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I n t ro d u c t i o n
For any reve rs i ble chemical reaction at equilibri u m , the concentrations of all reactants and pro d u c t s
a re constant or stabl e. Th e re is no further net ch a n ge in the amounts of reactants and pro d u c t s
unless the reaction mixture is disturbed in some way. The equilibrium constant provides a mat h e-
m atical description of the position of equilibrium for any reve rs i ble chemical reaction. Wh at is the
e q u i l i b rium constant and how can it be determ i n e d ?

C o n c e p t s
• Chemical equilibrium • Equilibrium constant

• Complex-ion reaction • Colorimetry

B a c k g ro u n d
A ny reve rs i ble reaction eve n t u a l ly re a ches a position of chemical equilibrium. In some cases, e q u i-
l i b rium favo rs products and it ap p e a rs that the reaction proceeds essentially to completion. Th e
amount of reactants remaining under these conditions is ve ry small. In other cases, e q u i l i b ri u m
favo rs reactants and it ap p e a rs that the reaction occurs only to a slight extent. Under these 
c o n d i t i o n s , the amount of products present at equilibrium is ve ry small.

These ideas can be ex p ressed mat h e m at i c a l ly in the fo rm of the equilibrium constant. Consider the
fo l l owing ge n e ral equation for a reve rs i ble chemical re a c t i o n :

aA + bB cC + dD Equation 1

The equilibrium constant Ke q for this ge n e ral reaction is given by Equation 2, wh e re the square
b ra ckets re fer to the molar concentrations of the reactants and products at equilibri u m .

[C]c[D]d

Keq = ———— Equation 2
[A]a[B]b

I N 6 3 5 2 A
0 6 0 5 0 3
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The equilibrium constant gets its name from the fact that for any reve rs i ble chemical re a c t i o n , t h e
value of Ke q is a constant at a particular temperat u re. The concentrations of reactants and pro d u c t s
at equilibrium va ry, d epending on the initial amounts of mat e rials present. The special ratio of
reactants and products described by Ke q is always the same, h oweve r, as long as the system has
re a ched equilibrium and the temperat u re does not ch a n ge. The value of Ke q can be calculated if the
c o n c e n t rations of reactants and products at equilibrium are know n .

The reve rs i ble chemical reaction of iron(III) ions (Fe3 +) with thiocya n ate ions (SCN–) provides a
c o nvenient example for determining the equilibrium constant of a reaction. As shown in Equat i o n
3 , Fe3 + and SCN– ions combine to fo rm a special type of combined or “ c o m p l ex ” ion having the
fo rmula Fe S C N2 +.

Fe3+(aq) + SCN–(aq) FeSCN2+(aq) Equation 3
Pale yellow Colorless Blood-red

The equilibrium constant ex p ression for this reaction is given in Equation 4.

[FeSCN2+]
Ke q = —————– Equation 4

[Fe3+][SCN–]

The value of Ke q can be determined ex p e ri m e n t a l ly by mixing known concentrations of Fe3 + a n d
S C N– ions and measuring the concentration of Fe S C N2 + ions at equilibrium. As noted in Equat i o n
3 , the reactant ions are pale ye l l ow and colorl e s s , re s p e c t ive ly, while the product ions are bl o o d -
re d. The concentration of Fe S C N2 + c o m p l ex ions at equilibrium is pro p o rtional to the intensity of
the red color.

A special sensor or instrument called a colorimeter can be used to measure the absorbance of light
by the red ions. The more intense the red color, the gre ater the ab s o r b a n c e. The wavelength of light
absorbed by the red ions is about 450 nm. None of the other ions present in solution absorb light at
this wavelength. As long as the same size container is used to measure the absorbance of each solu-
t i o n , the absorbance is dire c t ly pro p o rtional to the concentration of Fe S C N2 + i o n s .

Experiment Overview
The purpose of this ex p e riment is to calculate the equilibrium constant for the reaction of iro n ( I I I )
ions with thiocya n ate ions. The reaction is tested under diffe rent conditions to determine if the
e q u i l i b rium constant always has the same nu m e rical va l u e. Th e re are two parts to the ex p e ri m e n t .

In Pa rt A , a series of re fe rence solutions and test solutions are prep a re d. The re fe rence solutions are
p rep a red by mixing a large excess of Fe3 + ions with known amounts of SCN– ions. A c c o rding to
L e C h â t e l i e r ’s Pri n c i p l e, the large excess of iron(III) ions should effe c t ive ly conve rt all of the thio-
cya n ate ions to the bl o o d - red Fe S C N2 + c o m p l ex ions. The concentration of Fe S C N2 + c o m p l ex ions
in the re fe rence solutions is essentially equal to the initial concentration of SCN– ions. The test solu-
tions are prep a red by mixing a constant amount of Fe3 + ions with diffe rent amounts of SCN– i o n s .
These solutions contain unknown concentrations of Fe S C N2 + ions at equilibri u m .

In Pa rt B, the absorbances of both the re fe rence solutions and the test solutions are measured by
c o l o ri m e t ry. A calibration curve is constructed from the ab s o rption values of the re fe rence solu-
tions. The unknown concentrations of Fe S C N2 + in the test solutions are calculated by compari n g
their absorbance readings to the absorbance values of the calibration curve.
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P re-Lab Questions (Show all work on a separate sheet of paper.)

1 . “ The equilibrium concentration of Fe S C N2 + ions in each re fe rence solution is essentially equal
to the concentration of SCN– ions in solution befo re any reaction occurs .” Use LeChâtelier’s
P rinciple to explain why this statement is tru e.

2 . The five re fe rence solutions in Pa rt A are prep a red by mixing the 0.200 M Fe ( N O3)3 s o l u t i o n
and the 0.00020 M KSCN solution in the amounts listed in the fo l l owing tabl e.

Volume of 0.200 M Volume of 0.0002 M
S t a n d a rd Fe ( N O3)3 S o l u t i o n KSCN Solution

R e fe rence solution #1 8.0 mL 2.0 mL

R e fe rence solution #2 7.0 mL 3.0 mL

R e fe rence solution #3 6.0 mL 4.0 mL

R e fe rence solution #4 5.0 mL 5.0 mL

R e fe rence solution #5 4.0 mL 6.0 mL

The concentration of Fe3 + ions in the fi rst re fe rence solution (M2) befo re any reaction occurs
can be calculated using the so-called “dilution equat i o n ,” as shown below.

M1V1 = M2V2 Dilution Equation

M1 = c o n c e n t ration of solution befo re mixing = 0.200 M Fe ( N O3)3

V1 = volume of solution befo re mixing = 8.0 mL

V2 = final volume of re fe rence solution after mixing = 8 . 0 + 2.0 mL = 10.0 mL

M1V1 (0.200 M)(8.0 mL)
M2 = — — — = — — — — — — — — – = 0.16 M

V2 (10.0 mL)

Use the dilution equation to calculate the concentration of SCN– ions in the five re fe rence solu-
tions befo re any reaction occurs. Enter these values in the Refe rence Solutions Data Table as
[FeSCN2+] .

3 . The fo l l owing table summari zes the volumes of Fe3 + and SCN– s t o ck solutions that will be
m i xed together to prep a re the test solutions in Pa rt A. Use the dilution equation to calculate the
c o n c e n t rations of Fe3 + and SCN– ions in each test solution befo re any reaction occurs. Enter the
results of these calculations in scientific notation in the Test Solutions Data Table. Hint: Th e
final volume (V2) of each test solution is 10.0 mL.

Volume of 0.0020 M Volume of 0.0020 M Volume of Distilled 
S a m p l e Fe ( N O3)3 S o l u t i o n KSCN Solution Water A dd e d

Test solution #6 5.0 mL 1.0 mL 4.0 mL

Test solution #7 5.0 mL 2.0 mL 3.0 mL

Test solution #8 5.0 mL 3.0 mL 2.0 mL

Test solution #9 5.0 mL 4.0 mL 1.0 mL

Test solution #10 5.0 mL 5.0 mL 0 mL
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M a t e r i a l s
I ron(III) nitrat e, Fe ( N O3)3, 0.200 M, 30 mL† B e a ke rs or large test tubes, 5 0 - m L , 1 0

I ron(III) nitrat e, Fe ( N O3)3, 0.0020 M, 25 mL† C u vettes with lids, 6

Potassium thiocya n at e, K S C N, 0.0020 M, 15 mL L abeling or marking pen

Potassium thiocya n at e, K S C N, 0.0002 M, 20 mL P i p e t s , s e ro l ogi c a l - t y p e, 5- or 10-mL, 5

Wat e r, distilled or deionize d Pipet bulb or pipet fi l l e r

C o l o rimeter sensor or spectro p h o t o m e t e r S t i rring ro d

Computer interface system (Lab P ro ) , 1 5 * Tissues or lens pap e r, l i n t - f re e

Computer or calculator for data collection, 1 5 * Th e rm o m e t e r

D ata collection softwa re (Logge r P ro ) * Wash bottle

*Not re q u i red if spectrophotometer is used.
†Contains 1 M n i t ric acid as the solve n t .

Safety Pre c a u t i o n s
I ron(III) nitrate solution contains 1 M nitric acid and is a corro s ive liquid; it will stain skin and
cl o t h i n g. Notify the teacher and clean up all spills immediat e ly. Potassium thiocya n ate is toxic by
i n gestion; it can ge n e rate poisonous hy d rogen cyanide gas if heated stro n g ly. Avoid contact of all
chemicals with eyes and skin. Wear chemical splash goggles and ch e m i c a l - resistant gloves and
ap ron. Wash hands thoro u g h ly with soap and water befo re leaving the lab o rat o ry.

P ro c e d u re

Part A. Preparing the Solutions
1 . Obtain ten 50-mL beake rs or large test tubes.

2 . P rep a re the five re fe rence solution test tubes or beake rs listed in the table below. Use a sep a rat e
pipet to tra n s fer the ap p ro p ri ate volumes of each re agent. Mix each solution using a stirri n g
ro d. Rinse the stirring rod and dry it between solutions. Label the test tubes or beake rs with the
c o rresponding re fe rence solution nu m b e r.

Volume of 0.200 M Volume of 0.00020 M
S t a n d a rd Fe ( N O3)3 S o l u t i o n KSCN Solution

R e fe rence solution #1 8.0 mL 2.0 mL

R e fe rence solution #2 7.0 mL 3.0 mL

R e fe rence solution #3 6.0 mL 4.0 mL

R e fe rence solution #4 5.0 mL 5.0 mL

R e fe rence solution #5 4.0 mL 6.0 mL



3 . Using a sep a rate pipet for each re agent to be add e d, combine the fo l l owing volumes of
re agents to prep a re the test solutions. Note: L abel the tubes with the corresponsing solution
nu m b e rs  6 through 10. Read the re agent labels care f u l ly befo re use!

R e age n t s

S a m p l e 0.0020 M Fe ( N O3)3 0.0020 M K S C N Distilled Wat e r

Test solution #6 5.0 mL 1.0 mL 4.0 mL

Test solution #7 5.0 mL 2.0 mL 3.0 mL

Test solution #8 5.0 mL 3.0 mL 2.0 mL

Test solution #9 5.0 mL 4.0 mL 1.0 mL

Test solution #10 5.0 mL 5.0 mL 0 mL

4 . Mix each solution using a stirring ro d. Rinse the stirring rod and dry it between solutions.

5 . M e a s u re the temperat u re of one of the solutions and re c o rd it in the Test Solutions Data Tabl e.
This is assumed to be the equilibrium temperat u re for all of the solutions.

Part B. Colorimetry Measurements
1 . Fo l l ow the pro c e d u re for your colori m e t ric measurements of the solution as directed by the

i n s t ru c t o r. Genera l ly, s p e c t ro p h o t o m e t e rs are used as fo l l ow s : Tu rn the instrument on and
a l l ow it to wa rm up for 15 minutes. Set the wavelength at 450 nm. With no light passing
t h rough the instrument to the phototube, set the percent transmittance to ze ro with the “ ze ro ”
c o n t rol. Handle cuvets at the top so no fi n ge rp rints are in the light path. Polish cuvets with a
t i s s u e. Place a cuvet wh i ch is about 2/3 full of distilled water into the sample holder and set the
p e rcent transmittance to 100% with the ap p ro p ri ate control (not the ze ro control). Fill a cuve t
about 2/3 full of a test solution, place it in the spectrophotometer and read the ab s o r b a n c e.
Consult the instrument manual for details on its use.

2 . M e a s u re the absorbance of each of the re fe rence solutions at 450 nm, using distilled water as
the ze ro absorbance re fe rence in the spectro p h o t o m e t e r. If absorbance is difficult to measure
p re c i s e ly on the meter because it is in the high ra n ge wh e re the nu m b e rs are close toge t h e r,
m e a s u re percent transmittance and calculate the absorbance for each solution. A b s o r b a n c e =
– l og T, wh e re T is transmittance ex p ressed as a decimal. Record the absorbance value for each
re fe rence solution used in the Refe rence Solutions Data Tabl e.

3 . R ep e at step 2 for each of the test solutions. Record the absorbances in the Test Solution Dat a
Tabl e.

4 . Dispose of the contents of the cuvets and of the remaining test solutions as directed by yo u r
i n s t ru c t o r. Fo l l ow your instru c t o r ’s directions for rinsing and drying the cuve t s .
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N a m e _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Data Ta b l e s

Reference Solutions

Temperature

Sample [FeSCN2+] Absorbance

Reference solution #1

Reference solution #2

Reference solution #3

Reference solution #4

Reference solution #5

Test Solutions

Temperature

Sample [Fe3+]* [SCN–]* Absorbance

Test solution #6

Test solution #7

Test solution #8

Test solution #9

Test solution #10

*These are the concentrations of ions in solution immediat e ly after mixing and befo re any reaction has occurre d.
See the Pre-Lab Questions for calculat i o n s .

Results Ta b l e

Sample [FeSCN2+]eq [Fe3+]eq [SCN–]eq Keq

Test Solution #6

Test Solution #7

Test Solution #8

Test Solution #9

Test Solution #10

Average value

Average deviation



Post-Lab Calculations and Analysis 
(Use a separate sheet of paper to answer the following questions.)

1 . Plot molar concentration of Fe S C N2 + ve rsus absorbance as shown in Fi g u re 1, and draw the
b e s t - fitting straight line through the data points. Include the ori gin (ze ro absorbance for ze ro
c o n c e n t ration) as a valid point.

Figure 1. Sample Graph of Absorbance ve rsus Concentration of Fe S C N2 +

2 . The unknown concentration of Fe S C N2 + ions in each test solution can be determined from the
graph. Find the absorbance value of the test solution, read across to the best-fi t , s t ra i g h t - l i n e
c u rve, and then down to the x-axis to find the concentrat i o n .

3 . R e c o rd the Fe S C N2 + c o n c e n t ration for each test solution in the Results Table.

4 . C a l c u l ate the equilibrium concentration of Fe3 + ions in each test solution #6–10: s u b t ract the
e q u i l i b rium concentration of Fe S C N2 + ions from the initial concentration of Fe3 + ions (see the
Test Solutions Data Table). Enter the results in the Results Tabl e.

[ Fe3 +]e q = [ Fe3 +]i n i t i a l – [ Fe S C N2 +]e q

5 . C a l c u l ate the equilibrium concentration of SCN– ions in each test solution #6–10: s u b t ract the
e q u i l i b rium concentration of Fe S C N2 + ions from the initial concentration of SCN– ions (see the
Test Solutions Data Table). Enter the results in the Results Tabl e.

[ S C N–]e q = [ S C N–]i n i t i a l – [ Fe S C N2 +]e q

6 . Use Equation 4 in the Background section to calculate the value of the equilibrium constant Ke q

for each test solution #6–10. Enter the results in the Results Tabl e.

7 . C a l c u l ate the mean ( ave rage value) of the equilibrium constant for the five test solutions.

8 . C a l c u l ate the average deviation for Ke q: Find the absolute value of the diffe rence between each
i n d ividual value of the equilibrium constant and the mean. The ave rage of these diffe rences fo r
solutions #6–10 is equal to the ave rage dev i at i o n .
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9 . The ave rage dev i ation describes the precision of the results. Does the precision indicate that
the equilibrium constant is indeed a “ c o n s t a n t ” for this reaction? Explain.

1 0 . D e s c ribe the possible sources of error in this ex p e riment and their like ly effect on the re s u l t s .
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