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Abstract: 
 Determining 𝐹𝐹𝐹𝐹+2 and 𝐹𝐹𝐹𝐹+3 concentrations in soil samples collected from the Moreno 

Valley Community College campus to find variability in environmental ecosystems of the 

Petrochelidon Pyrrhonota (Cliff Swallows). Conducting electrochemical tests to determine 

concentrations of iron ions (II and III) concentrations and comparing the data with colorimetric 

methods.   Electrochemical processes to determine concentrations of known and unknown 𝐹𝐹𝐹𝐹+2 

and 𝐹𝐹𝐹𝐹+3were conducted with a Copper (II) Sulfate acting as the cathode solution. While, 

colorimetric methods were conducted using various known concentrations with the aim of 

developing a Beers Law Graph to determine unknown Iron ion concentrations using absorbency 

readings. The data shows that for 𝐹𝐹𝐹𝐹+2 and 𝐹𝐹𝐹𝐹+3 concentrations, the electrochemical process 

yielded more accurate results while colorimetric results were more time consuming to retrieve 

with more sources of error present.  

(Ariel, Faustino, Marco, Esaheas, Kiaria) 

 

Introduction: 
The Nernst Equation, besides having such a funny-sounding name to it we can use it to 

help us find the concentration of ions in a given electrochemical process. Ideally when dealing 

with standard electrochemical processes we can easily determine mathematically what the cell 

potential (the ability of our galvanic system to transfer electrons between what is being oxidized 

and reduced) is by comparing our anode solution with our cathode solution in a galvanic cell. 

Now if only our world where ideal could we stop here, but hey the world wouldn’t be much fun 

without some Nernst to go around. The Nernst equation allows us to calculate for cell potentials 



that fall out of our standard models which always require 1.0 M for our aqueous solutions and/or 

1.0 atm for our gaseous solutions (17.4 The Nernst Equation).  

 Now how can the Nernst help us determine the ion concentration of our unknown 

solution? Quite simply put we must first begin to setup our galvanic cell with a voltage meter. 

Assuming for the moment we have conducted our experiment accurately with an unknown iron 

concentration anode solution and with a known concentration of cathode solution, we can take 

our voltage reading to equal our Ecell. We can then look up our SRP table to obtain our standard 

Ecell. Now taking all of this into account we can determine the number of electron moles based 

off our balanced standard cell. We can then calculate the value of lnQ.  

Now we are left with the equation lnQ= Products concentration powered by their 

coefficients/ Reactants concentrations powered by their coefficients. Since we know our 

reactants concentration we can do some simple algebra and combine our lnQ value with our 

reactant value to give us the concentration of our product which in this case would be our 

unknown concentration of iron ions.  

(Faustino) 

Magnetite, a ferromagnetic mineral has been found in various organisms including birds. 

The most common area in birds that magnetite (Fe3O4) (2Fe+3, Fe+2, 4O) has been found is in 

the beak associated with the trigeminal nerve of migratory birds. The importance of this is that 

birds navigate with the help of magnetic fields in the atmosphere. I am assuming that 

consumption of iron benefits migratory birds such as swallows in their travels by keeping their 

nervous system healthy and intact. Iron also plays a major role in the blood; it helps build 

enzymes and keeps blood levels healthy to transport oxygen to our bodies and also helps prevent 

things like fatigue. As for the toxicity of iron in avian insectivores like the swallow, they can 

develop hemochromatosis. Hemochromatosis may be caused by dietary iron overload. 



Hemochromatosis is an excess storage of iron where the iron gets stored in the liver, heart and 

other vital organs and can be fatal. Symptoms include loss of balance, dyspnea (shortness of 

breath), lack of appetite, coughing, weakness, and potential death. 

(Marco) 

How does a complex metal ion form? A complex metal ion involves a central transition 

metal ion with surrounding ions or molecules around it. These ions or molecules are called 

ligands and act as Lewis bases. In the Lewis theory of acids and bases, a Lewis acid accepts pair 

of electrons, while a Lewis base is any substance that donates unpaired electrons. These 

surrounding ions or molecules have unpaired electrons in their outer energy level, so those lone 

pairs of electrons get bonded to the central metal ion forming coordinate bonds. 

Let’s take Fe+3ion for example and see how surrounding water molecules bond to it 

forming Fe (H2O)6+3 . Iron has the electronic configuration of 1s22s22p63s23p63d64s2 , when it 

forms an Fe3+ion, it loses the 4s electrons and one of the 3d electrons leaving 

1s22s22p63s23p63d5. The single electrons in the 3d level are not a part of the bonding, the ion uses 

6 orbitals from the 4s, 4p, and 4d levels to accept lone pairs from the water molecules. Before 

they are used, the orbitals are re-organized to produce 6 orbitals of equal energy.  

(Ariel) 

Kf for Complex Ions 

 Complex ions are formed from some transition metal cations. The formation of these 

complex ions increases the solubility of a salt containing these cations. The two cations with 

which we are dealing with are Fe+2 and Fe+3. In understanding the formation constant, we must 

define some terms about what complex ions are. First, the formation constant Kf is the 

equilibrium constant for formation of a complex ion form the aqueous metal ion and the ligands 



that surround it. A complex ion is defined as an ion that is formed by a metal ion that has one or 

more Lewis base attached. A complex is a compound containing the complex ions. And finally, 

the ligand is a Lewis base that bonds to a metal ion to form the complex ion. When calculating 

the Kf value for a complex ion the concentration at equilibria of the complex ion goes on top 

while the ion and ligand concentrations are on the denominator. If a large value is obtained from 

this calculation we can determine that the complex ion is stable due to the large formation 

constants. These Kf values tend to be very large because complex ion formation reactions are 

product favored.          [EAD] 

 

 

Ex. Keq for the Formation of FeSCN+2  

Fe+3 (aq) + SCN- (aq) ⇌ [Fe(SCN)]+2 (aq)  (1) 

Keq = 
[𝐹𝐹𝐹𝐹(𝑆𝑆𝑆𝑆𝑆𝑆)]+2𝐹𝐹𝑒𝑒

[𝐹𝐹𝐹𝐹+3]𝐹𝐹𝑒𝑒 [𝑆𝑆𝑆𝑆𝑆𝑆−]𝐹𝐹𝑒𝑒
  (2) 

            Fe+3 (aq)              +        SCN- (aq)             ⇌       [Fe(SCN)]+2(aq) 

Initial 0.0250 0.250 0 

Change ~ − 0.0250 -0.0250 +0.0250 

Equilibrium  y 0.225 0.0250 

(3) 

*Assume that y is very small compared to 0.0250! 

[Fe(SCN)] +2    Kf = 8.9 x 102  (4) 

8.9 x 102 = 
[0.0250]

[𝑦𝑦(0.225)]
   (5) 

y = 1.24 x 10-4   (6)       [EAD] 



Despite the idea of color being up to one’s perception, the presence of color in chemistry 

occurs at the atomic level. Over time, scientists studied the presence or absence of light and color 

in elements and compounds via spectrophotometry (Spectroscopy). They may not have had the 

spectrophotometers that we have today, however their discoveries allow us to uncover various 

properties and characteristics of elements and compounds in relation to the light and color that is 

emitted or absorbed.  

  August Beer derived the well-known Beer’s Law equation to study the absorbance of 

light in relation to the molar concentration of aqueous solutions. First, one must experimentally 

determine the wavelength at which maximum absorbance occurs, which lead to the following 

graphs: 

 

 

 

 

 

                   A=εbC ;  

(A-absorbance, epsilon-molar absorptivity constant, b-path length, C-Molar 

Concentration) 

By being able to measure the absorptivity of a substance, Beer was able to determine the 

unknown concentrations based on their absorbance of light. By the nature of the world, the 

higher the concentration a substance possesses, the higher the absorbance reading at λmax 

(wavelength) and vice versa. Transition metals are some of the most interesting elements to 



study due to their colorful properties. At the atomic level, when photons (light energy) strike an 

atom, electrons become excited and jump up to another orbital. For lights, it then falls back down 

to its original orbital that emits a color at a specific wavelength, which corresponds to a color. As 

for colored objects, which is the main course of study for the following research, the color seen 

with the human eye is visible because the objects complimentary color was absorbed; the 

electrons are not flowing like they do in lights, so the energy absorbed by colored objects is lost 

as heat. Transition metals are well-known for these properties due to the presence of electrons in 

the d-orbitals which provide a multitude of oxidation states, and thus more color arrays. These 

transition metal ions in solution often produce colorful solutions due to this nature of their atoms. 

The energy present within the bonds between the metal cation and ligand are related to 

Crystal Field Theory (CFT) where the bonds within a complex ion experience electron/electron 

repulsion and electron/proton attraction. This causes the d orbital to split according to the 

compound’s molecular structure and geometry for transition metals. Both iron (II) ion and iron 

(III) ion possess the above properties stated, which warrants the study of environmental soil 

samples of the Cliff Swallows bird species.  

(Kiaria) 

 

 

Procedures: (SOP’s) 

ElEctrochEmical SoP 



DiCorp 
Standard Operating Procedure 

 

Subject: Electrochemical Analysis for Fe3+              Prepared by: FD#5 
 

Effective Date: May 8, 2018 

 

SOP #: 5                                                   Approved by:__________________ Dated:_____ 

 

                                                                          Must be approved by Dr. Marsh 

1.  Scope 

Electrochemical Analysis with Dilution of a Known Concentration of Fe3 

 

2.  Reagents 

 

  Fe(NO3)3* 9H2O– Iron (III) Nitrate 

CuSO4*5H2O – Copper (II) Sulfate 

 

 

 

 

3.  Responsibility 

Chemist 1 

 

 

 

 

4. Hazard Communication 



 

PPE: Goggles and Gloves Required 

 

Harmful Irritant: Eye/Skin Irritant, Skin Sensitizer, Respiratory Tract Irritant, Narcotic Effects 

 

Health Hazard: Carcinogen, Mutagen, Reproductive Toxicity, Target Organ Toxicity, Aspiration 
Toxicity 

 

Health: 2    Flammability: 1    Instability: 1 

 

 

 

 

 

 

 

 

 

 

5. Procedure 

1) Prepare a solution of 0.100 to 0.105 g of Iron (III) Nitrate reagent using the 100.0 
mL volumetric flask using dH2O as the solvent. Record exact mass used.  
**Ensure that mixing protocol is followed: Invert volumetric flask and using both 
hands (Palms on top and bottom) rotate one of your palms clockwise while the 
other palm rotates counterclockwise for a total of FIVE revolutions. Repeat this 
step THREE times** This solution should be shared by group members to 
minimize waste! Remove from volumetric and rinse out the volumetric 
IMMEDIATELY after mixing! ***Due to Fe properties, all unused solution 
will be disposed of in proper waste bottle and a new solution will be made 
every day*** 

 

Calculated Molar Concentration of Solution:_______________________ 



 

         DILUTIONS 

 

2)  Pipette out 15.0 mL of your created solution from STEP 1 into a large test tube 
(LABEL) for your first electrochemical cell. (stock solution—not diluted) 

 
3) Then pipette the corresponding amount of the solution from STEP 1 into five more test 
tubes as listed below. For each test tube dilution add the corresponding amount of dH2O 
need to make 15.0 mL total volume. (LABEL) 

• Test Tube 1: 3.0 mL prepared solution/12.0 mL dH2O 
• Test Tube 2: 6.0 mL/ 9.0 mL 
• Test Tube 3: 7.5 mL/ 7.5 mL 
• Test Tube 4: 9.0 mL/ 6.0 mL 
• Test Tube 5: 12.0 mL/ 3.0 mL 

 

 

Electrochemical Cell Set up and Data Table Requirements 

 

4) Write a cell notation for the electrochemical cells for all 6 (original solution and your 5 
serial dilutions) of your cells giving the concentrations of the diluted solutions. Make a 
drawing of the cell indicating that the anode is connected to the black wire.  

 

5) Using 0.10 M Copper (II) Sulfate solution as the cathode solution, pipette 15.0 mL 
into the porous cup of the electrochemical cell. Test each individual test tube for its cell 
potential as the anode solution in the beaker, but outside the porous cup (see figure).  

 

6) Place the copper electrode in the porous cup with the cathode solution and the iron 
electrode in the beaker with the porous cup. 

 

7) Using the multimeter on DC Voltage, connect the red alligator clip to the cathode, and 
the black alligator clip to the anode. Wait up to three seconds, then obtain a reading and 
record it in the data table (see step 8 for data table setup).  

 



8) Repeat STEPS 5-7 after rinsing the outside of the porous cup and the inside of the 
beaker with dH2O, until all test tubes have been tested for their cell potential. 

 

9) Column headings for Data Table (with UNITS) will be as follows: Dilution (column 
1—lists test tubes for stock and all dilutions) and ECell (in Volts) 

 

10) Title for Table will be as follows: “Measured Cell Potentials Using Cu(s) (cathode) 
and Fe(s) (anode) at Various Concentrations of Fe2+ via Dilution at 21 Degrees Celsius  

 
 

11) ***Data will be used to prepare a Nerst graph (Ecell vs. lnQ).*** 

 

Measurement of Ecell for unknown soil extract 

 

12) Obtain test tubes labeled “5” from test tube rack of unknown metal ion concentration 
soil samples.  

 

13) Use the 0.10M Copper (II) Sulfate as the cathode solution again with the Copper 
electrode in the porous cup and use all the soil sample within the test tube (contains 15.0 
mL needed for the electrochemical analysis) as the anode solution using an Iron 
electrode.  

 

14) Use the multimeter to measure the cell potential of this electrochemical cell and 
record this value in another data table. 

 

15) Write the method for the measurement using the cell notation with an “x” M for the 
Molarity of your metal ion in it. (Since the concentration of Fe2+ is unknown in the soil 
sample) 

 

16) The graph from STEP 11 will be used to determine lnQ for the voltage measured which can 
then be used to calculate the ion concentration in the sample. 



 
 

 

(Faustino) 

DiCorp 
Standard Operating Procedure 

 
Subject:_Electrochemical Analysis for Fe2+______              Prepared by:__Kiaria Johnson & Esaheas 
Arroyo_____ 
 
Effective Date: __May 8, 2018____________ 
 
SOP #: ___KJ-5_& EAD-5_______                                      Approved 
by:__________________Dated:_____ 
 
                                                                          Must be approved by Dr. Marsh 
1.  Scope 
Electrochemical Analysis with Dilution of a Known Concentration of Fe2+ 
 
2.  Reagents 
 
FeSO4*7H2O – Iron (II) Sulfate 
CuSO4*5H2O – Copper (II) Sulfate 
 
 
 
 
3.  Responsibility 
Chemist 1 
 
 
 
 
4. Hazard Communication 
 
PPE: Goggles and Gloves Required 
 
Harmful Irritant: Eye/Skin Irritant, Skin Sensitizer, Respiratory Tract Irritant, Narcotic Effects 
 
Health Hazard: Carcinogen, Mutagen, Reproductive Toxicity, Target Organ Toxicity, Aspiration 
Toxicity 
 
Health: 2    Flammability: 1    Instability: 1 
 



 
 
 
 
 
 
 
 
 
5. Procedure 

2) Prepare a solution of 0.100 to 0.105 g of Iron (II) Sulfate reagent using the 100.0 
mL volumetric flask using dH2O as the solvent. Record exact mass used.  
**Ensure that mixing protocol is followed: Invert volumetric flask and using both 
hands (Palms on top and bottom) rotate one of your palms clockwise while the 
other palm rotates counterclockwise for a total of FIVE revolutions. Repeat this 
step THREE times** This solution should be shared by group members to 
minimize waste! Remove from volumetric and rinse out the volumetric 
IMMEDIATELY after mixing! ***Due to Fe properties, all unused solution 
will be disposed of in proper waste bottle and a new solution will be made 
every day*** 

 
Calculated Molar Concentration of Solution:_______________________ 
 
         DILUTIONS 
 
2)  Pipette out 15.0 mL of your created solution from STEP 1 into a large test tube 
(LABEL) for your first electrochemical cell. (stock solution—not diluted) 
 
3) Then pipette the corresponding amount of the solution from STEP 1 into five more test 
tubes as listed below. For each test tube dilution add the corresponding amount of dH2O 
need to make 15.0 mL total volume. (LABEL) 

• Test Tube 1: 3.0 mL prepared solution/12.0 mL dH2O 
• Test Tube 2: 6.0 mL/ 9.0 mL 
• Test Tube 3: 7.5 mL/ 7.5 mL 
• Test Tube 4: 9.0 mL/ 6.0 mL 
• Test Tube 5: 12.0 mL/ 3.0 mL 

 
 

Electrochemical Cell Set up and Data Table Requirements 
 
4) Write a cell notation for the electrochemical cells for all 6 (original solution and your 5 
serial dilutions) of your cells giving the concentrations of the diluted solutions. Make a 
drawing of the cell indicating that the anode is connected to the black wire.  
 



5) Using 0.10 M Copper (II) Sulfate solution as the cathode solution, pipette 15.0 mL 
into the porous cup of the electrochemical cell. Test each individual test tube for its cell 
potential as the anode solution in the beaker, but outside the porous cup (see figure).  
 
6) Place the copper electrode in the porous cup with the cathode solution and the iron 
electrode in the beaker with the porous cup. 
 
7) Using the multimeter on DC Voltage, connect the red alligator clip to the cathode, and 
the black alligator clip to the anode. Wait up to three seconds, then obtain a reading and 
record it in the data table (see step 8 for data table setup).  
 
8) Repeat STEPS 5-7 after rinsing the outside of the porous cup and the inside of the 
beaker with dH2O, until all test tubes have been tested for their cell potential. 
 
9) Column headings for Data Table (with UNITS) will be as follows: Dilution (column 
1—lists test tubes for stock and all dilutions) and ECell (in Volts) 
 

10) Title for Table will be as follows: “Measured Cell Potentials Using Cu(s) (cathode) 
and Fe(s) (anode) at Various Concentrations of Fe2+ via Dilution at 21 Degrees Celsius  
 
 

11) ***Data will be used to prepare a Nerst graph (Ecell vs. lnQ).*** 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
Measurement of Ecell for unknown soil extract 
 
12) Obtain test tubes labeled “KJ-5 & EAD-5”from test tube rack of unknown metal ion 
concentration soil samples.  
 
13) Use the 0.10M Copper (II) Sulfate as the cathode solution again with the Copper 
electrode in the porous cup and use all the soil sample within the test tube (contains 15.0 

0.10 M Cu2+ Solution 

Cu(s) Cathode 
Fe(s) Anode 

x M Fe2+ Solution 

Porous Cup 



mL needed for the electrochemical analysis) as the anode solution using an Iron 
electrode.  
 
14) Use the multimeter to measure the cell potential of this electrochemical cell and 
record this value in another data table. 
 
15) Write the method for the measurement using the cell notation with an “x” M for the 
Molarity of your metal ion in it. (Since the concentration of Fe2+ is unknown in the soil 
sample) 
 
16) The graph from STEP 11 will be used to determine lnQ for the voltage measured which can 
then be used to calculate the ion concentration in the sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(EAD and KJ) 

 

colorimEtric SoP 



DiCorp 
Standard Operating Procedure 

 

Subject: Spectrometry Analysis of Iron (III) Nitrate               Prepared by: Marco Beltran 
 

Effective Date: 05-15-18 

 

SOP #: MB#5                                                       Approved by:__________________Dated:_____ 

 

 

1. Scope 

To develop a graph using spectroscopic methods to find lambda max for our known Iron (III) 
Nitrate that will allow us to develop a Beers Law Graph with known dilution concentrations to 
develop a graph that will allow us to determine 𝑭𝑭𝑭𝑭+𝟑𝟑 concentrations for unknown solutions. 

 

 

2.  Reagents 

Fe(NO3)3* 9H2O– Iron (III) Nitrate 

 

 

 

 

 

3.  Responsibility 

 

Chemist 1 

 

 



 

4. Hazard Communication 

 

 

5. Procedure 

\ 

 

PPE: Goggles and Gloves Required 

 

Harmful Irritant: Eye/Skin Irritant, Skin Sensitizer, Respiratory Tract Irritant, Narcotic Effects 

 

Health Hazard: Carcinogen, Mutagen, Reproductive Toxicity, Target Organ Toxicity, Aspiration Toxicity 

 

Health: 2    Flammability: 1    Instability: 1 



 

(Marco) 

 

DiCorp 
Standard Operating Procedure 

 
Subject: Determination of Ka for 𝑭𝑭𝑭𝑭𝟑𝟑+                                         Prepared by:Ariel Achacoso 
 
Effective Date: 5/22/18 
 
SOP #: AA5                                         Approved by:__________________Dated:_____ 
 
 
1.  Scope 
Determination of Ka for 𝑭𝑭𝑭𝑭𝟑𝟑+ by testing acidity using a pH meter 
 
2.  Reagents 
 
Fe(NO3)3* 9H2O– Iron (III) Nitrate 



 
 
 
 
3.  Responsibility 
 
Chemist 1 
 
 
 
4. Hazard Communication 
 

 
 
 
 
5. Procedure 
 
 
 
 
 

 

PPE: Goggles and Gloves Required 

 

Harmful Irritant: Eye/Skin Irritant, Skin Sensitizer, Respiratory Tract Irritant, Narcotic Effects 

 

Health Hazard: Carcinogen, Mutagen, Reproductive Toxicity, Target Organ Toxicity, Aspiration Toxicity 

 

Health: 2    Flammability: 1    Instability: 1 



 
(Ariel) 

 

Colorimetric analysis of the Iron (II) ion of both known and unknown concentrations paired 

with ligand substitutions with respect to the swallow’s health require a modified stock solution 

and dilutions that were created in step 1 of the Electrochemical Analysis SOP (KJ-5). This 

experiment requires a higher concentration of Fe2+ to attain a more feasible absorbance reading. 

Had the dilution been too high, the tests would have been closer to testing water instead of the 

metal within the aqueous solution. The procedure for spectroscopy of Fe2+ with ligand 

substitutions to determine the concentration of Fe2+ in solution is as follows: 

1) Prepare a stock solution of Fe2+ using approximately 4.000 grams of FeSO4*7H2O in a 

volumetric flask (Note: If absorbance values are too low, use enough solid reagent to 

make a dilution a MAXIMUM of ten times as large as the concentration calculated from 

step 1 form SOP KJ-5)  

2) Use the solution from step 1 and a spectrophotometer to calculate the absorbances of Fe2+ 

in a solution with water as the ligand. Starting at the beginning of the visible light 

spectrum (400nm) determine the absorbance at each wavelength until 700nm is reached.  

3) Use the data collected from step 2 to plot an absorbance vs. wavelength curve to 

determine the wavelength where maximum absorbance occurs (λmax).  

4) Collect data for a Beer’s Law Plot by making a total of four (4) dilutions form the stock 

solution prepared from step 1 as follows: 

• Dilution 1: 3.0 mL of stock / 1.0 mL dH2O   

• Dilution 2: 2.0 mL / 2.0 mL 

• Dilution 3: 1.0 mL / 3.0 mL 



• Dilution 4: 1.0 mL / 9.0 mL 

Then calculate the molarity (concentration) of each 

5) Using the data from step 4, to create a Beer’s Law Plot (concentration vs. absorbance) 

6) Having access to a variety of reagents, test which one will be the best ligand substitution 

for Fe2+, and repeat steps 2-5 for the ligand chosen 

(Kiaria) 

 

 

Results and Discussion (insert graphs and data 
tables): 

ElEctrochEmical analySiS  
Electrochemical Analysis of Soil Samples for Fe+3 at 22°C Data 
Table (Volt Meter #3) 

Marco 
(1. 1 𝑥𝑥 10−5M) 

Ariel 
(1.0 𝑥𝑥 10−7M) 
 

Faustino 
(1.6 𝑥𝑥 10−3𝑀𝑀) 

0.597 0.603 0.453 
(Faustino) 



 
Figure 1. Displaying the setup of electrochemical analysis experiment to determine 𝐹𝐹𝐹𝐹+3 concentration. 

(Faustino) 

 
 

 

 

 

 

 

 

 



Data Collected for Electrochemical Analysis of Fe+2 ion: [EAD] 

 

(EAD) 

 

 

 

 

colorimEtric Data tablE  
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known voltage 0.577 

   

unknown lnQ 
-

6.29155 



Colorimetric Analysis of Fe +3 Ions in known concentration (0.0248M) solution to determine 
Lambda Max  

 
Figure 2. Graph depicting where lambda max is found in  𝐹𝐹𝐹𝐹+3 solution using spectrometer. (Marco) 

 

Beers Law Graph Depicting Concentration vs. Abs in various Iron (III) ion concentration 
dilutions at lambda max of 400 nm  
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Figure 3. Beers Law Graph depicting how concentration can be found based on Abs readings using lambda max.  
(Marco) 

 

Ligand SCN- (0.5M) graph depicting how a Ligand can shift the Lambda Max of Iron (III) ions 
(0.5M) 

 

Figure 4. Graph Depicting how lambda max shifts with 𝑆𝑆𝑆𝑆𝑆𝑆−ligand. (Ariel) 
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(Kiaria) 

 

 

 

concentartion [M]Absorbance
0.0302 0.128
0.0755 0.390

0.151 0.553
0.227 0.766

0 0

wavelength λ (nm)absorbance 
400 0.329
500 0.361
550 0.167
600 0.082
650 0.054
700 0.047



Discussion of graphs/data tables: 

ElEctrochEmical DiScuSSion 
Figure 1. shows how various concentrations of 𝐹𝐹𝐹𝐹3+ give off different voltage readings 

in an electrochemical experiment. Th scientists where able to determine the iron (III) ion 

concentrations by using the Nernst Equation. The scientists followed the steps described in the 

introduction to the Nernst Equation and as shown in the electrochemical data table the 

concentrations varied as each scientist retrieved their soil samples in a relatively short space of 

one another. The variations in concentration vs. voltage reading helps us see how higher 

concentrations of iron (III) ions allow less electrons to flow through the galvanic cell thus giving 

lower voltage readings. 

(Faustino)  

 

This data is relevant to the preparation of a 0.100 to 0.105-gram solution of our ion of 

interest Fe+2. The solution prepared was Iron (II) Sulfate (FeSO4*7H2O. Based on this prepared 

experimental stock solution of 0.104 g which was 0.00374 M we prepared various dilutions 

listed above in the SOP. With these solutions, we prepared an electrochemical cell to measure 

the voltages (Ecell) of the dilutions. Measuring the voltage of the various dilutions @ 21°C in an 

electrochemical cell allows us to determine the ion concentration present in our soil samples by 

preparing a standardization graph to compare against. Based off our Nernst Graph in which we 

plotted our voltages vs. our calculated lnQ values the slope could give us or unknown lnQ of our 

soil sample allowing us to determine the concentration of Fe+2 present in our soil. By calculating 

the molarity [M] of each of our dilutions and having a known concertation of Copper (II) Sulfate 



solution (CuSO4*5H2O) we calculated lnQ = [𝐹𝐹𝐹𝐹+2 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑]
[0.10𝑀𝑀 𝑆𝑆𝑑𝑑+2]

 . Once the standard Nernst Graph was 

prepared we prepared an electrochemical cell using the same 0.10 M Copper(II) Sulfate solution 

and tested our soil samples solution which was prepared (procedure in SOP). Then, we measured 

the Ecell voltage which was 0.577 volts (v). With this value using our standard graph I prepared 

an equation in excel to calculate the unknown lnQ which was  

Unknown lnQ =(TREND(A2:A11,B2:B11,C13)). This equation uses the trend line and data in 

appropriate cells to determine the lnQ value. The lnQ value we obtained was -6.29. This value 

allowed us to calculate the unknown concentration of Fe+2.  

lnQ = -6.29   (1) 

elnQ = e-6.29  (2) 

e-6.29 = 1.85 x 10-3 (3) 

0.10*1.85 x 10-3 = 
[𝑥𝑥 𝐹𝐹𝐹𝐹+2]

[0.10 𝑀𝑀 𝑆𝑆𝑑𝑑+2]
 * 0.10 (4) 

[Fe+2] = 1.85 x 10-4 ≈ 0.000185 𝑀𝑀 𝐹𝐹𝐹𝐹+2       [EAD] 

 

SPEctromEtry DiScuSSion 
Figure 2. figure 3.  After finding our lambda max for Fe+3we began making dilutions and 

testing them at our lambda max. On the beer's law plot we can see that after diluting the stock 

solution that the concentrations decreased with each dilution. Now we can determine the 

concentration of an iron solution based off the absorbance reading we got from the spectrometer.  

(Marco) 

Figure 4: After adding the SCN-ligand to our Fe3+solution, we tested the solution in the 

spectrometer to see if we would get good readings. We started testing at 400 nm and increased 5 



nm each time and eventually got to our lambda max at 475 nm. The absorbance readings were 

consistently increasing till we reached lambda max. We continued testing the solution to full 

spectrum at 700 nm and saw that the absorbance values did consistently decrease from lambda 

max. 

(Ariel) 

Iron (II) ion proved to be a challenge to work with due to its natural tendency to 

precipitate when oxidized. It was possible to attain a Beer’s Law Plot from the absorbance 

readings of the dilutions created from a 0.30M [Fe2+] at 21.1 °C with water as the ligand. The 

λmax of 400nm makes sense here since the hydrated Fe2+ solution produced a yellow color, which 

means it absorbed violet light, which has a wavelength of 400nm. From this experiment, Fe2+ in 

an aqueous solution was stable enough to not precipitate too much as the absorbances were being 

collected. From this the ability to construct a Beer’s Law plot was possible as seen above. Based 

on the Electrochemical data, the concentration determined was quite low, so that is to be 

expected here as well, when the soil sample was tested. The ligand substitution chosen that gave 

the best color change without precipitate was 1% DimethylGlyoxime (DMG). This initially 

seemed to be the perfect ligand substitution due to the yellow to orange color change that 

occurred. However, the solution was not stable enough to test accurately. The Fe2+ paired with 

DMG was constantly precipitating out of solution to the point where the absorbance values were 

not constant; the value kept changing with every second that passed. From the data that was 

gathered for the ligand substitution, it was not possible to determine an accurate λmax or Beer’s 

Law Plot. The absorbance versus wavelength curve of Fe2+ with the DMG ligand provided 

evidence of a shift of λmax, but the constant precipitation of Fe2+ resulted in a varying absorbance 

since the lab environment is not inert. An absorbance reading of soil extract was collected at a 

value of 0.040 at 400nm and 21.1°C. Again, this value is not suitable since an absorbance 



reading that does not fall between the accurate range of absorbances from 0.100 to 1.000 for the 

spectrophotometers used. Thus, at this point we cannot determine the concentration of Fe2+ in the 

Cliff Swallows soil extract samples through spectroscopy through the procedure used above. 

To understand another characteristic of Fe2+, an experiment to determine the solubility 

product of Fe(OH)2(s) was conducted. This experiment can provide insight towards the 

solubility, or lack thereof, for solid compounds that contain Fe2+. The procedure for this test 

combines electrochemistry with an equilibrated Fe(OH)2 solution over the course of five days to 

allow as much Fe2+ to be present in solution, while the precipitate, Fe(OH)2 (s), sinks to the 

bottom. The solution prepared contained 10.0 mL of 0.6 M KOH and 10.0 mL of a prepared 

0.300 M Fe2+ solution (refer to SOP). The liquid containing both Fe2+ and OH- is filtered through 

filter paper, then placed an electrochemical cell as the anode solution with a solid iron electrode. 

The cell is completed by using copper as the cathode electrode with Cu2+ as the cathode solution 

from aqueous CuSO4. This set up warrants a spontaneous reaction with a positive E°cell of +0.78 

Volts. The measured Ecell of this known concentration of Fe2+ was 0.622V. This value however 

led to an unrealistic concentration Fe2+ at equilibrium via the Nernst Equation. Had time 

permitted, this error could have been explored to determine why the calculation on paper was not 

usable data. There is the possibility of Fe2+ combining with another ion that will result in other 

insoluble compounds. The presence of metal carbonates in soil samples is quite common due to 

soil being mixed with minerals that can act as a buffer for acid rain. An experiment that tests the 

alkalinity of the soil could be useful in determining the buffer capacity of the soil.  

(Kiaria) 

 

 



 Conclusions:  
All three soil samples that were tested for Fe+3 were taken from the same proximity but 

we drew different concentrations. After performing colorimetric and electrochemical analysis 

tests we can conclude that the Fe+3 levels in the soil are low and should not have adverse side 

effects on cliff swallows. We did however notice a shift in lambda max readings from our 

spectrometer #1 when we added our SCN- ligand to our Fe+3 solution. After the shift from 

400nm to 475nm we can conclude that less energy is being absorbed hence the D orbitals are 

closer together (lower 𝚫𝚫, higher electron spin) than where we first started off. 

 With less absorbance it is possible that the navigation capabilities of the cliff swallow 

may decrease if they are ingesting ligands. Further research would be necessary to show that the 

birds are not detecting the electromagnetic field used for migration as well compared to not 

ingesting ligands. This in turn can also help show how effective and necessary iron is to the diets 

and wellbeing of cliff swallows. 

Some possible sources of errors are the different voltmeters and the different 

spectrometers that were used. The pipetting methods could have been one as well as it is only 

accurate to 1/10th of a decimal. The time on the equilibration of the solutions, it may have been 

too short of time. The beakers that were used as well. Since we used large beakers that creates a 

large surface area for the iron solution and that may have caused it to oxidize more than 

intended. 

 

(Faustino, Ariel, Marco) 

  

 



Conclusion for Electrochemical 𝑭𝑭𝑭𝑭+𝟐𝟐 

Our results show how various concentrations of Fe+2 give off different voltage readings in 

our electrochemical cell. Based on these voltage readings we were able to determine Iron (II) 

concentrations form the Nernst equation. Our collected data allowed us to see that higher 

concentrations [M] of our Iron (II) Sulfate solutions gave off lower voltage readings. This trend 

in our data is because the higher concentrations of Fe+2 allows for fewer electrons to flow 

through the galvanic cell. By conducting this experiment our data allowed us to determine that 

the concentration of Fe+2 in soil is relatively low. So, we concluded that this level of iron in the 

soil samples should be safe for consumption for the swallows. One of the major sources of error 

in our experiment could have come from incorrect or inaccurate pipetting methods to make our 

solutions and various dilutions because we were only accurate to 1/10th. Another possible source 

of error could have been not mixing the solutions properly or not letting them equilibrate for a 

long enough time. The last major source of error was that we experienced some precipitation of 

our Fe+2 solution in the porous cup. This could have caused variance in our voltage readings 

because it restricted the flow of electrons and ions within the salt bridge. We could conduct 

further research by obtaining bird dropping samples and determining the concentration of Fe+2. 

This would allow for the determination of what concentration of iron the birds contain in their 

bodies and compare that data to our measured results. With that data from the bird droppings, we 

could then try to determine what level of iron is safe for consumption for the swallows. And, we 

could also research how the swallows benefit from the iron.     

[EAD] 

The safety of the Cliff Swallows is the main concern, which led to the study of the 

environmental soil samples that the swallows are known to use for the nesting habits. With Fe2+ 



as the ion in focus, colorimetric analysis was not a successful method to determine the 

concentration of Fe2+ in the environmental soil samples currently. The main sources of error 

were introduced from Fe2+ naturally precipitating while sitting in solution in this lab setting. 

Many errors came up during the experiment due to this as well regarding ligand substitutions. 

The basic reagents provided all precipitated out immediately upon the addition of 2.0 mL (20 

drops) of them. The temperature also changed daily which can affect how fast or slow a reaction 

takes place; not to mention the possibility of uncalibrated thermometers. The possible changes 

that could be made to obtain better results for this experiment, since it is not a bad test, could be: 

working in an inert environment with stable temperature if possible, and testing cyanide and 

thiocyanate as a ligand to not only reduce the chance of the Fe2+ and ligand solution from 

precipitating, but also to possibly produce better absorbance values within the acceptable range. 

The preceding plausible further experiments combined with a spectrophotometer that is accurate 

at a lower detection limit, or possible a higher detection limit, may prove itself to be useful as 

well. The results gathered do not state that the concentration of Fe2+ in the soil samples are 

nonexistent. It raises even more questions to be answered by further experimentation to 

determine whether the concentration of Fe2+ has a beneficial or toxic effect on the Cliff 

Swallows health and functionality. 

(Kiaria) 

 

 

inDiviDual ExPErimEntS 
 

 



Individual Experiment: Esaheas Arroyo 

Procedure: Setting an Experiment to Determining Ka for Iron (II) Sulfate (FeSO4*7H20) 

1. Weight out 4.20 grams (g) of Iron (II) Sulfate (FW = 278.01g). 

 - place solid in a 50 milliliter (mL) volumetric flask  

 - using dH20 as your solvent dissolve to 50 mL while stirring throughout the process 

 - once you have reached the marked (etched) 50 mL mark on volumetric flask invert the 

flask and Invert volumetric flask and using both hands (Palms on top and bottom) rotate one of 

your palms clockwise while the other palm rotates counterclockwise for a total of FIVE 

revolutions. Repeat this step THREE times. 

 - transfer solution into a beaker  

 * let equilibrate for 30 minutes  

2. Calibrate a pH meter to measure the pH of your prepared solution  

 

Data Collected on pH for Iron (II) Sulfate Solution: 

Iron (II) Sulfate Solution  

FeSO4*7H2O 

Measured pH value  

3.3 

Description of Results: Calculations for Ka based on measure pH for Iron (II) Sulfate 

Measure grams of Iron (II) Sulfate = 4.209 g  FW = 278.01 g  (1) 

4.209 g FeSO4 × 
1 𝑚𝑚𝑑𝑑𝑑𝑑𝐹𝐹 𝐹𝐹𝐹𝐹𝑆𝑆𝑂𝑂4
278.01 𝑔𝑔 𝐹𝐹𝐹𝐹𝑆𝑆𝑂𝑂4

 = 0.0151 𝑚𝑚𝑑𝑑𝑑𝑑𝐹𝐹 𝐹𝐹𝐹𝐹𝑆𝑆𝑂𝑂4
0.05 𝐿𝐿 𝑑𝑑𝐻𝐻2𝑂𝑂

 = 0.302 M FeSO4*7H2O (2) 

[Fe(H2O)6]+2 (aq) ⇌ [Fe(H2O)5OH]+1 (aq) + H+ (aq)     (3) 

@ 21°C [Fe(H2O)6]+2 (aq)       ⇌  [Fe(H2O)5OH]+1 (aq)  +            H+ (aq)  

Initial  0.302 0 0 



Change  -5.01 × 10-4 + 5.01 × 10-4 + 5.01 × 10-4 

Equilibrium  0.301 5.01 × 10-4 5.01 × 10-4 

 

pH = 3.3  10-3.3 = 5.01 × 10-4 = [OH-]      (4) 

Ka = 
(5.01 × 10−4)(5.01 ×10−4 )

(0.301)
 = 8.32 × 10-7      (5) 

pKa = -log (8.32 × 10-7)        (6) [EAD] 

pKa = 6.08 

 

Conclusion: Significance of Results, Sources of Error, Suggested Further Research 

Ka is the representation of an acid dissociation constant for the dissociation reaction of an acid. 

Based on the relation between Ka and pKa (pKa = -log10(Ka)) we can predict the equilibrium and 

strength of our acid solution which is Iron (II) Sulfate. Based on our calculated Ka value we can 

determine that the undissolved acid is favored in the equilibrium position. Also, because our Ka 

is small (pKa is large), little dissociation has occurred meaning the acid is weak. We used Ka 

because it is a better indicator of acid strength than pH. The significance of our ion Fe+2 forming 

a weak acid in water is good. This is good because if the swallows are consuming water with 

iron present there is a small concentration present that would potentially not be detrimental to 

their health. One source of error from this experiment could come from our pH meter. The pH 

meter could have not calibrated correctly or may have given a reading that was higher or lower 

than actual pH. Another source of error could be that our measure temperature @ 21°C could 

have varied as the experiment as being conducted. A change in temperature would influence our 

calculated Ka value. This could also have been an error with another instrument our 

thermometer. Further research could be conducted on the water that the swallows have access to 



compare the concentration of Fe+2 in those samples and compare it with a known concertation 

using a Nernst graph. We could also do further research on what levels of Iron are safe for 

swallow consumption and how iron benefits the birds.      [EAD] 
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