Which is More Acidic: Lemon juice or Lime juice?

Objective
The first goal of this experiment is to determine the relative acidity of lemon and lime juices using our taste buds.   Then you will measure the acid content of lemon and lime juices, by performing acid-base titrations of each fruit juice with a standardized NaOH solution.  You will determine if the relative “tartness” detected by taste agrees with the degree of acidity measured by titration.
Background
All fresh fruits are complex heterogeneous mixtures of chemicals.  We usually think of fruits like peaches, bananas, and strawberries, as being “sweet”.  The sweetness is due to the sugar content of the fruit.  However, some fruits and their juices are more known for their “tartness” than their sweetness, like cranberries for example.  The “tart” or “sour” taste of fruit juices is for the most part due to the acids dissolved in these aqueous mixtures. Citrus fruits, like oranges, grapefruits, lemons, and limes are rich sources of “citric acid” but they also contain other weak acids in varied amounts.  For the purpose of this experiment, we will assume that the only acid present in lemons and limes is citric acid.

You will first perform a taste test to determine which juice, lemon or lime, do you perceive as being more “tart”.  You might hypothesize that the greater tartness is due to a greater concentration of acid in the juice.  To test the validity of this assumption you will perform an acid-base titration to accurately measure the acidity in each of the two juices.  The juice with the greater amount of acid should require a larger amount of base (NaOH) to neutralize its acid content.

An acid-base titration is based on the general chemical reaction, in which an acid and base combine in stoichiometric ratios to form salt and water:

HA (acid)  +  BOH (base) [image: image1.wmf]  BA (neutral salt)  +  H2O

In the case of citric acid, it takes 3 times as many moles of base to neutralize one mole of acid, because citric acid is triprotic.  It can donate up to three protons per molecule.  This means that the general stoichiometry for the neutralization of a triprotic acid is:

H3A (acid)  +  3 BOH (base) [image: image2.wmf]  B3A (neutral salt)  +  3H2O

Before beginning each titration, you will need to add a small amount of a pH indicator, a substance that changes color when the end point of the titration has been reached and no more base should be added.  For this lab, use phenolphthalein, which is colorless in acidic solutions and turns pink in solutions that are slightly basic (or alkaline).

Apparatus

Chemicals


Erlenmeyer flasks, 4 x 125 mL
standardized NaOH solution (~0.1 M)
2 x funnels
deionized water in squirt bottle

volumetric pipet, 2 mL
phenolphthalein indicator, in dropper bottle

pipet bulb
fresh lemon

Buret support stand
fresh lime

Buret, 25 mL

Beaker, 800 mL


beaker, 100 mL (for waste)


Magnetic stirring plate & stir bar

Citrus juicer

Glass wool or filter paper




Caution

Solutions of sodium hydroxide can cause skin burns. If your skin comes in contact with either one, wash skin thoroughly with soap and water.

Procedure

1. If you are up to the challenge, go to the reading room and obtain a lemon wedge and a lime wedge.  Taste each of them and record which tastes more “tart” to you.

2. In your lab notebook, start a new page and write your Name, Date, Lab Partners, Title, and Objectives.  Set up two tables similar to the one shown in the elearn website ( one for the titration of lemon juice and one for the titration of lime juice).

Setting up and rinsing the buret

3. Clamp the 25 mL buret to the support stand, with a magnetic stirring plate directly underneath it.  There should be enough space between the tip of the buret and the top of the magnetic stirring plate to place a 125 mL Erlenmeyer flask later on. 

4. Place a small beaker (~100 mL) , labeled “waste”, directly underneath the buret.  Put a funnel into the buret and twice rinse the inner surface of the funnel and the buret with about ~ 5 mL of the standardized NaOH solution that you prepared during the last lab period. 
5. Once the rinsing is done, close the stopcock.  Pour enough of the standardized NaOH solution into the buret to fill it up near or at the 0.00 mL mark.   Do not go above this marking because then you will not be able to record accurately the “initial buret reading”.  The funnel must be removed before you record any volumes.

Note: Make sure that the buret tip is filled with NaOH solution.  There shouldn’t be any air bubbles in the solution between the stopcock and the tip of the buret barrel.  If you see any bubbles, ask your lab instructor to help you remove them before you proceed.

Preparing the fresh juice

6. Place a clean, dry citrus juicer on top of a clean, dry 800 mL beaker.

7. Obtain one lemon or lime and slice it in half.  Squeeze all the juice out of the whole fruit using the citrus juicer and collect the juice in the 800 mL beaker underneath.

8. The collected juice will probably contain some pulp, which could interfere with the titration.  To remove the pulp, place a small wad of glass wool or a folded filter paper into a clean, dry glass funnel.  Place the stem of the funnel inside a clean, dry 125 mL Erlenmeyer flask, properly labeled as “pulp-free _______ juice”.  Pour the extracted juice into the funnel to filter out the pulp.

9. Label a 125 mL Erlenmeyer flasks as “Titration #1”.  Use a clean volumetric pipet to measure exactly 2.00 mL of pulp-free juice and place into each of the two, labeled Erlenmeyer flasks.  

10. To the flask with fresh juice, add 2 drops of phenolphthalein indicator and a stirrer.  

11. Use the squirt bottle to rinse the inner sides of the Erlenmeyer flask to ensure that all of the pulp-free juice ends up in the bottom of the flask.  This should not take more than 10 mL of deionized water. You don’t have to worry about measuring exactly how much water was added, because what matters in this titration is the moles of acid present in the flask, not the concentration of acid in the flask.  No matter how diluted the fruit juice is at this point, it will take the same number of moles of base to neutralize the original 2 mL of fruit acid.  Make sure you understand why this is so.

Titration of the fresh fruit juice

12. A 25 mL buret is calibrated in units of 0.1 mL, but measurements to the nearest 0.02 mL can be estimated.  You will need to record the “initial” and “final” buret readings to the nearest 0.02 mL.  Your line of site, when recording volumes, must be level with the bottom of the meniscus.

13. Record the “initial buret reading” in the data table in your notebook.

14. Place the “Titration #1” Erlenmeyer flask underneath the buret tip.  Lower the buret so that the tip extends about 3 cm into the mouth of the flask.  This will ensure that all the solution added ends up inside the flask.

15. Slowly add the standardized NaOH solution into the juice sample while the magnetic stirrer is swirling the contents.  One drop can make a big difference in the color of the titrated sample, so after adding about 10 mL you might want to add the NaOH one drop at a time. Stop titrating when a faint pink color persists throughout the solution for at least 60 seconds.  When this condition occurs, you have reached the endpoint of the titration.

16. Take a “final buret reading” after the titration is complete.  Record this in the proper data table to the nearest 0.02 mL.

17. Refill the buret with your standardized NaOH solution and follow steps 9-14 using a flask labeled “Titration #2”.

18. If the volumes of NaOH solution used are not closed for titration #1 and titration #2 ( difference is more than 0.5 mL ), you might want to perform a titration #3 of the same fruit juice. 

19. Clean up all the Erlenmeyer flasks, the citrus juicer, the stirrer, the 2 mL volumetric pipet, the glass funnel, and the large beaker. Everything needs to be dried except for the smaller 125 mL E. flasks. Do you understand why? The volumetric pipets are difficult to dry, your instructor will teach you how to use methanol or acetone to speed up the process. 
Clean-Up

20.  All titrated samples, with a pink color, can be poured down the drain.  Any leftover fruit juice can also be poured down the drain.  At the end, any leftover, standardized NaOH solution should be poured into an “waste container” where it can be neutralized before it gets discarded.

21. Glassware should be rinsed thoroughly and returned to its original place.

Calculations

All the calculations should be shown in your lab notebook.  However, in your lab report you will only have to write one example of each type of calculation.  Make sure that the formula used is neatly labeled and that the correct units and significant figures are included.

1. Calculate the volume, in milliliters, of the standardized NaOH solution used in each titration performed.

Volume of NaOH, mL = Final buret reading – Initial buret reading

2. Calculate the number of moles of NaOH required to neutralize the 2 mL of fruit juice  titrated.

Moles = Molarity (concentration of standardized soln) x Volume (in Liters)

3. Calculate the number of moles of NaOH required to neutralize every mL of fruit juice ( simply divide by two ).

4. If we assume that the only acid present in these juice samples is citric acid, for each titration calculate how many moles of citric acid were present in each mL of fruit juice?  

Note:  Citric acid is a triprotic acid which means that it takes 3 moles of NaOH to neutralize 1 mole of citric acid.

C3H5O(COOH)3  +  3 NaOH  [image: image3.wmf]  C3H5O(COONa)3  + 3 H2O

5. How many grams of citric acid are present in each mL of fruit juice? Citric acid has a molar mass of 192.12 g/mol so use this value to convert from moles to grams.

6. Calculate the % (w/v) citric acid in the fruit juice. In other words, how many grams of citric acid per 100 mL of juice.  Calculate the average % citric acid for your team and for the class.  What is the precision of this measurement for your data and for the class data?

Conclusions
· Explain why it was necessary to standardize the NaOH solution and to add phenolphthalein
· Which of the two juices was more acidic?  Is the difference in acidity “significant” and consistent across the class data?

· Did the results of your taste test agree with the quantitative analysis for the acidity of these two fruits?

· In this calculations, we assumed that the only acid present in the juice was citric acid.  In reality, there is a mixture of weak acids in these juices but citric acid is the predominant one. Based on this information, is the calculated % citric acid an underestimate or an overestimate?  Explain

Post Lab Questions

1. Another weak acid is ascorbic acid.  Find out what is another name for ascorbic acid and why it is so important in our diets.

2. Use the internet to find out why 17th century British sailors where called “limeys”.

3. Explain why it is essential that the 800 mL beaker used to collect the fruit juice be completely dry, while the Erlenmeyer flask into which you measured 2 mL of the sample juice did not need to be completely dry (rinsing water in the inside is acceptable).

4. What would you have to change in the procedure if you had to determine the acidity of cranberry juice by titrating a juice sample with NaOH solution.  Explain your reasoning.





















