Surface Tension of Solutions

JS Advanced Materials Laboratory

 

Experiment:  Surface Tension of Liquids and Solutions

In this experiment, we use a torsion balance to measure the surface tension of certain solutions.

Introduction 

 

Because of forces of attraction between molecules in bulk liquid, any attempt to increase the surface area of a liquid (e.g. the area of the interface between the liquid and a gas) results in the disruption of some of these forces. Consequently energy must be supplied to achieve this effect. Normally liquids tend to adopt shapes that minimize their surface area, which explains the spherical shape of liquid droplets. The work dW needed to change the surface area ( of a sample by an infinitesimal amount d(; is proportional to d( and is given by: 

dW = ( d(;  

      

(1)

 

where the proportionality constant (  is termed the surface tension. This means that the surface tension can also be thought of as a Surface Energy. This means it is the (free) energy required to create a surface per unit area. The dimensions of surface tension are energy/ area. Hence in SI units ( is expressed in J m-2. 
At constant volume and temperature, the work of surface formation can be identified with the change in the Helmholtz free energy dF, and so we can write: 

 

dF = dW

                    
(2)

 

which shows that because the Helmholtz energy decreases with decreasing surface area, surfaces have a natural tendency to contract. 
 

As mentioned above, the SI units of ( are J m-2. This is of course equivalent to the units of force per distance or N m-1 (since 1 J = 1 Nm). 

This means we can think of the surface tension as a force per unit length (of surface). This is a real force that acts in the plane of the surface perpendicular to the edge of the surface. This means the force tries to minimise the surface area.
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In this experiment you will use a Du Nuöÿ tensiometer to determine the surface tension of a range of solvents at room temperature. You will also examine the variation of surface tension with concentration c in aqueous solutions of both amyl alcohol and salt (NaCl) and in each case calculate the surface excess (. This will be done using the relation: 

 

 


[image: image2.wmf]c

RT

c

T

G

-

=

÷

ø

ö

ç

è

æ

¶

¶

g

         (3)

 

 

A positive surface excess ( means that a solute accumulates at the interface and while a negative surface excess ( means that there is a deficiency of solute at the interface (surface deficiency). Equation 3 then implies that in for a surface excess, (d(/dc)T is negative and for surface deficiency, (d(/dc)T is positive. Consequently, in the first case, when a solute accumulates at a surface the surface tension decreases as the concentration increases. Conversely, in the case of surface deficiency, the surface tension increases as the concentration increases. You should prove eqn. 3 in your report. 

 

Experimental procedure 

 

The Tension Balance allows surface tension to be determined from the force required to detach a horizontal ring of radius R from the surface of the liquid under investigation. When the upward force applied to the ring (Fup) just balances the pull of the surface tension it can be shown that 

Fup=(F=2L(

(4)

where L denotes the perimeter length of the ring (L = 2(R), F is the applied force and (  denotes a correction factor, the magnitude of which depends on the dimensions of the ring. However your Torsion Balance is calibrated to provide surface tension values to be shown directly on the scale of the instrument. 

Consult your demonstrator if you are unsure about the use of the instrument. Detailed instructions are given in the Appendix. 
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To measure the surface tension of a liquid, first balance the ring in air, taking the average of several readings. Then raise the support under the dish containing the liquid until the ring touches the liquid surface. Simultaneously lower the dish and increase the tension on the wire keeping the instrument balanced. Under conditions of balance the needle will be superimposed on top of the score line on the mirror. Take the reading P at which the ring pulls free of the liquid. Take the average of several readings for each liquid (which should vary by less than 0.3). 

Carry out measurements on the following systems
1 A range of solvents: cyclohexane, cyclohexanol, toluene, water, pentane, hexane, heptane, octane, decane, dodecane.

2 Various aqueous solutions of amyl alcohol (e.g. 0.182 M, 0.091 M, 0.045 M, 0.021 M, 0.010 M and 0.005 M).
3 Various aqueous solutions of salt (e.g. 0.182 M, 0.091 M, 0.045 M, 0.021 M, 0.010 M and 0.005 M).  
Record the temperature. Do not remove the ring for cleaning. Wash it by immersing it in several small volumes of methanol, followed by several immersions in tap water until ( reaches a constant high value. 

Data analysis 

 

For the various solvents, plot a graph of your measured surface tension versus the literature value (see appendix). If your measurements are correct, you should get a straight line with slope 1. Is this the case? If not why not?

In the list of solvents above there are 7 members of a family of molecules, the alkanes (butane to dodecane). Plot a graph of surface tension versus number of C atoms in the molecule. Can you explain the results?

We said above that surface tension is related to the forces of attraction between molecules in a liquid. We can quantify these forces through the cohesive energy density of a material. This is a measure of the amount of energy required to separate all the molecules in a material from each other (this means it is close to the enthalpy of vapourisation). This means we might expect surface tension to scale with the cohesive energy density. To test this, plot your measured value of the surface tension versus the cohesive energy density (see appendix). Comment of the result. Do any of the liquids appear out of place? Why?
Derive the surface tensions of the various aqueous solutions of both amyl alcohol and salt. Plot ( versus ln c and hence calculate the surface excess or surface deficiency, ( using the relationship: 
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(5)

Comment on whether the salt or amyl alcohol solutions display surface excess or deficiency. The surface excess or deficiency is a measure of the excess or deficiency of solute concentration at the interface of two phases. This arises because of the difference in the non-bonded forces experienced by a molecule when it is brought from the bulk to an interface. Discuss the origin and sign (excess or deficiency) of ( in each case (see, for example Atkins' Physical Chemistry). Include the appropriate units for (. 

Compare all your results with literature values.  

Appendix I

	Liquid
	Cohesive energy density (MPa)
	Surface tension (mJ/m2) (20C)

	pentane
	204
	15.5

	hexane
	222
	18.4

	heptane
	228
	20.1

	octane
	243
	21.6

	nonane
	250
	23

	decane
	250
	24

	cyclohexane
	282
	25

	cyclohexanol
	543
	34.4

	Toluene
	331
	28.4

	Water
	2294
	72.8


Appendix II
Instructions for Torsion Balance

 

 INTRODUCTION. 

 

This balance is designed for the measurement of Surface or Interfacial Tension of liquids, using either a platinum ring or a glass test plate. It is calibrated from 0-0.12 Newtons per metre. (1 N/m= 1000 dynes/cm). The scale has 240 divisions and is fined with an anti-parallax mirror. 

 

It can also be used as a standard 1 gram balance and has a second scale with 500 divisions. This also allows the user to check calibrate the balance with analytical checkweights.(see later). 

 

SETTING UP. 

 

Select a firm flat surface where the dial may be viewed accurately and in comfort. Level the balance by means of the two levelling screws in the tripod base, so that the bubble in the spirit level is exactly in the centre. With the beam clamped, lower the transparent cover protecting the beam hook and suspend the thin extension hook, if using the platinum ring, or the thick extension hook, if using the glass test plate from the hook at the end of the beam. Raise the cover so that the extension hook protrudes from the hole at its base and attach the platinum ring or glass test plate, as required to the extension hook. 

UNCLAMPING THE BEAM. 

 

Rotate the knurled disc ’A’ situated above the beam hook protecting cover in a direction contrary to the arrow marked 'CLAMP'. 
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CHECKING ZERO.
 

Using the black plastic knob, rotate the index pointer ‘B’ until it is set accurately at zero on the main scale. Unclamp the beam, as described above. The fine pointer ‘C’ must now be at the zero mark in the center of the short beam scale. Should this not be so, bring it to zero by means of the knurled ‘zero-adjuster’ knob at the rear of the balance case.

Clamp the beam by rotating the knurled disc ‘A’ in the direction of the arrow. The balance is now ready for use.

 

IMPORTANT

 

Torsion balances are delicate instruments. Always clamp the beam before loading or unloading the hook. Avoid bending or striking the beam and leave it in the clamped position when not in use.

 

CLEANING

 

The platinum plate and glass test plate should be cleaned by immersing them in a solution of chromic acid or dichromate carefully mixed with strong sulphuric acid, to a deep brown colour. Great care must be taken to mix these slowly, stirring well, to avoid the risk of a violent reaction. Finally, they should be rinsed in distilled water and dried with the aid of filter paper.

 

MEAUREMENT OF SURFACE TENSION USING THE PLATINUM RING

 

Set the balance up, as described above, using the thin extension hook and the platinum ring. Check the balance for zero. 

Put a small quantity of the liquid to be examined in the concave dish and place this on the platform  below the platinum ring.

Lower the platform to the maximum extent by means of the adjusting screw ‘D’ under the platform.

Adjust the position of the supporting arm by means of the clamping screw ‘E’ so that the surface of the liquid is about 10 mm below the platinum ring.

Unclamp the beam and slowly raise the platform and concave dish by means of the screw ‘D’ until the platinum ring comes into contact with the liquid.

Gradually lower the platform and concave dish by means of the screw ‘D’ and, at the same time, move the index pointer ‘B’ in an anti-clockwise direction so as to maintain the beam pointer ‘C’ at zero.

After a degree of movement, dependent on the surface tension of the liquid, the platinum ring will suddenly part from the surface of the liquid.

The value indicated by the index pointer ‘B’ at the moment when the platinum ring parts from the liquid, is the surface tension and may be read directly from the dial, in Newtons/metre.

 

 

MEAUREMENT OF SURFACE TENSION USING THE GLASS TEST PLATE

 

Set the balance up, as described above, using the thick extension hook and the glass test plate. Check the balance for zero.

Put a sufficient quantity of the liquid to be examined in the larger of the two glass dishes and centralise the dish on the platform so that the ends of the glass test plate are equi-distant from the sides.

Proceed in the same manner as that described for the platinum ring, making sure that the edge of the test plate is horizontal.

As the total contact length of the test plate is the same as that of the platinum ring, the surface tension may be read directly from the dial, in Newtons/metre.

 

MEASUREMENT OF INTERFACIAL TENSION

 

The procedure for measuring interfacial tension is similar to that for surface tension except that the smaller glass dish should be used with the platinum ring or the large glass dish with the glass test plate.

The balance must be zeroed with the platinum ring or glass test plate immersed in the upper of the two liquids, care being taken to ensure contact has not been made with the interface.

The platinum ring or glass test plate should then be completely immersed in the lower liquid and the platform gradually lowered by means of the screw ‘D’ whilst the index pointer is rotated in an anti-clockwise direction to maintain the beam pointer ‘C’ at zero until the platinum ring or glass test plate is drawn through the interface.

Parting of the platinum ring or glass test plate from the interface will be less rapid and pronounced than it is when making surface tension measurements, and the balance will require careful manipulation when the critical stage is reached.

 

CALIBRATION. 

 

The balance may be check calibrated by taking a series of readings using analytical weights that have a known accuracy. 

 

 

 

The up arrow represents the force applied to the ring by the Tensiometer, while the down arrows represents the force applied to the ring by the liquid due to surface tension





Note how the surface deforms under the pull of the ring
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This is why a soap film (green) can actually hold up a weight that is attached to a moveable wire slider.





Gravity pulls the weight and hence the slider down. This acts to try to increase the surface area of the film. Surface tension pulls back.





The equilibrium is found when the up force equals the down force





2(l=mg





The 2 comes from the fact that the film has 2 sides and so 2 surfaces that pull on the wire
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