Synthesis of a Copper Complex Lab

A) Gravimetric Analysis for Sulfate Ion SO42-
Table 1: Experimental data for sulfate ion analysis
	
	Sample 1
	Sample 2

	Mass of sample of compound (± 0.1 g)
	1.1
	1.1

	Mass of filter paper (g)
	0.9516 ±0.0002
	0.9293 ±0.0002

	Mass of PbSO4  and filter paper (± 0.0001 g)
	1.9984
	1.8910

	Mass of PbSO4  (± 0.0003 g)
	1.0468
	0.9617



Qualitative Observations:
Addition of nitric acid to the compound turned the original purple solid into a light blue solution. Addition of lead (II) nitrate to the solution formed a white precipitate.
Calculations:
Sample 1
Moles of PbSO4  
Moles = mass/molar mass
	= 1.0468 ± 0.0003 / 303.26
	= 0.0034518 ± 9.8929E-7 
Moles of SO42- ion in PbSO4 sample
1 x 0.0034518 ± 9.8929E-7 = 0.0034518 ± 9.8929E-7
Mass of SO42- in PbSO4 precipitate
Mass = moles x molar mass
	= 0.0034518 ± 9.8929E-7 x 96.06
	= 0.331579908 ± 9.502736925E-5
	= 0.3316 ± 9.509E-5 g
Mass percent of SO42- in copper compound
0.331579908 ± 0.0095031449 g/ 1.1 ± 0.1 g x 100 = 30.14 ± 03.604 %
Sample 2
Moles of PbSO4  
Moles = mass/molar mass
	= 0.9617 ± 0.0003 / 303.26
	= 0.0031712062 ± 9.892501484E-7
Moles of SO42- ion in PbSO4 sample
1 x 0.0031712062 ± 9.892501484E-7 = 0.0031712062 ± 9.892501484E-7
Mass of SO42- in PbSO4 precipitate
Mass = moles x molar mass
	= 0.0031712062 ± 9.892501484E-7 x 96.06
	= 0.3046260676 ± 9.502736924E-5
	= 0.3046 ± 9.503E-5
Mass percent of SO42- in copper compound
0.3046260676 ± 9.502736924E-5/ 1.1 ± 0.1 g x 100 = 27.69327887 ± 2.52620965993 %
Average Mass Percent of SO42-
[(27.69 ± 2.526) + (30.14 ± 3.604)]/2 = 28.92 ± 3.065 %

B) Volumetric Analysis for Ammonia
Concentration of HCl solution is 0.5 M
Table 2: Experimental data for ammonia analysis
	
	Sample 1
	Sample 2
	Sample 3

	Mass of sample ± 0.1 g
	1.0
	1.0
	1.0

	Initial burette reading ± 0.5 ml
	0.0
	0.5
	10.0

	Final burette reading ± 0.5 ml
	33.8
	34.4
	43.8

	Amount of HCl added ± 1.0 ml
	33.8
	33.9
	33.8



Qualitative Observations
The compound turned a deep blue when dissolved in water. When acid was added to the solution, the colour changed to a blue-green. The solution then turned a pea-green with a thicker consistency, then a yellow, and the endpoint is a red-orange. A precipitate was formed throughout the titration, and disappeared at the endpoint.
Table 3: Calculations for ammonia analysis
	
	Sample 1
	Sample 2
	Sample 3

	Moles of HCl used in titration (= concentration x volume in litres)
	0.0169 ± 0.0005
	0.01695 ± 0.0005
	0.0169 ± 0.0005

	Moles of NH3 in sample of copper compound 
	0.0169 ± 0.0005
	0.01695 ± 0.0005
	0.0169 ± 0.0005

	Mass NH3  in grams (= moles x molar mass)
	0.287807 ± 0.008515
	0.2886585 ± 0.008515
	0.287807 ± 0.008515

	Mass % NH3 in sample of copper compound (mass NH3 / mass of sample x 100)
	28.7807 ± 3.729569999
	28.86585 ± 3.738085
	28.7807 ± 3.729569999

	Average mass % NH3 in sample of copper compound
	28.81 ± 3.732



C) Analysis for copper
Table 4: Experimental data for analysis of copper
	
	Sample tube #5
	Sample tube #6

	Mass of unknown sample ± 0.1 g
	0.2
	0.3


 
Qualitative Observations:
Test tube 1 containing HNO3 was colourless and transparent. Test tubes 2—4 were transparent, light blue solutions. Test tube 5 and 6, when the compound was mixed with HNO3, were also transparent light blue solutions.


Table 5: Absorbance of samples
	Sample tube #
	Colorimeter absorbance at 645 nm (± 0.001)
	Spectrophotometer absorbance at 635 nm (± 0.05)

	1
	0.002
	0.00

	2
	0.224
	0.22

	3
	0.405
	0.37

	4
	0.618
	0.50

	5
	0.149
	0.20

	6
	0.278
	0.28



Table 6: Concentration table for standard solutions
Concentration of standard Cu2+ solution: 30.00 g in 500.0 mL = 0.9441 M
	Sample #
	Standard Cu2+ mL
	HNO3 mL
	Cu2+ molar concentration (mol/L)

	1
	0.0
	10.0
	0.0

	2
	4.0
	6.0
	0.37764

	3
	7.0
	3.0
	0.66087

	4
	10.0
	0.0
	0.9441



Figure 1: Absorbance vs molar concentration of standard solutions (sample tubes 1—4)

Cu2+ molar concentration (mol/L)
Calibration curve: x = (y + 0.0093)/0.6488

Table 7: Calculations for copper analysis
	
	Sample 5
	Sample 6

	Cu2+, mol/L (= (absorbance + 0.0093)/0.6488)
	0.24398890258 ± 0.00154130702
	0.442817509 ± 0.00154130702

	Mass of copper in grams (= molar concentration x molar mass x 0.01 L)
	0.15503054869 ± 0.00097934647
	0.28136624521 ± 0.00097934647

	Mass % of copper (= mass of  copper / mass of sample x 100)
	77.515274345 ± 39.247310407
	93.788748403 ± 31.589364956

	Average mass % of copper
	85.65 ± 35.41



D) Calculation of formula of compound
Table 8: Experimental and calculated data for compound analysis
	Mass %
	Experimental
	Moles per 100 g
	Calculated 

	Grams Cu2+ in 100 g of compound
	85.65 ± 35.41
	Moles of Cu2+ in 100 g
	1.348

	Grams NH3 in 100 g of compound
	28.81 ± 3.732
	Moles of NH3 in 100 g
	1.691

	Grams SO42- in 100 g of compound
	28.92 ± 3.065
	Moles of SO42- in 100 g
	0.3011

	Total mass of Cu2+, NH3, SO42-
	143.38 ± 42.21
	
	

	Grams of H2O = 100 - (total of Cu2+, NH3, and SO42-)
	-43.38 ± 42.21
	Moles of H2O in 100 g
	-2.407



Moles of NH3 per moles of Cu2+: 1.254		x 4 = 5
Moles of SO42- per moles of Cu2+: 0.2234		x 4 = 1
Moles of H2O per moles of Cu2+: -1.786		x 4 = -7

Experimental empirical formula: Cu4(NH3)5SO4 • -7H2O

E) Conclusion and Evaluation
According to P. Squattrito of Central Michigan University, the procedure should have produced a compound with the empirical formula Cu(NH3)4SO4 • H2O
During the gravimetric analysis for the sulfate ion, less sulfate ion may have been gathered due to errors in precipitation. Completeness of precipitation was checked for, however, due to time constraints, it was unverified if the precipitation was truly complete. This could be resolved by spending more time to filter and precipitate multiple times. As well, there were PbSO4 particles remaining on the beaker that were unable to be washed out. This amount, however minimal, lowered the moles of SO42-, and therefore the empirical formula subscripts.
During the volumetric analysis for ammonia, the height of the burette made it impossible to view the meniscus at eyelevel, so readings may be imprecise. This can be resolved by having an automated dispenser with electronic readings to increase accuracy.
[bookmark: _GoBack]During the spectrophotometric analysis for copper, cuvettes and spectrophotometric tubes were rinsed with water after each trial. However, this may have diluted the samples and decreased absorbance readings. This can be resolved by having one cuvette and spectrophotometric tube per test tube.
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