
Seirafi, Ratton, Mosqueda, Vu, and Cuevas 1 

 

 

 

                     DICORP HONORS Journal                                     

No.3, Vol. 3 

June 2018 

Analysis of Electrochemical and Colorimetric Methods for Determination of 

Ni2+ Ion in Soil Extracts from Soil Samples Utilized by Cliff Swallows. 

Authors: Marquez Cuevas, Jose; Mosqueda, Paola; Ratton, Genissa; Seirafi, Ayah; Vu, Kim. 

Moreno Valley College, Moreno Valley, CA 

 

Abstract: 

Swallows are a prominent species at Moreno Valley College. In this research, the data 

acquired through using Electrochemical Cell Analysis, Colorimetric Analysis and equilibrium 

data will determine how much Ni2+ is in the soil at Moreno Valley College.  By finding this 

data, it is determined whether the amount of Ni+2 in the soil is beneficial or harmful to the 

Swallows.  Using Electrochemical Analysis, the lowest detection rate for Ni^+2 was 6.4E-38M.  

It was concluded that the concentration of Ni+2 are low, thus resulting in the toxicity levels of 

Ni+2 were low. 

Introduction: 

Nickel is the fifth most common element on earth and occurs extensively in the earth's 

crust (Nickel Institute).  Nickel is known for protecting metals from corrosion and is usually used 

to plate them.  Nickel is a solid, silver-white, hard metal that has an atomic number of 28 

(Pubchem). There is no doubt that the environment contains large amounts of Ni2+.  In some 

ecosystems, Ni2+ is more present than others. As expected, birds in unpolluted environment 

contain lower amounts of nickel than that of birds who reside in polluted environments. Birds in 
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unpolluted environments usually contain 0.1 mg/kg Dry Weight of Nickel while birds in polluted 

environments can contain up to 36 mg/kg DW (Eisler 43). Nickel is usually contained in items 

such as batteries, coins, and some jewelry. Being exposed to nickel is not necessarily harmful to 

wild birds; Ni2+ only becomes harmful when the birds are exposed to large amounts.  Similarly, 

when birds are deficient in Ni2+ ion, it can be harmful to them. A study done on chickens 

revealed that when given nickel deficient diets, negative effects start to take place after 3 - 4 

weeks.  These effects included: a decrease of fat-soluble pigment in the liver, a decrease in red 

blood cells to the total volume of cells, inflammation of the skin, leg thickening, decreased 

plasma cholesterol and altered lengths of leg bones (Eisler 45).  Chicks who were fed 25-2,500 

µg Ni/kg (Eisler 46) for 3-4 weeks were showing no signs of abnormal growth.  In this research, 

the data acquired through using Electrochemical Cell Analysis, Colorimetric Analysis and 

equilibrium data will determine how much Ni2+ is in the soil at Moreno Valley College. (AS)  

Electrochemical analysis can be used to study the electrochemical cell of Ni2+ by 

looking at the oxidation reductions reactions in the soil. “Redox reactions change the evolution 

and solubility of many elements including” Ni2+, “creating new compounds and altering the 

biochemistry of soils.” (Stuart H.; Manthey) The half-cell reduction reaction for Ni2+ is Ni2+(aq) 

+ 2e- -> Ni(s) and the standard potential (volts) is -0.23. A great electron donor to Ni2+ is 

Zn2+and Zn2+’s half-cell oxidation reaction for Zn(s) ->Zn2+(aq) + 2e- with the standard potential 

(volts) is 0.76. When the two equations are combined, this yields the overall reaction of Zn(s) + 

Ni2+(aq) ⇌ Zn2+(aq) + Ni(s) and the E0cell would be 0.53 volts. That means when Ni2+ 

undergoes redox, the current measures 0.53 volts. 

One of the ways to measure the redox potential in soils and sediments is the Nernst 

Equation. The Nernst equation relates the reduction potential of an electrochemical reaction 
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(half-cell reaction) to the standard electrode potential, temperature, and concentrations of the 

chemical species undergoing reduction and oxidation. The general Nernst equation is: 

Ecell=E°cell –  RT/nF lnQ or Ecell=E°cell – (0.0257/n)(lnQ) if all the constants were calculated. 

● Ecell = potential difference under general conditions in volts 

● E0cell = the potential difference under standard conditions in volts (1M compound at 1 

atm and 298 K) R = 8.314 J/mole * K or 0.008314 kJ/ mole*K (universal gas constant,) 

● T = absolute temperature at Kelvin 

● N = number of electrons transferred in the reaction (from balanced reaction) 

● F = 9.648 *10^4 Coulomb’s/mole (Faraday constant) 

● Q = reaction quotient of the cell reaction. 

Using the lnQ and the Ecell measured off the voltmeter data, a Nernst graph can be made 

from this data. If you are using Excel to create the Nernst graph, a equation that is in y=mx+b 

form can be produced that then can help calculate the unknown concentration of Ni^2+ in a 

specific soil extract. Using the equation (y=mx+b) yielded from the Excel Nernst graph, replace 

y with the Ecell measured and solve for x which gives you Q which equals [Zn^+2]/[Ni^2+]. 

Then take the e^Q, set it equal to [Zn^+2]/[Ni^2+] (inserting 0.1M for the concentration of 

Zn^+2 since that is the concentration of Zn^+2 in this research), and solve for the concentration 

of Ni^2+ in the soil extract. Another way to find the concentration of Ni^2+ in the soil is to 

observe how the soil extract solution responds to various ligands (an ion that attaches to the 

metal ion in this case, Ni^2+ attached to a metal atom by coordinate bonding).  (GDR) 

In the formation of complex ions, the orbitals filled of the ligands overlap with the empty 

d orbitals of the metal ion. Since metal ions (particularly transition metal ions) have empty 
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valence orbitals, they can act as Lewis acids (electron acceptors). The ligands have a least a lone 

pair of electrons, so they can act as Lewis bases (electron pair donors). In a complex ion, ligands 

are bound to the metal by coordinate covalent bonds (Ebbing 597). Ligands can be molecules or 

anions that contain in their structure at least a lone pair of electrons. Some examples of 

molecules that act as donors are: H2O, NH3, CO2, and NO2. CN-, OH- are anions that act as 

ligands. Ligands can donate one, two, or more pairs of electrons and according to the number of 

them are classified in monodentate and polydentate (Olmsted 908). 

Nickel (II) ion, as other transition metals, form octahedral complex with small ligands like 

water, ammonia and hydroxide ion. The complex is 

formed by six molecules of the ligand linked by covalent 

bonds with a nickel ion, so the coordination number of 

nickel is six (Kotz 1082). Nickel (II) Nitrate Hexahydrate 

(Ni(NO3)2 ∙ 6H20) is a green crystal in which the nitrates 

are linked by ionic bond with the complex ion positively 

charged. Ni+2 has an electron configuration of [Ar] 3d84s0, 

so nickel ion is paramagnetic because of its two unpaired 

electrons. Since the ligands and the metal ion are a single structural entity, the formula of a 

coordination complex is enclosed in brackets and the charge of the complex ion depend on the 

number and types of ligands (Marsh). (PM) 

The Beer-Lambert Law relates the attenuation of light to the properties of the material 

through which the light is traveling. The larger the molar absorptivity, the more probable the 

electronic transition and since transition metal ions are electron rich and very good with 

electrons, there is a good absorption. When light is not absorbed, it is said that the light is 

Figure 1. Coordination complex of Hexamine 
Nickel (II) ion.  https://goo.gl/images/Ddu2cx 
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transmitted through the solution. The more light a solution absorbs, the less light is transmitted 

through the solution. The wavelength or group of wavelengths when a solution absorbs light can 

be determined by exposing the solution to monochromatic light of different wavelengths and 

recording the responses. When colored solutions are irradiated with white light, they will 

selectively absorb light of some wavelengths, but not of others. This is because of the 

relationship between the electrons in a molecule or atom and its energy. Electrons in molecules 

and atoms are restricted in energy; occupying only certain fixed (for any given atom or 

molecule) energy levels. (KV) 

Kf, also known as the equilibrium constant for the formation of a complex ion in solution, 

illustrates the formation of a complex ion from its central ion and attached ligands. The greater 

the value of Kf, the more stable the complex ion is. The inverse value of the formation constant is 

described as the dissociation constant, Kd, where it can be noted as the instability constant 

whereas Kf explains the stability of a complex ion. To find the value of the formation constant, 

Kf, you would first have to balance out the chemical equilibria in which the forward rate of the 

reaction is equal to the reverse rate. Then after performing the ICE charts of the equilibrium 

equation, you would then use the molarities of the ions in calculating the Kf value. Though you 

would omit anything that has a constant concentration such as metal solid or liquids like water. 

The equation is as follows: 

Kf = 
[𝑚𝑜𝑙𝑎𝑟𝑖𝑡𝑦 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑠 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠]𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠

[𝑚𝑜𝑙𝑎𝑟𝑖𝑡𝑦 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑠 𝑜𝑓 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠]𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠
 

Example: Ni+2
(aq) + 6NH3 (aq) ↔[Ni(NH3)6]

+2
(aq), where Kf = 

[[𝑁𝑖(𝑁𝐻3)6]+2]

[𝑁𝑖+2] ∗ [6𝑁𝐻3
 

Assuming you are given the molarity concentrations of each ion. The exponents shown in 

the Kf formulaic equation are the balanced coefficients in front of any aqueous ion, if any. 
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**(NOTE: the formula is the same throughout any other equilibrium constant such as Ksp, or 

Kc.). (JMC) 

Procedure: 

 In order to obtain more information about the level of nickel (II) ion in the environmental 

in which cliff swallows are, the determination of the Ni+2 ion concentration in soil extract and 

bird nest extract is carried out. In the present study, the determination of Ni+2 concentration in 

soil extract is determinate by two methods, Electrochemical Analysis and Colorimetric Analysis. 

Electrochemical Analysis: 

 A two-compartment electrochemical cell was used to obtain the Nernst Graph by 

measuring the electrochemical 

cell voltage with different 

concentrations of Ni+2 solutions as 

cathode solution and a constant 

0.10 M Zn+2 solution as anode 

solution. The electrode selected 

was Ni(s) because Nickel 

(II) ion is the analyte of interest and Zn(s) because it gives a positive E°cell which means that the 

reaction is spontaneous. The first step is created a series of dilutions from a stock solution. The 

stock solution for Ni+2 was made following the SOP PM #2. (PM)  

    

 

 

Figure 2.  Electrochemical Cell using for the Electrochemical 
Analysis. 

Zn(s) 

Zn+2 

 
0.10 M  
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Connected to 

red wire 
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DiCorp Company Standard Operating Procedure 
 
 

Subject:         Electrochemical Analysis for Ni+2     Prepared by:    Paola 
Mosqueda  

 
 

Effective Date:          Tuesday May 8, 2018                        SOP No:   PM #2  
 
 

Approved by:                                                             Dated:  

 1.  SCOPE: Electrochemical Analysis with dilution of 0.100-0.105 g/100 mL Ni(NO3)2•6H2O (s) 

diluted at different concentrations. 

 

2.  REAGENTS:  

 Ni(NO3)2•6H2O (s)  

 dH2O 

 Zinc Sulfate 

 Zinc (cathode) 

 Nickel (anode) 

3.  RESPONSIBILITY:  Chemist 1 



Seirafi, Ratton, Mosqueda, Vu, and Cuevas 8 

 

4.  HAZARD COMMUNICATION 

 Ni(NO3)2•6H2O (s): May intensify fire; oxidizer. Harmful if swallowed. Harmful if inhaled. 
Causes skin irritation. Causes serious eye damage. May cause eye allergy or asthma 
symptoms or breathing difficulties if inhaled. May cause an allergic skin reaction. 
Suspected of causing genetic defects. May cause cancer by inhalation. May damage the 
unborn child. May cause respiratory irritation. Causes damage to organs through 
prolonged or repeated exposure  

 

 

 

 

 Zinc sulfate: Harmful if swallowed. Causes serious eye damage. May cause damage to 
organs through prolonged or repeated exposure.  

 

 

 

 

 PPE: With hazardous liquids gloves and goggles are necessary. 

 

 
 

  

1 

0 2 

0 

0 2 

NFPA Ni(NO3)2 NFPA ZnSO4•H2O 
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5.  PROCEDURE 

A. Preparing Nickel stock solution. 

1. Weigh out 0.100 to 0.105 grams of Ni(NO3)2•6H2O(s) on an electric balance. Record the 
exacts grams.  

2. Pour the Ni(NO3)2•6H2O(s) into an empty 100.0 mL volumetric flask 

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

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

5. Put the Para film to cover the top of flask.  

6. Stir four times by flipping upside down and swirling then turn upright. 

7. Transfer the solution into a clean dry beaker.  

8. Immediately rinse the volumetric flask.  

9. Store any unused solution in a labeled bottle. 

 

a) Calculate concentration of Nickel stock solution:  

𝐌 =
g of Ni(NO3)2 • 6H2O weight

mL solution
∗

mol

molar mass
∗

mL

L
 

Example of calculate of concentration with 0.104 g of Ni(NO3)2•6H2O(s). 

𝐌 =
0.104 g Ni(NO3)2 • 6H2O 

100 mL
∗

1 mol Ni(NO3)2 • 6H2O

290.81 g Ni(NO3)2 • 6H2O
∗

1000 mL

1 L
 

     = 𝟑. 𝟓𝟖𝒙𝟏𝟎−𝟑𝑴 𝑁𝑖+2𝑠𝑡𝑜𝑐𝑘 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 

 

B. Preparing dilution #3. 

1. Pipette out 15.0 mL into a large test tube labeled with tube #1: Ni+2 stock solution 
for the first electrochemical cell.  

2. Label other large test tube with tube #2: Dilution #1. 

3. Pipette the amount assigned for dilutions (See Table #) into a second into the 
large test tube (tube#2) and add the amount of dH2O to make 15.0 mL total volume.  

4. Stir to mix. Use this solution as Ni+2 solution for electrochemical cell. 

5. Repeat the steps 3 to 4 to make the same dilution in other tube labeled as tube #3. 

6. Use test tube #3 to do three more serial dilutions.  

 

a) Calculate concentration of the dilutions. 

 V1C1 = V2C2 

where V1: 𝑉𝑜𝑙𝑢𝑚𝑒𝑛 𝑡𝑎𝑘𝑒𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛  

C1: concentration of previous solution  

V2: 𝑣𝑜𝑙𝑢𝑚𝑒𝑛 𝑜𝑓 𝑛𝑒𝑤 𝑠𝑜𝑢𝑡𝑖𝑜𝑛 (15𝑚𝐿) 

C2: 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑛𝑒𝑤 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 

solve for 𝐶2 
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C2 =
V1C1

V2
 

= 𝟏. 𝟕𝟗𝐱𝟏𝟎−𝟑 𝐌 Ni+2 solution   

 

Table 1. Amounts assigned for the dilution of the nickel standard solution to carry out the 
electrochemical analysis. 

 

Person 
Amount of Ni+2 stock 

solution (mL) 
Amount of dH2O (mL) Total Volume (mL) 

1 3.0 12.0 15.0 

2 6.0 9.0 15.0 

3 7.5 7.5 15.0 

4 9.0 6.0 15.0 

5 12.0 3.0 15.0 

 

C. Electrochemical Cell Set up and Data Table Requirements 
1. Cell notation for the electrochemical cell: 

 

 ⟨Zn(s)|0.10 𝑀 𝑍𝑛(𝑎𝑞)
+2 ‖ 𝑥 𝑀 𝑁𝑖+2|𝑁𝑖(𝑠)⟩ 

x= concentration de Ni+2 solution  

 
2. Measure the voltage of Ecell of with each dilution.  

 

a) Obtain porous cup, black cup, voltmeter, nickel solid, and zinc solid from lab storage 

room. Plug black wire and red wire in respective places on voltmeter.  

b)  Use Ni+2 stock solution as cathode solution in the black cup and pour 15.0 mL of 

0.1M Zinc Sulfate (ZnSO4•7H2O) into the porous cup as anode solution. 

c) Place a Nickel electrode into the black cup filled with stock solution and attach metal 

clasp. Place Zinc electrode into the porous cup and attach metal clasp.  

d) Attach red wire to Nickel electrode. Attach black wire to Zinc electrode. Turn on 

voltmeter to DCV (direct current) and take reading after 5 seconds and record data on 

the table 2.   

e) Repeat steps b) to d) for each different dilution of Ni+2 solution. 

25. Clean up. 

 
 

Table 2. Data of the measure voltage of the Electrochemical cell using Zn(s) as anode and Ni(s) 
as cathode with 0.10 M Zn+2 solution and different concentration of Ni+2 solution at X°C.  

 

Concentration of 
Nickel Solution (M) 

Concentration of Zinc 
solution (M) 

ln Q Ecell (v) 

 0.10   
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 0.10   

 0.10   

 0.10   

 0.10   

 0.10   

 
3. Use the data to make a Nerst Graph (Ecell vs ln Q). 

  

D. Measurement of Ecell for unknown soil extract 

a) Unknown soil extract (P.M. 2 sample) ⟨Zn(s)|0.10 𝑀 𝑍𝑛(𝑎𝑞)
+2 ‖ ?  𝑀 𝑁𝑖+2|𝑁𝑖(𝑠)⟩ 

b) Pipette 15 mL of the extract P.M. 2 to use as solution Ni+2 on the electrochemical cell.  
c) Use 0.10 M Zn+2 solution, Zn(s) as anode, and Ni(s) as cathode. 

d) Register the voltage of the cell.  

 

 

 

 
Soil Collection: 
 The sample of soil was collected at Latitude 33.8868 and Longitude 117.2023 with t-tool 
and put it in a labeled with our initial and number of bench. The sample was placed in drying 
oven at 323 K for two days.  (PM) 
 
Soil extract: 
 The soil extract was obtained follow the procedure for the SOP GDR 2.  

 

   

Colorimetric: 

 A Beer’s Law Graph is used to determine the concentration of an unknown sample. 

Therefore, the procedure of SOP GDR 2 and SOP PM 2.2 were followed to obtain the beer’s law 

graph for each of the follow ligands: ammonia, water, hydrochloride acid, ethylenediamine, and 

pyridine. (PM) 

 

DiCorp 

Standard Operating Procedure 

 

Subject:____Colorimetric Analysis_________             

Prepared by:_Genissa Ratton__________ 

Effective Date: ___05/15/18___________ 

SOP #: _GDR 2__                                       
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1. Scope:  

Colorimetric Analysis of Ni(No3)2 *6H2O (adding 5 mL of 6 M HCL to make 0.0997M 

[NiCl6]^-4 solution) then 4 serial dilutions of the 0.0997M [NiCl6]^-4 solution ( 2 mL of 0997M 

[NiCl6]^-4 solution + 2 mL of 6M HCl) 

 

2.  Reagents: Nickel (II) Nitrate or Ni(NO3)2 * 6 H2O; 6 M Hydrochloric Acid or 6 M HCl; Soil 

Extract 

3.  Responsibility: Chemist 1 

4. Hazard Communication 

 

A) Nickel (II) Nitrate, Ni(NO3)2 * 6 H2O FW = 290.81 (Oxidizer) DANGER!!! 

                   
Potential Health Effects (Acute & Chronic): “May cause allergic skin irritations. Skin 

inflammation is characterized by itching, scaling, reddening, or, occasionally, blistering; Very 

hazardous in case of eye contact (irritant) Inflammation of the eye is characterized by redness, 

watering, and itching; Very hazardous in case of ingestion; Very hazardous in case of inhalation.;

 Suspected of causing genetic defects; May cause cancer by inhalation; May damage 

unborn child; Causes damage to organs through prolonged or repeated exposure; Dangerous for 

the environment” (http://www.sciencelab.com/msds.php?msdsId=9926219 ) 

PPE Recommended: Splash goggles; Lab coat; Dust respirator. Be sure to use an 

approved/certified respirator or equivalent; Gloves 

 

B. 6 M Hydrochloric Acid or 6 M HCl 

 
 

Potential Health Effects (Acute & Chronic): Causes severe skin burns and eye damage;  Causes 

serious eye damage; May cause respiratory irritation; Caustic burns/corrosion of the skin; 

Symptoms/effects after ingestion: Nausea. Vomiting. Irritation of the gastric/intestinal mucosa. 

Diarrhea.; Affection/discoloration of the teeth 

 

Precautionary Statements: “Do not breathe mist, vapors, spray; Wash exposed skin thoroughly 

after handling; Use only outdoors or in a well-ventilated area; IF SWALLOWED: rinse mouth. 

Do NOT induce vomiting; ON SKIN (or hair): Remove/Take off immediately all contaminated 

http://www.sciencelab.com/msds.php?msdsId=9926219
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clothing. Rinse skin with water/shower; If in eyes: Rinse cautiously with water for several 

minutes. Remove contact lenses, if present and easy to do. Continue rinsing; Immediately call a 

poison center or doctor/physician; Wash contaminated clothing before reuse; Store in a well-

ventilated place. Keep container tightly closed; Store locked up; Dispose of contents/container to 

comply with local, state and federal regulations; If inhaled: Remove person to fresh air and keep 

comfortable for breathing” (http://www.labchem.com/tools/msds/msds/LC15370.pdf ) 

PPE Recommended:  Protective gloves; Safety goggles; Protective clothing; Face-shield. 

C) Soil Extract 

This product contains no hazardous materials  

Precautionary Statements: “Heating may cause a fire; Causes mild skin irritation; Causes eye 

irritation; May cause respiratory irritation; Keep away from heat, sparks, and open flames; Avoid 

breathing dust; If inhaled: provide fresh air; If in eyes: rinse cautiously with water for several 

minutes.  Remove contact lenses  if present and easy to do – continue rinsing; In case of fire: use 

water spray or dry foam for extinction”            

PPE Recommended: “Not normally necessary.  If excessive dust is created use of an approved 

respirator or local  exhaust is advised.  Protective eyewear should be worn where dust levels are 

high enough  to cause irritation.” 

(https://www.domyown.com/msds/FOXFARMHAPPYFROGSOILCONDITIONERMSDS.pdf) 

                                                                                                                      

5. Procedure 

1. Apply PPE. Set up spectrometer, turn spectrometer on, and allow to warm up for 20 

minutes. 

2. While waiting for spectrometer to warm up, measure 0.149 gram of Ni(NO3)2 * 6H2O 

into a weigh boat on the scale. 

3. Transfer the 0.149 gram of Ni(NO3)2 * 6H2O to a small, clean test tube. Label the test 

tube “0.0997 M [NiCl6]^-4”. 

4. To make 0.0997 M [NiCl6]^-4, dilute the 0.149 gram of Ni(NO3)2 * 6H2O with 5.0 mL 

of 6 M HCl. Use glass stirring rod to thoroughly mix the 0.149 gram of Ni(NO3)2 * 

6H2O with the HCl until no Ni(NO3)2 * 6H2O crystals remain. Swirl the test tube in a 

circle quickly to mix together the contents. 

5. Using a pipette, pipette 2mL of the 0.0997 M [NiCl6]^-4 solution into another clean, test 

tube. 

6. Pipette 2 mL of the 6 M HCl and add to the second test tube. Label the second test tube 

“0.04985 M [NiCl6]^-4”. 

7. Pipette 2mL of the 0.04985 M [NiCl6]^-4 solution into another clean, test tube. 

8.  Pipette 2 mL of the 6 M HCl and add to the third test tube. Label the third test tube 

“0.0249 M [NiCl6]^-4”. 

9.  Pipette 2mL of the 0.0249 M [NiCl6]^-4 into another clean test tube. 

http://www.labchem.com/tools/msds/msds/LC15370.pdf


Seirafi, Ratton, Mosqueda, Vu, and Cuevas 14 

 

10. Pipette 2 mL of the 6 M HCl and add to the fourth test tube. Label the fourth test tube 

“0.0125 M [NiCl6]^-4”. 

11. Pipette 2mL of the 0.0125 M [NiCl6]^-4 into another clean, test tube. 

12. Pipette 2 mL of the 6 M HCl and add to the fifth test tube. Label the fifth test tube 

“0.00623 M [NiCl6]^-4” 

13. Obtain five to six cuvettes from lab stockroom. Fill one cuvette with deionized water to 

use as your blank. 

14. Fill the remaining four cuvettes, one with 0.0997 M [NiCl6]^-4, one with 0.04985 M 

[NiCl6]^-4, one with 0.0249 M [NiCl6]^-4, and one with 0.0125 M [NiCl6]^-4. 

15. Place the blank and cuvette containing the 0.0997 M [NiCl6]^-4 stock solution into the 

spectrometer. 

16. Test the 0.0997 M [NiCl6]^-4 stock solution from 400 nm to 700 nm in order to find 

lambda max (400 nm). 

17. Once lambda max is found, place in the cuvettes with 0.04985 M [NiCl6]^-4, 0.0249 M 

[NiCl6]^-4, 0.0125 M [NiCl6]^-4, and 0.00623 M [NiCl6]^-4 solutions in the 

spectrometer and test them at the lambda max that was found off the original stock 

solution. 

18.  Remove cuvettes, dump the contents into a properly labeled waste container, then rinse 

cuvette with deionized water three times and dry down with Accuwipe. 

19. Filter soil extract from brown bottle labeled “GDR 2”. 

20.  Pipette 20 mL into a clean evaporating dish. Label evaporating dish with a wax pencil 

“GDR 2” 

21. Place evaporating dish under fume hood and leave it there for 5 days for late analysis. 

22. On the fifth day, apply PPE (Goggles and gloves. Lab coat if not wearing proper 

protective clothing).Set up spectrometer, turn spectrometer on, and allow to warm up for 

20 minutes. 

23.  Pipette 5 mL of 6 M HCl into the evaporating dish. Mix together with clean, glass 

stirring rod. Allow 6M HCl solution and soil extract solution to equilibrate for 30 

minutes. 

24. After equilibrating for 30 minutes, transfer to a clean test tube. Start time: 10:16 am End 

Time: 10:44am 

25. Pipette 2 mL of Soil extract/6M HCl solution into another test tube then pipette 2 mL of 6 

M HCl and add to test tube. 

26. Add 80 drops of  Soil extract/6M HCl solution to a clean cuvette and test at a lambda 

max of 400 nm in a spectrometer. Record data in green book. 

27. Clean up. 
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Individual Experiments: 

 

Determination of equilibrium constant (Ka) of [0.10M] Ni2+ solution at 20 C 

Prepared By:   Ayah Seirafi 

Effective Date:   Tuesday, 22 May 2018 

Scope: Create 4 serial dilutions and determine pH of [0.10M] Ni2+ Solution 

Reagents: Ni(NO2)3 6H20, dH2O 

Responsibility: Chemist 1 

Hazard Communication:           

  

Procedure: 

1. Calculate grams of Ni(NO3)2 6H2O needed to create a 25 mL solution diluted with 

dH2O 

2. Equilibrate pH meter 

a. rinse tip of pH meter in dH20 

b. dip in buffer solution and lightly stir until timer is up 

c. equilibrate to 7.00 

d. rinse tip  of pH meter in dH2O then lightly stir in acidic solution until timer is up 

e. equilibrate to 4.00 

3. Create three 1/10 dilutions from original solution and test pH on each solution 

 

Dilution Concentration pH 

Original Solution 0.10M 4.4 

1/10  0.01M 4.9 

1/100 1.0E-3 5.1 

1/1000 1.0E-4 5.5 

 

Result : As expected, the solution became more basic as the Nickel Nitrate solution was was 

diluted with dH2O 
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DiCorp 

Standard Operating Procedure 

 

Subject:____Colorimetric Analysis_________             

Prepared by:_Genissa Ratton__________ 

Effective Date: ___05/22/18___________ 

SOP #: _GDR 2__                                       

                                                                          

1. Scope:  

Colorimetric Analysis of  2mL of Bird’s Nest Extract with 5 mL of 6M HCl; ph Testing of 

Unknown Concentration of Bird’s Nest extract and Unknown Concentration of GDR 2 Soil 

Extract  

2.  Reagents: GDR 2 Soil Extract; Bird’s Nest Extract; 6 M Hydrochloric Acid or 6 M HCl 

3.  Responsibility: Chemist 1 

4. Hazard Communication 

 

A) Soil Extract 

This product contains no hazardous materials  

Precautionary Statements: “Heating may cause a fire; Causes mild skin irritation; Causes eye 

irritation; May cause respiratory irritation; Keep away from heat, sparks, and open flames; Avoid 

breathing dust; If inhaled: provide fresh air; If in eyes: rinse cautiously with water for several 

minutes.  Remove contact lenses if present and easy to do – continue rinsing; In case of fire: use 

water spray or dry foam for extinction”            

PPE Recommended: “Not normally necessary.  If excessive dust is created use of an approved 

respirator or local exhaust is advised.  Protective eyewear should be worn where dust levels are 

high enough to cause irritation.” 

(https://www.domyown.com/msds/FOXFARMHAPPYFROGSOILCONDITIONERMSDS.pdf) 

B) Bird’s Nest Extract 

Precautionary Statements: None found 

PPE Recommended: Gloves and Googles 

(http://www.thegoodscentscompany.com/data/ex1799581.html) 

 

C) 6 M Hydrochloric Acid or 6 M HCl 
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Potential Health Effects (Acute & Chronic): Causes severe skin burns and eye damage;  Causes 

serious eye damage; May cause respiratory irritation; Caustic burns/corrosion of the skin; 

Symptoms/effects after ingestion: Nausea. Vomiting. Irritation of the gastric/intestinal mucosa. 

Diarrhea.; Affection/discoloration of the teeth 

 

Precautionary Statements: Do not breathe mist, vapors, spray; Wash exposed skin thoroughly 

after handling; Use only outdoors or in a well-ventilated area; IF SWALLOWED: rinse mouth. 

Do NOT induce vomiting; ON SKIN (or hair): Remove/Take off immediately all contaminated 

clothing. Rinse skin with water/shower; If in eyes: Rinse cautiously with water for several 

minutes. Remove contact lenses, if present and easy to do. Continue rinsing; Immediately call a 

poison center or doctor/physician; Wash contaminated clothing before reuse; Store in a well-

ventilated place. Keep container tightly closed; Store locked up; Dispose of contents/container to 

comply with local, state and federal regulations; If inhaled: Remove person to fresh air and keep 

comfortable for breathing 

 

PPE Recommended: Protective gloves; Safety goggles; Protective clothing; Face-shield. 

 

5. Procedure 

1. Apply PPE 

2. Warm up spectrometer for 20 minutes. Obtain three cuvettes. 

3. Obtain 20 mL of Bird’s Nest Extract. 

4. Filter bird’s nest extract into a small beaker 

5. Pipette 2 mL if Bird’s Nest Extract into a large test tube labeled “6M HCl & bird’s nest 

extract. 

6. Pipette 5 mL of 6M HCl into test tube. 

7. Add 80 drops of deionized water to one cuvette. 

8. Add 80 drops of  6M HCl & bird’s nest extract solution to a clean cuvette.  

9. Test 6M HCl & bird’s nest extract solution at lambda max of 400 nm. Record data in 

green book. 

10. Obtain pH meter. 

11. Pipette 4 mL of Untouched Bird’s Nest Extract into a small beaker and test pH. Record 

data in green book. 

12. Pipette 4 mL of Untouched GDR 2 Soil Extract into a small beaker and test pH. Record 

data in green book. 

13. Clean up 
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SOP (Jose)  

Subject: Determination of the equilibrium formation constant (Kf) of Nickel (II) Nitrate with 

Ammonia solution at 22.0 ℃.  

Prepared by: Jose Marquez Cuevas  

Effective Date: Tuesday, May 22, 2018 

Approved By:  

Dated:  

 

Scope: Determination of the equilibrium formation constant (Kf) for [Ni(NH3)6]
+2

(aq) at 22.0 ℃ 

with dilution of 3.48*10-2M Nickel (II) Nitrate with 6M Ammonia by 10.0 mL / 20.0mL.  

 

Reagents:  

● Nickel (II) Nitrate Hexahydrate  

○ Ni(NO3)2 * 6 H2O  

○ FW = 290.81  

● 6M Ammonia  

○ NH3 

● 2M Pyridine  

○ NiCHCH:CHCH:CH 

● Deionized Water  

○ dH2O 

 

Responsibility: Chemist 1  

 

Hazard Communication 

Nickel (II) Nitrate Hexahydrate [Ni(NO3)2 * 6 H2O]  

  

  
*PPE:   

● Gloves   

● Goggles   

  

Hazard Statements:   

● May intensify fire; oxidizer (Category 2)  

● Harmful if swallowed  
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● Causes skin irritation   

● May cause an allergic skin reaction   

● Causes serious eye damage Harmful if inhaled   

● May cause allergy or asthma symptoms or breathing difficulties if inhaled   

● May cause respiratory irritation   

● Suspected of causing genetic defects   

● May cause cancer by inhalation   

● May damage the unborn child   

● Causes damage to organs through prolonged or repeated exposure  

  

Prevention:  

● Obtain special instructions before use   

● Do not handle until all safety precautions have been read and understood   

● Use personal protective equipment as required Wash face, hands and any exposed 

skin thoroughly after handling   

● Do not eat, drink or smoke when using this product   

● Use only outdoors or in a well-ventilated area   

● In case of inadequate ventilation wear respiratory protection   

● Contaminated work clothing should not be allowed out of the workplace   

● Wear protective gloves   

● Do not breathe dust/fume/gas/mist/vapors/spray   

● Keep away from heat/sparks/open flames/hot surfaces. - No smoking   

● Keep/Store away from clothing/ other combustible materials   

● Take any precaution to avoid mixing with combustibles   

 

 Procedures:  

1. Prepare a solution with 3.48*10-2M Nickel (II) Nitrate and assigned ligand, 6M 

Ammonia, by measuring about 10 mL of each.  

 ** 200 drops Ammonia (NH3) 

2. After stirring the mixed solution using the vortex mixer with a piece of parafilm sealed 

over the top of the large test tube that the solution is in, wait approximately 30 minutes to 

equilibrate the solution.  

 Start: 10:30am   End: 11:01am 

3. Pour solution into porous cup.  

4. Place nickel metal into porous cup.  

5. Measure and pour out about 20 mL of 0.10M Zinc Sulfate into black cup.  

6. Place zinc metal into black cup to use as an electrode.  

Set up electrochemical cell and measure the voltage using the voltage meter.  

 



Seirafi, Ratton, Mosqueda, Vu, and Cuevas 20 

 

DiCorp Company Standard Operating Procedure

 
 

Subject:                                    Prepared by:    Kim Vu  
 

Effective Date:         5-01-18SOP No:   Fe (II) #3  
 

Approved by:                                                                                             Dated:     
 

1.  SCOPE: The electrochemical analysis with the dilution of Nickel to nitrate by person 
4 9.0ml/15.0ml 
 

2.  REAGENTS:  

 Nickle II Nitrate 
 

3.  RESPONSIBILITY:  

Chemist 1 

4.  HAZARD COMMUNICATION 

 Ni (NO3)2 

: May cause allergy or asthma symptoms or breathing difficulties if inhaled. May cause cancer.  

May damage unborn child 
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5.  PROCEDURE 

1.  Weigh out .100 to .105 grams of Ni(NO3) Record actual grams that you weighed. 

2. Transfer into a 100 ml volumetric flask.  

3. Fill with 100.0 ml of Distilled water. (mix well) 

4. Store in beaker label beaker and cover up for future use.  

5. Calculate molar concentration by grams per mole. And diving by the liters used( will 

have to convert ml to liters) 

6. Prepare dilution by pipetting out 15.0 ml into test tube 

7. Next pipet out 9 ml of the solution and fill the remaining with di water until you get to 

a total of 15 ml or 6 ml of diwater  

 grams 
 

DiCorp Company Standard Operating Procedure 
 

Subject:  Determination of Ksp Ni(NO3)2 * 6 H2O with KOH (potassium 

hydroxide)                             Prepared by:    Kim Vu  

Temperature 22.0 ℃ 

 

Effective Date:         5-17-18 to 2-22-18 SOP No:  [ Ni L6] +  
 

Approved by:                                                                                             Dated:     
 

1.  SCOPE: Determination of Ksp Ni(NO3)2 * 6 H2O with KOH (potassium hydroxide) at 

temperature 22 C, at 9;50, equiment # 10 

2.  REAGENTS:  

 Nickel (II) Nitrate 

              Ni(NO3)2o6H2O 

              FW=290.81 

3.  RESPONSIBILITY:  

Chemistry 1BH 
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4.  HAZARD COMMUNICATION 

 Ni (NO3)2 

 May cause allergy or asthma symptoms or breathing difficulties if inhaled. May cause cancer.  

May damage unborn child 
 

 

5.  PROCEDURE: Room temperature 21C; no spectrometer 

5/17/18 : Solution perepare for Ksp 

1.  Weigh out 1 grams of Ni(NO3) Record actual grams that you weighed. 

2. Transfer into a 100 ml volumetric flask.  

3. Fill with 100.0 ml of Distilled water. (mix well) 

4. Store in beaker label beaker and cover up for future use.  

5. Calculate molar concentration by grams per mole. And diving by the liters used( will 

have to convert ml to liters) 

6. Take 7 ml of Ni(NO3)o6H2O and 7ml KOH (6M Potassium Hydroxide ) 

7. Put the things on step 6 in large testube. (green color) 

8. Cover the testup, lebel, and put in fumehood, waiting 2 days 

5/22/18 Temperature 22C at 9:55, equiment #10 

1. Take out the test tube solution preper for Ksp from day 5/17/18 

2. I saw the solution ppt with green onthe bottom, and look like the dH2O on the top, 

seprert in 2 lable 

3. And then fillter the water on the top  
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Results and Discussion: 

Electrochemical Analysis  

 The electrochemical Analysis was carried out used different concentration of Ni+2 

solution. The results from Mosqueda’s experiment are showed in the next table.  

Table 4. Data collected from Electrochemical Analysis from Mosqueda’s experiment using Zinc 

and Nickel as anode and cathode respectively, 0.1 M Zn+2 solution and different dilutions of Ni+2 

at 21.0°C. 

Concentration Ni+2 

solution (M) 

Concentration Zn+2 

solution (M) 
ln Q Ecell (v) 

3.61x10-3 0.1 3.32 0.923 

1.81x10-3 0.1 4.01 0.917 

9.03 x10-4 0.1 4.71 0.868 

4.51x10-4 0.1 5.40 0.822 

2.26 x10-4 0.1 6.09 0.78 

1.13 x10-4 0.1 6.79 0.761 

 

3.32, 0.923
4.01, 0.917

4.71, 0.868

5.40, 0.822

6.09, 0.78

6.79, 0.761

y = -0.0522x + 1.1091
R² = 0.9714
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Nernst Graph of data obtained from the Electrochemical Analysis for Ni+2 at 
different concentrations with 0.10 Zn+2 solution using Ni(s) as cathode and 

Zn(s) as anode at 21.0°C
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Group Nernst Graph: 

Table 5. Summary of the data obtained from Electrochemical Analysis for the group at 21.0°C.  

Responsable Concentration Ni+2 (M) Concentration Zn+2 (M) ln Q Ecell (volts) 

Mosqueda 

3.61E-03 0.1 3.32 0.923 

1.81E-03 0.1 4.01 0.917 

9.03E-04 0.1 4.71 0.868 

4.51E-04 0.1 5.40 0.822 

2.26E-04 0.1 6.09 0.78 

1.13E-04 0.1 6.79 0.761 

Genessia 

3.61E-03 0.1 3.32 0.940 

2.17E-03 0.1 3.83 0.972 

1.30E-03 0.1 4.34 0.968 

7.80E-04 0.1 4.85 0.860 

4.68E-04 0.1 5.36 0.839 

2.81E-04 0.1 5.88 0.955 

1.68E-04 0.1 6.39 0.969 

1.01E-04 0.1 6.90 0.967 

Seirafi 

3.61E-03 0.1 3.32 0.951 

2.89E-03 0.1 3.54 0.954 

2.31E-03 0.1 3.77 0.887 

1.85E-03 0.1 3.99 0.973 

1.48E-03 0.1 4.21 0.981 

Marquez-Cuevas 

3.61E-03 0.1 3.32 0.95 

7.22E-04 0.1 4.93 0.93 

1.44E-04 0.1 6.54 0.982 

2.89E-05 0.1 8.15 0.989 

5.78E-06 0.1 9.76 0.78 

1.16E-06 0.1 11.37 0.667 

 3.61E-03 0.1 3.32 0.898 
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2.17E-03 0.1 3.83 0.896 

1.30E-03 0.1 4.34 0.948 

7.80E-04 0.1 4.85 0.898 

4.68E-04 0.1 5.36 0.843 

2.81E-04 0.1 5.88 0.912 

Vu 

3.57E-03 0.1 3.33 0.961 

2.14E-03 0.1 3.84 0.957 

1.29E-03 0.1 4.35 0.952 

7.71E-04 0.1 4.87 0.845 

4.63E-04 0.1 5.38 0.836 

2.78E-04 0.1 5.89 0.812 

 

 

 
(PM) 

y = -0.0236x + 1.0222
R² = 0.31730.65

0.7

0.75

0.8

0.85

0.9

0.95

1

2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

Nernst Graph of data obtained from the Electrochemical 
Analysis for Ni+2 at different concentrations with 0.10 Zn+2 

solution using Ni(s) as cathode and Zn(s) as anode at 21.0°C

Ecell from diferents concentrations of nickel+2 solution

Linear (Ecell from diferents concentrations of nickel+2 solution)

Linear (Ecell from diferents concentrations of nickel+2 solution)
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Calculations for Ni+2 concentration in soil extract by Electrochemical Analysis 

 

The concentration of Ni+2 in soil extract was calculated using the formula for the best-fit line in 

Nernst Graph for the whole group data: 

𝑦 = −0.0236𝑥 + 1.0222 

𝑦 = 𝐸𝑐𝑒𝑙𝑙𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 

𝑥 = 𝑙𝑛 𝑄 

Example of calculations: 

𝐸𝑐𝑒𝑙𝑙𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 =  0.975 𝑣𝑜𝑙𝑡𝑠 

Solving for x, 

 𝑥 =
0.975 𝑣 −1.0222

−0.0236
= 2 = 𝑙𝑛 𝑄 

𝑄 = 𝑒2 = 7.39 

𝑄 = 7.39 =
[𝑍𝑛+2]

[𝑁𝑖+2]
=

0.10𝑀

[𝑁𝑖+2]
 

  

Solving for Ni+2, 

 [𝑁𝑖+2] =
0.10 𝑀

7.39
= 0.014 𝑀 

(PM) 

Colorimetric Analysis: 

Table 6. Color of unknown concentrations of soil extract solutions with various ligands (Water, 

Ammonia, HCl, Ethylenediamine, and Pyridine) at 22.0 °C 

Ligand [Ni(L)]+ (L=ligand) Color of Solution Color Absorbed Lambda (max) 

Ammonia Purple Yellow 575 

Water Green Red 400 

HCl Yellow-green red-violet 400 nm & 700 nm 

Ethylenediamine Blue Orange 550 

Pyridine Yellow-green Red-violet 400 nm & 625 nm 
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(PM) 

 

The lambda max is at 400 nm for the 0.0997 M [NICl6]^-4 Stock Solution  which means that 

although the solution appeared light pale yellow green to the eye, the color that is absorbed is 

violet which is in the 400 nm range. But then there is another increase in absorbance at 700 nm. 

(GDR) 

-0.02
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0.18
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wevelenght (nm)

Absorption Spectrum of [Ni(NH3)6]+2 making by 2.0 mL of 3.48x10-2M 
Ni+2 solution and 2.0mL of different ligands at 21.0°C

Ammonia Water Pyridine HCl Ethylenediamine
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The soil extract for the GDR 2 had an absorbance of 0.368 while the Bird's nest extract 

had an absorbance of 0.0017. This means that by the time the swallow finish processing the soil 

to make their nest, the concentration of Ni^2+ is far less than the concentration of Ni^2+ in the 

soil, which is true since the molarity of the bird’s nest extract was -0.009498 and the molarity of 

the Soil Extract with 6M HCl was 0.05924. (GDR) 

The pH Measured of Bird’s Nest Extract after equilibrating for 45 minutes in 22C room and 

GDR 2 Soil Extract after equilibrating for 5 days under fume hood at 22C (Untouched)  

 pH measured 

Bird’s Nest Extract 2.9 

GDR 2 Soil Extract 3.2 

 

The pH of the GDR 2 soil extract (3.2) was slightly higher than the bird’s nest extract (2.9), 

making the GDR 2 soil extract less acidic (becoming more basic) than the bird’s nest extract. 

(GDR) 

 

 

 (Jose): 
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Colorimetric Analysis for Nickel (II) Ion at 21.0℃ and Absorbance Measurements for each 

Dilution.  

Dilution #s:  Wavelength Absorbance 

Dilution 1: 1.7*10-2M 0.056 400 

Dilution 2: 8.5*10-3M 0.028 400 

Dilution 3: 4.3*10-3M 0.016 400 

Dilution 4: 2.2*10-3M 0.010 400 

 

 

 

(A.S) 

 

Data table for Colorimetric Analysis of 3.5E-2 M Ni+2 solution and 2.0M Ethylenediamine solution 

at 21 C 

Concentration Absorbance 

1.7E-2 .081 

8.7E-3 .040 
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4.4E-3 .010 

2.2E-3 .007 

(A.S) 

 

Table 10. Data obtained from the Colorimetric Analysis for Ni+2 solutions at different 

concentrations using ammonia as ligand.  

Concentration Ni+2 after mixing (M) Absorbance 

1.74 x10-2 0.114 

8.70 x10-3 0.057 

4.35 x10-3 0.028 

2.18 x10-3 0.013 

1.09 x10-3 0.007 
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(PM) 

 

 

y = 6.595x - 0.0007
R² = 0.9999
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Beer's Law Graphic of Colorimetric Analysis of [Ni(NH3)6]+2 making with Ni+2

solution at different concentrations before mixing with 2.0 mL of 6 M NH3 as 
ligand at 21.0°C

Data obtained from the
Colorimetric Analysis of Nickel (II)
ion at different concentration using
ammonia as ligand.

Soil Extract PM2 (5/10/18)

Soil Extract PM 2 (5/03/18)

Bird Nest trial 1

Bird Nest Trial 2

Linear (Data obtained from the
Colorimetric Analysis of Nickel (II)
ion at different concentration using
ammonia as ligand.)
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(KV) 

 

Concentration Absorbance 

0.138 0.626 

0.104 0.459 

0.069 0.304 

0.035 0.146 

(KV) 

 

 

Beers Law and relation to absorption to color. 

 

Calculations for Ni+2 concentration in soil extract by Colorimetric Analysis 

If using Excel to graph the concentrations of the Ni^2+ and ligand stock solution 

including the four series dilutions and the absorbances that each yielded once measured off the 

spectrometer, the slope can be calculated and a y=mx+b equation is formed. To find the 

concentration of Ni^+2 in a soil extract, substitute the absorbance of the solution of unknown 

concentration for y then solve for x which represents the concentration.  For example:  (Using 

the formula equation off of GDR Beer’s Law Graph of 0.00997M [NiCl6]^-4 solution and 4 

series dilutions) The soil extract with 6M HCl had an absorbance of 0.0017. 

Example Calculation: 

y = 5.1062x + 0.0655 

0.368 = 5.1062x + 0.0655 

0.368 - 0.0655 = 5.1062x + 0.0655 -0.0655 

0.3025 = 5.1062x  

0.3025/5.1062 = 5.1062x/ 5.1062 

x = [Ni^2+] = 0.05924 M  
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After calculating for the concentrations of Ni+2 in various soil extracts using Electrochemical and 

Colorimetric Analysis, the following results were obtained: 

 

Table 1. Summary table of concentration of Ni+2 in soil extract obtained from Electrochemical 

and Colorimetric Analysis. 

 Concentration of Ni+2 in soil extract (M) 

Name Electrochemical Analysis Colorimetric Analysis 

Ayah 6.4E-38 no reported 

Genissa 0.00775 M 0.05924 M 

Paola 7.7x10-3 2.2x10-3 

Kim No reported No reported 

Jose No reported No reported 

 

 

Discussions / Conclusion: 

The analysis use in this study (Electrochemical and Colorimetric) are based on a 

calibration curve by measuring the signals, voltage and absorbance respectively, of the analyte of 

interest that is Nickel (II) ion. Then this graph is used to interpolate or extrapolate the signal of 

the soil and bird nest extract to obtain the concentration of Nickel (II) ion of this samples. The 

colorimetric analysis was carried out by created complex ions that has a specific color which 

intensity depends on the concentration of the Nickel (II) ion. Since the absorbance is 

proportional of the concentration, the sample of the nest and soil are able to be measure at the 

same lambda max that was obtained. (PM) 

When performing Electrochemical analysis on the soil extract, the concentration of 

Ni^+2 (0.00775 M at 0.910 volts) was significantly lower than the concentration of Ni^2+ using 
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Colorimetric Analysis (0.05924 M at 400 nm). A higher current usually means there is a higher 

voltage and a higher voltage means that there is more metal ions present in solution, forming on 

the cathode. The voltage and concentration of Ni^+2 is low so the presence of Ni^2+ in the soil 

extract is also low. When the 5 mL of 6 M HCl was added to the residue left after 20 mL of 

GDR2 soil extract evaporated in the fume hood for 5 days in a 22°C room, the solution turned a 

light yellow-green color. Although the solution appeared to the eye yellow-green, the colors that 

are actually being absorbed is violet and red. This explains why there was an appearance of two 

lambda maxes, one at 400 nm and another at 700 nm. (GDR) 

The soil extract for the GDR 2 had an absorbance of 0.368 while the Bird's nest extract 

had an absorbance of 0.0017. This means that by the time the swallow finish processing the soil 

to make their nest, the concentration of Ni^2+ present in the bird’s nest is far less than the 

concentration of Ni^2+ in the soil. Even the molarities of the bird’s nest extract and GDR 2 

extract (when calculated using a standard beer’s law graph made from dilutions of 0 0997 M 

Ni(NO3)2 * 6 H2O) prove that the concentration of Ni^2+ is much less in the bird’s nest (-

0.009498M) than the soil extract (0.05924M)  That is good news for the swallows near Moreno 

Valley College because the levels of toxicity for Ni^2+ is very low and non-problematic for the 

Moreno Valley College cliff swallows.  (GDR) 

The pH of the GDR 2 soil extract with the 6M HCl (3.2) was slightly lower than the 

bird’s nest extract (2.9), making the GDR 2 soil extract less acidic than the bird’s nest, getting 

closer to a neutral pH. This can be due to the fact the swallows’ saliva  have a buffers in their 

system that help process the Ni^+2 since the swallows use  Ni^+2 to help their cells and bone 

properly function. There is also ammonia added to make the bird’s nest extract and in addition to 

the bird’s saliva, adding anything acidic to the bird’s nest extract such as HCl increases the 
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buffer capacity of the bird’s nest extract. So, the buffer capacity is greater in the bird’s nest 

extract than the soil extract. An attempt was made to measure the pH of 2mL pf Bird’s nest with 

2 mL of 6M HCl and 2 mL of GDR 2 soil extract with 2 mL of 6M HCl but the pH meter gave a 

faulty reading of 0.0 pH unit and it appeared that the HCl may have begun to erode the tip of the 

pH meter. (GDR) 

 The electrochemical cell for the Nickel (II) ion was set up, where the Nickel metal solid 

was placed into the porous cup with a 1.74 * 10-2M Ni+2 aqueous solution and the Zinc metal solid 

was placed into the big black cup with an aqueous solution of 0.10M Zn+2. The black wire from 

the voltage meter was connected to the zinc metal whereas the red wire was connected to the 

nickel metal. The electron flow went from the Zinc solid to the Nickel solid, where the recorded 

voltage reading was 0.808v. However, when calculating the formation constant (Kf) from the 

equilibrium equation, a negative value was obtained. With that in mind, it is possible that there 

may have been sources of error that may have interfered with the correct set up of the 

electrochemical cell and, therefore, the correct value was not determined. One of the possible 

margins of error could be that when equilibrating the 1.74*10-2M Ni+2 aqueous solution, a small 

portion of precipitate may have formed where there was an observation of a greenish-purplish 

chunk found near the bottom of the test tube it was sitting in. Therefore, once placed into the 

porous cup, the electron flow may have been underestimated with a possible clog in the 

exchange. The wires may have also been placed differently than originally thought was 

connected. (JMC) 

 

Although the Electrochemical method for measuring Ni^2+ is a more efficient method, 

the Colorimetric method for analysis of how much Ni^2+ present in the Moreno Valley College 
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soil is better in accuracy and precision compared to the Electrochemical method. With the 

electrochemical method, there are many factors that can influence the reading on the voltmeter 

that leave room for error. If the solution has not had a chance to fully equilibrate, then the 

voltmeter will continuously and rapidly change so the true measurement of Ecell can be missed 

due to the limitations of the human eye. There is also a possibility of the porous cup being 

clogged and inhibiting the proper electron flow if a precipitate were to form by chance. Or 

perhaps the anode and cathode were not deep enough in their solutions to given a accurate 

reading. Faulty equipment can also interfere with the accuracy and precision of our data. (GDR) 

For example, although Colorimetric Analysis may be better in accuracy since a solution 

(if made correctly) is being measured at a certain wavelength depending on the color of the 

solution and what colors would be absorbed, factors that could prohibit a proper reading of 

absorbance could be a scratched cuvette where the light cannot flow through the cuvette or the 

spectrometer is not functioning properly where it cannot produce a proper flow of light to the 

solution. An error could be as simple as forgetting to zero out the spectrometer before take a 

reading at a specific lambda or not going through the whole color spectrum and finding the 

actual lambda max of the solution. Another weakness of Colorimetric Analysis is if the solution 

is colorless, giving an estimate of where the lambda max so time is not unnecessarily wasted 

becomes quite difficult .  (GDR). 

There are many metal ions present in the soil on the Moreno Valley campus grounds such 

as Ni^2+, Cobalt, Iron, etc. But for the purpose of this research, it would be best to know exactly 

what other metal ions are possibly present in the soil that can affect the concentration of Ni^2+ in 

the soil. An qualitative analysis could have been performed on the soil extract and bird’s nest to 

determine what metal ions were present in the soil but due to the waste bottles for the qualitative 
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analysis was disposed of, a qualitative analysis was not possible to perform in this research. 

(GDR) 

Another possible experiment that could have improved our research results is a “back 

titration of Ni^+2 using standard Zn2+ at pH 5.5 with xylenol orange indicator”, using “25.00mL 

of Ni2+ in dilute HCl...treated with 25.00mL of 0.05283 mol·L-1 Na2EDTA” then “neutralized 

with NaOH”, adjusting the pH to “5.5 with acetate buffer.” (Chegg Study) Once the results of the 

comparison test trial are recorded in a greenbook, a similar titration procedure can be repeated 

but instead replacing the Ni^2+ with the soil extract. Then the data from this trial can be 

compared to the comparative test trial data to see how much Ni^+2 is present in the soil extract. 

(GDR) 

Using the Electrochemical analysis proved to be the least useful method to find the 

amount of metal ion in the soil.  The detection rate of Ni+2 found was too small.  Sources of 

error could have came from not recording accurate reading on the pH meter at the correct time. 

The ka equilibrium came out to be a very small number, and it gradually increased over each 

1/10 dilution.  Having a small ka means the acid did not dissociate well and that it was a weak 

acid.  

(A.S.) 
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