Name : Natalie Lynch
Student ID : 308603
Course : CY 103
Section : DE
Lab : Experiment 6 Titration Tutorial

Lab Tools : 
pH Meter 

Lab Glassware :
Burette, Erlenmeyer Flask 

Lab Chemicals :
H2O, HCl, NaOH, C20H14O4 

Lab Background :

Titration is a technique used to find the concentration of a solution of known composition. For example, you may have a solution of hydrochloric acid whose concentration is known approximately and you want to determine its exact concentration. Or you may want to test a vitamin C supplement to see whether it really contains the stated amount of Vitamin C.

Titration is a volumetric technique, which means that the concentration is determined by comparing the volume of a solution of known concentration to the volume of the unknown solution when they are combined to achieve a known condition, such as the neutralization of an acid by a base. The volumes of the two solutions together with the known concentration of the base give the concentration of the acid.
After the addition of each increment of base, the volume of base is carefully read from the buret (measured to the nearest hundredth of a milliliter) and the hydrogen ion (H+) concentration of the solution is measured with a pH meter. The pH meter gives the hydrogen ion concentration in terms of pH, which is simply the negative logarithm (common log, i.e., base 10) of the hydrogen ion concentration: 

pH = -log[H+], 


where [H+] represents the concentration of H+. 

The hydrogen ion concentration is directly related to the amount of acid present in the solution at any particular step in the titration according to the following chemical reaction: 

HA (an acid) 


There are three substances in every titration: the TITRATE - the solution whose concentration is being measured, the TITRANT - the solution of known concentration being added to the titrate, and the INDICATOR - a chemical substance whose color changes noticeably under certain conditions, such as the neutralization of an acid by a base. In some titrations, a pH meter is added to the flask either in addition to the indicator or instead of it.

The glass container used to deliver precise quantities of titrant into the titrate is called a BURETTE. It is a long glass tube that has finely marked graduations and a stopcock valve at the bottom. A 50 mL burette is about 1 meter long and can be read to an accuracy of 0.2 mL.

A titration is performed as follows. The burette is filled to the zero mark at the top (or to another exact amount) with titrant (e.g. NaOH). A flask is filled with a sample of the unknown solution (e.g. HCl), and a few drops of indicator are added to the flask. For the titration of HCl (a strong acid) with NaOH (a strong base), phenolphthalein is a good choice. In an acidic solution, phenolphthalein is clear, while in a basic solution (even slightly basic) phenolphthalein turns a bright red-violet. The point at which the change of color happens is called the END POINT.

The flask of titrate and indicator is placed beneath the burette. The stopcock is turned to allow the titrant (NaOH) to flow slowly into the flask. Titrant is added in increments, and after each increment the flask is checked for the color change.

Here is where you have a decision to make. On the one hand, you want to be as exact as possible in order to get exact results. On the other hand, it would take hours to add titrant one drop at a time from the beginning until the end point. The accepted technique, therefore, is to perform TWO TITRATIONS. 

The first is a COARSE TITRATION performed by adding relatively large increments of titrant. With 20 mL of HCl titrate, you could add NaOH in 2 mL increments. You will not get exact results, but you will quickly determine the range in which the end point occurs. For example, with the phenolphthalein indicator, the color in the flask is clear after addition of 20 mL NaOH, but turns violet-red after the next 2 mL of NaOH is added.

The second FINE TITRATION is performed by refilling the burette to the top and using a new flask of 20 mL of HCl titrate. You already know that the end point occurs after 20 mL of titrant (NaOH) is added, so the first step is to go ahead and add the whole 20 mL at once. Then you start adding titrant in much smaller quantities, say 0.1 mL at a time. You may even switch to adding single drops that are 0.05 mL each. This way, you can catch the end point of the titration to an accuracy of one or two drops, or 0.05 to 0.1 mL.

It is also possible to use a pH meter to identify the endpoint. In this case, you would still perform two titrations, one coarse and one fine. The difference from using an indicator is that you would record all of the pH values and construct a graph of the pH vs. volume of added titrant. The point of inflection of the curve between the acid and base regions indicates the end point.

At the endpoint, the delivered titrate has neutralized the titrant. This means that for monoprotic acids (an acid that gives up only one proton when it dissociates in water) the flask contains the same moles of both acid and base.

By definition, the number of moles of a substance in a given volume, V, of a solution of known concentration, C, is:

moles = C * V

At the endpoint, we have the condition: 

moles of acid = moles of base

or

C(acid) * V(acid) = C(base) * V(base)

The only unknown in the above equation is the concentration of the acid which can now be found as follows:

C(acid) = C(base) * V(base) / V(acid)

Assignments :
Procedure #1

1. Open the Data window and roll your mouse cursor over the HCl and NaOH on the Chemicals shelf. You will see that the concentration of the NaOH is known to be 0.1M while that of the HCl is unknown.

2. Take a burette from the Glassware shelf and place it on the workbench. 

3. Fill the burette with 50 mL of NaOH titrant. (50 mL is the capacity of a burette).

4. Open the Properties window and click on the burette. Click on the pushpin icon in the blue bar of the Properties window to lock its display to the burette. You will control the addition of titrant from the burette to the flask using the Properties window.

5. Take a clean Erlenmeyer flask from the Glassware shelf and place it on the workbench. 

6. Add 20 mL of HCl of unknown concentration to the flask.

7. Add 2 drops of phenolphthalein solution to the flask.

8. Drag the flask and drop it anywhere on the LOWER HALF of the burette. The flask will be connected to the burette so that the burette will drip into the flask.

9. You are ready to start the first COARSE TITRATION. Add 2 mL increments of NaOH from the burette to the flask. To do this, go to the Properties window and enter "2" into the text box beneath the message "Enter a drip rate...". You will see 2 volumetric amounts appear next to the buttons below. The first button adds 2 drops with each click for a volume of 0.1 mL. The second button adds 2 mL with each click.

Click the lower button (the faucet) to add 2 mL of NaOH to the flask, and observe what happens. The burette volume level reading on the left says "wait..." and then gets updated with the new level. If it started at 50.00 mL and you added 2 mL to the flask, it will now show 48.00 mL.

10. Continue to add the NaOH titrant in 2 mL increments. Each time, note the burette volume level so that when the end point is passed you will know the last volume level before it was passed. For example, if a volume reading of 34 mL was still before the end point, but 32 mL was past the endpoint, you know that the FINE TITRATION can begin after first adding 50 - 34 = 16 mL of titrant all at once.

11. Remove the flask from the burette and discard it in the recycle chute. 

12. Take a clean flask from the Glassware shelf and place it on the workbench. 

13. Add 20 mL of HCl and 2 drops of phenolphthalein. 

14. Connect the flask to the lower half of the burette. 

15. Refill the burette to the 50 mL level (it's easier to always read down from 50 mL).

16. Add the initial, large quantity of titrant, which in the above example is 16 mL.

17. At this point you will add the NaOH into the Erlenmeyer flask dropwise. A single drop is .05 mL. You could choose 4 drops (.20 mL), 2 drops (.10 mL) or 1 drop (0.05 mL). It's up to you, depending how accurate you want to be and whether you want to zero in more with this second titration at, say, 0.20 mL and then get it as accurate as possible with a third titration using 1 drop at a time.

18. Record the starting volume of the burette (usually 50 mL) and the volume at which the endpoint is reached for the last and most accurate titration. 

19. Now let's go to the Assignments to calculate the concentration of the HCl.

· Question #1 : 

1. For your most exact titration, record the following:

(a) Volume of NaOH solution in the burette at the start (mL): The volume of NaOH solution in the burette at the start was 50 mL.

(b) Volume of NaOH solution in the burette at the end (mL): The volume of NaOH solution in the burette at the end was 33.65 mL.

(c) Volume of NaOH solution delivered to the flask (mL): The volume of the NaOH solution delivered to the flask was 16.35 mL.

(d) Volume of HCl solution in the flask (mL): The volume of HCI solution in the flask was 20 mL. 

2. Calculate the molarity of the HCl concentration from the equation:
C(acid) = C(base) * V(base) / V(acid)

C(acid) = C(base) * V(base) / V(acid) 
Insert the concentration from the question & the volumes from your answers in part 1 of the question. 
C(acid) = (0.1M)*(0.03365L)/(0.020L) 
Perform the calculation 
C(acid) = 0.16825M

Started with 20 mL of HCI and there are 0.001635 M of HCI. Putting that together, the concentration of HCI is: 0.001635 M/0.020L=
When the HCl and NaOH were mixed together,  the NaOH reacted with the HCl. 
The balanced equation for the reaction is:  NaOH + HCl <--> NaCl + H2O  (or some people would write NaOH + HCl <--> (Na+) + (Cl-) + H2O) 
In this case one mole of NaOH reacts with one mole of HCl. 



Lab Log :
11/07/2011 08:41:07 -> Lab Start
11/07/2011 08:43:10 -> Adding a new container Burette_1 to the workbench
11/07/2011 08:43:28 -> 50 ml of Sodium Hydroxide NaOH was added to container Burette_1
11/07/2011 08:44:33 -> Adding a new container Erlenmeyer Flask_1 to the workbench
11/07/2011 08:44:49 -> 20 ml of Hydrochloric Acid HCl was added to container Erlenmeyer Flask_1
11/07/2011 08:47:10 -> 0.1 ml of Phenolphthalein C20HErlenmeyer Flask_1
11/07/2011 08:49:39 -> Erlenmeyer Flask_1 connected to Burette_1
11/07/2011 08:51:52 -> Pouring 2.000 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 08:53:29 -> Pouring 2.000 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 08:54:11 -> Pouring 2.000 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 08:54:38 -> Pouring 2.000 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 08:56:11 -> Pouring 2.000 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 08:56:30 -> Pouring 2.000 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 08:56:48 -> Pouring 2.000 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 08:57:03 -> Pouring 2.000 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 08:58:18 -> Recycling container Erlenmeyer Flask_1
11/07/2011 08:58:23 -> Adding a new container Erlenmeyer Flask_1 to the workbench
11/07/2011 08:58:33 -> 20 ml of Hydrochloric Acid HCl was added to container Erlenmeyer Flask_1
11/07/2011 08:59:14 -> 0.1 ml of Phenolphthalein C20HErlenmeyer Flask_1
11/07/2011 09:00:26 -> Erlenmeyer Flask_1 connected to Burette_1
11/07/2011 09:01:26 -> 16.35 ml of Sodium Hydroxide NaOH was added to container Burette_1
11/07/2011 09:02:46 -> Pouring 0.100 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 09:06:05 -> Pouring 0.050 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 09:06:07 -> Pouring 0.050 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 09:06:34 -> Pouring 0.050 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 09:07:03 -> Pouring 0.050 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 09:07:33 -> Pouring 0.050 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 09:07:49 -> Pouring 0.050 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 09:08:08 -> Pouring 0.050 mL from container Burette_1 to container Erlenmeyer Flask_1
11/07/2011 09:08:45 -> Pouring 0.050 mL from container Burette_1 to container Erlenmeyer Flask_1

 

