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Art & Science of Light

Fall 2007

Science Lab II – Synthesis of Pigments and Recording their Spectra
Prepared by: Dr. Dharshi Bopegedera

Synthesis of Pigments (work in pairs)
Synthesis of Chromium Oxide Green [“Army Green”]

Chromium oxide green was first identified in 1780 and is used as a commercial pigment in camouflage coloring, ceramics, enamels and a variety of other applications today. We will start with sodium dichromate, Na2Cr2O7.2 H2O and form the pigment Cr2O3, commonly known as chromium oxide green.

Directions:

1. Weigh out 3.5 g of sodium dichromate in a weighing boat.

2. Weigh out 0.5g of sulfur in a weighing boat.

3. Empty contents of both cups into a mortar and grind it very finely using the pestle.

4. Transfer the finely ground mixture into a porcelain crucible.

5. IN THE FUME HOOD place the crucible in a wire triangle on a ring stand. Set up a Bunsen burner so that the crucible bottom is 1.5 inches above the top of the burner. 

6. Heat the contents of the crucible with the burner and record observations. 

7. When no more gas is given off, the reaction has ceased. Turn off the burner and let the crucible cool. (while this is cooling start working on the next pigment)

8. Loosen the solid from the crucible using a spatula and return the solid to a clean, dry mortar and grind the solid with the pestle.

9. Transfer the powder to a 150 mL beaker and wash the mortar with distilled water, transferring the washings to the beaker.

10. Fill the beaker half full with distilled water and stir vigorously to dissolve any unreacted starting materials. The chromium oxide green pigment will be insoluble.

11. Filter the pigment out of the mixture using gravity filtration.

12. Rinse with acetone to dry the sample.

Synthesis of Prussian Blue

Prussian blue was discovered in 1704 accidentally by a color maker named Diesbach of Berlin. Within a short time, it was available for artists to use. It was very popular because previous to its discovery, brilliant, long lasting blues were difficult to obtain. In its 300 year history, Prussian blue has been used for everything from painting and printing to medicine. Prussian blue is used in treatment of internal contamination with radioactive cesium, radioactive thallium, or non-radioactive thallium. The chemical formula of Prussian blue is Fe4[Fe(CN)6]3•14H2O. It is made up of Fe3+, Fe2+ and CN− ions. The •14H2O part of the structure refers to 14 “waters of hydration”.  Prussian Blue is synthesized from potassium ferrocyanide (K4[Fe(CN)6]•3H2O) and iron (III) chloride (FeCl3•6H2O). 

Directions:

1. In a small beaker, obtain about 1.3 grams of iron (III) chloride and dissolve it in 5 mL of distilled water.

2. In another small beaker, obtain 0.5 grams of potassium ferrocyanide and dissolve it in 5 mL of distilled water.

3. Slowly add the potassium ferrocyanide solution to the iron (III) chloride solution. Record your observations in your notebook. Allow a few minutes to ensure your reaction is complete.

4. To isolate the Prussian blue from the liquid, we will use a process called gravity filtration. Instructions will be given in lab. 

Synthesis of Zinc Chrome Yellow “School Bus Yellow”

Chrome yellow is a pigment first extracted by Louis Nicholas Vauquelin from the mineral chrocoite around 1800. Its chemical formula is PbCrO4. By the 1820’s it and other “chromate pigments” were in wide use. Use of these pigments continues today. Chromate pigments contain the ion chromate, CrO42−. Unfortunately, chrome yellow contains lead, a toxic heavy metal. Zinc chrome yellow [ZnCrO4•Zn(OH)2] is an alternative yellow pigment that does not contain lead. We will make this pigment first by mixing sodium chromate (Na2CrO4.4H2O) and zinc chloride ZnCl2, and then adding NaOH to make the solution basic. The result is solid yellow ZnCrO4•Zn(OH)2.

Directions:

1. Pour 5 mL of a 0.5 M solution of sodium chromate (Na2CrO4.4H2O) into a beaker. Record the color of the solution. 

2. Add 5 mL of a 0.5 M solution of zinc chloride (ZnCl2) to the beaker and stir the two solutions together. Describe exactly what happened when the two solutions were mixed.

3. Add about 1.5 mL of 6 M NaOH to make the solution basic. Stir well. Describe any changes in the appearance of the solution.

4. Filter the precipitate of the basic zinc chromate ZnCrO4•Zn(OH)2 using gravity filtration.

5. Allow the pigment to dry uncovered on the filter paper in the designated area.

Synthesis of Synthetic Malachite

The pigment malachite is formed by grinding and washing the familiar green banded mineral. It was used in Egyptian tomb paintings and was popular in Europe in the 15th and 16th centuries. The formula of malachite is CuCO3•Cu(OH)2. Here, we make a synthetic alternative preparation using copper (II) sulfate [CuSO4•5 H2O] and baking soda [NaHCO3]

Directions:

1. Measure out 5 mL of a 0.5 M solution of copper sulfate (CuSO4•5 H2O) into a 50 or 100 mL beaker.

2. Add up to about 3.0 g of solid sodium bicarbonate (NaHCO3), a little at a time with stirring, until all the fizzing has stopped and the reaction is complete.

3. Use gravity filtration to filter the precipitate of malachite.

Recording Spectra of Pigments

Read the following carefully, at least 4 times, before coming to lab. 

Light, when passing through a solution, can be absorbed, transmitted, reflected and scattered.  These processes are shown in the following diagram.


The diode array spectrometer (the instrument we will be using in the lab to record absorption spectra of pigments) is based on Beer-Lambert’s law.  Beer-Lambert’s law relates the absorbance of light passing through a medium (a solution, in this case) to the path length and concentration as follows.
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where

A   =   absorbance

((    =   molar absorptivity coefficient which is wavelength dependant and unique to the material

C   =   concentration of the sample (a solution, in this case)

L   =    path length through which light travels

I    =    intensity of the transmitted radiation

I0    =    intensity of the incident radiation

Transmittance is defined as    T  =  I/I0

Notice from the equation:   
A     =    (( C L  that absorbance is: 

· directly proportional to concentration (C)

· directly proportional to path length (L)

Therefore we can increase the absorbance by either increasing the concentration of the sample or by increasing the path length (since molar absorptivity coefficient is an inherent property of matter and we have no way of changing it).  At high concentrations of the sample however deviations from the direct proportionality between absorbance and concentration occur frequently.  Therefore when recording absorption spectra we use samples of low concentration so that absorbance stays below 1.  

Block Diagram of a Diode Array Spectrometer









· The diode array spectrometer has a UV/visible light source.

· The liquid sample is contained in a plastic cuvette, of 1 cm width. 

· The detector is a diode array.

· The grating performs the same function as a prism (i.e. it separates light into different wavelengths).

· The resolution of the instrument is 2 nm.

Although we are using a UV/visible diode array spectrometer, we will only use it in the visible region.  We can do that by selecting the wavelength we want to work in (350-800 nm work well).

In this lab we will record absorption spectra, which are graphs of absorbance versus wavelength.  The spectrum tells us what wavelengths of light are absorbed by a given sample.  

1. Record the absorption spectrum for each pigment following instructions given in the lab. 

2. Create the following table for each pigment. 

Pigment name: ___________________________________________ 

Pigment color:   _______________ (as seen by naked eye)

	Peak wavelength
	Peak absorbance
	Relative intensity of peak

	
	
	

	
	
	


	
	
	

	
	
	

	
	
	


(Relative intensity means “strong”, “medium” or “weak” for a given peak).  

3. Based on your observations, decide which wavelengths are transmitted and which wavelengths are absorbed for each of the dyes.

4. Correlate the wavelengths that are transmitted with the color (naked eye observation) of each of the dyes. 
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