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[bookmark: _Hlk52366315]Objectives
The goal of this experimentation is to explore the chemistry behind the hydrometallurgical process utilized industrially in the extraction and purification of copper metal. Additionally, this experimentation will explore and conclude how effective this process is and uncover any difficulties in the process. 
Procedure1
1. 0.5 g of pure copper wire was measured out and placed in a 250 mL beaker along with 4 mL of 16 M nitric acid. Following the wire’s complete dissolution 100 mL of water was added to the beaker.
2. Under constant stirring 30 mL of 3.0 M sodium hydroxide was slowly added to the beaker.
3. The solution was heated at 100 °C for approximately 10 minutes. The CuO precipitate was isolated utilizing vacuum filtration and washed with approximately 25 mL of distilled water. 
4. The filtered CuO was transferred to a clean, dry 250 mL beaker utilizing a spray bottle and spatula. Under constant stirring 15 mL of 6.0 M of sulfuric acid was carefully added. The resulting solution was filtered once more with vacuum filtration and placed in a clean 250 mL beaker.
5. An excess of 2.0 g of Zn powder was added to the copper sulfate solution and stirred until the solution became colourless and bubbling ceased. While the solution reacted a 250mL beaker was filled with water and brought to a boil on a hotplate within the fume hood. 
6. The solution was decanted, and the Cu metal was washed three times with 4 mL of distilled water and transferred to a watch glass. The Cu metal was washed an additional two times with 5 mL of methanol and dried by placing watch glass on top of boiling water for about 5 minutes or until all methanol evaporated.
7. The copper metal was first cooled and then weighed and recorded using an electronic balance.
8. All liquid materials utilized were disposed of in the organic waste bin in the fume hood. All solid waste including filter paper and paper towels used to clean were disposed of in the solid waste bins.  
Observations
[image: ]Overall, this reaction proceeded in 5 steps (Figure 1.) with each step resulting in state changes and/or colour changes in the solution. The materials initially utilized for this experimentation included a small length of shiny, reddish-brown copper wire which weighed 0.56 g, and a beaker of clear nitric acid which emitted a harsh odour. Once the nitric acid was added to the beaker containing the copper metal a reaction took place which resulted in violent bubbling around the copper wire and the production of a foul, and irritating reddish-brown gas. Additionally, as the reaction progressed the solution slowly became bluer in colour and remained a dark blue following the dissolution of the copper wire. Following this clear, odourless sodium hydroxide solution was added to the mixture causing another reaction to occur. This resulted in the formation of a vibrant blue precipitate and the solution becoming significantly more basic as confirmed by a litmus test. Subsequently, when the mixture was heated the precipitate changed colour from a vibrant blue to a dark black. Following vacuum filtration, the black powder was transferred to a clean beaker and reacted with clear, harsh smelling sulfuric acid. This acid very quickly dissolved the powder forming a light blue solution. After the black powder completely dissolved a shiny, metallic zinc powder was added to the solution. This resulted in some bubbling along with the formation of a reddish-brown precipitate identical in colour to the copper metal we started out with. In the final stages of the experiment a small amount of the solution was added to a vial containing aqueous ammonia which turned light blue upon contact. Following the drying of the copper metal which yielded no additional, observable chemical changes the metal was weighed and found to weigh 1.29 g.Figure 1. Reaction Scheme of the copper cycle1



Calculations
Percent yield
mi = 0.56 
mf =  1.29 
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[bookmark: _Hlk52371413]230.3571428571 %
230 %

Discussion
The primary purpose of this experimentation was to explore hydrometallurgical process utilized in the production of copper metal. While this experimentation did explore very similar chemistry to that which is utilized industrially one key difference between the two processes exist which is that copper metal rarely exists in its elemental state when it is removed from the earth. Copper metal instead often exists as a much more complex molecule often bonded to other metals namely CuFeS2 (Chalcopyrite), and the rarer CuAl6(PO4)4(OH)8 * 4H2O (turquoise). The hydrometallurgical process utilized in the extraction of metal from ores generally speaking occurs in three steps: leaching, concentration, and recovery. The leaching process often proceeds by crushing and heaping the ore to increase surface area so that it can more effectively be dissolved by a reagent namely a dilute acid. The process specifically used to process copper pyrites involves oxidizing the compound in  acid suspension to produce copper sulfate as seen in the following reaction: 2CuFeS2 (S) + H2SO4 (aq) + 4O2(g) → 2CuSO4 (aq) + 3S(s) + Fe2O3(s) + H2O(l). Following this the copper is then electrolytically separated multiple times to produce an incredibly pure product.2


[image: ]Throughout this experimentation the copper metal was observed to bond and produce a multitude of different compounds many of which appeared as brilliant blue colour in solution. This blue colour was observed in solution following reaction 1 and 4 when a small amount of solution was added to a vial of ammonium. As shown in Reaction Sequence both reaction 1 and reaction 4 produced aqueous copper compounds which is responsible for the prominent blue colour. While they are separate compounds the aqueous Cu2+ cation forms an identical complex with water regardless of the anion utilized. This complex known as hexaaquacopper(II) (formula [Cu(H2O)6]2+) forms due to the attraction between the positive copper ions and the negative dipole found on the oxygen side of the water molecules (figure 2). Due to intermolecular forces only 6 water molecules can be attracted to each copper ion at a given time forming an octahedral structure.3 A similar colour was observed following reaction 5 when a small amount of the solution was placed in the ammonia vial however, this blue colour was not caused by the hexaaquacopper(II) complex. Instead a different but similar complex known as tetraamminecopper(II) ion, (formula [Cu(NH3)4]2+) formed. This complex appears significantly darker in solution when compared hexaaquacopper(II) solution. Additionally, due to the ammonia molecule being significantly larger than the water molecule rather than forming an octahedral shape the structure instead takes on a square planar shape.2 Figure 2. Structure of hexaaquacopper(II)3


Reaction Sequence
Reaction 1.4
[image: ]3 Cu (s) + 8 HNO3 (aq)  			      3 Cu(NO3)2 (aq) + 2 NO (g) + 4 H2O (l) 
[image: ]2 NO (g) + O2 (g)			2 NO2 (g)
Reaction 2.2
[image: ]Cu(NO3)2 (aq) + 2 NaOH (aq)      		    Cu(OH)2 (s) + 2 NaNO3 (aq)
Reaction 3.2
[image: ]Cu(OH)2 (s)  			CuO (s) + H2O (l)
Reaction 4.4
[image: ]CuO (s) + H2SO4 (aq)	  		   CuSO4 (aq) + H2O (l)
Reaction 5.4
[image: ]CuSO4 (aq) + Zn (s)	  		ZnSO4 (aq) + Cu (s)
[image: ]	The reaction sequence of this experimentation as illustrated above was substantiated based upon the products provided in the lab manual along with the numerous physical observations explored throughout the experiment. For reaction 1 the solution was observed to slowly transition toward a pale blue colour and a thick, pungent, brown gas was observed bubbling out of solution. Copper solutions are very well known for their characteristic blue colour which is caused by the aqueous hexaaquacopper(II) complex and nitric acid often produces decomposes into Nitrogen oxide which reacts with oxygen to produce nitrogen dioxide.4 Reaction 2 was observed to produce a blue insoluble powder which was determined to be copper hydroxide based upon the Pourbaix diagram shown in figure 3. This diagram shows only copper oxide and copper hydroxide as insoluble salts of copper and since copper oxide is black and the solution’s pH was shown to be very basic it is very conclusive that this powder was copper hydroxide. Reaction 3 observed the powder transition from a blue colour to a dark black colour. As shown in figure 3. The only other insoluble copper compound is copper oxide whose colour matches what was observed in the experimentation.2 Reaction 4 observed the dissolution of the black powder to produce a pale blue coloured solution identical to the one seen in reaction 1. The identical colouration leads to the obvious colouration that an identical complex (hexaaquacopper(II)) exists in the solution and since the only anion is a sulfate ion it is very likely the solution was composed of aqueous copper sulfate. The final reaction produced a metallic reddish-brown material which looked identical to the copper metal utilized in reaction 1. Based on this observation and the fact that the only metals introduced to the solution appear silver in colour it is clearly evident that this material was in fact elemental copper.4 Figure 3. Simplified Pourbaix diagram for aqueous Cu1


	One of the primary quantitative measurements analyzed in this experiment was the yield as theoretically an identical amount of copper should be recovered. The experiment began with 0.56 g of copper wire being added and concluded by recovering 1.29 g of material representing a yield of 230%. This clearly indicates that the material collected was contaminated by some foreign material as no additional copper was added throughout the experiment. Since the compound was thoroughly washed and dried it is unlikely that this additional weight came from wash water. Due to the high surface area of the copper metal produced it is incredibly likely that the additional weight came from copper oxides. Oxygen gas readily reacts with copper metal to form copper oxide a process which can be expediated by increasing temperature and increasing surface area both of which occurred in the final stages of the experiment. Other mistakes likely resulted in copper metal being lost however, this was overshadowed by the large increase in weight due to the oxygen gas bonding to the copper. The main loss of copper would have occurred when solvents and precipitates were transferred between containers as it is incredibly difficult to completely remove all of a product from a beaker or funnel. In order to improve the yield for this experimental process several things within the experimentation must change. Firstly, drastically increasing the scale to which this experiment is preformed at will decrease the ratio between the surface area of the copper produced and its volume which will allow for less copper oxide to be produced when represented as a percentage. Additionally, preforming this experiment within an oxygen free environment would completely alleviate this problem as no oxygen would be able to form copper oxide. A vacuum would not be ideal as solvent would quickly form a gaseous atmosphere so an inert gas such as argon or helium would be ideal. 


Conclusion
In conclusion, this experimentation uncovered that hydrometallurgical process utilized in the manufacturing of copper can easily become contaminated even in this small-scale experimentation. Initially the experiment began with 0.56 g of pure copper metal and by the end 1.29 g of contaminated copper metal was recovered representing a yield of 230%. Since this experimentation did operate within the bounds of physics it is quite evident that a significant amount of the final product was contaminated with a foreign substance likely copper oxide. Additionally, due to this high percent yield it is impossible to easily determine how much copper was lost through the transfer of materials between beakers and simply not recovered. Overall, this experimentation provided an interesting insight into the manufacturing process of  copper metal along with the pitfalls of small-scale metal recovery and refinery. 

[bookmark: _GoBack]Questions
1. 0.45 g of Cu is dissolved in 4.0 mL of 12 M HNO3. What mass of solid sodium hydroxide pellets must be
added to precipitate the Cu2+ as Cu(OH)2?
mCu = 0.45 g
VHNO3 = 4.0 mL = 0.004 L
CHNO3 = 12 M
mmCu = 63.546 g/mol1
mmHNO3 = 62.99668 g/mol1
mmNaOH = 39.997108 g/mol1

Cu (s) + 4 HNO3 (aq) → Cu(NO3)2 (aq) + 2 NO2 (g) + 2 H2O (l)
Cu(NO3)2 (aq) + 2 NaOH(s) → Cu(OH)2 + 2 NaNO3 (aq)

CHNO3 = nHNO3 / VHNO3
12 M = nHNO3 / 0.004 L
nHNO3 = 0.048 mol
nequivelant = nHNO3 / 4
nequivelant = 0.048 mol / 4
nequivelant = 0.012 mol

nCu = mCu / mmCu
nCu = 0.45g / 63.546 g/mol
nCu = 0.00708148428 mol

Since nitric acid exists in excess all the copper metal will react to produce copper nitrate. As shown in the above chemical equation in order to react all the copper nitrate double the molar amount of sodium hydroxide must be used. 

nNaOH = 2*nCu
nNaOH = 2 * 0.00708148428 mol
nNaOH = 0.014162969 mol

nNaOH = mNaOH / mmNaOH
0.014162969 mol = mNaOH / 39.997108 g/mol
mNaOH = 0.566477783 g
mNaOH = 0.57 g

∴ 0.57 g of sodium hydroxide must be added to precipitate all the copper ions in solution as Cu(OH)2 however, sodium hydroxide should be added in excess to neutralize the excess nitric acid in solution.  


2. What would be the effect of adding 300 mL of 0.3 M NaOH rather than 30 mL of 3 M NaOH in the
conversion of Cu(NO3)2 to Cu(OH)2 ? How would this change the experimental procedure for the remaining steps?


C1 = 0.3 M
C2 = 3 M
V1 = 300 mL = 0.3 L
V2 = 30 mL = 0.03 L

C1=n1/V1
0.3 M = n1 / 0.3L
n1 = 0.09 mol 

C2=n2/V2
3 M = n2 / 0.03L 
n2= 0.09 mol 

As shown in the above equations the mols of the compound are identical between the two samples of sodium hydroxide. Since there is the same amount of material in each solution this change will have very little effect on the rest of the experiment. The only change that is present which will have some effect on the following steps is the volume of water added to the solution. Adding 300 mL as opposed to 30 mL would very slightly lower the yield of the reaction as copper hydroxide is slightly soluble in water. This aqueous copper hydroxide would be discarded following the formation of CuO thus reducing the amount of copper which can be recovered. 
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