
TEACHER’S EDITION 
Determining an Equilibrium Constant Using a  

Vis-100 Spectrophotometer 
 
 
 
 

Introduction:   
The electromagnetic spectrum has many different types of light other than just the 

visible light we see everyday.  These types of light vary in wavelength (the distance from 
crest to crest in a wave).  The wavelength of light affects the energy that each photon 
(individual packet of light) has.  The shorter the wavelength, the greater the energy a 
photon of light has. 
 Spectroscopy is the study of the interaction of light with molecules or atoms.  The 
specific interaction that a molecule has with light depends on the types of bonds in the 
molecule and the energy of the light; much longer wavelengths in the microwave region 
(~100,000-1,000,000nm) can cause bonds to rotate when the light is absorbed.  The 
wavelengths of light between the visible region and microwaves are known as infrared 
(IR) (~1000-10,000nm) and can cause bonds to vibrate and/or rotate when the light is 
absorbed.  Shorter wavelengths of light in the ultraviolet (UV) and visible (Vis) regions 
(~200-800nm) can cause electrons to change orbitals when the light is absorbed 
 The interaction of UV and visible light with molecules is based on the promotion 
of electrons from π orbitals or non-bonding “lone pair” electrons to higher energy 
orbitals.  Only photons with exactly the same amount of energy as it takes to promote 
electrons from one orbital to another can be absorbed.  The molecules that tend to have 
electron transitions in the same energy range as UV-vis light are metals with electrons in 
the “d-orbitals” or organic molecules with “conjugated” double bonds and/or lone pairs 
of electrons. 
 
Purpose:  
 Many reactions do not “go to completion” but instead maintain and equilibrium 
between the products and the reactants.  The formation of iron (III) thiocyanate 
[Fe(SCN)2+] in aqueous solutions is an example of an equilibrium reaction.  The chemical 
equation and equilibrium constant equation are provided below. 
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 This experiment is based on the fact that aqueous iron (III) ions and thiocyanate 
ions individually are colorless (or very close to it), while the iron (III) thiocyanate 
complex has an intense color.  Due to the color of the complex, the concentration of the 
complex in solution can be determined easily using Beer’s law, A=εbc.  A is absorbance, 
ε is the molar absorptivity constant of the sample, b is the pathlength of the sample and c 
is the concentration of the sample.  By graphing absorbance measured from solutions 



with known concentration of iron (III) thiocyanate complex, the term εb can be calculated 
from the slope of the line (note the line should go through the point 0,0).  Knowing the 
exact concentration of FeSCN2+ in solution is difficult since the reaction does not go to 
completion, so we will employ “LeChatelier’s Principle” (add a large excess of one 
reactant with a limiting amount of the other to drive the reaction almost completely to the 
products side) so that the concentration of the complex can be assumed to be the same as 
the limiting reagent. 
 
Instrumentation: 

- Vis-100 Spectrophotometer 
- 10 mm path length quartz or glass cuvette 
 

 
 

Supplies: 
- Iron Nitrate (Fe(NO3)3) 
- Potassium Thiocyanate (KSCN) 
- Deionized Water 
  

Safety: 
- Wear goggles whenever you are in the laboratory and always follow good 

laboratory practices and procedures.  Iron thiocyanate may stain your clothes so 
be careful.  Avoid contact with all chemicals.  Wash eyes immediately if any 
chemicals come into contact with them. 

 
Procedure: 

Instrument Setup: 
- Follow the specific instrument procedures in the manual for initial instrument set 

up 
- Turn on instrument and allow it to run through calibration, let warm up for at least 

20 minutes. 
Solution Preparation: 
- Prepare the follow solutions before the lab: 

o 0.0001 M Fe(NO3)3 
o 0.0025 M Fe(NO3)3 
o 0.0025 M KSCN 



o 1.0 M KSCN 
- Prepare solutions during the lab according to the following two tables. 
Sol. #  0.0001 M Fe(NO3)3 (ml) 1.0 M KSCN (ml) Deionized Water (ml) 
1 1.0 5.0 4.0 
2 2.0 5.0 3.0 
3 3.0 5.0 2.0 
4 4.0 5.0 1.0 
5 5.0 5.0 0 
 
Sol #  0.0025 M Fe(NO3)3 (ml) .0025M KSCN (ml) Deionized Water (ml) 
6 2.0 3.0 5.0 
7 2.0 4.0 4.0 
8 3.0 2.0 5.0 
9 3.0 3.0 4.0 
10 4.0 2.0 4.0 
NOTE:  Make sure to pay attention to the different concentration of solutions 
between the two tables.   
Data Collection: 
- Set wavelength of Vis-100 to 460 nm. 
-   Use the following table to record data for all samples. 

Solution # [Fe(SCN)2+] Absorbance 
1   
2   
3   
4   
5   
6   
7   
8   
9   
10   

 
- For solutions #1-5, you will know [Fe(SCN)2+] and will record the measured 

absorbance.  For solutions #6-10, you will record the absorbance and use Beer’s 
Law to determine [Fe(SCN)2+]. 

- To acquire data, you first need to “blank” the spectrophotometer.  Do this by 
rinsing cuvette with ~ ½ ml of deionized water, and pour into waste. Repeat. 

- Fill cuvette (to at least ¾ full) with deionized water and put into cuvette holder in 
spectrophotometer making sure that the clear sides of the cuvette are in line with 
the source and the detector (note orientation of cuvette so that you place in the 
same way every time) 

-  
- Remove cuvette, rinse with first solution to be analyzed, fill cuvette, place in 

spectrophotometer, close lid and read and record absorbance. 
- Repeat for all samples. 

 



Calculations: 
- Use Microsoft Excel or some other graphing spreadsheet application to plot 

Absorbance vs. [Fe(SCN)2+] data for solutions # 1-5.  Have the program draw a 
linear regression line through the 5 data points and display the equation.  Note the 
slope and y-intercept. 

- Use the regression equation to calculate the [Fe(SCN)2+] in samples 6-10.  Use 
each calculated [Fe(SCN)2+] and the original concentrations of Fe3+ and SCN- to 
solve for the equilibrium constant, Keq. 

- Equations for solving for equilibrium concentrations of Fe3+ and SCN-. 
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NOTE:  The above equations can be derived by the students if desired. 
- Calculate Keq for all 5 vials (#6-10) 
- Calculate the average Keq 
- Can have students determine the standard deviation for their data or have them 

pool for class data. 
 
Questions: 

- What is LeChatelier’s Principle and why was it necessary to use in this 
experiment? 

- Why do you want to use the λmax when doing this analysis?  What advantage does 
that give you analytically? 

- Without doing a scan of the sample, could you have guessed a wavelength that the 
Fe(SCN)2+ would absorb at (not necessarily λmax)?  Why would you have chosen 
that wavelength?  (hint:  Think about the color of the solution). 

- What should the y-intercept value of your regression equation ideally be?  Why? 
- What does the equilibrium constant mean?  Does the reaction favor the products 

or the reactants? 
 
 
 
Further experiments: 
-  You can test for iron in food products by adding thiocyanate to food samples that have 
been “digested” in concentrated HCl.  Prepare a calibration curve similar to the one made 
in this experiment (solutions # 1-5) and then add the same amount concentrated (1 M) 
KSCN to each sample and measure the absorbance of each sample. 


