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Abstract

The purpose of our project was to determine the most effective way of producing copper verdigris using different corrosive agents of acetic acid (ranging from 0.01 to 2.0 M), store bought vinegars, and different types of wine. We found that each corrosive agent produced a different color of copper verdigris. The wavelengths ranged from 566 nm to 497 nm.   We also found that rather than incubating the copper verdigris, it was much more productive to allow the verdigris to sit out in the room exposed to oxygen. We took the pH levels of the corrosive agents used before using them to produce the copper verdigris (which ranged from 0.970 to 4.36). Then we took the pH of the remaining liquids after the production of copper verdigris. These ranged from 4.80 to 6.88. We found that, although the pH levels became more neutral after the production of copper verdigris, the pH level had no correlation to the wavelength of the colors of the copper verdigris produced. 

Introduction
The purpose of this project was to first determine the most effective way to produce copper verdigris.  Then, we used this method with different concentrations of acetic acid, store-bought vinegar, and wines to determine whether or not they produced different shades of copper verdigris.  Before we started our project, we believed that each different sample of wine, acetic acid, and vinegar would produce a different shade of copper verdigris.

History and Background Chemistry of Copper Verdigris

Copper verdigris is a type of color pigment used often as a paint or a glaze. The word “verdigris” actually means “green of Greece.” The Greek made copper verdigris by collecting the green residue that formed from copper plates that hung inside a sealed container of hot vinegar. Although this was the first way of producing copper verdigris, many other cultures developed different ways of cultivating the different pigment (1,3). 

The history of making copper verdigris dates back to 1500 BC when Egyptians mixed flakes of copper, salt, honey, and other materials to produce copper verdigris. They would often use the verdigris for painting on papyrus. During the Han Dynasty (200 BC to 200 AD) the Chinese also used copper verdigris, often referred to as “thung lu” (2). In the middle ages, copper verdigris was produced by bonding strips of copper to wood using acetic acid. Then the Chinese would burry the wood in dung to be dug up later once the copper verdigris had formed (1). 

Between the 12th to 20th centuries, the best-known form of producing copper verdigris was developed by the women of Montpellier, France. Because these women didn’t share their method of production, they were able to control the manufacture of copper verdigris for seven hundred years. The women of Montpellier cut copper into flat strips and placed them in ceramic bowls. They then placed the copper strips in between layers of grape husks. The bowls were then sealed and given several days to allow the copper verdigris to form. After some initial copper verdigris formed, the strips were taken out of the bowls and placed on racks in dark storage areas. The women then poured wine extract onto the strips each day, which stimulated the growth of more verdigris. Within a month, large amounts of crystals had formed. The final step of producing the verdigris included scraping the verdigris off of the strips, dissolving it in vinegar, allowing it to evaporate, and finally crushing the verdigris (2). 

Not only does copper verdigris maintain a long history, it is also a very chemically dependent process. Copper verdigris is not a single compound but instead can form different copper acetates. Copper acetates can be divided into two main groups, basic copper (II) acetates and neutral copper (II) or copper (I) acetates. Most types of copper verdigris are part of basic copper (II) acetates. The formula for neutral copper verdigris is Cu(CH3COO)2H2O (3). The neutral copper acetate forms when basic acetates are mixed with acetic acid or when basic verdigris is mixed with potent acid. The crystals of neutral verdigris are either hexagonal or rhombic (1). The formula for basic copper verdigris has more Cu(OH)2 and water in it (3). Basic verdigris is formed when air, water vapor, acetic acid vapor, and copper all combine. Basic verdigris is often composed of fine needles and forms either a blue or blue green color (1).

The type of verdigris we made from vinegar and copper was composed of copper (II) acetate compounds. The color of the verdigris varies depending on the different amounts of ingredients in the mixture. Table I shows some copper acetate formulas and their varying colors (3). 

Table I:  Color and Formulas of Copper Verdigris

Formula




Color


Cu(CH3COO)2[Cu(OH)2]32H2O

pale green

Cu(CH3COO)2[Cu(OH)2]42H2O

blue green

[Cu(CH3COO)2]2Cu(OH)25H2O

blue

Cu(CH3COO)2[Cu(OH)2]2


blue

Cu(CH3COO)2Cu(OH)25H2O


pale blue

The different colors of copper verdigris also depends on their formulas and the shape of their crystals. See Table II for some more examples of copper verdigris, their compounds, colors, and the shape of their crystals (3).
Table II:  Colors, Shapes, and Formulas of Copper Verdigris

Name


Color


Formula

Shape of Crystals

Nantokite

white


CuCl


cubic

Atacamite

vitreous green

Cu2(OH)3Cl

orthorhombic

Paratacamite

pale green

Cu2(OH)3Cl

rhombohedral

Botallackite

pale blue-green
Cu2(OH)3Cl

monoclinic

Clinoatacamite
pale green

Cu2(OH)3Cl

monoclinic

Anarakite

light green

(CuZn2)2(OH)3Cl
rhombohedral
Procedures
Procedure Part I: We determined the best way of making copper verdigris
1) First we obtained four jars.  Then we placed 5.00 grams of strips of copper into two of the jars and 5.00 grams of copper shavings into the remaining two jars.

2) Next we combined 6.00 grams of ammonium chloride with 10.0 mL of water.  We proceeded to cover one jar of copper strips and one jar of copper shavings with the 6.00 grams of ammonium chloride and 10.0 mL of water.  Then we combined 6.00 grams of sodium chloride with 10.0 mL of water.  Next we covered both of the remaining jars with the 6.00 grams of sodium chloride and 10.0 mL of water.

3) We then covered each of the jars with parafilm.  After that, we incubated all four jars at 32°C for 24 hours.

4) After the verdigris had formed, we poured out the liquid.

5) We then determined that the jar that had copper shaving and was covered produced the most copper verdigris.  We also found that the covered copper strips and copper shavings produced different color verdigris.

Procedure Part 2: We made copper verdigris using 0.01M, 0.05 M, 1.0 M, and 2.0 M acetic acid, three different store-bought vinegars, and three kinds of wine
1) We put 5.00 grams of copper shavings into seven 100. mL beakers.  Then, we put 30.0 mL of each type of acetic acid and store-bought vinegar into the 100. mL beakers.

2) We poured 10.0 grams of ammonium chloride evenly over the copper shaving and vinegar, covered each beaker with parafilm, and incubated them at 32°C until verdigris formed. Not very much copper verdigris formed, so we left all of the beakers uncovered and much more copper verdigris formed.

3) Then we tested three kinds of wines.  We put 5.0 grams of copper shavings into 3 100. mL beakers.  We then added 30.0 mL of each type of wine to each of the 3 beakers.  We then poured 10.0 grams of ammonium chloride evenly over the copper and wine.  We left them uncovered and at room temperature.

4) After all of the acetic acid, store-bought vinegar, and wine produced copper verdigris, we used a color spectrum chart to find the wavelength of all of the copper verdigris.

5) Then, we tested the pH of the acetic acid, vinegar, and wine before the copper verdigris had formed and after the copper verdigris had formed.

6) Last, we placed the different verdigris into separate watch glasses and allowed them to sit in the fume hood until they all evaporated into crystals.

Results

Table III:  Wavelength and pH Levels

	Types of Vinegar
	Wavelength (nm)
	pH Before
	pH After

	0.01 M
	497
	4.36
	6.79

	0.05 M
	510.
	1.92
	6.64

	1.0 M
	566
	0.970
	4.80

	2.0 M
	525
	1.86
	5.76

	Heinz (5% Acidity)
	533
	2.42
	5.73

	Gedney (5% Acidity)
	550.
	2.36
	6.00

	Best Yet (5% Acidity)
	525
	2.45
	5.98

	Le Pot Red Wine
	532
	3.42
	6.88

	Rabbit Ridge Chardonnay
	505
	3.28
	6.77

	Black Opal Cabernet
	540
	3.36
	6.93


Table III shows the types of vinegars and wines we used, the wavelength of the verdigris they produced, the pH before the copper verdigris had formed, and the pH after the copper verdigris had formed.   The table shows that every single pH got higher once the copper verdigris had formed.  For example, before we used Black Opal Cabernet as a corrosive agent, the pH was 3.36, but after the copper verdigris had formed, the remaining liquid had a pH of 6.93.

Figure I:  Wavelength vs. pH
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Figure I shows the wavelength in nanometers of the copper verdigris and the pH of the copper verdigris, ammonium chloride, and vinegar or wine after the copper verdigris had formed.  When the wavelengths were shortest, between 497 nm and 510 nm, the pH pretty high, in between 6.64 and 6.79.  When the wavelengths were from 525 nm to 540 nm, the pH ranged from 5.73 to 6.93.  When the wavelengths were longest, from 550 nm to 566 nm, the pH ranged from 4.88 to 6.00.

Figure II:
        Black Opal Cabernet      2.0 M, 

            Best Yet Vinegar
 Rabbit Ridge Chardonnay
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0.01 M

      
     1.0 M
               Le Pot Red Wine,     0.05 M
                                       Gedney Vinegar  Heinz Vinegar     
Figure II shows the color spectrum chart we used to find the wavelengths of each sample of copper verdigris.  The color copper verdigris produced ranged from 497 nm, a purple blue color, to 566, a green yellow color.  Most of the copper verdigris produced ranged from 525 nm to 550 nm, which are green.

Discussion

In our project, we tested the ability of several different corrosive agents to produce copper verdigris. At first, we tried to produce copper verdigris by covering each of the beakers with parafilm and incubating them.  When this didn’t seem to be producing very much verdigris, or none at all, we left our beakers uncovered and at room temperature, exposing them to much more oxygen.  Our project showed us that the copper was a reducing agent in the oxidation of the copper. The oxidation Cu0 (s) ---> Cu+2 + 2e- (aq) produced a blue color of verdigris and the oxidation of 2Cu0 (s) ---> 2Cu+1 + 2e- (aq) produced a green color, indicating that we had a mixture of both reactions which gave us the color range that we saw. We also found that although it was initially thought that the reduction of acetic acid, 1e- + CH3COOH ---> CH3COO- (aq), was the reduction reaction for the production of the verdigris, our project suggested a second reduction reaction with oxygen, 4e- + O2 ---> 2O2- (aq).  We also found that, as seen in Figure I and Table III, the wavelength of the copper verdigris had no correlation with the level of pH of the corrosive agents. 

For future research projects, we believe that it would be useful to know what causes the color of copper verdigris, considering that we found out that pH does not.  It would also be very useful to discover what factors led to the different colors of copper verdigris that are produced.  When we were first testing the most effective way to produce copper verdigris, we were intrigued to discover that copper strips and copper shavings, when mixed with the exact same things and put in the same environment, produced different colors of copper verdigris.  It would be interesting to know whether or not the shape of the copper or how the copper is put in the beaker has any effect on the color of copper verdigris that it will produce.
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