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Abstract: 

Lead is an element that is dangerous to the environment because it accumulates in soil 

and water, and in turn will accumulate in the bodies of soil organisms and water organisms. Lead 

can exist as dust in the environment, higher in concentration in soil near highways, freeways, and 

some facilities because of the additional lead pollution from lead that is found in fuel. Cobalt is 

an element that naturally occurs in all sectors of the environment, like the water, air, rocks, 

animals, and plants. Cobalt cannot be eliminated once it enters the environment, the cobalt reacts 

with particles on soil and water sediments. Soil that has low levels of cobalt will lead to plants 

that grow in that soil to have cobalt deficiency. In turn, when animals consume those plants, they 

too will have a cobalt deficiency, which is necessary for their health because it contains vitamin 

B-12. Soils near mining facilities are more likely to contain higher levels of cobalt, meaning that 

the cobalt uptake by the animals that feed in those areas is higher, potentially causing health 

effects. The methods of colorimetric and electrochemical analysis can be used to predict the 

concentration ions found in samples of soil and other biomatter which possibly are present in 

ecological environments. While finding the Ka can help understand the cation exchange capacity 



within the collected soil sample. Specifically in this case these tools are used to give insight into 

the possible dangerous effects that heavy metal ions can pose to the cliff swallows population at 

MVC. Do these heavy metals exist in dangerous proportions such that they pose an immediate or 

prolonged risk to the population of swallows. These are the questions which are attempted to be 

answered through the evaluation of Pb+2 and Co+2 ions. (SJ)(LA)(JL)(KJ) 

Introduction:  

Lead is a chemical element with symbol Pb. It has an atomic mass of 207.2 g/mol and 

atomic number 82. It is considered a heavy metal and is far denser than most common materials. 

However, lead is very soft and malleable. It is resistant to corrosion but tarnishes to a dull gray 

upon being exposed to air. Lead isotopes are the end products of each of the three series of 

naturally occurring radioactive elements. Lead occurs naturally in the environment; however, 

most lead concentrations that are found in the environment are a result of human activities. For 

example, in car engines, lead is burned to make lead salts like “chlorines, bromines, and oxides.” 

These salts are expelled through the car’s exhaust in the form of lead dust and make their way to 

the environment. Larger particles will drop to the ground while smaller particles travel long 

distances through air as they remain in the atmosphere for long periods. Soils near highways, 

freeways, and smelting facilities have higher levels of lead than soils in other areas because of 

their exposure to lead dust, which accumulates over time. As a result, this is same soil Swallows 

use to build their nests. Furthermore, a Swallows will also feed from the same soil contaminated 

with Lead Dust. Lead is a dangerous chemical, as it can accumulate not only in individual 

organisms, but also in entire food chains. Feeding from the soil that have been exposed to Lead 

Dust will accumulate in the bodies of any water organisms and soil organisms. In this case, lead 



will accumulate in the body of the Swallow affecting the bird’s health. High levels of lead can 

result in lead poisoning. How is lead accumulated over time? Lead in the body is distributed to 

the brain, liver, kidney and bones. It is stored in the teeth and bones, where it accumulates over 

time. Some side effects of being exposed to high levels of lead include: irritability, weight loss 

on the bird, and it may cause in some cases seizures. Lastly, any animal that prays on Swallows 

will also be exposed to the chemical element lead. (JL) 

To explain the formation of complex ions using Lewis Acid Base Theory it is              

important to know the definitions used to describe the process. A Lewis acid is described as a                 

molecule or ion that can accept a pair of electrons; a Lewis base is a molecule or ion that will                    

donate a pair of electrons. Transition metal cations are considered lewis acids because they can               

accept electrons. In our case Pb+2 ion is a cation so it will act as a lewis acid and accept the                     

electrons. Our second molecule, Cobalt(II) ion can also accept electrons and will also act as a                

lewis acid. Understanding this will help us understand how complex ions form. Lewis acids use               

the lowest unoccupied molecular orbital when bonding with a Lewis base. In Co+2 they will               

occupy the d orbitals. Complex ions are are formed with a central metal cation, surrounded by                

ions, or molecules called ligands. The ligands act as Lewis bases, donating a pair of electrons to                 

the central atom. In the case of Pb(NO3)2, Pb is the central cation, and lewis acid. Two NO3                  

counter ions surround Pb, while H2O are the ligands. donating electrons and acting as a Lewis                

base. This forms a coordinate covalent bond, forming a complex ion. The following picture              

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=Pb(NO3)2&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=Pb(NO3)2&sort=mw&sort_dir=asc


depicts how water and ammonia bond to Cobalt ion as ligands. (LA)           

 

Electrochemical methods make up useful measurement tools by providing an interface           

where a charge transfer process can occur, which gives way to currents that can be measured.                

The Nernst equation relates the reduction potential of an electrochemical reaction (half or full              

reaction) to the standard electrode potential, temperature, and other variables like concentration.            

The Nernst equation was derived from the Gibbs Free Energy at STP because cell voltage is                

proportional to ∆G and cell voltage is given by the equation: E= -∆GlnF. If ∆G is                

∆G(naught)+RTlnQ, the Nernst equation can be derived: E= E(naught) -RT/nF (lnQ). Q is the              

reaction quotient for the reaction, F is Faraday’s Constant (96,485.3329s A/mol), R = 8.314 J               

mol-1 K-1, n is the number of moles of electrons. For example, when trying to find Ecell data for                   

Lead in solution, with a molarity of 0.0012M Pb+2 (aq), a measure of 0.561v was obtained and a                  

Q value of 83.33 was calculated from Q= [Zn+2]/[Pb+2]. The n was derived from the balanced                

electrons in the reduction and oxidation equations, Zn(s) → Zn+2 (aq) +2e and Pb+2 (aq) +2e →                 

Pb(s), was 2. So, plugging E(naught) of 0.561v, Q of 83.3, an n of 2 into the Nernst equation                   

gives an Ecell of 0.504v. When Ecell is positive, the reaction is spontaneous, product              

favored.(SJ) 



Beer’s Law is a principle behind colorimetric analysis, an experimentation practice used 

in predicting unknown concentrations of a substance in solution via the charting of the light 

absorbance of known concentrations of the same substance in solution. The core concept behind 

this law is that the light absorptive capacity of a dissolved substance maintains a direct 

proportionality to the concentration of that substance in solution. A calibration curve brings 

together a cohesive view of how absorbance relates to concentration as seen in the following 

figure relating to CoCl2  

 

Absorbance is also used to indicate the color of a substance on the visible electromagnetic 

spectrum ranging from 380-720nm where the color seen is represented not by the color of light 

frequency absorbed but rather the amalgamation of those not absorbed transmitted out.  

For transitions metals, the color they display is also influenced to their pairing with ligands and 

how this orients their d-orbitals in a process known as Crystal Field Theory. In the 

aforementioned process, a phenomenon known as crystal field splitting occurs where by a metal 

ions naturally degenerate d-orbitals are split by the geometric contortions caused by the bonding 

of the ligands in the creation of a complex ion. The difference created between the split 

d-orbitals correspond directly to the radiation energy of the visible electromagnetic spectrum, 

meaning that light is absorbed at a certain frequency based on the complex ions specific 



magnitude of spacing per its d-orbitals. For the complex ion hexaaquacobalt(ii) chloride, it 

maintains an octahedral geometry and a red color thus it is clear that the spacing between the 

split d-orbitals absorbed light around the 480 nm wavelength representing blue-green light 

absorbed. A depiction of the different wavelengths of the visible spectrum and how one can 

predict the absorbed color of a compound via the transmitted color and vice versa is seen below.  

 

 

Altogether, having related Beer’s law and colorimetric analysis to CoCl2 , it is clear how it assists 

in the prediction of Co+2 ion concentrations possibly present in MVC soil samples and how such 

data could be useful in the prediction of the potential harmful effects these ion concentrations 

could have on the swallows population. (KJ) 

Procedures: (SOP’s) 

DiCorpCompanyStandardOperatingProcedure 

  

  

Subject:   Electrochemical Analysis for Pb+2         Prepared by:   Chemist 1  

  

  



Effective Date:         5/8/18                                                 SOP No: KJJ6  

  

  

Approved by:                                                                      Dated:  _____________________________  

  

  

1.  SCOPE: Electrochemical analysis of differing concentrations of Pb+2 solutions used 

in conjunction to MVC soil sample KJJ6 to predict its given concentration of Pb+2 

2.  REAGENTS:  

·  Pb(NO3)2 (s) Pb+2 

·  dH2O 

3.  RESPONSIBILITY: 

            ·  Chemist 1 

PPE: 

            ·  Eye protection and gloves for duration of experiment.  

4.  HAZARD COMMUNICATION 

·   Harmful if swallowed. Harmful if inhaled. Can cause serious eye 

damage/irritation. Carcinogenic. May intensify fire; oxidizer. May cause damage 

to the reproductive system. Prolonged usage may cause damage to the kidney 

liver and blood. 



5.  PROCEDURE 

1.     Weigh out 0.1 - 0.105 grams of Pb(NO3)2 on an electric balance 

2.     Transfer the grams of salt into an empty 100.0 mL volumetric flask 

3.     Fill the flask half-way with dH2O and swirl until the solid dissolves 

4.     Fill flask to the 100.0 mL mark; use dropper to ensure that you do not go 

over the line 

5.     Put the cap on the flask and mix until the solution is evenly distributed and 

mixed 

6.     Store the 0.003M solution in a clean dry Erlenmeyer flask and label 

accordingly. 

7.     Pipette out 15.0 mL of the 0.003M solution into a large test tube labeled #1. 

8.     Pipette out 9.0 mL of the 0.003M solution and 6.0 mL of dH2O into a test 

tube labeled #2  

9.     Repeat the previous step into a test tube labeled #3 

10.   Use test tube #3 to create three different serial dilutions of your choosing. 

11.   Write the cell notation for each electrochemical cell associated with your 

five solutions (Those being the original solution and four different dilutions 

created in the previous steps) of which include the respective concentrations of 

the diluted solutions.  

General cell notation: 



Zn(s)|Zn2+
(aq)(0.1M) ||Pb+2

(aq) (x Molarity of Pb+2) |Pb(s) 

12.   Draw a diagram of the general electrochemical cell indicated above with the 

anode being connected to the black wire and cathode being connected to the red 

wire. 

13.   Create a table titled: 

 “Ecell data of Pb(NO3)2 solutions mixed with varied amounts of dH2O at 298K”  

Follow this with the general cell notation from the previous step. 

14.   Divide the table into 5 columns each headed by the respective molar 

concentration of the five solutions adjoined to one row for Ecell values that will 

be found at these given concentrations.  

15.   Create the five electrochemical cells from step 11 and record the Ecell data 

found in the previously created table. 

  

  

  

16.   Use the data acquired from creating the aforementioned electrochemical cells 

to create a Nernst graph with the y-axis being Ecell and x-axis being lnQ indicate 

the units for each. 

17.   Use the KJJ6 soil extract sample to create and test the following 

electrochemical cell:  

Zn(s)|Zn2+
(aq)(0.1M) ||Soil Extract(aq)(x Molarity of Pb+2 in Soil Extract) |Pb(s) 



18.   Compare the Ecell data collected from the soil extract to the graph created 

from which find its lnQ then derive the Pb+2 concentration of the solution. 

(KJ) 

DiCorp 

Standard Operating Procedure 

 

Subject: Electrochemical Analysis for Pb             Prepared by: Chemist 1 +2   

 

Effective Date: 5-8-18                                                                       SOP #: JL6  

 

 Approved by:_______________________                               Dated:_____________ 

 

 

1.  Scope: Electrochemical Analysis with dilution of 0.100 g/100 mL by… 

Person 1 –diluted by 3.0 mL/ 15.0 mL 

Person 2 –diluted by 6.0 mL/ 15.0 mL 

Person 3 –diluted by 7.5 mL/ 15.0 mL 

Person 4 –diluted by 9.0 mL/ 15.0 mL 

Person 5 –diluted by 12.0 mL/ 15.0 mL 

2.  Reagents 



● b(NO ) , P bP 3 2(S)  +2  

● OdH2  

 

3.  Responsibility 

● Chemist 1 

● PPE: Adequate lab clothes, goggles, and gloves for duration of the experiment. 

 

4. Hazard Communication 

● Harmful if swallowed or inhaled. Can cause eye damage/irritation. Carcinogenic. 

Chemical(s) known to the State of California to cause [cancer, and] birth defects 

or other reproductive harm. Prolonged usage may cause damage to the kidney, 

liver, and blood. May intensify fire; oxidizer.  

 

 

5. Procedure 

1. On a weighing boat, weigh out 0.1 g of on an electric balanceb(NO )P 3 2(S)  

2. Transfer the grams of salt into an empty 100.0 mL volumetric flask 

3. Fill the flask half-way with  and swirl until the solid dissolves completelyOdH2   

4. Fill flaks to the 100.0 mL line 

5. Use parafilm and put the cap on the flask and mix until solution is distributed evenly 

6. Store the 0.003M solution in a clean beaker(label accordingly) 



7. Pipette out 15.0 mL of 0.003M solution into a large test tube and label “#1” 

8. Pipette out 3.0 mL of solution into a second test tube and add 12 mL of  and labelOdH2  

“#2” 

9. Repeat previous step into another test tube and label “#3” 

10. Use test tube #3 to do three more of your assigned serial dilutions 

11. Write the cell notation for each electrochemical cell associated with your 5 solutions 

(Those being the original solution and 4 dilutions) of which include the respective 

concentration of the diluted solutions 

12. Draw a diagram of the electrochemical cell with the anode being connected to the black 

wire and cathode connected to the red wire (indicate electron flow) 

13. Draw a table titled “Ecell Data of  Solution Diluted with Varied Amountsb(NO )P 3 2(S)  

of OdH2  

14. The table should be divided into 5 columns each headed by the respective molar 

concentration of the five solutions  

15. Use the data acquired from running the aforementioned electrochemical cells to create a 

Nernst Graph with y-axis being Ecell(V) and x-axis being lnQ 

16. Use JL6 soil extract sample in the following electrochemical cell 

〈 Zn丨 (1.0M) ‖ Soil Extract, x(M) C 〉Zn+2 |  

17. Use the Ecell data collected in conjunction with Nernst graph to determine lnQ for the 

voltage measured from which can then be used to calculate the ion concentration in the 

Soil Extract 

(JL) 



 

 

DiCorp 

Standard Operating Procedure 

 

Subject: Colorimetric Analysis for Pb             Prepared by: Chemist 1, Shehnaya Johal +2  

 

Effective Date: 5-17-18                                                                       SOP #: SJ6  

 

 Approved by:_______________________                               Dated:_____________ 

 

1.  Scope: Colorimetric Analysis by Spectrophotometer of mixed with pyridine ligand,Co+2  

absorbance tested at 500 nm. 

2.  Reagents 

● Cobalt (II) Chloride hexahydrate ( )OCoCl H2 • 6 2  

● OdH2  

● Pyridine 

3.  Responsibility 

● Chemist 1 

● PPE: Adequate lab clothes, goggles, and gloves for duration of the experiment. 



4. Hazard Communication: Harmful if swallowed or inhaled. May cause damage to organs 

through prolonged or repeated exposure. Suspected of causing cancer. May damage fertility. 

Suspected of causing genetic defects. May cause an allergic skin reaction. Pyridine: Highly 

flammable liquid and vapor. Harmful if swallowed, contact with skin, inhaled. Causing skin, 

eye, and respiratory irritation. May cause drowsiness and dizziness.  

 

5. Procedure 

1. Measure out 1.005g of CoCl₂·6H₂O on a weigh boat with a spatula. Transfer product 

into a 100mL volumetric flask. Fill flask up to 100 mL while mixing. Calculate and 

record the molarity. (0.0422M) 

2. Transfer solution out of 100 mL volumetric flask and into an Erlenmeyer flask. When 

you are ready to find lambda max, mix 2.0mL of CoCl₂·6H₂O solution with 2.0mL of 

2M pyridine (ligand)  solution. 

3. Determine lambda max by testing the absorbance of this ligand + CoCl₂·6H₂O solution 

at every 25 nm from 400nm-700nm, testing at multiple wavelengths when you get close 

to your lambda max for an accurate determination.  

4. Once the lambda max has been determined (ours was 500 nm), determine 3-4 dilution 

factors to test absorbance at. I tested at 1:2, 1:4, 1:5, and 1:10. Dilute with dH2O, 

keeping the amount of ligand the same (2.0mL).  

5. Test the absorbance of the diluted solutions at the determined lambda max and record 

your data in a Beer’s Law Graph.  

(SJ) 



DiCorp Company Standard Operating Procedure 
  
  
Subject:         Colorimetric Analysis for Cobalt(II) ion  Prepared by:    Lauren Amaya  
  
  
Effective Date:          5/17/18                           SOP No:   LA6  
  
  
Approved by:                                                                                             Dated:   
  
  

1.  SCOPE: Colormetric Analysis by spectrophotometry of CoCl2*H2O diluted by 

by 6M HCL at different dilutions measured at wavelengths of 400-700 at 25 

degrees celsius. 

  

2.  REAGENTS: 
·   CoCl2*6H2O 
·      HCl 
·      dH2O 

3.  RESPONSIBILITY: 
● PPE: Adequate lab clothes, goggles, and gloves for duration of the experiment. 

● Chemist 1 

 

4.  HAZARD COMMUNICATION



5.  PROCEDURE 
1. Create a .10M solution of CoCl2*6H2O by measuring .115 grams of 
CoCl2*6H2O and dissolve it in 5mL of 6M HCl. 

2. Turn on the spectrophotometer and let warm up. 

3. Fill a cuvette with dH2O as a blank. Fill a second cuvet with .10M solution of 
CoCl2*6H2O. 

4. Place the blank and .10M cuvet in the spectrophotometer. 

5. Measure the absorbance of .10M cuvette from wavelengths of 400-700 to find 
lambda max. 

6. Once lambda max is found measure surrounding wavelengths to ensure it is in 
fact the peak. 

7. From the .10M CoCl2*6H2O stock solution prepare the following dilutions. 

  

8. In the first test tube 

1.5mL of .10 M CoCl2*6H2O+2.5mL 6M HCl. Label test tube “.375M of 
CoCl2*6H2O” 

9. In the second test tube 

1.0mL of .10 M CoCl2*6H2O+3.0mL 6M HCl. Label test tube “.025M of 
CoCl2*6H2O” 

10.  In the third test tube 

.5mL of .10 M CoCl2*6H2O+3.5mL 6M HCl. Label test tube “.0125M of 
CoCl2*6H2O” 

11.  Fill three cuvette with each dilutions and place in spectrophotometer. Make sure 
to have a blank. 

12.  With the three serial dilutions measure their absorbance at the peak absorbance 
wavelength found previously with the .10M of CoCl2*6H2O. 

13.  Record results, and graph. 

 (LA) 

  
  
 



Results and Discussion (insert graphs and data tables): 

 

(KJ) 

The graph above depicts the results of the electrochemical analysis of Pb+2 ion solution 

rendered through the creation and evaluation of the electrochemical cell Zn(s)|Zn2+
(aq)(0.1M) 

||Pb+2
(aq)(x Molarity of Pb+2) |Pb(s).The organization behind the cell creation and data collection 

was provided through the creation of standard operating procedures from which a unified 

approach for experimental conduct was derived. Examples of the procedures used can be seen in 

the previous SOP section with this experiments specifically pertaining to those listed as KJJ6 and 

JL6. The content of these SOPs largely pertains to the creation of multiple concentration of Pb+2 

ion solutions through the dilution of a stock solution with varied amounts of dH2O. The varied 



concentrations are then each individually placed into the aforementioned electrochemical cell 

and tested for their respective Ecell value. The results of this testing are as follows:  

 

Ecell by LnQ data for Pb+2 ion solution in electrochemical cell Zn(s)|Zn2+
(aq)(0.1M) ||Pb+2

(aq)(x 

Molarity of Pb+2) |Pb(s)  taken by multiple voltmeters at 298K.  

Overall in testing the electrochemical cells with a diverse range of Pb+2 ion solution a lose trend 

of data was collected resulting in creation of the associated graph. With a trend line established 

there was now a basis from which to approximate the lnQ value for an unknown sample. As such 

testing for the Ecell of the soil extract sample KJ6 was undertaken by the same precedent by 

which previous results were had. The resulting testing concluded with a Ecell reading of 0.531 

volts placing the solutions position on the lower end of the trend line with an approximate lnQ 

value of 7.95.  indicating a low but still traceable amount Pb+2 ion was found in the soil extract 

solution. (KJ) 

For the Colorimetric Analysis, Shehnaya and Jesus combined their data sets:  



Data Table of Absorbance of varying concentrations of  [Co(H2O)6] with 2M Pyridine ligand at  +2  

wavelength 500nm at 21.8˚Celsius performed on spectrophotometer #3 (JL) 

Concentration of 

[Co(H2O)6]+2 in M Absorbance 

0.0422 0.363 

0.0211 0.251 

0.0155 0.131 

0.00844 0.091 

0.00422 0.047 

0 0 

0.0434 0.449 

0.03255 0.352 

0.0217 0.299 

0.01085 0.132 



(SJ, JL) 

Discussion of Results: For the colorimetric analysis via spectrophotometer #3, of 1.005g of 

CoCl₂·6H₂O with 2.0 mL of 2M pyridine to make hexa-pyridine Cobalt (II)ion and a lambda 

max of 500 nm was determined at 21.8˚C, this is important because it allows us to minimize 

noise error present in the spectrophotometer when you find the lambda max. I determined 

lambda max by testing absorbance of 0.0422M hexa-pyridine Cobalt (II)ion solution at 25 

nanometer increments from 400 to 700 nanometers. I started with a stock solution of 0.0422M of 

hexa-pyridine Cobalt (II)ion. Next, I diluted 1:2, 1:4, 1:5, 1:10 with respective molarities of 

0.0211M, 0.0155M, 0.00844M, 0.00422M. The results I gathered showed that absorbance 

decreased respective to the decreasing molarities. This makes sense because as the solution 



gained more and more dH2O, the absorbance decreased. I also calculated the molar absorptivity 

value for my data, (see best fit line on graph above). This calculated value with a 1 cm 

pathlength was 10 L mol-1 cm-1 . The solution of hexa-pyridine Cobalt (II)ion was clear, and this 

is also shown in my low molar absorptivity value. (SJ) 

Discussion of Results:  

Determining the concentration of  ion on bird nest extract. Using colorimetric analysisCo2+  

via spectrophotometer, I was able to find the maximum absorbance of my soil sample with 2 M 

pyridine ligand at 21.8 celsius. For this experiment, I created a 0.0435 M solution of 

CoCl₂·6H₂O which I mixed with 2 mL of 2M pyridine ligand. Using a spectrophotometer and a 

cuvette, I measured the absorbances at different wavelength (increments of 20nm) in the range of 

400nm to 700nm. The goal was to find the maximum absorbance which I found it at 500nm. 

Afterwards, I ran the same experiment using different dilutions of my  0.0435 M solution of 

CoCl₂·6H₂O. The purposes of doing this was to make a Beer’s Law graph. Afterwards, I ran the 

same experiment, only this time, I was using the soil sample taken from the MVC campus 

instead of  CoCl₂·6H₂O solution. After running the experiment, I determined that it had an 

absorbance of 0.017. This was below my detection level of the Co ion. This means there are  
+2  

low levels of Co  in the soil found at MVC. Furthermore, using Electrochemical analysis, I  
+2  

was able to determine the concentration of the Co ion in the bird nest extract. After running  
+2  

the electrochemical experiment, I got a reading of 0.003 V. Using the Nernst Equation, I was 

able to determine that the bird’s nest had a 7.56 M of the Co ion in it. Again, this is× 10−18   
+2  

below my detection level in my Beer’s Law graph. (JL) 



Colorimetric Analysis of CoCl2*H2O diluted with 6M HCl at Molarities of .10M, .375 M, 025M, 

and .0125M. 

For my experiment of colorimetric analysis on CoCl2*6H2O NH3 was initially used as 

the ligand. The reaction is as followed.  

Upon making the dilutions it was noted that this ligand produced a precipitate when mixed with 

CoCl2*6H2O. In an attempt to rid the mixture of the precipitate three drops of 3M HCl was 

added to the different dilutions. However, did this not fix it, and because the precipitate will 

absorb light it would skew the data. It also did not stay suspended and layered out after a short 

period of time, because of this meaningful data would not be able to be collected from the 

spectrophotometer. Because NH3 was unable to give meaningful data the experiment needed to 

be changed. Instead CoCl2*6H2O was diluted with 6M HCl instead of water. By adding 

hydrochloric acid the six water molecules are replaced by four chloride ions. The following 

reaction takes place. 

 

According to Le Chatlelier’s principle the high number of chloride ion pushes the 

equilibrium to the right, and by adding water it will flip the reaction toward the left again. 

A .10M solution was made by mixing 5 mL of 6M HCl with .115 grams of CoCl2. Once 

mixed the dilution was measured from wavelengths of 400-700. The data showed a peak 

absorbance at 650 λ . Once the peak was determined (determined by measuring absorbance at 

645 λ  and 655 λ ), three more dilutions were made and measured at the peak. The  dilutions 



measured were .375 M, .025M, and .0125M. The absorbance at 650 λ for each dilution are as 

followed. In the graphed data points there are two peaks, however it can be concluded that the 

peak at 525λ was noise and not an actual peak. 

Data table LA1: Absorbance of CoCl2*6H2O (in nm) dissolved in 6M HCL at different 

molarities measured at lambda max at room temperature (23*C).

 

  

Finding Ka and percent ionization by measuring pH of Cobalt(II) Chloride (CoCl2*6H2O) at 

.1M and .01M at room temperature 



My individual experiment consisted of finding the Ka and percent ionization by 

measuring the pH of CoCl2*6H2O at .1M and .01M. The .1M CoCl2*6H2O was made by 

measuring .597g of CoCl2*6H2O and dissolving it in a 25 mL volumetric flask with distilled 

water. Then one mL of this solution was further dissolved with 9 mL of dH2O to make .01M. 

The results were as followed. 

Data table LA2: pH of CoCl2*6H2O at .1M and .01M at room temperature (23*C) 

 

(LA) 

Conclusions: 

 After running both the colorimetric analysis and electrochemical analysis, I am able to 

conclude that both the concentrations on the soil sample and bird nest extract were below my 

detection level. When I ran the electrochemical analysis experiment to find the concentration 

levels of  Co  ion on the bird nest extract, I found my Ecell to be 0.003V. Using the Nernst +2  

Equation, I found that the bird nest extract had a 7.56 M concentration. I was expecting× 10−18  

this kind of results as the Co concentration for the soil sample was lower than my detectation +2  

level. From this, I can conclude that my results on finding the levels of cobalt in both the soil 

sample and the bird nest extract were consistent. One possible source of error is that when I 

created my Beer’s Law graph, I should have diluted my solution of 0.0435 M CoCl₂·6H₂O to 

lower dilutions. The lowest dilution I did was 0.5 mL of 0.0435 M CoCl₂·6H₂O solution. Lower 

dilutions would have given me lower detection levels of th Co  ion. Furthermore analysis +2  



could be beneficial to understand how low levels of either ion, Pb  and Co , accumulated in +2  +2  

the birds body or in the environment. Understanding how certain areas or regions where 

Swallows live and the levels of toxins that they are exposed and what toxicity levels affects them 

is vital to our understanding of the toxicity contributed by cobalt and lead ions.(JL) 

While the results of the electrochemical analysis of Pb+2 ion were by no means absolutely 

conclusive the data collected can still lead to a critical evaluation of the effectiveness of the 

experimental procedures maintained and possible connotations of the data collected. An 

examination the graph “Ecell (Volts) measured vs lnQ value of Pb+2 solution diluted with varied 

amounts of dH2O at 298 K” makes clear the significant amount of variance had with the results 

leading the trend line to be only a modest approximation of the actual data collected. One likely 

cause for this variance would be the usage of different voltmeters to take Ecell readings meaning 

that the specific level of precision maintained by each voltmeter when contrasted together only 

serves to exasperate the general erroneous appearance of the data. From this one could conclude 

that if each piece of data was to be isolated to their respective voltmeter which took their reading 

the level of precision would be consistent and thus making the interpreting the of data much 

more accessible as conflicting levels of voltmeter precision would not be a factor. As it stands 

the amalgamation of all the different precision levels serves to distort the trend line of Pb+2 ion in 

solution and thus decreasing the likelihood of accurately predicting unknown concentrations of 

ion by using the aforementioned trend. Moreover, the displacement of the datasets also makes 

finding the possible detection limit for Pb+2 ion nearly impossible by distorting any clear 

distinction of a unified data reaching a conclusive linear trend. Another possible cause distortion 

of the results could be the usage of the same salt bridge for each electrochemical cell as with the 



later tests are more likely to encounter a clogged salt bridge thus influencing the results had on 

the later data collected. Moreover, since the data collected usually started at higher 

concentrations progressively getting smaller one could conclude that a possible distortion of the 

lower concentration data is present only further distorting the area surrounding a possible distinct 

detection limit. The aforementioned errors must be taken into consideration to evaluate the of 

Pb+2 ion concentration in MVC soil samples largely by seeing if the Ecell value taken falls within 

the range of testing if so understanding that those values represent only a rough approximation of 

the ion concentration. Having taken the necessary error factors into consideration it is clear 

through the calculated lnQ of roughly 7.9 that the concentration of Pb+2 ion is around that of 

3.5×10-5M. This concentration however low does indicate that it is well within reason that cliff 

swallows could have prolonged exposure to Pb+2 through the soil used in their nesting. Following 

this It would be important to further evaluate the effects small concentrations of Pb+2 ion has in 

forms of toxicity to the swallows directly. To accurately predict lead effect on cliff swallows 

specific changes should be made in experimental procedures specifically in keeping consistency 

of lab equipment used as to prevent possible conflicting levels of precision convoluting the data 

collected. The newly required data can than give a better view as to the Pb+2 concentration and 

conflating that value to see if this concentration would provide a risk to the cliff swallows 

population (KJ) 

Conclusion of Colorimetric Analysis of Hexa-pyridine Cobalt (II)ion solution: The 

0.0422M solution of Co+2 ion was analyzed using spectrophotometer #3 at 21.8˚C. First, 

spectrophotometer #3 was used to find lambda max of the hexa-pyridine Cobalt (II)ion solution 

by checking in intervals of 25 nanometers then going back to the maximum absorptivity and 



testing at intervals of 5 nm. The determined lambda max value I received for my solution was at 

500 nanometers. Finding the lambda max is important because if not done accurately, the result 

could be skewed if the solution absorbance data did not exceed the noise level present to the 

spectrophotometer. Upon analyzing the Beer’s Law graph, the results were found to be 

consistent with the conclusion of general accuracy show the absorbance values associated with 

the concentration created a linear graph. Having performed serial dilutions of 1:2, 1:4, 1:5, 1:10 

molarity we could construe a linear Beer’s Law graph showing the principle to its entirety. 

However, this result could be skewed as the dilution factors were limited in their scope, thus 

possibly missing a potential drop in the linear nature of the resulting graph. Nonetheless, the 

general conclusion is the consistency of the data found for lambda and the absorbance contrasted 

with their respective concentration that the results proved to be a somewhat accurate 

representation of the Beer’s Law principle as seen in the hexa-pyridine Cobalt (II)ion solution. 

Therefore, we can conclude using this data that the resulting concentration of the hexa-pyridine 

Cobalt (II)ion solution was found in the soil was below the detection limit, as the absorbance of 

the soil sample was 0.026. AS a group, errors could be pointed in the differences in machinery 

and in dilution practices. With more dilutions and a more specified spectrophotometers as well as 

a better understanding of how the toxicity of the sample is affecting the birds, our experiment 

results could be improved. We would like to find out how the toxicity of cobalt affects the birds 

and at what point it starts becoming harmful for birds. Understanding the soil, knowing if the soil 

is high in pH is important extra information that would have been helpful in our analysis of the 

toxicity of cobalt and in examination in terms of cation exchange. So, understanding how quickly 

elements seep into the soil and affect toxicity levels is important in our understanding of the 



factors that are affecting toxicity that is imparted onto the Cliff Swallows. For example, lead can 

be possibly carcinogenic but the rate and amount of exposure is extremely important in 

understanding under what circumstances lead is safe until.   (SJ) 

Conclusion:Colorimetric Analysis of CoCl2*H2O diluted with 6M HCl at Molarities of .10M, 

.375 M, 025M, and .0125M at room temperature (23*C) 

Since NH3 formed a precipitate when mixed with CoCl*H2O it can be concluded that 

NH3 is not a good ligand to use and HCl yielded better results. While looking at the graph 

650nm is the peak absorbance. The wavelength of 650 absorbs the color red, which means green 

is the observed color. Some sources of error can come from the cuvettes being scratched, this can 

make the absorbance higher than it actually is. (LA) 

Conclusion: Finding Ka and percent ionization by measuring pH of Cobalt(II) Chloride 

(CoCl2*6H2O) at .1M and .01M at room temperature(23*C) 

From the recorded data it can be noted that if the molarity decreases the pH increases. 

Calculations also show that the percent ionization of a weak acid decreases as the molarity of the 

solution increases. From the completed ICE charts the calculated Ka was 1.58x10-9 and the 

percent ionization was 3.98x10-2 for .01M. While the Ka for .1M was 4.00x10-9  and the percent 

ionization was 2.0x10-2 . It can be expected that the soil sample will have some acidity, although 

it may be less affected because it is possible that the swallow’s saliva contains buffers. Cobalt(II) 

ion is also a lewis acid and cation. This is important to note in order to understand the cation 

exchange capacity. This is a soil chemical property; it is the ability of the soil to hold or store 

cations. When soil particles are negatively charged they attract and hold on positively charged 

ions stopping them from being filtered down the soil, compared to anions that are more likely to 



be leached through out the soil. Some factors that influence the cation exchange capacity include 

pH. The cation exchange capacity of a soil that is pH dependent will increase if the pH increases. 

Some sources of error can come from the CoCl*H2O being contaminated.(LA) 
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