Abstract: The stoichiometry of a nickel ethylenediamine complex was determined via spectrophotometric techniques at room temperature and atmospheric pressure. Using Job’s Method, a mole fraction of 0.69 for ethylenediamine was found compared to a known mole fraction of 0.66 at a 4.54% error. The small error could be attributed to the fact that the data used to obtain the mole fraction was corrected for interference caused by uncomplexed nickel.
Background: Determination of the stoichiometry of coordination complexes is a critical aspect of chemistry. Examples of important coordination complexes are hemoglobin and chlorophyll, which are important compounds in animals and plants. Understanding complex stoichiometry, upon which the properties and chemical reactivity of molecules depends, requires a combination of skill and knowledge that must be practiced and learned. Understanding properties and chemical reactivity is the passion of chemists, therefore it is necessary to become familiar with the stoichiometry of coordination complexes in order to be a successful, well-rounded chemist.
Procedure: Refer to Experiment 30 in Utecht, R.; Downey, T.; Miller, M; Hirko, R. Chem 114L – General Chemistry II Laboratory, 3rd ed., Cache House, Inc: Eden Prairie, MN, 2009. 

Observations: In this experiment, different volumes of NiSO4 and ethylenediamine (en) were added by pipette to nine 50 mL beakers. The ethylenediamine, a clear liquid, was placed into the beakers and the green liquid, NiSO4, was added to the mixture. When the NiSO4 was added to the beakers, the liquids changed colors. Each beaker had a different color. This was due to the different mole fractions of the liquids. When the solutions containing different volumes of ethylenediamine and NiSO4 were mixed, a gradation of color was observed. The NiSO4 solution was light green in color. As the ethylenediamine increased and the NiSO4 decreased, the color turned to from green to perfectly blue at the 0.5 mole en fraction and from blue to purple at the 0.9 mole en fraction. 
These solutions containing different mole fractions, evaluated with the Chem 2000 spectrometer and using ethylenediamine as a blank, had different absorption spectra. The solutions with no ethylenediamine or with low mole fractions of ethylenediamine did not contain well defined absorption spectra peaks. As the en mole fraction was increased to 0.4-0.6 the peaks became more pronounced and the absorption maxima shifted to lower wavelengths. At en mole fractions at 0.8-0.9, peaks were broad. 
Results and Calculations: Data obtained from the absorption spectra at specific wavelengths were generated by the Chem 2000 computer. These data were plotted on graphs where the X-axis was mole fraction of ethylenediamine and the Y-axis was corrected absorbance units at the specific wavelengths. The reason corrected absorbance units were used was to account for absorbance caused by any uncomplexed NiSO4. A sample calculation to obtain corrected absorbance units is included below for the 0.5 mole fraction at 545 nanometer (nm) wavelength. 
The computer then generated graphs of corrected absorbance at different mole fractions at five specific wavelengths. The best V-shaped arrangement of data points was obtained at the 545 nm wavelength. The data points fit the V-shape nicely and the apex (highest level of absorption) was used to determine a en molar ratio of 0.69. The maximum absorbance occurred at about a mole fraction of 69% ethylenediamine and 31% of NiSO4. This would mean that two moles of ethylenediamine molecules were required to bond with one mole NiSO4 to form the complex. 
Calculating mole fraction for a mixture of 5.00mL of ethylenediamine and 5.00mL of NiSO4:
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Calculation of corrected absorbance value to account for absorbance due to uncomplexed NiSO4
(30.1):
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Determining percent error in measured ethylenediamine mole fraction:
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Discussion and Conclusion: A single molecule of ethylenediamine can form two bonds to a transition-metal ion such as nickel(II), Ni2+. The bonds form between the metal ion and the nitrogen atoms of ethylenediamine. The nickel(II) ion can form six such bonds, so a minimum of one and a maximum of three ethylenediamine molecules can be attached to one Ni2+ ion.
(http://scifun.chem.wisc.edu/chemweek/Chelates/Chelates.html, accessed September 17, 2009).
The data from the current lab study suggests that, at the temperature and pressure conditions used in the experiment, the stoichiometry of Ni(en)2+2 was two moles of ethylenediamine for each mole of nickel. If this were the case, a known result would be a mole fraction of 0.33 of nickel and 0.66 of ethylenediamine. Calculations based upon peak absorption at 545nm suggest the mole fraction of ethylenediamine was at 0.69 and the nickel at 0.31. The percent error between the calculated and the known for ethylenediamine mole fraction was 4.54%. 
The nickel in the NiSO4 solution was light green in color and could be considered as an interfering substance in spectrophotometric measurement of the complex. Therefore the contribution of the nickel had to be subtracted from the raw readings. This was accomplished by correcting the data using equation 30.1. The differences between the corrected and the uncorrected absorbances were that the uncorrected were greater than the corrected. Interestingly, as the wavelength used to evaluate the solutions increased from 530 to 640nm, the absorbance of the interfering substance increased dramatically. Thus, the differences between the corrected and uncorrected, in the solutions of high mole fraction of NiSO4, at the shorter wavelengths were much less than the differences observed at the longer wavelengths.  
A specific wavelength where two chemical species have the same molar absorptivity is called the isosbestic point. Therefore, at this point you would be unable to distinguish between the amount of absorption caused by the NiSO4 and that caused by the complex. If this was the case, a corrected absorbance and the correct stoichiometry could not be calculated. 

In this experiment, the corrected species was NiSO4. By subtracting the absorption of NiSO4, any changes in absorption in the mixture would be due to changes in the absorption caused by the complex. Because of this relationship the correct stoichiometry theoretically could be determined at any wavelength at which the complex absorbs. 
Questions: 1. Was the stoichiometry the same at every wavelength? If not, discuss why different stoichiometries might be observed at different wavelengths.

No, the stoichiometry was not the same at every wavelength. The mole fraction of ethylenediamine as measured at the different wavelengths ranged from 0.69 at 545nm to 0.38 at 640nm. The reason why there was such a large range across wavelengths was that the absorption of  NiSO4 was very small at 545nm but was large at 640nm. This large absorbance, which was not related to the complex, likely prevented the spectrophotometer from accurately reading the absorption caused by the complex. Additionally, the v-shaped peaks recorded at 545nm were quite pronounced while those recorded at 640 nm were almost nonexistent. 
2. Explain the consequences if the experimental absorbances would not be corrected for the presence of uncomplexed NiSO4.

If not corrected for uncomplexed NiSO4, a erroneous situation would occur. This situation results because there are different mole fractions of NiSO4 in each of the cuvettes. Thus, this would introduce a confounding effect related to the calculation of the mole fraction of the complex. It would be impossible to determine the contribution of NiSO4 versus the complex to the absorption readings.
3. A reaction between Co(ClO4)2 and LiNO3 in tert-butyl alcohol forms a complex of the type Co(NO3)n2-n. The following absorbance data at a specific wavelength were collected for solutions made up in the given concentrations of Co(ClO4)2 and LiNO3: 
	Co(ClO4)2/(mol/L)
	0.100
	0.080
	0.060
	0.050
	0.040
	0.030
	0.020
	0.000

	LiNO3/(mol/L)
	0.000
	0.020
	0.040
	0.050
	0.060
	0.070
	0.080
	0.100

	Absorbance
	0.250
	0.302
	0.354
	0.358
	0.433
	0.408
	0.329
	0.000


LiNO3 does not absorb at this wavelength.

Compute the corrected absorbances for the solutions and determine the composition of the complex. 
Using equation 30.1, corrected absorbances were calculated and are listed on the table below. When the mole fractions were plotted on the x-axis and the corrected absorbance plotted on the y-axis, the resulting graph indicated a peak at about mole fraction of 0.65. Given this molar fraction of LiNO3, the accompanied molar fraction of CoClO4 would have been 0.35. Thus, the composition of the complex would have been one mole of Co and two moles of NO3, giving a formula of Co(NO3)2. 
	Ameas
	mole fraction
	Az
	Y

	0.302
	0.2
	0.250
	0.102

	0.354
	0.4
	0.250
	0.204

	0.385
	0.5
	0.250
	0.260

	0.433
	0.6
	0.250
	0.333

	0.408
	0.7
	0.250
	0.333

	0.329
	0.8
	0.250
	0.279

	0
	1
	0.250
	0.000
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