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Batch experiments:


Create the desired concentration of CuSO4 solution(s), collecting the concentration in the appropriately sized vial that is properly labeled and storing in a secondary container.  Make sure to thoroughly mix the solution until the CuSO4 solution has completely dissolved.  It is a good idea to create a set of calibration solutions (ranging from 0.0 to 0. g/mL CuSO4 per 8 mL of deionized water).  These solutions should be used to calibrate the UV spec, and kept on hand until the end of the lab cycle in the case that it is necessary to recalibrate throughout. 


When dealing with vials containing resin, be sure that the CuSO4 solution is completely dissolved before adding the resin, and then constantly shake the vials for several minutes before downgrading the shaking to occasional time periods.   The shaking is important to make sure that all of the resin comes into contact with the solution and the results are as accurate as possible.  If  equilibrium measurements are needed, be sure to wait at least 2 or 3 hours before taking these measurements, or wait until the next lab period.  Measurements in the UV spec taken in regard to the batch experiments need to placed into a cuvette (located in the drawer underneath the computer).  It is important to note that the cuvettes can be washed with distilled water and reused later on.  Before taking measurements in the UV spec, one must make sure that the machine has been zero-ed out with a cuvette filled with distilled water.
Column experiments:

Begin by preparing the Copper Sulfate (CuSO4) solution of desired weight (or mole) percent.  Be sure to prepare enough to run all experiments needed for this composition (0.75-1.0 L is sufficient for several runs).  Mix the solution well on a magnetic stir plate.  While the solution is mixing, prepare the ion column by packing it with the ion exchange resin, making sure to use a constant amount of resin for all experiments, 1 gram is optimal. The column should be packed in the following fashion: 

-  Remove the cover on the column by unscrewing the top and slowly pulling the column out.

-  Fill the column to near full with deionized water before adding in the appropriate resin.  The water is used as a way of transportation for the resin to the bottom of the column in a uniform fashion

-   Once the resin is added, continue to fill the column with deionized water until an inverted meniscus forms on the top of the column.

-  Loosen the plunger tubing just above the top of the plunger in order to give pressure relief, slowly and carefully replacing the plunger back into the column until it is just about the top of the resin bed

-  Retighten plunger tubing, as well as screwing in the nut around the column threads, WITHOUT tightening.  Tightening will cause damage to the column.

   Once the column and the solution are sufficient, attach the column back into the system, filling one of the reservoirs with the CuSO4 solution and the other reservoir with deionized water. Make sure to label these containers and to use the containers consistently, ie; keep one as deionized water and the other as the CuSO4 solution.


Setting the column to bypass, open the valves to the reservoir such that the distilled water can flow through the system.  The bypass setting is important as it allows one to standardize the UV spec without interacting with the column.   After flushing the deionized water through the system for 1 to 2 minutes, switch liquid vessels and flush the system with the CuSO​4 solution, while still on bypass.  This will give you the maximum absorbance value for the CuSO4 solution and ensure that your desired CuSO4 solution will be in the column (and not a diluted solution).
 Turn the pump on by plugging it in and turning the stopcock to the desired level. The degree measurements on the pump can be used to set the pump at the desired flow rate experiment after experiment. The pressure can be measured for different pump settings using the omegadyne flow meter located to the right of the spectrophotometer. When the flow meter is turned on it will automatically read pressure drop and should be tared to zero when the pump is off. To calibrate the pump run distilled water through the system at different pump settings (settings are located on the bottom of the pump) and record either the weight or volume of water over a certain period of time (remember the density of water is approximately 1 gram/mL) in order to determine the flow rate.  

It is advised to ask the lab techs to turn on the UV Spec and log into the computer before the lab period because it takes approximately 45 minutes for the machine to warm up. 

Boot up the SpectroPro Software.  In the software, select the type of graph to plot (Absorbance vs. Time) and the frequency that data is taken. Remember that the more frequently measurements are taken, the more noise will show in your data.

  Set the pump to the desired setting.  Once the CuSO4 solution has been sufficiently flushed, switch the column valve off of “bypass” and onto “column” so that the solution is flowing through the column, concurrently recording data with the SpectroPro software.   In the SpectroPro Software, you can begin graphing by selecting “ok”.    Allow this to flow through until the absorbance levels off, this will be the maximum absorbance of this particular solution.  It should be roughly around the same level that the experiment started off at. 

Once the system reaches a constant absorbency, click the “stop” button in the software. Save the file, and export the data as a text file to later be imported into excel file and then.  Meanwhile, switch the reservoir valves so that distilled water is flowing through the system again to flush out the solution. A higher pump setting is useful to flush the system out quicker.


Take the column off of the system and clean it out using distilled water (put the exhausted resin into the appropriate waste container) and then reattach it to the system.  Be sure to double-check and make sure the tubing is completely flushed.  Switch the system off of bypass and allow distilled water to flow through the column and purge the lines of any remaining CuSO4 in the system (the flow can be turned up once again).  Throughout the experiment, the waste exiting the system (after passing through the UV spec) should be collected and later disposed of in the correct hazardous waste container.


Shut the system down by setting the flow to zero and unplugging the pump.  Clean up any spills (or leaks) and dispose of any remaining waste into its proper hazardous waste container.  The system should be left such that there is no CuSO4 in the lines (only deionized water).  Power down the UV Spec and the computer.
Safety:


Be sure to use proper protection when dealing with CuSO4 solutions and Ion Exchange Resins.  Safety glasses are required, but also use protective gloves when dealing with these chemicals (including cleaning up spills).  Be sure to also be cautious of the CuSO4 solution within the UV spec, as it is caustic, and could damage the machine. Make sure bubbles do not enter the column apparatus as they could damage the pump. When recharging the resin do not use nitric acid because of the potential for oxidation.
