CHM 414
Determination of Manganese and Chromium in a Mixture by Visible Spectrophotometry: Multicomponent Analysis
This experiment intends to illustrate the concept multicomponent analysis using spectrophotometery.  In this case your unknown sample will contain two species and you will attempt to determine the concentration of each species.  Here you will use visible spectrophotometry to simultaneously determine the concentration of manganese and chromium in an unknown solution.  Bearing in mind the additive nature of Beer’s law, you will be able to determine the concentrations of both species by measuring the absorbance of light at the two wavelengths of maximum absorbance (one for each species).  Beer’s law has been shown to apply very closely when these samples are analyzed in a solution that is at least 0.5M H2SO4​.
According to Beer’s law the total absorbance (A) at a given wavelength is the sum of the absorbances of all species present that can absorb at that wavelength.  Stated mathematically,


A = (xbcx + (ybcy
Here x and y are species x and y respectively.  In the case where two unknowns are to be determined you will measure the total absorbance at the wavelength of maximum absorbance of x and then the total absorbance at wavelength of maximum absorbance of y.  With this information you can solve a simultaneous equation similar to that below to determine the concentration of both species in the unknown sample.



A1 = (x1bcx + (y1bcy


A2 = (x2bcx + (y2bcy
Here A1 and A2 are the absorbances at wavelengths 1 and 2 respectively.  (1 and (2 are the molar absorptivity of x and y respectively at wavelength 1 and 2 respectively.  You will determine the k values in this experiment, where k = (b these values you will plug into the above simultaneous equation and solve for the concentration of x and y in your unknown.  The k-values are determined by measuring absorbance at the two wavelengths of the pure solutions of known concentration; from these you will prepare a calibration curve at each wavelength for the two species and the slopes of these plots (A vs. C) gives the k-values.
To determine manganese and chromium, these species will first be oxidized to MnO4- and Cr2O72- respectively.  MnO4- has an absorption in the visible region of the spectrum at 545 nm, while Cr2O72- has an absorption maximum at 440 nm.
Cr3+ is oxidized to Cr2O72- by peroxydisulfate (persulfate) in the presence of a silver catalyst and with heat according to the following reaction:


2Cr3+  +  3S2O82-  +  7H2O  (  Cr2O72-  +  6SO42-  +  14H+
Mn2+ is oxidized in part by peroxydisulfate, but also by periodate according to the following reactions in the presence of a silver catalyst and with heat:


2Mn2+  +  5S2O82-  +  8H2O  (  2MnO4-  +  10SO42-  +  16H+

2Mn2+  +  5IO4-  +  3H2O  (  2MnO4-  +  5IO3-  +  6H+
For the mixture,
A440 = kCr,440CCr + kMn,440CMn


A545 = kCr,545CCr + kMn,545CMn
The k-values are determined from the slopes of the calibration curves of the pure solutions



kCr,440 = A440/CCr
kCr,545 = A545/CCr




kMn,440 = A440/CMn
kMn,545 = A545/CMn

Required Chemicals:
1. 18 M H2SO4, K2S2O8, KIO4, AgNO3
2. Standard ~ 0.002M MnSO4 solution (record exact molarity and determine concentration of in mg/L (ppm) of Mn
3. Standard ~ 0.0178M K2Cr2O7 solution (record exact molarity and determine concentration in mg/L (ppm) of Cr.  Remember, there are 2 Cr atoms per molecule of K2Cr2O7.
4. 0.1M AgNO3 solution

Procedure:
Prepare the standard MnSO4 and K2Cr2O7 solutions. The MnSO4 and K2Cr2O4 will be dried prior to your arrival. Obtain these from your instructor.

1. Calibration (determination of k values).  Note the absorbance of the calibration solutions and the unknown should be read  at the same time.  Therefore, get all solution sprepared before making any readings. They are all sufficiently stable that they could be allowed to set until another lab period, but try to complete it in one period.
(a) Manganese: Add with pipets aliquots of 10, 15 and 25 mL of the standard MnSO4 solution into three different 250 mL Erlenmeyer flasks.  Add distilled water to bring the volume in each flask to about 50 mL.  to each flask add 10 mL conc. H2SO4 (CAREFULLY, using a graduated cylinder) and 0.5 g solid KIO4 (potassium periodate).  Heat each to boiling for about 10 minutes, cool, transfer quantitatively to 250-mL volumetric flasks, and dilute to the mark with distilled water.  Determine the absorbance of each solution at 440 and 545 nm, using 0.5 M H2SO4 as a blank solution.  Permanganate solutions containing periodate are stable. The absorbance at 440nm will be less than 0.1 and hens, the spectrophotometric error will be large.  This is acceptable and desirable, because the correction for manganese absorption at this wavelength is small. 

(b) Chromium: Add 10, 15 and 25 mL aliquots of the standard K2Cr2O7 solution to 250 mL volumetric flasks. Add about 100 mL distilled water and 10 mL conc. H2SO4.  Mix thoroughly, and dilute to 250 mL with distilled water.  Determine the absorbance of each solution at 440 and 545 nm, using 0.5 M H2SO4 as the blank solution.  The absorbance in this case will be small (<0.1) at 545 nm
(c) Determination of k values: Using a spreadsheet, plot absorbance versus concentration in units of mg/L for each solution at each wavelength, and plot the least-squares straight line through each set of data points.  The lines should intercept at zero absorbance and zero concentration.  You can instruct Excel (under the chart options) to plot the intercept at zero.  The slopes of these lines are the coefficients (k= A/C) to be used in determining the concentrations of chromium and manganese in the unknown. These slopes relate absorbance and concentration for the instrumental parameters used.  Therefore, one should use the same instrument, cuvets, cuvet positions and volumes of solutions for all determination in this experiment.
2. Analysis of Unknown: Obtain a mixture of Mn2+ and Cr3+ unknown from your instructor in a 250 mL volumetric flask and dilute to volume.  Transfer with a pipet three 50-mL aliquots into 250-mL Erlenmeyer flasks.  The procedure may be stopped at this point if you are running out of time.  However, once you have added the peroxydisulfate, the experiment must be completed because the oxidation process is started when this is added.

To each flask add 5 mL conc. H2SO4 (exercise great care) then mix well.  Add about 1 or 2 mL of 0.1 M AgNO3 solution and 1.0 g solid potassium peroxydisulfate (K2S2O8). Be very careful with the peroxydisulfate. It is a very strong oxidizing agent and reacts very violently with reducing agents. Be sure you are wearing your safety apparatus and only do this portion of the experiment under the instructor’s supervision. Take care not to spill this solution.  Dissolve peroxydisulfate and heat the solution to boiling and gently boil for about 5 minutes.  Cool the solution and then add 0.5 g KIO4.  Again, heat to boiling for 5 minutes.

Cool each solution to room temperature, quantitatively transfer to 250 mL volumetric flasks and dilute to volume.  Ths solutions at this point (or before dilution) are stable and can be saved until another laboratory period if necessary.  Also, save the serial standards to calibrate the instrument at the same time.


From the unknown absorbance at the two wavelengths, calculate the parts per million of Cr and Mn in your unknown using Beer’s law for the mixture and the determined constants.  The calculate results will have the same units as used in determining the constants.  Keep in mind the dilutions made.  Report the results for each portion analyzed with appropriate statistics.
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