
Chemistry 425
Dr. Petr Vanýsek, Instructor

Analytical Chemistry II

04
UV-VIS SPECTROMETRY

Adopted from Sawyer, Heineman and Beebe, Chemistry experiments for instrumental methods. Wiley, New York 1984.

Apparatus:

Spectrophotometer operating between 375 and 625 nm (Bausch and Lomb Spectronic 20 Spectrophotometer)

Test tube type cuvettes (3), matched

One special cuvette for observing light-path color (prepared by placing a piece of chalk in a regular cuvette as shown in Fig. 4-2)

Volumetric flasks (5) 25 ml

Pipettes, 5 ml, 10 ml, and 20 ml

Beakers, two 100 ml, five 50 ml

Chemicals:

0.0500 mol/l chromium(III) nitrate solution [Cr(NO3)3] 0.1880 mol/l cobalt(II) nitrate solution [Co(NO3)2]

Theory

In a typical spectrophotometer (Fig. 4.1) white light that emanates from a tungsten lamp passes through an entrance slit and is dispersed by a diffraction grating or prism. Of the dispersed beam a narrow band of similar-wavelength light (ideally, monochromatic) passes through a second slit into the sample solution being measured. Any of this light, which is not absorbed by sample solution, but which passes through the solution, falls upon the phototube of the instrument, where the intensity of the transmitted light is measured electronically.

The most common diffraction grating is a flat sheet of plastic-coated glass. The surface of the plastic is a replica of a surface that has been ruled with many fine, parallel grooves; 600 or more accurately spaced grooves to the millimeter. The plastic surface is aluminized to make it reflect. The white light falling upon the grating is dispersed into a horizontal fan of beams with the short wavelength (violet and ultraviolet) at one end and the long wavelengths (red and infrared) at the other.

The spectrum of light falls on a dark screen with a slit cut in it. Only that portion of the spectrum, which happens to fall on the slit, goes through into the sample, and any desired part of the spectrum can be projected onto the slit by turning the grating with the wavelength control knob. Attached to this knob is a dial calibrated in wavelengths of nanometers or millimicrons (1 nm = 1 mµ = 10 Å=10-6 mm). The slit of the instrument passes a band of wavelengths that is 20 nm in width. Because of the linear dispersion of the grating, this bandwidth of 20 nm is constant over the entire wavelength region.
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Figure 4.1. Schematic layout for the Bausch and Lomb Spectronic 20 Spectrophotometer

Rotating the left-hand knob clockwise turns on the spectrophotometer. This should be done at least 20 minutes before measurements are made. After the instrument has warmed up, the knob is used to adjust the phototube amplification so that the meter needle will read "0" on the percentage transmission scale when no light is striking the phototube (which is the case when a cuvette is not present in the sample holder; without an inserted cuvette a shutter blocks the optical path).

The right-hand knob regulates the amount of light passing through the second slit to the phototube. The need for this light-control knob arises because the light source does not emit light of equal intensities at different wavelengths and the phototube is not equally responsive to light of varying wavelengths. In addition, the "blank" solution (the medium in which the substance being measured is located) may itself absorb light of certain wavelengths. In order to measure the absorbance due to only a particular species in solution, side effects which affect the %T reading must be compensated for. Therefore, after the spectrophotometer has been zeroed (by means of the amplifier control knob), a blank solution is placed in the light path, and the light-control knob is rotated until the dial reads 100 %T to achieve this desired compensation. If a sample solution is now placed in the light path, any change in the %T reading is due to the particular light-absorbing species in the sample, and the %T reading is a measure of the quantity of that species present.

The handling of the cuvettes is extremely important. Often two or more cuvettes are used simultaneously, one for the blank solution and the others for the samples to be measured. Yet any variation in the cuvette (such as a change in cuvette width or the curvature of the glass, stains, smudges, or scratches) will cause varying results. To avoid significant experimental errors, several rules must be followed:

1. Do not handle the lower portion of a cuvette (through which the light beam will pass).

2. Always rinse the cuvette with several portions of the solution before taking a measurement.

3. Wipe off any liquid drops or smudges on the lower half of the cuvette with a clean lint-free wiper (Kim-wipes, Scott wipers, or other lens paper) before placing the cuvette in the instrument. Never wipe cuvettes with towels or handkerchiefs. Inspect to insure that no lint remains on the outside and that small air bubbles are not present on the inside walls.

4. When inserting a cuvette into a sample holder:

a. To avoid any possible scratching of the cuvette in the optical path, insert the cuvette with the index line facing toward the front of the instrument.

b. After the cuvette is seated, line up the index lines exactly. The cuvette should he removed in the reverse manner (pointing the cuvette index toward the front of the instrument before withdrawing it).

5. When using two cuvettes simultaneously, use one of the cuvettes always for the blank solution and the other cuvette for the various samples to be measured.  Mark the tubes accordingly and do not interchange the cuvettes during the remainder of the course. If absorption spectra are being run on several different samples at the same time, matched cuvettes must be used. To match three or more tubes, half-fill each clean tube with CoCl2 solution [containing 23 g of CoCl2 per liter in 1% (by volume) of HCl]. Set the wavelength scale to 510 nm, set the zero with the amplifier control, and place one tube in the spectrophotometer. Adjust the light control so the meter reads 50 %T. Check the other tubes and record the %T of each. Use the three tubes which match the closest.

Part 1. Operation and Response of the Spectrophotometer

Theory

The phototube in the Spectronic 20 Spectrophotometer is a cesium-antimony surface photoemissive cell (type S-4). The phototube is much more sensitive to light of wavelength 400 nm than to light of wavelength 600 nm. This means that the phototube will require a greater flux of 600-nm than of 400-nm monochromatic light for the same %T reading to be registered upon the spectrophotometer dial.

Procedures

Plug in and turn on the spectrophotometer. Adjust the amplifier control knob (left front) until the meter needle reads 0 %T, and allow the instrument to warm up for 20 minutes. After the instrument has warmed up, rezero the instrument if necessary. Be sure the sample holder is in place by pressing straight down on the holder. Shut the top of the holder whenever you adjust the instrument or take readings to eliminate as much stray light as possible.

Put approximately 3 ml of distilled water into a rinsed cuvette, and wipe dry with a clean lint-free wiper (such as a Kim-wipe or Scott wiper). (Note the five rules concerning the use of cuvettes.) Turn the light-control knob (right front) counterclockwise as far as it will turn to diminish the amount of light passing to the phototube. “As-far-as-it-will-turn” is not intended to be a physical challenge. Learn to handle mechanical devices gently while operating this instrument. Insert the water-filled cuvette into the sample holder and align the index lines exactly.

Turn the wavelength control knob to 510 nm.

Rotate the light-control knob clockwise until the meter needle registers about 90 on the %T scale.

By rotating the wavelength knob, scan the visible spectrum and note how the response (measured by the position of the meter needle) varies with wavelength.

Determine the wavelength of light to which the instrument is most responsive (it will be near 510 nm). Adjust the light-control knob until the %T reads 100 at this wavelength. Then, without readjusting either the amplifier control knob or the light-control knob, run a spectral curve for the relative response of the spectrophotometer, reading from the %T scale. Take readings at the following wavelengths: 350, 375, 400, 425 ,450 ,475, 500, 512, 525, 550, 575, 600, 612 and 625 nm.

Now place the special cuvette into the sample holder to observe the color of the light beam (Fig. 4.2) with the lid open. Rotate the cuvette until the light path strikes the sloping surface of the chalk. Observe and record the color of the beam every 50 nm from 650 to 350 nm. It may be necessary to rotate the light-control knob to increase or decrease the intensity of the light. Do not allow the meter needle to read off scale.
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                                          Figure 4.2.  Cell system for viewing

                                          the color of visible light.

Adjust the wavelength to 600 nm and note the variation in color across the band of light. (See Question 4 at the end of the experiment.) What range of wavelengths of light comprises the band you see?

Adjust the wavelength to 550 nm. Rotate the light-control knob and observe the change in light intensity. The amount of light passing into the sample is regulated by a movable metal strip into which a narrow V-shaped aperture has been cut. As the strip is moved back and forth in the light path (by turning the light-control knob), more or less light is allowed to pass between the arms of the "V.” Note the variation in light intensity across the band and that the far edge of the light band has the greatest intensity. (See Question 5 at the end of the experiment.)

Treatment of Data

Using graphics software, plot “relative overall response” of your spectrophotometer vs. wavelength, using the data you obtained in the laboratory. Plot the wavelength on the abscissa (the horizontal axis for those in Rio Linda).

On the same graph, plot a curve representing the "relative response of the phototube" as a function of wavelength by use of the data in the discussion at the beginning of Part 1. Along the top of the graph indicate the colors observed for the various wavelengths.

While the relative response of the phototube is great toward light of wavelength 400 nm, the relative response of the entire instrument at this wavelength is low. The spectrophotometer has a much greater relative response at 525 nm than would he expected from a consideration of the phototube response alone. The difference is due primarily to the light source.

From the two curves of your graph, calculate the relative intensity of the spectrophotometer lamp emission (plus a small factor due to the optics) over the visible range of' the spectrum. At each wavelength studied, divide the "relative overall response" by the "relative phototube response." This gives a series of numbers which indicate "relative lamp intensity" at various wavelengths, the largest of numbers being in the neighborhood of 3.0.

To convert these relative numbers to a scale where the maximum is approximately 100, multiply each of the numbers by the factor 
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(The exact value obtained for a particular wavelength is unimportant: the importance lies in how the value changes with wavelength.) Finally, plot a curve on your graph that represents the “relative lamp intensity" as a function of wavelength.

Questions

1. To what color (and wavelength) of light is the instrument most responsive? What color of light is emitted most strongly by the tungsten lamp?

2. In what way do the various knobs on the spectrophotometer affect the light beam which is passed through the sample holder?

3. The effective bandwidth is 20 nm on the Spectronic 20 Spectrophotometer and is constant over the entire wavelength region. What is meant by the term bandwidth?

4. When the solution is red, does the solution absorb red light strongly or transmit red light strongly?

5. In calculating the relative lamp intensity of the spectrophotometer at various wavelengths, the water and the glass of the blank cuvette were assumed to absorb none of the light (in the region of wavelengths used). Do you think this assumption is justified? Why?
Part II. Absorption Spectra

Theory

A graphical plot of absorbance vs. wavelength is referred to as an absorption spectrum. 
Procedure

Prepare the following solutions:

1. 0.0200 mol/l Cr(III), by pipetting 10 ml of the 0.0500 mol/l stock solution of Cr(NO3)3 into a 25-ml volumetric flask and diluting to the mark. Mix well by inverting and uprighting the flask about 15 times.

2. 0.0752 mol/l Co(II), by pipetting 10 ml of the 0.1880 mol/l stock solution of Co(NO3)2 into a 25-ml volumetric flask and diluting to the mark. Mix.

Obtain three matched cuvettes (see rule 5 under the discussion of spectrophotometer operation for the procedure to match cuvettes). Set the wavelength dial at 375 nm and adjust the instrument to read 0 %T with no cuvette and 100 %T when the water-filled cuvette is in the sample holder. (If the instrument will not adjust at this wavelength, set it at the shortest wavelength at which it will adjust.) For this, as well as the Beer's law and Two-Component System experiments, be sure to use the same cuvette for the distilled water blank, a second cuvette for the chromium solutions, and a third one for the cobalt solutions.

Place approximately 3 ml of the 0.0200 mol/l Cr(III) solution in your second cuvette. Place 3 ml of the 0.0752 mol/l Co(II) solution in your third cuvette. Wipe and insert the Cr(III) solution into the sample holder. Read the %T of the solution from the dial. Replace this cuvette with the Co(II) solution and read the %T.

Although the meter is electronically protected from burnout, it is best to turn the light control counterclockwise before changing to another wavelength.

Turn the wavelength dial to 400 nm. Again, set the "0" and the" 100" using the blank solution. Place the Cr(III) solution in the holder again and read the %T at this wavelength. Replace the Cr(III) with the Co(II) and read the %T of this solution. Continue this procedure at 5-nm intervals from 405 through 625 nm.

Empty and rinse the cuvettes thoroughly with distilled water (never with cleaning solution). Be sure to keep the cuvettes distinguished so that the same cuvette will be used for the blank, a second one for all the Cr(III) solutions, and a third for the Co(II) solutions.

Treatment of Data

Convert all readings of %T to absorbance (A = 2— log %T). Using a sheet of fine-ruled graph paper (10 x 10 to the centimeter) or suitable graphing software, plot the absorption spectra of Cr(III) and Co(II). Save this graph for use in the next two parts of the experiment.

Question

By referring to your Cr(III) absorption spectrum suggest a desirable wavelength for analyzing Cr(NO3)3 solutions that have a concentration between 0.02 and 0.04 mol/l. Explain briefly why this same wavelength might be undesirable for the determination of a Cr(NO3)3 solution with a concentration appreciably greater or lower than 0.02 to 0.04 mol/l.
Part Ill. Beer's Law

Beer’s Law Plots

Graphs of absorbance vs. concentration, or log %T vs. concentration, are known as Beer's Law plots. These are prepared by measuring the light absorbed by a series of solutions with different known concentrations. The cell width and the wavelength of the light are maintained constant. If a linear plot is obtained [the Beer-Lambert relationship holds for the solution (and instrument) at that wavelength], the plot may be used with confidence to determine the concentrations of unknown solutions.

Unfortunately, the condition of truly monochromatic light upon which the Beer-Lambert law is based is only approximated in the laboratory. Because more than one wavelength of light passes through a solution at the same moment, apparent deviations from the law are observed to give nonlinear Beer's Law plots. The object, therefore, of much preliminary work in optical analysis is to find a suitable wavelength band where the apparent deviation from the law will be only slight or negligible.
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