Surface Tension
Introduction:  Back in the days before there were computers or lasers and the word “quantum” had yet to be invented, experimental physical chemistry flourished with a few basic tools (we’re talking “inclined planes” and “levers” here) and Newtonian mechanics (developed in the 17th century).  Using only a little brain power and a good machine shop, the pioneers of p-chem were able to measure, extremely accurately, the observable phenomena that theory would only catch up with years later.  In this case, we are talking about surface tension.  The principles of surface tension are described in experiment #25 p. 292 of Garland, Nibler and Shoemaker (GNS)1.  That experiment goes on to describe the “capillary rise” technique (a fine method as well), but we will be using a DuNouy tensiometer based on the “ring method”

Method:  A platinum-iridium ring is suspended from a torsion balance and immersed in a liquid.  For an idealized system, the force required to for the ring to break away from the liquid is 4Rwhere R is the mean radius of the ring and is the surface tension of the liquid.  The 4R part of this equation comes from the circumference of the ring (2R) and the fact that the ring is in contact with the solution on both the inside and outside of the ring.  This assumes that the ring holds up a perfect cylinder of liquid before the break occurs as in figure 1a.  However the actual shape is more like that in 1b thus creating the need for empirically derived correction factors.

[image: image2.emf]a


b


c


d


e


f


g


g


h


i


j


k




a

b

c

d

e

f

g

g

h

i

j

k


The shape of the liquid raised above the surface is a function of R3/V and R/r where R is the radius of the ring, V is the volume of liquid raised up and r is the radius of the wire.  R/r is given, you can figure out R from the mean circumference of the ring which is also given (see below) and V can be determined from f=mg where f is the force required to lift the liquid, m is the mass of the liquid and g is the acceleration due to gravity (9.81 m/s2).  If we determine the density of the liquid, , then we know V because m= V. Thus the surface tension  can be determined by: =f/(4R)·Fr where Fr is the correction factor (Table 1) and f is the measured force required to break the ring from the surface.

Table 1.  Correction factors for R/r(53.6 from “Surface Tension and Adsorption: Butanol on Water” Robert E. Harris, 2002.

R3/V
Fr
R3/V
Fr
R3/V
Fr

.60
.975
1.20
.922
2.20
.882

.70
.961
1.30
.916
2.40
.877

.80
.951
1.40
.912
2.60
.871

.90
.942
1.60
.903
2.80
.866

1.00
.935
1.80
.895
3.00
.862

1.10
.928
2.00
.888
3.20
.857

Experimental:
You will determine the surface tension for pure water and the n-butanol solutions described in GNS experiment #25.   Take 3 measurements of each solution in order to get an average measurement.  It is also important to record the temperature of the solutions (room temperature) and the density of each solution.

A (very) basic schematic of the DuNouy tensiometer is shown below.  Remove the platinum-iridium wire ring from the wooden case using tweezers (use the ring with a mean circumference of 5.994 cm and a R/r ratio of 53.6).  Do not touch the ring with your fingers.  Immerse the ring in hot nitric acid cleaning solution and then rinse with distilled water.  Gently dry with a kim-wipe while being careful not to bend the ring.  Hang the ring (a) on the hook (b).  Fill the metal pan (c) nearly to the top with solution and place the pan on the platform (d).  Adjust the pan so that it is directly below the ring using the screws at the back of the platform arm (e). Release the torsion arm (f) by turning lower screw (g).  Adjust the torsion arm by turning screw (h) so that the arm is level as you can tell by looking at the mirror (i).  Make sure when looking at the mirror that your eye is horizontal to the line on the mirror.  Adjust lower screw (g) so that it is slightly below the torsion arm but not touching it.  Adjust the upper screw g so that it is above the torsion arm but not touching it.  Turn the outer measurement wheel (j) so that the zeros exactly line up.  There is a fine tune screw on top for final adjustments.  Raise the platform (d) by turning screw k until the ring just touches the surface of the solution.  Now the instrument is set and you are ready to take a measurement.  Turn screw (h) towards you slowly but steadily.  Notice that as you turn the screw the torsion arm raises.  You want the torsion arm to remain lined up with the horizontal line on the mirror.  In order to do this lower the pan with the solution by turning screw (k) to the left (clockwise looking from above).  Continue until the ring breaks free from the surface.
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Figure 1:  a) The ideal situation where the ring lifts a perfect 

cylinder of liquid before breaking free.  b)  The actual shape of the 

liquid raised before breaking free.


Reading the tensiometer may not be obvious.  There are markings on both the inner and outer parts of ring (j).  Go back from the zero on the inner ring to the nearest whole number on the outer ring.  This is your measurement to the nearest whole number.  Now go up from the zero on the inner ring until you get to a point where the lines on the inner and outer ring exactly match up.  The number on the inner ring is your measurement to the nearest tenth.


The units of surface tension are force per unit length.  As you can see the tensiometer is graduated in units of dyne/cm which would imply that you could simply read the surface tension directly from the tensiometer.  However, the graduations on this tensiometer are for a specific ring size (think about it, if you take two measurements on the same sample with different rings you will get different readings even though you know the surface tension is exactly the same).  Therefore you must first calibrate the tensiometer.


Level and zero the tensiometer as described above.  Hang a weight of known mass from the ring and twist screw (h) until the torsion arm is again level and read the tensiometer.  Using this measurement and the acceleration due to gravity, g, (9.81 m/s2) you can find the force per gradation for the tensiometer according to equation 1.


m(in kg)·g/tensiometer reading = (kg m/s2)/gradation = N/gradation

(1)


Assignment:  

You are doing a full write up on this one.  Do some literature work in order to find out more details on the background and theory of this particular technique and on surface tension in general.  This is a pretty old technique so there is plenty of information out there.   You must have at least 5 references only two of which can be web pages.  Follow the “calculations” section of NGS for n-butanol.  Look up the surface tension of pure water at room temperature and compare to your measured value in order to talk about the accuracy of your results.
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