LANGMUIR - BLODGETT FILMS

JS ADVANCED MATERIALS LABORATORY

Experiment:  LANGMUIR - BLODGETT FILMS
__________________________________________________
Summary: Plotting the pressure-area isotherm of a monomolecular layer of stearic acid at three different pH values of the subphase.

__________________________________________________
I. INTRODUCTION

The "classical" materials of monolayer studies, substances like long chain fatty acids and alcohols, are those which have a molecular structure composed of a large non-polar or hydrophobic portion (the hydrocarbon chain), and the hydrophilic or polar functional group (-OH or -COOH) at one end.
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Figure 1: A typical fatty acid molecule.

Such molecules align themselves with the hydrophilic end group on the surface of the aqueous subphase (which may be pure water or a solution) and with the hydrophobic carbon chain sticking out of the subphase.
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Figure 2: Alignment of molecules on the subphase.

An analogy may be drawn between the behaviour of this film in 2D (the third dimension is at most one molecule thick) and the behaviour of a gas/liquid/solid in 3D.

•
A "2D gas" occurs when the molecules move about at random on the surface of the subphase.  Think about this state.  The molecules will in reality stick together on the surface (by what forces?), so that there will be patches of film freely moving about.

•
In a "2D liquid" molecules have no room to move about the surface, and can only slide against one another.  The hydrophobic carbon chains can still adopt any orientation relative to the surface or to the other molecules.

•
A "2D solid" layer forms on further compression, when the molecules adopt fixed orientations in space and do not slide about on the surface.  If the film is compressed far beyond the solid transition, then it will buckle, and a second layer will be formed.

The surface pressure(mN/m) due to the monolayer is due to the lowering of surface tension by the monolayer.
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is the tension of the clean surface, and 
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 is the the tension due to the monolayer.  When keeping the temperature constant, an isotherm is the pressure-area curve.
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Figure 3: Example of an Isotherm.

II. EXPERIMENTAL PROCEDURE

Switch on the PC and the micro-processor interface (1U4). Go to programs, open excel and minimize it to the bottom of the screen. While still in programs, scroll down to NIMA and click on nima 516exe  this will open the Langmuir Trough control page. When the image of the Langmuir Trough appears click OK. The V1 and V2 red lights on the micro-processor should now be on, if both lights are not on  please inform a demonstrator. Your demonstrator will explain to you the functions on the control page.
The subphase solution (which has a bearing on the properties of the film resting on it) is first prepared.  If the trough contains a previous sub-phase or film when you start work, call the demonstrator before proceeding.
Cleanliness is essential to the success of these experiments.  Note that the Langmuir trough itself is contained in a fumecupboard.  The fumecupboard door should be kept closed unless it is necessary to prepare a new film or insert a new substrate.
Disposable laboratory gloves are provided and must be worn for all operations involving touching the inside of the trough, the filter paper on the microbalance, the barrier and rollers of the trough, and for all cleaning operations.
(i) Cleaning the surface.
1. Using the protective gloves provided clean the trough thoroughly with chloroform-soaked tissue (also provided).
2. Fill the trough with millipore (ultra-pure) water. The volume of the trough is 210ml.

3. Click on C (to close).  This starts the closing sweep of the barrier, which moves from right to left over the water surface. Stop the barrier, by clicking S, when it is 6cms from the Whilemy Plate (piece of filter paper). Any dirt on the surface is now contaminated.
4. Aspirate (clean) the water surface enclosed by the barrier i.e. the surface left of the barrier after it stops.  Do this using the tip of the pipette to gently ‘explore’ the water surface and the edge that contacts the trough. Gently suck up (remove) as much of the contaminates as you can without removing a lot of the subphase. As you do so watch the ‘pressure’ sensor on the left of the screen (the surface pressure should decrease as impurities are removed).
5. Click O to open the barrier, moves to the right. Stop the barrier by clicking S, when it is 2cm from the edge of the trough.
6. Click on Z to zero the reading on the pressure sensor (see screen).

7. Close the barrier again, to within 6cms of the wilhemy plate. The value for Z should not have changed by a significant amount .ie by more than 0.5 mN m(1. If the value for Z has changed by a significant amount steps 4 to 7 have to be repeated until there is no significant change in the value for Z.
8. Go to Barrier at the top of the screen, scroll down to Isotherm and click on it. You are now running a blank isotherm on the water surface (no monolayer). You should get a flat trace (<0.5 mN m(1), otherwise clean the surface again with the aspirator and repeat steps 5 to 8.

(ii) Depostion of Monolayer.
1.Prepare a solution of 10mg of Stearic Acid (C17H35COOH) in 10ml of chloroform in the 10ml volumetric flask provided.  

2. With the barrier fully open, use the microlitre syringe to deposit 40.0 (l of this solution onto the subphase.  Hold the tip as close to the surface as possible, and gently place each drop on a different part of the surface - allow time for the drop to spread out (about 5 seconds) before adding the next drop.  

3. Wait for the surface pressure to return to zero, which indicates that the chloroform has evaporated. If the pressure does not go close to 0.0 either there is too much Stearic acid on the surface or the water surface is not clean.  If this happens all the water has to be removed and steps 1 to 8 in part (i) have to be repeated.

4. If the value for Z returns to near 0.0 you are now ready to run your isotherm of Stearic acid.
(iii) Running and recording an Isotherm of Stearic acid on water.
1. Set the barrier speed to 50 cm2/min.

2. Go to Barrier at the top of the screen, scroll down to Isotherm and click on it.

3. As the barrier moves to the left the surface pressure on the sensor increases and appears as a trace on the screen. This graph is the pressure isotherm of Stearic acid on water.

4. Your demonstrator will explain what is happening when the Isotherm is running. Stop the isotherm three quarters way throught the solid phase (see Fig. 3).   

5. If you are happy with your isotherm click File at the top of the screen and then save. This allows you to define the name of a file to store the data. 

6. Record the ph of the subphase using ph paper.

(iv) Varying The pH

In this section we explore how the behaviour of the monolayer changes with changes in ph. You should repeat the isotherm plotting experiment at a lower and higher pH than that of water.  Add a few drops of HCl acid solution (IM) OUTSIDE THE BARRIER and allow to diffuse for about 50 minutes before running the isotherm experiment.  Do likewise, using slightly more drops, with NaOH solution (1M), for high pH.  

(v) Data Analysis.

Your aim is to differentiate the raw data, so that you get a graph of the rate of change of surface pressure with area. While you might be able to identify the phase changes by eye the 1st. derivative is more sensitive. Where there is a sharp increase in pressure for a small decrease in area is the breakpoint of the film, below which compression, the solid in two dimensions breaks up. This region appears as a sharp drop in the derivative of the isotherm. Read up on simple computational methods used for getting the derivative of a set of data (e.g. "Microcomputer Quantum Mechanics by J.P.Killingbeck).
See the attached appendix to continue the data analysis.

Appendix.

Langmuir Plot Computer Analysis:

1.  Open your file, located in the C:\Nima folder, in excel. Since your file is NOT an Excel file, you must go to the bottom left of the Open box and change “files of type” to “all files” and your file name will be present.

2.  Open the file as normal and a box will appear with the title “Text Import Wizard Step 1 of 3”

3.  On this page simple click on the “Next” button

4.  The next page 2 of 3 opens up and here tick the boxes “Semicolon” and “Comma” and then click on the “Next” button.

5.  Then on page 3 of 3 click on the “Finish” and the file will open up.

6.  In column B we have the “Seconds” Column and in column F we have the “A2” Column. 

7.  Highlight the figures in the “Seconds” column. Do not do all the numbers as there are two sets of figures in this column and the numbers decrease down to a point where the figures for the 2nd experiment start. So ONLY go down to the point where the figures stop decreasing and jump back up to the same number that is at the top of the column.

8.  Holding down the “Ctrl” button go to the “A2” Column and highlight these figures down to the same point you stopped at on the “Seconds” column. At this stage there should be two highlighted columns

9.  Now Click on “Insert”, followed by  “Chart” followed by “As New Sheet” 

10.  Choose the “XY Scatter” chart and then pick “Option 6” or another chart if you prefer 

11.  Add a chart title and axis titles noting that the Y axis is going to be titled “Pressure (mN/m)” and the Y axis “Area2 (cm2)”

12.  Double left click on the x-axis of the graph and a “Format Axis” box opens up. Go to “Scale” and adjust both the “Minimum” and “Crosses at” values so that there isn’t too much empty space on the left hand side of the graph or that the graph is obscured by the x-axis itself respectively.

13.  Once this is complete go to “Insert” followed by “Source Data”

14.  A “New Data” box will appear. Go to the bottom of the page and open up the spreadsheet, which contains all the readings, and highlight the information from the same columns but now from the point where we noted that the 2nd experiment started previously.

15.  Highlight the information as before, remembering to hold down the “ctrl” button when getting the information form the 2nd column. BE CAREFUL : on this occasion the boxes do not get highlighted as before and only a flashing border appears this time.

16.  When you have chosen this info a box will appear and click on “New Series”

17.  The plot will then appear on the screen

18.  Double left clicking on either of the data series will allow you to name them, save graph and print.   
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