Introduction to Liquid chromatography: Exploring the Factors Influencing Retention
Pre-lab:  Read pages 762-781 (section 26A-26E) and pp. 839-844 (section 28F) and answer questions 26-1, 26-7, 28-8, and 28-16 before coming to lab.  Determine how to make a 100mL of a solution that contains 10mg/L of Cl-, 10mg/L of NO2- and 10mg/L of NO3- from three individual solutions that contain 1mg/mL of NO2-, 1mg/mL of Cl-, and 1mg/mL of NO3-.
In this lab the effects of solvent composition on retention of a series of anion standards is explored. Using retention information, a method to determine the amount of nitrates and nitrites in processed meat is developed. The HPLC measures nitrates and nitrites by measurement of their conductivity after nitrates and nitrites have been separated from other anions with the aid of anion exchange chromatography.
Solutions and Chemicals required:
Provided: Stock standards of chloride, nitirite, and nitrate, stock solutions of carbonate and bicarbonate have been prepared for you.
Solutions needed to prepare: Prepare mobile phase at the desired concentration recommended below. Make the solution described in the pre-lab.  At the end of the experiment prepare an unknown solution of nitrates and nitrites from processed meats. The method for its preparation is described below. Prepare the unknown on the day of use.

Note: This is a two week lab.  It takes a little while to prepare your meat samples.  At the beginning of the second week you should start preparing the meat samples even while still perfecting the chromatographic conditions with your standards.
Procedure:
Mobile Phase Composition's Effect on Retention
Theory:
Retention in HPLC is strongly dependent upon the composition of the mobile phase and somewhat less dependent upon the composition of the stationary phase. In anion exchange chromatography, the column is filled with small diameter packing materials containing functional groups on the particle's surface that are easily ionized to be positively charged. When solvent molecules (mobile phase) is passed through the stationary phase anions from the solvent are weakly attracted to the positively charged stationary phase. The solvent molecules may be displaced from the surface by other molecules which absorb more strongly. When analyte is absorbed to the stationary phase of the column the analyte is said to be retained. Different analytes will exhibit different affinities for the stationary phase and will be retained for different amounts of time. The length of time each is retained on the column is called its retention time.
The composition of the mobile phase will affect retention time of the analytes. If a mobile phase is composed of relatively stronger absorbing anions, the analyte will not be attracted so strongly to the stationary phase, there will be less net displacement of the solvent molecules by analyte and retention will be shorter. On the other hand, if the mobile phase is composed of relatively weaker absorbing anions, then analyte molecules will absorb to the stationary phase longer and retention times will be longer.
Ionic strength of the mobile phase is the most important variable for determining retention. Other variables that influence retention are pH, temperature, flow rate, organic modifiers, and, to some extent, stationary phase. What stationary phase are you using in this experiment? (the answer may be found in the manuals covering the instrument's operation.) In this experiment you are going to vary the composition of the mobile phase (ionic strength) to see how that effects not only the retention of the analyte but also the retention of other anions present in the solution. In the first part of the experiment you will be using a standard solution of Cl-, NO2- and NO3- .
Experimental:
The optimum mobile phase for separating nitrite from nitrate, and chloride is somewhere around 1.90mM Na2CO3 and 1.78 mM NaHCO3 but may not be the optimum mobile phase for separating nitrate and nitrite from the other anions present in processed meats. Determine the effect of changing the ionic strength of the mobile phase by making an eluent containing 21 mL of stock diluted to 1L. The concentration of this is 3.80mM Na2CO3 and 3.60mM NaHCO3. Using the instructions for HPLC use available on this web site, set up a method which uses water and your eluent to give the optimum ionic strength. Inject the 3 anion standard. How well resolved were your peaks? (Note: the answer to this question is both qualitative while you are doing the lab and quantitative when you are writing up your lab report.)  Next, increase the retention by varying the mobile phase ionic strength. How will this be done? Next, decrease the retention by varying the mobile phase composition. Calculate resolution between nitrate and nitrite, capacity factor, and number of theoretical plates for NO3- for each strength. Finally, try a gradient elution method which varies the ionic strength over the course of the chromatographic run to provide optimum resolution of all components in a minimum amount of time.  Once your optimum chromatographic conditions have been determined, identify which peak is which by running each standard (at 10mg/L) alone under these same conditions.
Identification of an Unknown
Now, try analyzing the concentration of nitrates and nitrites in an unknown. To do this, weigh approximately five grams of meat, add distilled water to make the total volume approximately 50mL.  Homogenize your sample in a blender for approximately 1 minute.  Heat the homogenized sample to 70-80oC for 15 minutes.  Cool and centrifuge for 10 minutes.  Remove supernatant, vacuum filter.  The filtrate should be quantitatively transferred to a 50mL volumetric flask and brought up to volume with water.  Supernatant is to be analyzed for nitrate and nitrite concentration.  Develop an HPLC method based on your methods developed above to determine the amount of nitrates and nitrites in meat. Quantify the amount of nitrates and nitrites in processed meat as mg/g (wet weight) and include in your report the chromatographic conditions you used.
Analysis of Data
Lab reports should be written with your lab partner.  Each individual should submit a contribution form.  The reports should be written up in the ACS format, suggested length, not including figures should be 2-3 times number of weeks spent on the lab in pages.  Be sure to include references.  Lab reports will be due one week after completion of the lab.  
In this experiment you studied the effect of ionic strength and, indirectly, pH on retention. In your report include the different mobile phase compositions you tried and their relative effect on resolution, retention, capacity factor, and number of theoretical plates. Calculate resolution, retention, capacity factor, and number of theoretical plates for each set of conditions tried.  I did not have you use a different column (stationary phase). If you had used a different anion exchange column, how large of effect would that have had on retention? (See the instructor for information on other stationary phases.) Draw a schematic picture of the stationary phase you used. In your report summarize your findings, answer any questions presented in the body of the experiment, and discuss any unusual occurrences. Also, include the method you used to quantitate nitrates and nitrites in processed meats and the amount you found present.

Reference: 1998, Ion chromatographic determination of nitrate and nitrite in meat products, Daniel C. Siu and Alan Henshall, Journal of Chromatography A, 804, 157-160.
