Chemistry 111-2008
Spectrophotometric Analysis 

Using Diode Array UV-Vis Spectrophotometers
This experiment has two purposes:

• To explore the technique of spectrophotometry, the use of light to determine some property of a substance.
• To determine the weight percent of copper in an unknown compound using spectrophotometry and to determine which of a set of unknown compounds you have.
In the first part of the laboratory, you will explore the nature of an absorbance spectrum. In the second part, you will determine the concentration of copper

in a solution, and from this information determine the weight percent of copper

in an unknown sample in order to identify a solid compound.
In order to determine the concentration of copper in the unknown solutions

we will first construct a standard plot of the concentration of copper vs.

the absorbance of solutions having known copper concentrations. According

to Beer's Law, absorbance is directly proportional to concentration and so the

resulting plot should be a straight line. This graph will be used to determine

the concentrations of solutions containing known amounts of the unknown

copper compound and from this we can determine the weight percent of copper.
EXPERIMENTAL PROCEDURES
Part A. Light Absorption Spectra of Colored Solutions
1. Obtain two cuvettes and make sure they are clean. Fill (to about ¾ full) one with 0.24 M CuSO4, one with 0.1 M CoSO4 and one with distilled H2O. Wipe off the outside of each cuvette with a clean, dry cloth. 
2. Following the directions for using the spectrometer, generate a spectrum for each sample. Record the absorbance or transmittance for each every 20 nm between 400 nm and 800 nm, or the upper limit allowed for your spectrometer. 
Determine the exact (that is, to the nearest 5 nm) wavelength of maximum absorbance, λmax, for each sample. So, you will be recording two lists of absorbancies: one for the Co compound and one for the Cu compound, each measured against wavelength.
3. You will later use Excel to construct the absorbance spectra of CoSO4 and CuSO4 by connecting the points of each curve by plotting absorbance vs. wavelength. Determine λmax for each compound. 
Part B. Concentration Effects
To determine the amount of copper in an unknown solution, you first have to explore the relationship between the concentration of copper ion and the amount of light absorbed by the sample. The important relationship is that the  absorbance (A) of the solution is proportional to the concentration of the solution, c. That is, A = ε•b•c, where ε is the molar extinction coefficient (also called an absorptivity coefficient), a fundamental property of the molecules involved, and b is the length of the sample cell. In this portion of the experiment you will confirm that relation and find out what the exact relationship is for your particular spectrophotometer.
1. Preparing Solutions:

Clean and dry the six 18 x 150 mm test tubes from your desk and label them

1 through 6. Four of these tubes (Tubes 1-4) will be used for solutions of known copper concentration and the other two (Tubes 5-6) will contain two different concentrations of the unknown copper compound. Find in the fume hoods a set of two burets, one containing standard copper solution and one containing 1 M HNO3. Use them to prepare the following solutions:
	Test Tube
	Volume HNO3
	Volume Cu Standard
	Remarks

	1
	5 mL
	0 mL
	Reference Standard “Blank.”

	2
	3.0 mL
	2.0 mL
	Be sure to mix well.

	3
	1.5 mL
	3.5 mL
	Be sure to mix well.

	4
	0 mL
	5.0 mL
	

	5
	5.0 mL
	0 mL
	Add about 0.15 g of unknown (accurately weighed). Be sure to dissolve thoroughly.

	6
	5.0 mL
	0 mL
	Add about 0.10 g of unknown (accurately weighed). Be sure to dissolve thoroughly.


2. Measuring the Absorbance

When all six solutions have been prepared, obtain six of the plastic cuvettes, number them 1 through 6, and fill each cuvette about three-fourths of the

way full with the corresponding solution.
Set the spectrophotometer at λmax for CuSO4, determined in Part A of the experiment. So, in this part you will record the absorbance of each of the six solutions at a single wavelength.
3. Handling the Data and Doing Calculations
Part 1: 
Using Excel, make plots of the absorbance spectra of CoSO4 and of CuSO4. The x-axis is wavelength in nm; the y-axis is absorbance. Report λmax for each compound.

Part 2:

a) Calculate the actual concentration of Cu2+ ion in your samples (2 and 3). Because you are simply diluting a copper-containing solution of known concentration, you can use the equation
(Conc. of original solution)(Volume of standard Cu2+) = 





(Conc. of dilute solution)(total solution volume)
b) Use Excel to construct a calibration plot of absorbance (vertical or y-axis) vs. concentration (horizontal or x-axis) for the four known samples (samples 1-4). Be sure that your scales are chosen so that almost all of the graph paper is used. Use the Trendline feature in Excel to determine the line that best goes through  the known concentration points. Note the equation of the line.
c) Determine the copper concentrations in samples 5 and 6 from the calibration

plot. (Use the recorded absorbance and the equation relating absorbance and concentration.) 
d) Based on the concentrations calculated above, determine the mass of copper

(in grams) in each of the two unknown samples and use this information to determine the mass of copper in your original solid samples.
e) Now calculate the weight percent of copper in each of the separate samples and also the average of these two results. 
f) Use the weight percent you calculate to determine which of the possible unknown compounds you had. Report both the percent copper and your conclusion as to the identity of the unknown copper compound.

Possible unknowns:

CuCO3
CuCl2(2H2O
CuBr2
CuSO4(5H2O

