Ultraviolet Absorption Spectrophotometry
Simultaneous Analysis of a Two-Component Mixture
1.0 Objectives
If certain conditions hold, a mixture of two or more absorbing components may be analyzed spectrophotometrically without prior separation. The most common method of analysis involves solving a set of simultaneous equations which describe the absorbance behavior of the mixture at different wavelengths.  The number of equations, and likewise the number of wavelengths, equals the number of components in the mixture.

2.0 Prelab
Read this lab.
3.0 Background
This experiment involves the determination of the concentrations of phenylephrine hydrochloride (PEH), a nasal decongestant, and pheniramine maleate (PAM), an antihistamine, in Dristan Nasal Spray.  Both compounds absorb in the ultraviolet.  You will first verify that the absorbances of a mixture of these compounds are additive over the wavelength range to be used.  Then, two wavelengths will be chosen for the simultaneous equations method and the necessary data will be obtained.  Calculations (two equations, two unknowns) will be used to determine the concentrations of the two compounds.

4.0 Procedure
You will prepare the following stock solutions:
80 mg/L of PAM in 50 mL of 0.010 M HCl

200 mg/L of PEH in 50 mL of 0.010 M HCl
Note: All dilutions will use 0.010 M HCl (solvent blank)

4.1 STEP I - Verification of Additivity of Spectrum
1. Pipette 1 mL of 80 mg/mL PAM in a clean vial, then add in 3 mL of solvent blank.

2. Scan from 320 to 220 nm and find the wavelength of maximum absorption for PAM (record both wavelength and Abs at that wavelength).

3. Pipette 1 mL of 200 mg/mL PEH in a clean vial, then add in 3 mL of solvent blank.

4. Scan from 320 to 220 nm and find the wavelength of maximum absorption for PEH (record both wavelength and Abs at that wavelength).

5. Pipette 1 mL of 80 mg/mL PAM and 1 mL of 200 mg/mL PEH in a clean vial then add in 2 mL of solvent blank.  Scan from 320 to 220 nm and record the absorbances at each of the wavelengths from above.  Recall that Total Abs is the sum of the absorbances from the two components.

4.2 STEP II - Beer’s Law Plot of the PEH and PAM and sample analysis
1. Prepare a series of five dilutions spanning the range 20 to 100 mg/L from the 200 mg/L PEH standard and obtain the absorbance spectra for each.  Record the absorbance at each of the two determined wavelengths.

2. Prepare a series of five dilutions spanning the range 8 to 40 mg mg/L from the 80 mg/L PAM standard and obtain the absorbance spectra for each. Record the absorbance at each of the two determined wavelengths.

3. Obtain the absorbance data for the diluted Dristan Nasal Spray. Record the absorbance at each of the two determined wavelengths.

4.0 Data Analysis
1. Justify the choice of the two wavelengths to be used in the simultaneous equations methods.

2. Prepare Beer’s Law plots for pure PAM and pure PEH at each of the chosen wavelengths.  Express the concentrations axis in units of mg/L and make sure to include 0,0 as a point in the linear least squares analysis.  The two PAM plots may be presented in one graph, the two PEH plots in a second graph.  

3. From the slopes of the Beer’s Law plots calculate the molar absorptivites for each component at each wavelength and use this information to determine the concentrations of the two drugs in Dristan Nasal Spray (the simultaneous equation method.).  

4. Compare the results obtained by the simultaneous equations method to the manufacturer’s stated concentrations in the nasal spray.  (Confession: I made up the ‘Dristan’ nasal spray!  Evidently, the manufacturers switched drugs on me over the past year.)  The concentration of the ‘Ashley’ nasal spray is __ and __ mg/L of PAM and PEH, respectively.  Calculate the relative error for the two determined concentrations (yours) with the known values (mine).

5.0 Conclusion
State the results and describe pertinent major sources of random and systematic errors.  In your error analysis, reflect on the assumptions that are made in the simultaneous analysis of a multi-component system.  If these assumptions do not hold, how will the results be affected?  Discuss the advantages and limitations of the simultaneous equations method.

Be Sure To Address the Following in you Formal Write Up:
1. Give/describe the equation which is the basis for UV absorption quantitative analysis.

2. Sketch a block diagram of a conventional scanning double-beam UV-Vis spectrophotometer.  Briefly discuss (one to five sentences each), with respect to purpose and component of choice, the following parts: source, monochromator,  sample holder, and detector.

3. Briefly describe the simultaneous equations method for analysis for two unknowns, and specify the conditions which must hold if the method is to be valid.  State how the two wavelengths are chosen.

