
 

Comparison and Analysis of Spectroscopy, Electrochemical, and Beer’s Law Methods for 
Determination of Zn+2 ion and Cr +3 in MVC Soil Sample. 

 
Abstract: 

 We gathered soil samples from the Moreno Valley College Campus (MVC) and tested 
the sample in order to see how much Zn+2 and Cr+3 was contained inside the samples. Our group 
had performed different tasks and measurements such as calorimetry, Beer’s Law, and 
electrochemistry to see if we were able to identify how much of the Zn +2 and Cr+3 
concentration was present. However before performing this experiment we need to be cautious of 
the chemical and health hazards that are being used. The Cr (III) Nitrate concentration was found 
by using the Beer’s law when comparing to diluted Chromium solutions from a stock solution 
created. The Cr+3 concentration was found to estimate .322 M for the soil sample and  .325 M 
for the nest sample.  The Zinc concentration was estimated using electrochemical analysis. The 
soil sample was found to contain 1.152x10-2 M of Zn+2.  

 
Introduction:  

Zinc and Chromium are metallic elements that occur naturally and in trace amounts, are 
essential to the living body. Zinc 2+ ion is necessary for the occurrence of reactions that are 
required in the metabolic processes of living organisms. It is transported, stored, and bound to 
proteins and has a direct involvement in the catalytic mechanism. Therefore it is able to 
coordinate a substrate and activate it for the required reaction. Zinc 2+ ion also acts as a Lewis 
acid by accepting lone pairs by donor groups, which is very important in its role as a catalyst. 
Chromium 3+ is also an essential nutrient due to its role in the metabolism of glucose, fat and 
protein by making the actions of insulin, more effective. Even though these elements are 
beneficial to living organisms, having too much zinc and chromium ions in the body can lead to 
heavy toxicity especially for birds. Heavy metal poisoning is a toxic condition that is caused by 
the ingestion of heavy metals. Birds are curious creatures which leads them to chew or ingest 
various objects, often times metal, causing them to ingest too much metal and become poisoned. 
Cliff swallows put soil in mouths in order to build their nests. Since soil isn’t pure, they can be 
ingesting plenty of metallic items embedded in the soil.Ingested metals can cause damage to the 
digestive tract, nervous system, kidneys, and liver, and can lead to death in severe cases. Zinc 
poisoning ranks second to lead, and can also be found in many household objects. A common 
object implicated in zinc poisoning is galvanized wire, but zinc can also be found in toys, mesh, 
bells, chains, keys, pennies minted after 1983, clips, steel wire cages, powder-coated cages, cage 
accessories, nuts and bolts, padlocks, washers, ammunition, wood preservatives, insecticides, 
and rubber. Due to pollution and improper disposal of metals, birds don’t have to do much to be 
able to find metal. Heavy metal poisoning by zinc 2+ ion can lead to symptoms such as 
vomiting, feather loss, convulsions, seizures, altered urine and droppings, loss of body control, 
and even death. In addition to zinc 2+ ion poisoning, birds can also be too exposed to chromium. 
Although Cr 3+  occurs naturally in rocks and minerals, Cr 6+ is an environmental pollutant due 
to industrial use. Water contamination could be a birds highest exposure to this chromium ion, 



 

which can lead to gastrointestinal and respiratory issues, as well as damage to other organs. 
Chromium 6+ has also been classified as a carcinogenic. It is important to note that birds are 
very curious creatures, and we need to be mindful of how we, as a society, dispose of metals and 
the effects certain metals have on our environment, and the health of not only humans, but to 
other species that inhabit this planet. (ER7) 

The measurement used in electrochemistry is the voltage, which relates energy of 
electrons on different atoms or ions. Between two electron half reactions is an energy difference 
that is measured in volts or joules/coulomb.  Voltage describes this energy difference. When 
using a cathode, negatively charged electrode by which electrons enter an electrical device, and 
an anode, positively charged electrode by which electrons enter an electrical device, electrons 
can spontaneously transfer. In our research, we use Zinc+2 as our anode and Copper +2 as the 
cathode. Electrons are more stable on Copper when compared to Zinc, so the electrons will 
spontaneously transfer from Zinc to the Copper (anode to cathode). The electron flows through 
the external circuit into the Cu electrode. When measuring the voltage, this value is considered 
our Ecell. The Nernst equation relates reduction potential of an electrochemical reaction to the 
standard electrode potential and temperature for the reaction. Our overall Ecell depends on 
concentrations of products and reactants which will be reflected by the Q value. When forming 
an electrochemical cell, calculation concentrations of the solutions will be placed into the Q 
value of the equation. E cell can be measured by setting up an electrochemical cell. E0 cell can 
be found by comparing half reactions. This equation is important because it serves as a way to 
account for differences between the standard E cell and E0 cell. Therefore, solving for any 
variable is possible with enough information.  

Ecell=E0 Cell - (RT/nF)lnQ 
Half reactions for Zinc and Copper: 
Anode: Zn(s) = Zn2+ (aq) + (2e-) E0ox: .76 
Cathode: Cu2+ (aq) + 2e- = Cu(s) E0red: .34   
Overall: Zn (s) + Cu2+ (aq) = Zn +2 (aq) + Cu (s)    E0cell: 1.1  
*under standard conditions- 1 mole per liter (1 M) and pressures of 1 atmosphere at 25oC. 
Nernst equation: 
 
Ecell found by setting up an electrochemical cell= 1.020v 
 
1.020v       =     1.1v   -      (.008341 kj/molK x 296.9 K) /   (2 mol     x  96.5 KJ/mole) ln [Cu 
+2]/[3.3 x 10^-4] 
*voltage       *voltage       *R constant        *temperature     *# of mols   *Faraday’s constant 
*concentration of Zn+2 calculated 
measured      calculated                           converted (23.9 C)   in common 

                 Between half RXNs 
 
Finding [Cu +2] which equals 3.07 x 10^-4 
 (SS7) 
 

 

 

https://en.wikipedia.org/wiki/Reduction_potential
https://en.wikipedia.org/wiki/Standard_electrode_potential
https://en.wikipedia.org/wiki/Thermodynamic_temperature


 

Soluble ionic solids such as salt containing Chromium +3 and Zinc +2 ions dissolve 
when there is a concentration of this metal ion lower due to the formation of a complex ion under 
conditions of a Lewis acid-base reaction. Complex ions form by sharing electron pairs, forming 
coordinate covalent bonds. For example, When Zn(NO3)2 is mixed with 1 M NaOH or another 
strong base, a precipitate forms and the mixture is cloudy. When the complex ion forms soluble 
in water, the mixture turns clear. Therefore according to Le Chatelier’s principle, when there is a 
higher concentration of  Zn(No3)2 in solution, there will be more precipitate as oppose to more 
base making a higher concentration of complex ion dissolved to turn solution clear.  

Furthermore, the product Zn(OH)2 is insoluble in water until a large amount of OH- is 
present to ensure complexation. The complex product of Zn(OH)3 2- is soluble in water. The 
following is the equation: 

Dissolution equation 

Ksp Zn+2(aq) + 2OH-(aq)→Zn(OH)2 +2NO3- (aq) 

Kf Zn+2 (aq) + 4OH- (aq) →Zn(OH)4-2 

Zn(NO3)2(s) + 2OH- →Zn(OH)2-2 +2NO3- 

 

Precipitation: Zn2+ + 2OH- → Zn(OH)2  

Complex ion reaction: Zn2+ + 2OH- →Zn(OH)2 2- 

 

The complex ion includes a central atom, such as cation Zn+2 surrounded by ligands, in this case 
OH-. These ligands act as Lewis bases donating their pair of electrons to the central atom Zn.  

The equilibrium constant for these complex ion formations is Kf (formation constant). The larger 
the Kf value, the higher the stability in addition to the stoichiometry of the compound. If the Kf 
is large, it indicates that most of the free Zn ions produced by dissolution of Zn (NO3)2 is 
reduced and the reaction quotient for the dissolution of zinc nitrate [Zn+2] [NO3]- 100% ionizes. 
In essence, more zinc nitrate dissolves and if more sodium hydroxide is present, more of it 
dissolves.  

Furthermore, studies have shown complexes can be formed by slow reaction with chromium (III) 
solutions and ions of organic acids. Five and six membered rings are formed with acid anions. In 
addition, seven-membered rings can form only with a double carbon-carbon bond present in the 
same ring. The basis of this is due to empty orbitals. (DP7) 
 
 

 

 



 

Beer’s Law is a law that describes how the concentration of a chemical reaction is               
directly proportional to the absorbance of a solution. This method can be used to determine the                
concentration of a chemical species in a solution using a colorimeter or a spectrophotometer.              
Transition metals such as Cr+3 and Zn+2 can be identified by their physical properties such as                
their color. When handling Chromium (III) Nitrate Cr(NO3)2*9H2O we can already notice that it              
has a green color when mixed in a solution. However, when handling Zn(NO3)2*6H2O we can see                
that it is colorless but the question is why is Cr+3(aq) green, but Zn+2(aq) colorless? This question                 
can be answered based off their electron configurations. The electron configuration for Cr+3 is              
[Ar] 3d5 4s1 but it is important to know that when a ligand attaches to a metal ion what ends up                     
happening is that a d-level which is the 3d subshell in this case splits up into two different                  
sections with two orbitals with a higher energy level and three orbitals with lower energy levels.                
We now see that there is a difference in energy between the two and is often visible in the                   
spectrum which means if electrons can jump from a lower level onto a higher level (Absorption                
and then go back from higher level to lower level (excited) there will be a light that will be                   
given off which is green. Zn+2 is colorless because its electron configuration is [Ar] 3d10 and                
when it splits up into two different sections the electron shell is already full which means no                 
electrons are allowed to jump or move from one another thus meaning there is no absorption or                 
excited state giving off light color.  (CO7) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Procedures: 

ER7:  

  1.   PROCEDURE FOR ELECTROCHEMICAL CELL (@ 23.9 degrees Celsius) 
1.  Prepare a solution of .100 to .105 g of Zn using the 100.0 mL volumetric flask. 

Share this solution within the group to minimize waste. Remove from volumetric 
and rinse out the volumetric immediately after mixing. Store any unused solution 
in a labeled bottle for future use. 

2. Calculate the molar concentration of the solution for Zn 
3. Pipette out 15.0 mL of Zn into a large test tube with a label for first 

electrochemical cell. 
4. Then add 3 mL of Zn for dilutions into a second test tube and add 12 mL of dH2O 

to make 15.0 mL total volume dilution 
5. Repeat (from second test tube), add the 3 mL of Zn for dilutions into a third test 

tube and add 12 mL of dH2O to make 15.0 mL total volume dilution 
6. Use test tube 3 to do three more of serial dilutions (This gives us 5 dilutions, 1 

stock solution) 
7. Set up Electrochemical Cell and Data Table Requirements with the anode being 

Zn and the cathode being Cu < Zn(s) | 3.36 x 10-4M Zn+2(aq) || 1 M Cu+3(aq) I Cr> 
Use 15 mL of cathode and test each dilution as well. 

8. Make a drawing of the cell indicating that the anode is connected to the black 
wire 

9. Collect data using stock and serial dilutions to be used to prepare a Nernst graph 
(Ecell vs. lnQ) and create graph 

10. Write method for the measurement using the cell notation with an x M for the 
Molarity of Zn in it. 

11. Graph will be used to determine lnQ for the voltage measured which can then be 
used to calculate the ion concentration in the sample. 

Trial Dilution 
Factor 

Procedure 

1   1/2 3 mL of stock diluted with 12  mL DI 
water 

2 1/4 3 mL of trial 1 diluted with 12 mL DI 
water 

3 1/8 3 mL of trial 2 diluted with 12 mL DI 
water 



 

4 1/16 3 mL of trial 3 diluted with 12 mL DI 
water 

5 1/32 3 mL of trial 4 diluted with 12 mL DI 
water 

 
2.  PROCEDURE FOR COLORIMETRIC EXPERIMENT OF CHROMIUM WITH PYRIDINE 
LIGAND (@ 24.5 degrees Celsius) 

12. Measure out approximately 2.00 g of Cr(NO3)2* 9H2O to dilute 
13. Add the 2.008 (actual measured) Cr(NO3)2* 9H2O into a 100 mL volumetric 

flask and fill to the line with dH2O 
14. Observe color. Then pour solution into beaker. 
15. Add 40 drops of pyr in test tube along with 2.0 mL of stock solution in fume 

hood. 
16. Add 2 mL dH2O into the test tube 
17. Also add 10 drops of HCl to remove precipitate, if any. 
18. Perform half dilutions by taking 3.0 mL of the first test tube and placing it into a 

second test tube and adding 2.0 mL of dH2O to test tube 2.  
19. Repeat these steps for each test tube. Must have 4 dilutions by the end. 
20. Place a blank cuvette in spectrophotometer with the various dilutions. 
21. Record absorbances close to the max absorbance, which was measured at 410 for 

the Cr (III) Nitrate.  
 
3. FINDING Ka OF Zn(s) (@ 23.3 degrees Celsius) 
 

22. In order to determine Ka of Zn(s), get a 1.0 M concentration of Zn(s) with dH2O 
by measuring out .295 g of Zn(s) and adding the dH2O. 

23. Pour .295 g of Zn(s) to 100 mL volumetric flask and then pour into beaker to 
equilibrate for 30 minutes.  

24. Check out and calibrate pH meter. 
25. Using pH meter, calculate pH of Zn(s) solution. 
26.  Use pH to find concentration and calculate Ka using an ICE chart. 

*concentration is found by using pH 10-4.9 =  1.3 *10-5   
 

 

 

 

 



 

SS7: 

Using Electrochemical Methods to Determine Voltage of Zinc Samples with a Dilution 
Factor of 6.0 mL to 15.0 mL at 23.9 degrees Celsius 
Materials needed: electrochemical cell, phosphorus cup, voltage meter, test tubes, pipette bulb, 
pipettes, volumetric flask, goggles, gloves 

1) Measure approximately 10.0-20.0 grams of soil. If there are large clumps, use mortar and 
pestle before weighing the soil sample. Make sure to use PPE such as goggles and gloves. 

2) Place the soil sample in 50.0mL of 1.0M acetic acid in a labeled brown bottle. Record 
actual mass used (14.336g). (For our experiment, soil was sitting for two full days at 50 
degrees Celsius in the oven.) 

3) Measure approximately .100 grams of Zn+2 and place into a 100.0 mL volumetric flask. 
Add dH2O to get to 100.0mL. After mixing, pleace solution in a beaker immediately. 

4) Prepare dilutions by taking taking 6.0mL of the solution and adding 9.0mL of dH2O. 
Take 6.0mL from this test tube, place it into the second and add 9.0mL of dH20. Repeat 
this process until you have a total of 5 dilutions.  

5) Set up an electrochemical cell using copper as the cathode and zinc as the anode. The 
first zinc solution made will be with the anode (test tube 1) and 1.0 M copper (II) sulfate 
will be with the cathode. Use 15.0 mL of each.  

6) Repeat the steps for dilutions 2-5. 
Finding Absorption of Chromium (III) Nitrate by Using Spectrometric Analysis at Various 
Concentrations with Dilution Factor 1:2 of DMG at 24.5 degrees Celsius 
Materials needed: spectrometer, pipette bulb, pipettes, cuvettes, Kim wipes, goggles, test tubes, 
volumetric flask 

1) Make a 100.0 mL stock solution with 2.0 g of chromium (III) nitrate using a volumetric 
flask. Actual mass measured equals 2.008 g. 

2) Observe the color. Stock solution should be a dark blue color. Pour solution into a beaker. 
3) Add 40 drops of DMG in five test tubes along with 2.0 mL of the stock solution. 
4) Add dH2O (2.0 mL) into the first test tube. 
5) Perform half dilutions by taking 3.0 mL of the first tube and placing into the second. Add 

2.0 mL of dH2O to tube 2. 
6) Repeat these steps for each test tube (total of 5) and mix solutions. 
7) Place a blank cuvette along with the various dilutions into the spectrometer. 
8) Record absorbances close to the max absorbance, which was measured at 410 nanometers 

for the Cr (III) Nitrate. 
Determination of Kf for [Cr(en)3] +2 (aq) at 23.3 degrees Celsius 
Electrochemical Cell: 
Materials needed: electrochemical cell, phosphorus cup, voltage meter, test tubes, pipette bulb, 
pipettes, volumetric flask, goggles, gloves 
 <nichrome (s) |1.06M Cr+3 || .1M Cu+2 (aq) | Cu (s) > 

1) Prepare stock for Cr (III) Nitrate with approximately .100 Cr (III) Nitrate. Mix 15.0 mL 
of .100 Cr (III) Nitrate with 2.0 M ethylenediamine (15.0mL). Actual mass measured 
equals .106g of Cr(III) Nitrate.  

2) Make sure this is done in the fume hood. Let it equilibrate for 30 minutes before 
continue.  



 

3) Prepare an electrochemical cell with Nichrome as the anode with the new solution made. 
The copper is the cathode which will sit in .1M Cu (II) Sulfate (aq). Remember that the 
red wire connects to cathode and the black wire connects to the anode.  

4) Measure the cell voltage (approximately 1.37v). 
 
Find Kf by using the half reactions for Chromium +2 and Copper +2. 
Ox: 2(Cr+2 (aq)  -> Cr +3 (aq) + e- )  E0 ox: -.41 
Red: Cu +2 (aq) + 2e- -> Cu (s)         E0 red: .337 
2Cr+2 + Cu +2 -> Cu (s) +2 Cr+3    E0 cell: -.073 
 
Use the Nernst Equation to find the Concentration of Chromium (II).  
1.37v = -.073v - (.008341 kj/molK x 296 K) /   (2 mol     x  96.5 KJ/mole) ln [1.06]/[Cr+2] 
 
Concentration of Cr+2 = 7.65 x 10^48 
Use the ICE chart, place known concentrations in and find the Kf value.  
 
          Cr +2      +          3 en     =                         [ Cr (en)3] +2 
I        1.06/2                 2.0/2                                     0 
  
C      +7.65 x 10^48   3 x +7.65 x 10^48              -7.65 x 10^48 
 
E       +7.65 x 10^48  2.3 x 10^49                        -7.65 x 10^48 
 
Kf = [-7.65 x 10^48] / [7.65 x 10^48] [2.3 x 10^49] ^3 
Kf= -4.35 x 10^-50   *reactant favored 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

DP7: 

Electrochemistry analysis of Zn (@ 22.5 degrees Celsius) 
Standard Operating Procedure 
For the course of the experiment, 3.36 x 10-6 M Zn(NO3)2*6H2O and 1M CuSO4 was used. The 
Zinc solution was made by diluting .100 g in 100 mL. This “stock” solution was further diluted 
using the following methods: 

Trial Dilution Factor Procedure 

1 ½ 15 mL of stock diluted 
with 15  mL DI water 

2 ¼ 15 mL of trial 1 diluted 
with 15  mL DI water 

3 1/8 15 mL of trial 2 diluted 
with 15  mL DI water 

4 1/16 15 mL of trial 3 diluted 
with 15  mL DI water 

5 1/32 15 mL of trial 4 diluted 
with 15  mL DI water 

 
The copper solution was not diluted, 1M was used. The set up of a voltaic cell consisted 

of Zn as the anode in 15 mL of the above ½ zinc dilution into the small “salt bridge cup”. A Zinc 
electrode was placed inside. 1M 15 mL of the copper sulfate solution was put in the big 
black/blue plastic cup. A copper electrode was placed inside. The “salt bridge” cup was set 
inside the larger plastic cup. The electrodes were placed in way that they were not touching any 
other metal that could have changed the results, other than the attachments. The red and black 
cables were plugged into the voltmeter and the alligator ends attached to the electrodes. Black 
went on the Zn electrode and the red was for the copper electrode. The switch dial on voltmeter 
was set DC. Voltage was recorded. The same procedures were followed for each dilution factor 
by simply taking out the solution, cleaning, and adding 15 mL of the new concentration solution. 
When done, the Zinc solution was replaced with 15 mL of the unknown soil solution instead. 
The Ecell was measured as before. The picture below shows the setup. 
 



 

 
 
Zn(s) + Cu2+ (aq) àCu(s) +Zn+2 (Aq) 

 
  

Cell Notation for Zn (anode) and Cu (cathode) 
electrochemistry for first 5 trials @ 22.5 degrees Celsius 

Tria
l 

Cell notation 

1 <Zn (s) I 1.7 x 10-3M Zn+2
(aq) II 1M Cu+3

(aq) I Cu(s) > 

2 <Zn (s) I 8.50 x 10-4M Zn+2
(aq) II 1M Cu+3

(aq) I Cu(s) > 

3 <Zn (s) I 4.25 x 10-4M Zn+2
(aq) II 1M Cu+3

(aq) I Cu(s) > 

4 <Zn (s) I 2.13 x 10-4M Zn+2
(aq) II 1M Cu+3

(aq) I Cu(s) > 

5 <Zn (s) I 1.06 x 10-4M Zn+2
(aq) II 1M Cu+3

(aq) I Cu(s) > 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
Spectroscopy Analysis of Cr(III) Nitrate and ethylenediamine ligand 
  
Standard Operating Procedure 
2.056 g of Cr(III) Nitrate was measured and diluted in .1L to give a concentration of 5.14x10-2 
M. 2 mL of this concentration was put into each of 5 test tubes. 2 mL of 2M ethylenediamine 
was added to each test tube to give an overall concentration of 2.57x10-2 M Cr(II) Nitrate and 
1M ethylenediamine. This gives an overall molar concentration of 1.03M. We use this as our 
“stock” and diluted by the shown factors and methods to  obtain calculated concentrations. 
 
 

Trial Dilution 
Factor 

Procedure Concentration 
(M) 

1 stock 4 mL of stock 
diluted with 4 
mL DI water 

1.03 

2 1/2 4 mL of stock 
diluted with 4 
mL DI water 

.515 

3 1/4 4 mL of stock 
diluted with 4 mL 
DI water 

.256 

4 1/8 4 mL of stock 
diluted with 4 
mL DI water 

.129 

5 1/16 4 mL of stock 
diluted with 4 mL 
DI water 

.0644 

 
The max absorbance of Cr(III) Nitrate, a bluish solution, was then found by using the stock 
solution. Around 2 mL was placed into a cuvette and the cuvette was placed along with a blank 
(filled with DI water) into the spectrometer. A large amount of data was obtained to find the 
wavelength with the max absorbance from wavelengths 400 to 700. Next, each dilution was 
tested for absorbance based on the max wavelength. Finally, 2 mL of soil extract was mixed with 
2 mL of ligand for an overall concentration of 1M ethylenediamine. This same process was done 
but with nest extract. 



 

 
CO7: 
Electrochemical Cell Procedure (@ 25.0 degrees Celsius): 
According to the Standard Operating Procedure (SOP), we need to have three reagents which are 
3.36 x 10-3 M Zn(NO3)2*6H2O (s),  2.74 x 10-3 M Cr(NO3)2*9H2O(s), and 1.0 M H2O ligand 
prepared before continuing the experiment.  

1. Weighed 0.110g of Cr(NO3)2*9H2O(s) measured and 0.100g of Zn(NO3)2*6H2O(s) to 
make a solution. 

2. Put 0.100g of Zn(NO3)2*6H2O(s) in a 100mL volumetric flask and did the same for the 
0.110g of Cr(NO3)2*9H2O(s). 

3. Brought out five test tubes and labeled them so I can know that I’m diluting by half each 
time starting after the initial.  

4. Proceeded with doing a 9/15 mL dilution for each solution and added 9mL of the solution 
and 6 mL of water into five different test tubes while labeling them with blue sticky tape.  

5. After diluting by half from one test tube you would repeat the same steps onto the 
remaining other test tubes.  

6. Completed a total of five dilutions 
 

 Dilution Factor Procedure 

1 ½ 9 mL of stock diluted with 6  mL DI water 

2 ¼ 9 mL of trial 1 diluted with 6  mL DI water 

3 1/8 9 mL of trial 2 diluted with 6  mL DI water 

4 1/16 9 mL of trial 3 diluted with 6  mL Trial DI 
water 

5 1/32 9 mL of trial 4 diluted with 6  mL DI water 

. 
 
 
 
 
 
 
 
 



 

Ecell Voltage and lnQ Based on Nernst Equation @ 25.0 degrees C 

Dilution factor Trial lnQ Ecell Voltage 
(v) 

STOCK 0 -5.70 1.053 

½  1 -6.39 1.062 

1/4 2 -7.08 1.049 

1/8 3 -7.78 1.105 

1/16 4 -8.47 1.164 

1/32 5 -9.16 1.068 

 
<Zn (s) I 3.36 x 10-3M Zn+2

(aq) II 1 M Cu+3
(aq) I Cu(s) > 

 
  
 
 
 
 
 
 
 
 



 

 
Spectroscopy procedure with H2O ligand (@ 22.5 degrees Celsius):  

1. Put on proper PPE such as goggles and gloves and grabbed a weighing boat, spatula, and 
test tubes in order to be prepared beforehand.  

2. Obtain a spectrophotometer from the lab bench and warm it up before doing the 
experiment so you can save time and get efficient readings. 

3. Prepare 1.012g of Cr(NO3)2*9H2O(s) and made an 2.53 x 10-3 M concentration of the 
stock solution.  

4. We make sure that each dilution factor is 2.0 mL before adding the H2O ligand. 
5. After completing the dilutions to all the five test tubes we use four cuvette and pour the 

solutions from the test tubes and record the absorbances from the stock solution first in 
order to find out lambda max.  

6. The stock solution should be placed inside the first cuvette and record from ranged 
wavelengths from 400 nm to 600 nm because that is the range of color our eyes could 
detect. 

7. Find the lambda max from the stock solution and then record the absorbance of the 
diluted solutions set at that specific wavelength. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
Results: 
ER7:  

Results of Electrochemistry of Zn Using Electrochemical Cell  

Ecell Voltage and lnQ Based on Nernst Equation 

Dilution factor Trial lnQ Ecell Voltage 
(v) 

STOCK 0 -5.70 1.053 

½  1 -7.31 1.125 

1/4 2 -8.91 1.149 

1/8 3 -10.5 1.174 

1/16 4 -12.1 1.194 

1/32 5 -13.7 1.196 

 

 
My results seem to have been an error. I believe this error is due to the fact that if not positioned 
correctly, the voltage reading becomes skewed. If the anode touches the salt bridge, the voltage 
reading goes above 1.  
 
 
 
 
 
 
 



 

 
Results of Colorimetric Experiment Using Cr(NO3)2* 9H2O with Pyridine Ligand and DI Water 
Using Spectrophotometer To Find Lambda Max  

Max Absorbance 

Wavelength (nm) abs 

400 .400 

405 .435 

410 .467 

415 .496 

420 .520 

425 .533 

430 .537 *lambda max 

435 .530 

450 .457 

 

Abs vs. [Cr(III) Nitrate+pyridine] 

Dilution factor Abs 

½ .482 

¼ .299 

1/8 .152 

1/16 .084 

Although the lambda max for Cr (III) Nitrate was 410,  the lambda max for Cr(III) Nitrate with pyridine 
and DI water as well as the dilutions was 430. I believe this has to do with my ligand creating a color 
change. It went from a dark violet color to a green color.  
Result for Determination of Zn(s) solution Ka Using ICE Chart 
ICE CHART: 
           [Zn(H2O)6]+2

(aq) ← → [Zn(H2O)5OH]+1 + H+ 

 I             1.0 M                            0                  0 
C           -1.3 *10-5                +1.3 *10-5         +1.3 *10-5  
E            1.0 M                      1.3 *10-5        1.3 *10-5  



 

Ka= ( -1.3 *10-5 )( -1.3 *10-5 ) / 1.00 = 1.7 x 10-10 M 
SS7: 
Absorbance Spectrum of 1.03 M Cr (III) Nitrate and ethylenediamine at 23.9 degrees Celsius to 
find λmax (410 nanometers) 

 
Volt Meter #7 
Voltage Based on the Electrochemical Cell with 3.3 x 10^ -4M Zinc as the Anode and Copper as 
the Cathode Determined by 6:15 dilutions of Zinc and .1M CuSO4. Voltage measured 3 times for 
each trial. 

Trial Voltage (v)- 1 Voltage (v)- 2 Voltage (v)- 3 Average 

1 (most 
concentrated) 

1.025 .961 .976 .987 

2 .984 1.003 .980 .989 

3 .977 .920 .999 .965 

4 .950 1.065 1.012 1.009 

5 (least 
concentrated 

.943 1.045 1.204 1.064 

There are differences in the voltage of these dilutions. Overall, it seems that the more 
concentrated solutions have a higher voltage; however, there are many sources of error. There 
are many reasons why the voltage is higher for more concentrated solutions. For example, the 
salt bridge offers resistance, so it has a voltage drop. Impure metals for the anode or cathode can 
cause a voltage change. Surface coating can cause a voltage drop. The acid or base concentration 
can cause a voltage change. Also, the ionic strength of the solution can change the voltage. 

 
 



 

DMG diluted at the maximum wavelength (410 nanometers) Mixed with 2.008 g Chromium (III) 
Nitrate with 100.0mL of dH20 

Dilution 1/2 Dilution 1/4 Dilution 1/8 Dilution 1/16 

.779 .345 .103 .089 

 
As the concentration increases, there are more molecules in the solution, and more light is 

blocked. This causes the solution to get darker because less light can get through. Concentration 
effects the absorbance very similarly to path length. When the concentration of solution is 
increased, there are more molecules for the light to hit when it passes through. Therefore, this 
data seems reasonable.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

DP 7: 
 

Ecell Voltage Results for Two separate setups 

Dilution factor Trial lnQ Ecell Voltage 
(v) 

Ered (v) 

½ 1 -6.38 1.004 .242 

¼ 2 -7.07 0.990 .228 

1/8 3 -7.76 0.986 .224 

1/16 4 -8.45 0.982 .220 

1/32 5 -9.15 0.978 .216 

½ 6 -6.39 1.05 .288 

¼ 7 -7.08 1.03 .268 

1/8 8 -7.78 0.997 .235 

1/16 9 -8.47 0.969 .207 

1/32 10 -9.16 0.958 .196 

 

 
Graph shows the voltage of different concentrations of Zinc solution in an electrochemical setup 
with 1M CuSO4 @ 22.4 C for two separate setups. It appears that the two setups differed in 



 

accuracy, given one setup had higher E Cell voltage results than another with similar 
concentrations. 
 
 
 
Q test 
Q=(1.05-1.03)/(1.05-.958)=.217 
Qcalc>Qtable 
Therefore the data 1.05 cannot be discarded. The same goes for the rest of the data. 
 
 
 
 
Results 
 

Max Absorbance 

Wavelength (nm) abs 

400 .755 

450 .356 

500 .212 

550 .362 

600 .561 

610 .186 

405 .992 

410 1.120 *max 

415 1.101 

420 .383 

 
 
 



 

Abs vs. [Cr(III) 
Nitrate+ethylenediamine] 

Dilution factor Abs 

stock .363 

½ .178 

¼ .089 

1/8 .044 

1/16 .021 

 

 
 
Graph shows the absorbance at 410 nm related to the concentration of Cr(III) Nitrate 
concentration @22.4 C. This will be used to find the concentration of unknown. 
  
Finding concentration of soil. Absorbance was found to be .506 
Absorbance = e L c 
Concentration= absorbance/slope 
=.114/.3536 → .322 M Cr(III) Nitrate 
  
The bird nest absorbance was found to be .230 abs 
Concentration= .230/.7079→ =.325M Cr(III) Nitrate 
 
 



 

CO7: 

 
Based off this graph we can understand that our lambda max is at 410 nm for the wavelength so 
we can use our dilutions set at our max which is at 410 nm and read off all the absorbances for 
each. 

Max Absorbance 

Wavelength (nm) abs 

400 0.270 

405 0.279 

410 0.280*max 

415 0.278 

420 0.272 

425 0.265 

430 0.240 

435 0.232  

440 0.227 

445 .0.271 

 
 
 
 



 

Bird’s Nest  
1. The birds nest sample to be in the oven two days at 50 degrees celsius. 
2. Grinded the soil sample and took out 10g-20g.  
3. Measured the birds nest at 15.240g.  
4. Crushed all the sample with the mortar and pestle, also removed out the hard rocks. 
5. Afterwards, obtain a 100mL volumetric flask and got 50mL of the 1M Acetic Acid 

(HC2H3O2). 
6. Poured sample into amber (brown) bottle which is used to reduce light.  
7. After preoperative procedures have been completed we would now get the birds nest to 

collect 25mL of the extract into a 50mL beaker. 
8. Filter the 25mL extract  
9. Obtained 12.5mL of 0.100 M of ZnSO4*7H2O and poured the solution into the porous 

cup. 
10. Poured the 25 mL of filtered birds nest solution into black cup. 
11. Obtained a Zn+2 electrode and put it into Zinc solution.  
12. Got a voltmeter and attach red cable (cathode) to the Chromium and the black cable 

(anode) to the Zinc electrode. 

 
 
 

E Cell Calculations 

Trials Ecell 

1 0.527 

2 0.495 

 
 
 



 

 
Conclusion 
DP7: 

Cr(III) Nitrate is highly absorbed at wavelength 410 nm. Knowing this, the beer plot 
made was used to find the estimated concentration of Cr (III) Nitrate found in the bird nest 
extract and soil extract to be .322 M and .325M consecutively. I believe quantitative analysis 
would have helped in determining if there was any Chromium in the soil and nest samples, to 
reassure the results were for chromium. Soil sample Ecell (V) was found to be 1.067. Using the 
line equation, the lnQ was found to be -4.46. Therefore, the Q was found to be .0115.  

 
SS7:  

The methods used were accurate to a certain extent. Based on Kf value, complex ion 
formation does not favor the products, which means the amount of Chromium in the soil sample 
is most very low. However, this needs to be retested, perhaps with a different anode. The values 
detected were not accurate for several reasons. With electrochemistry in the lab, it is important to 
be consistent. Since different voltmeters measure different values, it is best to use the same 
voltmeter for accuracy. This was a realization later on in the experiment. When connecting the 
wires, to the cathode and anode, there may have been an error with how the electron flow current 
based on the placement of the wired. We have found that there is low concentration of 
Chromium in the soil due to the Kf value being low. 
  
ER7:  

Precision is affected by pipette readings due to the fact that it only measures up to 2 
significant figures. When using the electrochemical cell to find voltage, the voltage varied 
significantly depending on angle and if the anode or cathode was touching anything making it 
very difficult to know if we were being accurate. When creating dilutions, it was very important 
to be consistent in the mL’s used, if not concentrations could affect results. These are all very 
important aspects of creating an experiment that can act as sources of error. With my findings of 
Ka for Zn (s), the Ka was 1.7 x 10-10 which is the the acid ionization constant, is the equilibrium 
constant for chemical reactions involving weak acids in aqueous solution. This is used to predict 
the extent of acid dissociation. This confirms the other experiments that show that there is a low 
concentration of zinc in the soil. 
 
CO7:  

After doing my trials for Electrochemical analysis of Zinc (II) Nitrate in a soil sample 
from Moreno Valley College I had tested different dilutions to determine how low Zn+2 ion could 
be detected by the Ecell. Using this data we were able to compare the concentration of Zinc ion 
present in the soil sample. We detected that the Zn+2 that was present was really low in the soil 
sample. This leads us to consider the amount of error or accuracy on my methods. Most of our 
equipment was inexpensive and not as efficient such as our voltmeters which can also lead to 



 

incorrect data readings. Also during the spectrometric analysis, our spectrometer was not really 
efficient when we added the cuvettes since some of the cuvettes I was given had cracks and 
scratches which could lead to having higher absorbances than what was read normally.  
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