
numerical  value  of  Kc

for a specific reversible
reaction.  The  most
common  system  used
in  this  experiment
involves  the  reaction
between  iron(III)  ions
(Fe³⁺) and thiocyanate
ions (SCN⁻) to form the
blood-red  complex
iron(III)  thiocyanate
( F e S C N ² ⁺ ) .  T h e
reaction is: Fe³⁺(aq) +

S C N ⁻ ( a q )  ⇌
FeSCN²⁺(aq). The deep
red color of the product
m a k e s  i t  e a s y  t o
m e a s u r e  i t s
concentration  using  a
spectrophotometer,
wh i ch  i s  why  th i s
system  is  ideal.  The
experiment  aims  to
take  known  in i t ia l
concentrations  of  Fe³⁺
and SCN⁻,  allow them
to  reach  equilibrium,
m e a s u r e  t h e
e q u i l i b r i u m
concentration  of  the
colored  product,  and
then use that  data to
c a l c u l a t e  t h e
equilibrium constant.

A STEP-BY-STEP
METHODOLOGY OF
EXPERIMENT 34

Preparati
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on of
Standard

Solutions
The  first  phase  of
Experiment  34  An
Equilibrium Constant
involves  creating  a
series  of  standard
s o l u t i o n s .  T h e s e
standards  contain
known  concentrations
o f  t h e  p r o d u c t ,
FeSCN²⁺.  Since  the
product  is  formed
complete ly  in  the
presence  of  a  large
excess  of  Fe³⁺,  these
standards  serve  as  a
r e f e r e n c e  f o r
c a l i b r a t i n g  t h e
spectrophotometer.
T h e y  c r e a t e  a
relationship  between
a b s o r b a n c e  a n d
concentration,  known
as a Beer-Lambert Law
calibration curve.

Preparati
on of
Equilibriu
m
Mixtures
In  the  second  phase,
s tudents  p repare
several  test  solutions.
These mixtures contain
small,  known  initial
amounts  of  Fe³⁺  and
SCN⁻, but critically, no
e x c e s s  o f  e i t h e r
reactant. The solutions
are allowed to sit until
they reach equilibrium.
The  key  here  is  that
w h i l e  t h e  i n i t i a l
concentrations  are
known, the equilibrium
concentrations are not,
except for one.
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Spectrop
hotometri
c
Measure

ment
Once  the  equilibrium
m i x t u r e s  h a v e
s t a b i l i z e d ,  t h e i r
a b s o r b a n c e  i s
measured  us ing  a
spectrophotometer.
The  instrument  shines
light  of  a  specific
wavelength  (around
4 4 7  n m  f o r  t h i s
reaction)  through  the
sample. The amount of
l i gh t  abso rbed  i s
directly proportional to
the  concentration  of
the  colored  FeSCN²⁺
ion. By comparing the
absorbance  of  the
equilibrium mixture  to
the  calibration  curve

d e r i v e d  f r o m  t h e
s t a n d a r d s ,  t h e
e q u i l i b r i u m
concentration  of  the
p r o d u c t  c a n  b e
accurately determined.

Using the
ICE Table
With  the  equilibrium
concen t ra t i on  o f
FeSCN²⁺  known,  the
rest of the puzzle can
be solved using an ICE
table  (Initial,  Change,
Equilibrium). This is the
heart of the calculation
for Experiment 34 An
E q u i l i b r i u m
Constant .

Initial: Record
the initial
concentrations of
Fe³⁺ and SCN⁻
before any
reaction occurs.
Change: Based
on the
stoichiometry of
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the balanced
equation (1:1:1),
the amount of
FeSCN²⁺ formed
(measured via
spectrophotomet
ry) equals the
amount of Fe³⁺
and SCN⁻ that
were consumed.
This value
represents the
change.
Equilibrium:
Subtract the
change from the
initial
concentrations to
find the
equilibrium
concentrations of
the reactants.
Calculate the
concentration of
the product.

Finally, the equilibrium
constant  is  calculated
using the formula Kc =
[ F e S C N ² ⁺ ]  /
([Fe³⁺][SCN⁻]).  This
calculation  is  typically

performed for multiple
test solutions, and the
K values are averaged
t o  o b t a i n  a  m o r e
reliable  result.

THE CRITICAL
ROLE OF DATA
ANALYSIS IN
EXPERIMENT 34

T h e  s u c c e s s  o f
Experiment  34  An
Equilibrium Constant
hinges  on  meticulous
data analysis. A simple
arithmetic  error  or  a
misinterpretation  of
absorbance  readings
can  lead  to  wi ld ly
inaccurate  K  values.
S t u d e n t s  m u s t
carefully  account  for
dilution  factors  when
preparing  solutions.
For example, if you mix
5  mL of  Fe³⁺  solution
wi th  5  mL  o f  SCN⁻
solution,  the  initial
concentrations  are
halved.  These  dilution
c a l c u l a t i o n s  a r e
f u n d a m e n t a l .
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Fur thermore ,  the
construction  of  the
calibration curve must
be  precise.  A  linear
relationship  (Beer's
Law  plot)  should  be
observed,  and  the
best-fit  line  provides
the  equation  used  to
convert  absorbance to
c o n c e n t r a t i o n .
Experiment  34  An
Equilibrium Constant
teaches that chemistry
is not just about mixing
chemicals;  it  is  about
t h e  p r e c i s e
mathemat ics  that
define  their
interactions.

COMMON PITFALLS
AND HOW TO
AVOID THEM IN
THIS EXPERIMENT

E v e n  w i t h  a
s t r a i g h t f o r w a r d
procedure,  several
issues can arise during
Experiment  34  An
E q u i l i b r i u m
Constant .

Contamination:
Any residue from
previous
experiments,
especially from
transition metals,
can interfere
with the
colorimetric
analysis. Clean
glassware is
paramount.
Timing: While
the reaction
reaches
equilibrium
quickly, if
measurements
are taken too
early, the system
may not be
stable, leading to
incorrect values.
Instrument
Error: A poorly
calibrated
spectrophotomet
er or a cuvette
with fingerprints
will scatter light
and give
inaccurate
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readings. Always
handle cuvettes
by the frosted
sides.
Temperature
Fluctuations:
The equilibrium
constant is
temperature-
dependent.
Experiment 34
An Equilibrium
Constant
assumes
isothermal
conditions. If the
room
temperature
changes
significantly
during the lab,
the calculated K
value will be an
average that
does not
correspond to a
single
temperature.
Misreading the
ICE Table: A
classic error is
forgetting that

the change row
in the ICE table
uses the
stoichiometric
coefficients. For
a 1:1 reaction
this is simple,
but for other
systems, it
requires careful
attention.

By  be ing  aware  of
these pitfalls, students
can  improve  the i r
accuracy  and  better
a p p r e c i a t e  t h e
precision  required  in
analytical  chemistry.

WHY THIS
EXPERIMENT
MATTERS: REAL-
WORLD
APPLICATIONS

The knowledge gained
from  Experiment  34
A n  E q u i l i b r i u m
Constant  extends  far
beyond  the  teaching
laboratory.  Equilibrium
c o n s t a n t s  a r e
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c o r n e r s t o n e s  o f
i n d u s t r i a l  a n d
biological chemistry.

Industrial
Chemical
Productio
n
Consider  the  Haber-
Bosch  process  for
synthesizing  ammonia
(N₂  +  3H₂  ⇌  2NH₃).
Understanding  the
equilibrium  constant
for this reaction allows
engineers to determine
t h e  o p t i m a l
tempera tu re  and
pressure  to  maximize
yield.  Without  this
knowledge,  producing
fertilizer  for  global
agriculture  would  be
inefficient  and  costly.
Experiment  34  An
Equilibrium Constant
t e a c h e s  t h e  c o r e

principle  that  controls
these  large-sca le
processes.

Biological
Systems
In the human body, the
binding  of  oxygen  to
h e m o g l o b i n  i s  a
reversible  equilibrium
reaction:  Hb + 4O₂  ⇌
H b ( O ₂ ) ₄ .  T h e
equilibrium  constant
f o r  t h i s  r e a c t i o n
dictates  how efficiently
oxygen is picked up in
the lungs and released
in tissues. Factors like
pH  and  temperature
shift this equilibrium, a
phenomenon known as
the  Bohr  effect.  The
m a t h e m a t i c a l
f o u n d a t i o n  f o r
understanding  this  is
i d e n t i c a l  t o  t h a t
p r a c t i c e d  i n
Experiment  34  An
E q u i l i b r i u m
Constant .



10

10 Experiment 34 An Equilibrium
Constant

2026-01-27

Environm
ental
Chemistr
y
Equilibrium  constants
are used to predict the
solubility of minerals in
water,  the  distribution
of  pollutants  between
air and water, and the
effectiveness  of  water
treatment  processes.
Fo r  i ns tance ,  the
solubi l i ty  product
constant (Ksp) is a type
of equilibrium constant
t h a t  d e t e r m i n e s
whether  a  precipitate
will form in a solution.

Pharmace

utical
Develop
ment
Drug  molecules  often
work  by  binding  to
receptors in the body.
T h e  e q u i l i b r i u m
constant for  the drug-
receptor  interaction
(binding  affinity)  is  a
key parameter in drug
design. A high binding
affinity  means  a  lower
dose is needed for the
drug  to  be  effective.
Experiment  34  An
Equilibrium Constant
provides  practical
e x p e r i e n c e  i n
measuring just such a
binding constant.

VARIATIONS OF
EXPERIMENT 34

While  the  Fe³⁺/SCN⁻
system  is  the  most
common, the principles
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of Experiment 34 An
Equilibrium Constant
can be applied to other
chemical systems.

Acid-Base
Indicators: The
color change of
an indicator like
phenolphthalein
is a result of a
shift in an
equilibrium
between its
acidic and basic
forms. Students
can determine
the equilibrium
constant (Kin) for
the indicator
using a similar
spectrophotomet
ric approach.
Partition
Coefficients:
When a solute
distributes itself
between two
immiscible
solvents (e.g.,
iodine between
water and carbon

tetrachloride), an
equilibrium
constant called
the partition
coefficient can
be determined.
This experiment
often involves
titration rather
than
spectrophotomet
ry.
Gaseous
Equilibria:
While less
common in
introductory labs,
experiments
involving gases
(like the
dissociation of
N₂O₄ to NO₂)
allow for the
determination of
Kp (the
equilibrium
constant in terms
of partial
pressures) by
measuring
pressures or
color intensities.
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E a c h  v a r i a t i o n
reinforces  the  central
theme of  Experiment
34  An  Equilibrium
Constant :  tha t  a
measurable,  constant
value  governs  the
relationship  between
r e a c t a n t s  a n d
products.

THE DEEPER
EDUCATIONAL
VALUE OF THIS
EXPERIMENT

Beyond the chemistry,
Experiment  34  An
Equilibrium Constant
serves  a  profound
educational purpose. It
is an exercise in critical
thinking  and  scientific
methodology. Students
formulate a hypothesis
(that  K  is  constant
across  different  initial
concentrations), collect
d a t a ,  p e r f o r m
calculations,  and  then
evaluate  their  results.
I f  the  calculated  K
values  vary  widely,

s t u d e n t s  m u s t
troubleshoot  their
t e c h n i q u e .  T h i s
iterative  process  of
analysis  and  reflection
is  a  cornerstone  of
scientific  inquiry.  The
e x p e r i m e n t  a l s o
b r i d g e s  t h e  g a p
between  theory  and
p r a c t i c e .  M a n y
students can recite the
definition of Kc, but it is
o n l y  w h e n  t h e y
struggle  with  an  ICE
table  or  question  why
the i r  absorbance
reading  seems  off  that
they  truly  internalize
t h e  c o n c e p t .
Experiment  34  An
Equilibrium Constant
is not just a lab report;
it is a lesson in how we
know what we know in
chemistry.

CONCLUSION: THE
LEGACY OF
EXPERIMENT 34

Experiment  34  An
Equilibrium Constant
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i s  fa r  more  than  a
routine  laboratory
procedure .  I t  i s  a
carefully  designed
pedagogical  tool  that
introduces students to
t h e  q u a n t i t a t i v e
analysis  of  reversible
r e a c t i o n s .  B y
c o m b i n i n g  w e t
chemical  techniques
w i t h

spectrophotometr ic
instrumentation  and
algebraic  reasoning,  it
p r o v i d e s  a
c o m p r e h e n s i v e
learning  experience.
T h e  e x p e r i m e n t
demystifies  the
abstract symbol K and
gives  it  a  tangible,
measurable  reality.
Whether  a  student
pursues a career in


