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I 
 

Abstract 
 

The main objective in this work was to learn how the instrument, the Interfacial Shear 
Rheometer (ISR400), worked and to investigate how the rheological properties, storage 
modulus (elasticity), G' and loss modulus (viscous), G'', changes when the surface 
pressure at the air-liquid interphase changes. The second objective were to examine the 
different kind of magnetic needles used in the experiments and to conclude which type of 
needle is best for its specific field of analysis.  

 
It was concluded that the relative heavy needle with mass 70.6 mg and length 50 mm 

was best for systems where the viscous and elastic components are significantly large, 
where the inertia of the needle is not dominant. It also worked of using the heavier needle 
for a system of phospholipids. 

 
For the hydroxystearic acid (HSA) experiment that were tested on NaCl sub-phase there 

was a clear improvement after switching from the heavy needle (mass 41.5 mg; length 51 
mm) to the relative lighter needle (mass 6.94 mg; length 34.7 mm). The values for the 
dynamic modulus therefore had a better agreement with reference literature. 

 
A spread layer of class II hydrophobins (HFBII) could be compressed to a surface 

pressure of 46 mNm-1. The G' and G'' values from the frequency sweep were discarded 
because the monolayer turned into a very viscous-like liquid, and the oscillating needle, 
after compression, was kind of stuck in the sub-phase and moved very staggering during 
a frequency sweep. 

 
The needle comparison experiment with silica particles 10 wt% Bindzil CC30 (BCC30), 
at pH 3.5 was done to see if there was any difference in the sensitivity for the needles at 
the interface which consisted of a pure 10 mM NaCl solution or a 10 mM NaCl solution 
with BCC30 added to it. The differences were negligible in terms of surface tension but 
there was a clear difference between the heavy needle and the light needle, when 
oscillating at higher frequencies (>≈6 rad/s). 
 

With this study, the understanding of ISR400 has increased largely. Several issues have 
been addressed and the results provide a good basis for further studies within the many 
areas the instrument can be used for. Despite the project's time limit, and the fact that the 
instrument was new and untested where the project was carried out, focus areas were 
prioritized so good results could be achieved within reasonable goals.  



 II

Sammanfattning 
 

Huvudmålet med detta arbete var att lära sig hur instrumentet ytskiktsreometern 
(ISR400) fungerade och undersöka hur de reologiska egenskaperna, elasticitetsmodulen 
G' och viskositetsmodulen G'', kommer att förändras när det sker en förändring för 
yttrycket vid gränsskiktet mellan luft och vätska. 

Det sekundära målet var att undersöka vilken typ av magnetiska nålar som är bäst att 
använda för respektive gränsskiktssystem.  

 
Av att använda den tyngre nålen med massan 70.6 mg och längden 50 mm kunde man 

dra slutsatsen att den är bäst att använda för system där de viskösa och elastiska 
komponenterna är signifikant stora, där nålens tröghet inte är dominant. Den fungerade 
även att mäta med i ett fosfolipidsystem. 

 
I experimentet med 12-hydroxy-stearinsyra (HSA) som utfördes på en subfas av NaCl, 

syntes en klar förbättring efter att byta från en tyngre nål (massa 41.5 mg; längd 51 mm) 
till en lättare (massa 6.94 mg; längd 34.7 mm). Värdena för dynamiska modulen stämde 
därför bättre överens med referenslitteraturen. 

 
Det utspridda lagret av klass II hydrophobins (HFBII) kunde komprimeras upp till 

yttrycket 46 mNm-1. Värdena för G' och G'' förkastades därför att monolagret 
förvandlades till en väldigt viskösliknande vätska, och den oscillerande nålen, efter 
kompressionen, satt fast i denna tröga vätska och rörde sig väldigt hackigt och 
oregelbundet under tiden ett frekvenssvep utfördes. 

 
Då en jämförelse av olika typer av nålar genomfördes med kiseldioxidpartiklar (10 % 

(viktsprocent) Bindzil CC30 med pH 3.5), för att se om det är någon skillnad i känslighet 
för nålarna vid gränssnittet, som bestod av en ren 10 mM NaCl-lösning eller en 10 mM 
NaCl-lösning med tillsatt BCC30. Skillnaderna var försumbara gällande ytspänningen, 
men det var en klar skillnad mellan den tunga nålen och den lätta nålen vid oscillering vid 
höga frekvenser (>≈6 rad/s). 

 
I och med detta arbete så har förståelsen för hur ISR400 fungerar förbättrats mycket 

sedan starten. Flera frågeställningar har behandlats och resultaten ger en bra grund för 
fortsatta studier inom de många områden som utrustningen kan användas till. Trots 
projektets tidsbegränsning, och det faktum att instrumentet var nytt och oprövat på 
platsen där detta arbete utfördes, så prioriterades fokusområden så att goda resultat kunde 
uppnås inom rimliga mål. 
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Symbols and Abbreviations 
 
 
BCC30 Bindzil CC30 
DC Direct current 
DMPC Dimyristoylglycerophosphocholine 
DMPE Dimyristoylphosphoethanolamine 
DPPC Dipalmitoylphosphatidylcholine 
DPPG Dipalmitoylphosphatidylglycerol 
HCl Hydrochloric acid 
HFBII Class II of hydrophobins 
HSA 12-hydroxystearic acid 
ISR Interfacial Shear Rheometer 
m Meter 
Mma Minimum molecular area 
μl Microliter 
mm Millimeter 
mg Milligram 
mM Millimolar 
mN Millinewton 
NaCl Sodium chloride 
NaOH Sodium hydroxide 
nm Nanometer 
nm-3 Cubic nanometers 
PEG Polyethylene glycol 
rad/s Radians per second 
SiO2 Silicon dioxide 
G' (mNm-1) Elastic (storage) modulus 
G'' (mNm-1) Viscous (loss) modulus 
G* (mNm-1) Complex modulus 
π-A  Pressure - Area 
wt%  Weight percentage 
Å Ångström 
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1 Introduction 
 

Most of the systems that are encountered in the industry and in biology consist of 
viscoelastic films. These films are nonlinear and are in an intermediate state between a 
pure viscous and a pure elastic state. It is of great importance to understand the 
interactions between insoluble phospholipid monolayers and proteins in many 
biotechnological and biomedical applications. Interfacial rheology is a powerful tool to 
investigate the structure of Langmuir-monolayers at the air-water interface.  

Langmuir and Gibbs monolayers that are made up of proteins, surfactants, particles and 
complex mixtures has gained interest during the last ten years within the field of 
interfacial rheometry. The properties of interfacial rheometry have an important role 
when it comes to determine the stability of high interphase systems, like emulsions and 
foams.8 The stability of emulsions does not always have a positive result after increasing 
the interfacial moduli, due to cross-linking which leads to aggregation and a decreased 
stability.8 

 
The areas where interfacial rheology are thought to be important are many and various. 

Some of them are lung function, drug delivery, food technology and cleaning industry.18 
With interfacial tension the dynamic interfacial properties like desorption and adsorption 
can be studied. By providing valuable information about the formation and structure of 
adsorbed layers at the interface it is also possible to get indirect evidence of how the 
interfacial layers are adapting and also understanding how they interact with adjacent 
phases. Many real food systems can be described as complex fluid dispersions like 
suspensions and foams. A lot of these products are stabilized when a protein is adsorbed 
at an air/water or oil/water interface.5  

 
One way to quantify the shear stress at fluid interfaces is by using an interfacial shear 

rheometer. The rheometer used in this work, the ISR400, uses magnetic needles that 
floats at the air/liquid interface, and moves with an applied magnetic field. The 
movement of the needle is observed and the difference between applied force and 
measured position provides information about rheological properties of the substances. 
 

1.1 Previous work 
Brooks et al. showed that it is possible to detect microstructural changes in a Langmuir 

monolayer with the ISR.1 In the same study the surface rheology of eicosanol was 
investigated, and it was stated that the eicosanol film behaved as a Newtonian surface, in 
the high-pressure phase and showed also that the magnitude increased when a rigid-rod 
polymer solution was added to the eicosanol film.1 

 
Philipp Erni et al. showed that it is possible to get interfacial responses in a good quality 

when measuring systems with sub-phases that have viscosities of some magnitudes larger 
than of water.2  
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In another study Philipp Erni et al. looked at what happened when single Newtonian oil 
drops were coated with a layer of surface-active protein (lysozyme) that were adsorbed 
irreversibly to the oil/water interface. A biconical disk interfacial rheometer were used. 
They saw that the coated drops were able to resist the bulk shear stress to a much higher 
degree compared to a clean drop. A proposed explanation to that was because of when 
the adsorbed protein adsorbed at the oil/water interface it produced a strong, gel-like 
viscoelastic network.3   

By using an interfacial shear rheometer to study the rheological properties of food 
proteins at air/water and oil/water interfaces the results supports the idea that how much a 
protein is unfolded is depended on the surface coverage which changes with time and 
bulk concentration.5 It is also stated in the same study that there is a direct connection 
between the dynamic surface tension and the adsorbed amount of protein at an air/water 
interface and it will give a look into the adsorption process.5 

 
For phospholipids consisting of either saturated or unsaturated fatty acids there are great 

differences in the rheology and phase formation. These differences lasts in binary 
mixtures with cholesterol.6 Marcel Vranceanu et al. used a mixture of 
dipalmitoylphosphatidylcholine (DPPC) and cholesterol. It was concluded that in that 
binary mixture they found six distinct regions in a film pressure versus the phase diagram 
of the cholesterol content. Their method showed that the formation and disappearance of 
separated liquid phases, in a region with low content of cholesterol, had no consequences 
on the mechanical properties of the monolayers. At higher surface pressure ≈ 10 mNm-1 
and low content of cholesterol for DPPC it indicates a coexistence of a liquid and a solid 
phase up to a pressure of ≈ 25 mNm-1. The solid-solid phase transition was found at ≈ 38 
mNm-1.6 

 
Studies with phospholipids have shown how a liquid-like monolayer transcend to a gel-

like monolayer when a protein was added to the monolayer.9 They also concluded for 
catalase that the layer of dipalmitoylphosphatidylglycerol (DPPG) are more able to 
accept penetration by an adsorbing protein network than a monolayer of DPPC. In the 
same study they observed when a catalase solution was injected beneath a DPPC 
monolayer which led to that the values for storage and loss modulus and the surface 
pressure got bigger due to the catalase was adsorbed from the sub-phase to the spread 
DPPC monolayer at the air/water interface. The value for the storage modulus increased 
at a faster pace than the values for loss modulus and the surface pressure. This was 
because the monolayer changed from liquid-like state to a gel-like. They also injected a 
lysozyme solution beneath the DPPC monolayer but it had no effect on the storage 
modulus, loss modulus or the surface pressure during the interfacial rheology 
measurement. It was only a monolayer of DPPG that was affected by lysozyme.9 

 
A linear polymer with a hydrophilic backbone consisting of poly(ethylene imine-co-

ethyl oxazoline) and containing 20 % hydrophobic sorbyl side chains have been studied 
to see any changes in the mechanical shear properties.10 The hydrophobic backbone and 
the hydrophilic side chains makes it amphiphilic and can form a monolayer at the air-
water interface. When the monolayer was exposed to UV-light the storage modulus 
(elasticity), G’, increased 1000-fold due to the formation of many reactions of side chains 



 4

of different polymer backbones. The monolayer showed rubber-like properties after creep 
experiments and from the frequency dependence of the moduli. The network was 
degraded after extensive exposure of UV-light. The films that had been polymerized at 
lower surface pressures had a faster rate of degradation.10 

 
C.A. Naumann et al. performed film balance and surface rheology experiments with a 

mixture of phospholipid DMPC/PEG lipopolymer at the air–water interface.11 At 20 
mNm-1 the high-film-pressure showed between 40 and 100 mol % lipopolymer. The 
rheological transition appeared at a fixed area per lipopolymer, indicates that the 
lipopolymer isn’t dependent of the amount of phospholipids incorporated. At the high-
film-pressure transition, the area per lipopolymer is dependent on the lipopolymer-
phospholipid molar concentration. C.A. Naumann et al. concluded, from their data, that 
the two-dimensional physical network of lipopolymers is formed by water molecule 
mediation of the interaction between adjacent PEG clusters thru hydrogen bonding and 
by microcondensation of alkyl chains of lipopolymers to small clusters.11 

 
Naumann et al. stated that surface rheology experiments go beyond the information that 

a classical pressure-area isotherm can provide. This is because the rheology experiments 
provide a relationship between the mechanical and conformational properties of 
amphiphiles.12 The experiment helped them understand which half of PEG lipopolymer 
that was responsible for the observed surface rheological properties.12 

 
Mathias S. Grunér et al. stated that the membranes of class II Hydrophins are well 

studied but understanding how they can bind to polar surfaces and make the surface more 
hydrophobic is not yet solved.13  

 
When the 12-hydroxystearic acid (12-HSA) was studied during a rheological and a 

structural transition for Langmuir films it was reported that before transition the films 
were purely viscous and behaved like a Newtonian film.16 Because of its configuration, 
with two hydrophilic groups placed on either end of an alkane chain, there will be double 
competition about the absorption between the primary and secondary hydrophilic groups. 
There will be a sharp transition from an expanded phase to a crystalline condensed 
structure as the surface pressure increases. When the films had reached above a transition 
pressure they behaved as solid-like and crystalline with high elasticity. The molecular 
configuration of HSA went from lying flat with both of its hydrophilic heads adsorbed at 
the air/water interface to a vertical molecule that was straighten out and had the second 
hydrophilic group lifted out of the sub-phase. The crystalline phase can be described as 
highly non-Newtonian with a dynamic surface viscosity that is depended on frequency.16 

 
In rheological experiments that have ramp or sinusoidal character it was concluded that 

even in complex interfacial systems like proteins or polymers, it seemed to be sufficient 
enough to better understand the interfacial molecular arrangement. In comparison with 
the sinusoidal area variation, the ramp type is much easier and more quicker to use, and it 
can be recommended to use to decide rheological properties of interfacial films.17 
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1.2 Objectives of the study 
 

The primary objective in this work was to test the ISR400 and develop the measuring 
technique, and the secondary aim was to find what kind of needle is best suited while 
using different kind of sub-phases and test samples. 

Another goal was to study how the rheological properties of different kind of samples 
behaved at the air-liquid interphase at different surface pressures. For the experiments 
different kinds of sub-phases were used to see if the tested samples behaved differently. 
The parameters that were changed were concentration and pH  due to change in 
concentration and pH.  

This work tried to reproduce the values for dynamic surface modulus that had been 
done in the reference literature (Figure 1). To be able to match the values, different kinds 
of magnetic rods (needles) were tested.  

 

 
Figure 1: Yim et al. shows the storage and loss modulus for the hydroxystearic acid (HSA)-layer at the air-
water interface at interfacial tension 5 mNm-1 and 10 mNm-1. 

2 The ISR modes 
The ISR400 can be operated in two different modes: Dynamic testing and creep test. 

This work was focused on to use the dynamic testing mode. There are also other 
techniques the ISR can use to study a monolayer for example the dilatational technique.  

2.1 Dynamic testing 
The dynamic measurement defines the parameters elastic (storage) modulus , 

viscous (loss) modulus  and dynamic interfacial viscosity . 
In dynamic rheological experiments three variables are measured: applied stress	  , 
strain  and phase angle  between the stress and strain oscillation. The storage 
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modulus measures the energy stored in the system, representing the elastic portion. The 
loss modulus is the energy dissipated as heat, representing the viscous portion.  
 

Dynamic viscoelastic modulus ∗  is obtained as a function of oscillation frequency 
 from the measurement, and it can be separated into two components, elastic modulus 
 and viscous modulus . The working principle of the dynamic surface modulus 

is explained in equation (1). 
 

∗    (1) 

     
The elastic and viscous modulus is defined as equation (2) and (3) resp. 

 

∗ cos      (2) 

 

∗ sin      (3) 
 

The dynamic testing includes three different measurement types: Frequency sweep, 
Single frequency measurement and Amplitude sweep measurement. The frequency sweep 
is the one measurement type who is focused on in this work. Further information about 
the frequency sweep can be found in section 3.2.2 (ISR Software). 

2.1.1 The elastic/viscous properties 
 

The phase angle  is defined as equation (4) and shows what state (phase) a material is in. 
With the help of equation (4) is possible to follow how a material transforms from a solid-like 
material to a more viscous-like.  
 

       (4) 

 
If a viscous fluid is being affected by oscillatory stress, the resultant strain will lag ¼ of 

the period of oscillation, called “out of phase”. The resultant strain from an elastic 
material will yield a different behavior. Here the resultant strain will be synchronized 
with the stress, called “in phase”. It is because of these differences in phase behavior in 
oscillatory flows it is possible to measure the elastic/viscous properties of a material. At 
high frequencies materials tend to behave like solids (elasticity > viscosity) and at low 
frequencies as fluids (viscosity > elasticity).  

If  = 0 then the material is fully viscous and if  = 90° (π/2 radians) then the 
material is solid-like. 
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2.2 Creep compliance 
The instrument produces here the storage modulus, surface viscosity and the relaxation 

time of the film. If the analyzed sample shows a linear curve in the compliance-time 
diagram, it means that it is in the Newtonian phase. If the curve is non-linear it means it is 
in a non-Newtonian phase and highly viscoelastic.  

2.3 Alternative methods 
To measure the rheological properties of amphiphilic molecules there are a wide range 

of methods including channel flow devices, rotating disks and rings and deep canal 
devices.12 Most interfacial shear measurements are based on a three dimensional bulk 
measurement techniques adapted to two dimensions.22 

 
As long as the torque sensitivity is available, standard rheometers can be used for the 

measurements. A circular knife-edge geometry can be used for testing at a liquid-air 
interface. The knife edge touches the surface and the surface film between the other 
circular wall of the container and the ring is sheared.22  

 
For water-oil interfaces the bi-cone geometry is used. As the cone makes contact with 

both phases, the individual components contribute to the measured result also. The 
disadvantage by using the bi-cone geometry is that the contributions of the pure liquid 
phase need to be measured separately and corrected for.22 

 
Another technique to measure shear interfacial rheometry is with the Du Noüy ring. 

Like the knife-edge ring and bi-cone, the ring is located at the interface between two 
liquids or a liquid and a gas. The surface between the inner ring and the circular wall of 
the container is sheared and the torque is recorded. The light construction of the ring 
allows very sensitive measurements.  

 
In addition to the rheometry measurements the ISR can also use the dilatational 

technique to study a monolayer under certain conditions (different concentration and/or 
surface pressure). With dilatational rheometry the change in the interfacial tension is 
measured due to a specific change in interfacial area. The tension is the result of 
resistance of compression and expansion of the adsorbed film at the interface.  

The most used dilatation technique today is the pendant drop method.22 From the size 
and shape of a liquid drop, which is suspended from a capillary in a less dense fluid, the 
interfacial tension is calculated. By controlling the flow rate of the liquid through the 
capillary the interfacial area is changed.22 

It should be known that dilatational and shear deformation can't be directly compared. 
One complication with the dilatational method is that the concentration of the surface-
active material at the interface is not always held constant. The change of the interfacial 
tension is not only depended on the viscoelastic behavior of the monolayer but also on 
the solubility and adsorption/desorption rate of the surface-active material.22 
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3 The instrument  (ISR400): 
 
The ISR400 is capable of measuring the shear properties at the interface of a fluid. It 

can be combined with a standard KSV Langmuir trough to be able to measure at both 
soluble and insoluble films. With the instrument you can determine molecular 
arrangement, phase structure, phase transition and relaxation behavior. The ISR400 can 
compress a monomolecular film formed at the air-water interface (also known as a 
Langmuir-monolayer) and put the barriers on hold to keep the surface pressure constant. 
A picture of the instrument with its main components can be seen in Figure 2. 
 

 
 

Figure 2. Main components of ISR400. Picture taken from quick reference guide, supplied by ksvltd.com 
 

 
Other commercial rheometers can be fitted with special probes to study interfacial 

rheology, but the mechanical connection between the probe and the rheometer limits their 
sensitivity greatly. In comparison with literature data using rotating disks and bi-cone 
geometry, the sensitivity for these techniques are 1-2 orders of magnitude higher than the 
lowest limits for the interfacial rheometer.8 The knife edge device has lower proven 
sensitivities in comparison with ISR for low shear rheometry.8 With the ISR400 there is 
no physical connection between the probe and rheometer and compared with standard 
rheometers it improves the sensitivity by several orders of magnitude and this is of great 
advantage in systems where small differences in surface rheology are of great 
importance.  

 
The ISR400 is able to do measurements of the stress at the interface in real-time. The 

frequency of the applied force can readily be altered, without having to exchange 
elements on the rheometer. The displacement of the needle is a direct measure of the 
interfacial strain, so any use of tracing particles isn’t necessary. Another advantage of the 
ISR 400 is the open structure of the instrument which allows application of optical and 
Brewster angle microscopy at the same time. 
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The fundamental sensitivity of interfacial rheometers is not only determined by the 
limits in applying stress and detecting deformations, but it is also dependent on the 
coupling of both the measurement probe and the monolayer with the surrounding bulk 
phases.8 First there will be the desired response of the interface but with that response 
comes also the presence of a drag force that is exerted by the bulk phase, which makes 
the analysis more complicated. The geometry of the measurement must be sensitive 
enough to see if there are stresses on the surface film in presence of the bulk stresses 
coming from the sub-phase.  

To describe the grade of interaction between monolayer and sub-phase, there is a 
dimensionless ratio, the Boussinesq number (Bo), between the two components, when the 
rheological probe causes a displacement. The Boussinesq number is an indicator of the 
relative importance of the surface and sub-phase contributions. The Boussinesq number 
definition:8 

 

     (5) 

 
  
where  is the surface viscosity (units Pa s m) and  is the bulk viscosity of the sub-
phase,  is the characteristic velocity,  and 	 are the characteristic length scales at 
which the velocity decays at the interface and in the sub-phase, resp.,  is the contact 
perimeter between the interface and the rheological probe, and  is the contact area 
between the probe and the sub-phase. The parameter  has the units of length. For the 
methods that have disk, bi-cone or ring, the a parameter is related to the radius of the 
whole geometry, for the magnetic needle it is determined by the radius of the needle. 
When Bo >> 1, the surface stresses dominates, and when Bo << 1 the sub-phase stresses 
dominates.8  
Equation (5) tells that a low value for a, i.e. a minimal contact area per perimeter with the 
sub-phase, is desirable to get a sensitive measurement device. The needle that is confined 
in a channel, and the effect of a nonzero Reynolds number on the linearity of the velocity 
profiles was also found to be important.8 Only at large values of Bo (Bo > 1000) a liner 
profile was found with dominant real values.8  
 

3.1 Working Principle of The instrument  (ISR400): 
 

When a magnetized rod, needle or glass capillary, is being placed at the air-liquid 
interface it is stabilized and supported by the surface tension and is exposed to an 
oscillatory magnetic field gradient, generated by two Helmholtz coils surrounding the 
trough (Figure 3). The needle moves inside a glass channel that creates s small meniscus 
on both sides of the surface. This channel guides the needle in a straight line to ensure 
uniform flow geometry. Since the start of this study the instrument has been updated with 
new accessories like a channel holder to ensure that the channel is centered every time.7 
There is also an interfacial shear rheometer (KSV NIMA) that can be used with a "Low 
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Volume Measurement Cell" which requires only 4.7 ml of sub-phase. This can be very 
useful when working with valuable compounds and sub-phases.7 

The oscillating needle deforms the film and the film's response to the deformation is 
measured and quantitatively reported by the software as the viscous and elastic modulus 
of the film.  The rods position is located by tracking its end with mounted camera. With 
an inverted microscope, which is focused on the end of the rod, the image can be 
displayed on a screen.  

 

 
 

Figure 3. Schematic diagram of ISR with components labeled. 
 

3.2 The ISR Software 

3.2.1 Data settings 
 

The ISR consists of two Helmholz coils that each contains a magnet. Together the coils 
create a magnetic field with a gradient of zero which is located between the coils.  

The instrument software setting "Centering Offset" allows to adjust the center point of 
the magnetic field. By default this setting is zero and the equilibrium point of the needle 
at rest will have the same distance from each coil. Adjusting the offset in the positive and 
negative directions will move the needle closer to the right or left coils resp.21 

By choosing the "Desired Position Amplitude" in the frequency sweep settings it is 
possible to select which distance the needle will oscillate during a period of oscillation. If 
this feature is turned on (Default) the program adjusts the voltage applied to the coils so 
that the needle oscillates at this amplitude. The "Initial Voltage Amplitude" is the user 
defined value for the voltage to be applied. The higher the voltage , the higher the force 
applied on the needle.21 

When "Desired Position Amplitude" in on it is an estimate for the voltage needed for 
the first frequency point to oscillate the needle at the given frequency with that given 

Light Source 
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amplitude. After the first point the program will adjust the voltage applied to oscillate the 
needle the desired distance.21 

 

3.2.2 Frequency sweep 
 
Under the "Frequency sweep" selection in the software it is possible to run a frequency 

sweep experiment. The progress of an experiment can be followed under the "Response 
History for Current Frequency" (red square in Figure 4). This shows what voltage was 
applied and the response of the needle to this voltage. The "Detected Oscillation" window 
(white square in Figure 4) shows the acquired, white, needle motion and output of the 
function generator as a function of time.21 

 

 
 

Figure 4. Frequency sweep tab from the ISR Software. Shows the "Response History for Current 
Frequency" (red square) and "Detected Oscillation" (white square). 

 

3.2.3 Force calibration 
 
The "Force Calibration" selection in the software allows the user to calculate the 

"Calibration Constant" for a given set of frequency sweep data. The constant is calculated 
by using the mass and length of the needle. The plot of the data can be seen by viewing 
"Force Calibration Plot" (Figure 6). The calibration constant is used in the calculations 
for the "Data Plot" tab (red square in Figure 5).21 
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Figure 5. An example of the Data Plot window. The calibration constant is used for the values shown in the 
data plot 

 

 
 

Figure 6. "Force Calibration Plot" from the ISR software. It should represent a linear line, as shown above.  
The x-axis units are Frequency^4, (rad/s)^4. 
 

3.2.4 Set needle 
 

The "Set Needle" tab is used to find the needle and track the moving edge. When the set 
needle program is started the window will show a live image coming through the camera 
(Figure 7). The edge of the needle is found by detecting the adjusting the intensity by 
shining a bright light at the channel and therefore distinguish the difference in the bright 
background from the dark magnetic needle. The function generator (white square in 
Figure 7) can be controlled by selecting the wave type from the drop down menu, 
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inputting frequency, amplitude and offset desired. The response of the needle to the 
function  is immediately visible and a convenient way to estimate a starting voltage 
needed for a frequency/amplitude sweep.21 Once the tip of the needle is found by the 
program adjust the "Edge Voltage" to move the "green line" (shown above "Function 
Generator") to a value that is approximately half way between the light and dark regions. 

 
 

 
 
Figure 7. A still-frame of the oscillating magnetic needle coming through the camera. The plot in the 

upper right shows the intensity as a function of pixel value  for the image along the pixel line determined 
by the "Vertical Edge Finder". 

 
 

3.3 Limitations during experiments 
 

The dynamic range of the device is increased if very thin rods are used, because at 
higher frequencies the inertia of the rod (proportional to mass) decreases sensitivity. 
When a lower frequency is applied, the rod will be more easily affected by the sub-phase, 
due to its viscosity. If a glass needle is used, instead of a Teflon coated needle, 
experiments can be performed on systems with a lower interfacial tension.8 This is 
possible since the average density of the hollow glass needles is lower than the Teflon 
coated needles. How far apart the glass walls of the channel are, will have an effect on 
how the system will act. The distance between the walls in this work is fixed.  

One of the limitations during an experiments is depending on the surface pressure of the 
monolayer and the contact angle made by the needle with the interface. The needle will 
either be lifted or sink through the interface.  

Another situation is when the surface pressure becomes too high during compression of 
barriers, when a π - A isotherm is being performed. This will eventually lead to that the 
gravitational force becomes greater than the lifting force of the studied layer and the 
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needle will sink. At higher frequencies the inertia of the rod (proportional to mass) 
decreases sensitivity.  

The upper limit is set by the limits in the sensitivity of the position detector and also 
how much the magnetic coils can generate a field gradient without overheating them. In 
the lower limit it depends on the choice of needle but you can't make the needle too light 
because reducing the amount of magnetic material also reduces the maximum force that 
can be exerted on the needle. A very detailed study about finding the right type of needle 
has been done by Reynaert et al.8 

For surfactant and lipid systems, the typical rod (50 mm sewing needle) is too heavy to 
use to perform a measurement at the air-water interface. Heavy needles can only be used 
in systems where the viscous and elastic components are significantly large, where the 
inertia of the needle isn’t dominant.  

 

4 Systems of interest 
A system that would be interesting to investigate and study are lipids because they are 

in so many forms and involved in several interactions, and there is many types of lipids to 
study. The other system of interest to get more information about are the not so known 
hydrophobins. How will the hydrophobins behave and react when they are subjected to a 
stress or presented at a specific interface? 

 

4.1 The human skin 
The human skin is the largest organ of the body. It’s very remarkable considering how it 

is adapting itself when it comes across with different surroundings. It stops external fluids 
from entering the body, preventing internal fluids from escaping the body and protects 
the body from injuries. The skin on a human body is topographically different. At some 
parts it is very smooth whereas it can be rough and furrowed at other places. To keep the 
skin attached to the muscles a bed of loose areola tissue binds the skin to the fasciae of 
superficial skeletal muscle and other connective tissues. The body moves almost 
continuously and due to the mechanical properties of the dermal fibers the skin becomes 
a mobile tissue and is therefore capable of extension and relaxation. But the skins 
movement is depending on other factors like the thickness, how many times the skin has 
been folded, intrinsic elasticity, the age, sex and how the genetic for the individual is 
made up. 
 

The human skin would be interesting to study because there are so many different fields 
to choose from that can be focused on. Three primary layers: the epidermis, dermis and 
hypodermis makes up the human skin. The layer that is most interesting is the epidermis, 
because it is here interaction between different kinds of interfaces and molecules takes 
place.  

This work it is more focused on to see how lipids, phospholipids more specific, behave 
when they interact with other molecules at a certain surface pressure and concentration. 
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4.1.1 Lipids 
 
All the cells in the human body consists of lipids, because the lipids work as the 

structural components of cell membrane, intermediates in signaling pathways and energy 
storage sources. Lipids are defined as fat-soluble and therefore hydrophobic.  
One sort of lipids that are of interest are the phospholipids. Phospholipids are a major 
component of biological membranes and have an important role in many biological 
processes. They traditionally function as simple models of biological membranes that are 
easy to study.9 Phospholipids are the major component in all cell membranes and 
generally have hydrophobic tails and a hydrophilic head, see Figure 8. The picture below 
shows what a phospholipid looks like and shows how it forms the lipid bilayer that 
separates the extracellular space (ES) from the lumen of cell.  

 
 

 
 

Figure 8. A molecular structure of a phospholipid bilayer that shows a enhanced picture of how the 
hydrophilic head and the hydrophobic tail are directed between the extracellular space and the lumen of 
cell. 

 
Glycerophospholipids are the main structural component in biological membranes. 

When glycerophospholipds are in an aqueous environment the form lipid bilayers, which 
is energetically-preferred. In the aqueous environment the polar heads of the lipids will 
orient towards the polar, aqueous system, while the hydrophobic part of the lipid, the tail, 
will orient away from the aqueous environment. Different aggregates can occur and some 
of them are micelles, double bilayers, liposomes.  

What kind of aggregate a lipid will form depends on the lipids optimal area a0, volume 
V of their hydrocarbon chain and the critical chain length, lC. This critical length sets a 
limit on how far the chains can extend. The value of the dimensionless packing parameter 

or “shape-factor” / 	determines if the lipids will form spherical , non-

spherical , vesicles or bilayers 1  or “inverted” structures 

1 .4 
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According to Tanford, (Tanford, 1973, 1980; Israelachvili et al.) for a saturated 
hydrocarbon chain with n carbon atoms: 

 
0.154 0.1265 	  

and 
27.4 26.9 10 	   

 

4.2 Hydrophobins 
Another system that would be interesting to investigate is hydrophobins (HFB) because 

they are both hydro- and lipophilic and they function by self-assembling into structures 
like membranes.13 There are two classes of hydrophobins and they are based on 
differences in biophysical properties and hydropathy patterns. Not so much is known 
about what the hydrophobins class II (HFBII) structure looks like but Arja Paananen et 
al. showed that the HFBII had highly ordered two-dimensional crystalline structures and 
their results also points out that there are structural and functional differences between 
HFBI and HFBII that helps explaining the difference in their properties.15  
  

5 Experimental 

5.1 Material  
Samples that were used were DPPC, hydrophobins II (HFB II), hydroxystearic acid 

(HSA) and a silica (SiO2) suspension Bindzil CC30. The silica sample was supplied at  
30 % solid level (wt%).  

5.1.1 DPPC  
DPPC is a phospholipid that is part of the lipid class system. The DPPC molecule 

consists of two palmitic acids (Figure 9) and is the dominant constituent of pulmonary 
surfactant. The molecule weight is 734 gmol-1. Another unique property for DPPC is that 
it is the only surface active constituent of lung surfactant that can lower the surface 
tension close to zero.  
 

 
 
Figure 9. Molecular structure of the phospholipid DPPC. 
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5.1.2 HFB II  
The hydrophobins can be described as surface active proteins and are part of a group of 

small cystein-rich proteins. The proteins consists of about 100 amino acids. 
Hydrophobins are only expressed by filamentous fungi (mold). These surface active 
proteins are both hydro- and lipophilic and they function by self-assembling into 
structures like membranes.13 They are also known for their skill to produce a hydrophobic 
shell on an object's surface.14   
The molecule weight for HFBII is 7188 gmol-1. 
There are two classes of hydrophobins and they are based on differences in biophysical 
properties and hydropathy patterns. Sample used in this work were of class II. Little is 
known about what the HFBII structure looks like but Arja Paananen et al. showed that the 
HFBII had highly ordered two-dimensional crystalline structures and their results also 
points out that there are structural and functional differences between HFBI and HFBII 
that helps explaining the difference in their properties.15  
 

5.1.3 HSA 
The 12-hydroxystearic acid (12-HSA: C18H36O3) is a bi-hydrophilic fatty acid, soluble 

in alcohol, ether, chloroform, insoluble in water and is combustible. The 12-HSA 
molecule has double competitive absorption between the primary and secondary 
hydrophilic groups that are placed on either end of an alkane chain (Figure 10). Molecule 
weight is 300.49 gmol-1. 
 

 
Figure 10. Molecular structure of  12- hydroxystearic acid. 
 

5.1.4 Bindzil CC30  
Bindzil are cooloidal dispersions of spherical silica particles in weakly alkaline water. 

The sample of BCC30 were supplied as a 30 wt% sol and had impurities of 1.6 % 
methanol. The particles was partly hydrophobised by silan and had a size of 7 nm.18 

(Figure 11). Its contact angle were 40° and had a pH of 8.19  
It is a transparent liquid with no smell or taste. Bindzil CC30 is specially developed and 
designed for the use in waterborne coatings. It offers superior stability and binding 
properties in most latex coating compositions and enhance properties like abrasion and 
scratch resistance, reduced tackiness and drying time.18 
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Figure 11. Model structure of Bindzil CC30. Picture from akzonobel.  

 

5.2 Methods 
 
The Instrument was placed inside a wooden box (Figure 13) that had hard plastic plates 

mounted on top of the box. The plates could be folded down to prevent any external 
effects that could move the needle out of focus from the position detector while recording 
an experiment. It is assumed that no external magnetic field has any effect on the 
magnetic field gradient, because it is never reported or mentioned in previous 
studies.8,12,13  

Two DC power supplies (Agilent 6644A and Agilent E3617A, KSV Instruments, 
Finland) were used to give power to the pair of Helmholtz coils. 

The surface pressure was monitored by the Wilhelmy plate technique (Figure 12) and 
was displayed on the interface unit (can be seen in Figure 2) which also showed the 
barrier position in real-time. 

The Wilhelmy plate is a thin sandblasted platinum plate, roughened to ensure complete 
wetting, which is when a liquid is able to maintain contact with a solid surface. The 
material used for the Welhelmy plate is irrelevant, concerning the results, as long as the 
material is wetted by the liquid.20 The force on the plate  because of the wetting is 
measured by a microbalance, attached to the instrument is used to calculate the surface 
tension  using the Wilhelmy equation:   

 

     (3) 

 
where 	 is the wetted perimeter 2 2 ;  is the width of the plate and  is the 

thickness of the plate and  is the contact angle between the liquid phase and the plate. In 
this work the contact angle was not measured and it was assumed that there were 
complete wetting 0 . The surface pressure is the difference between the recorded 
surface tension and the surface tension of the pure sub-phase. 
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Figure 12. Illustration of the Wilhelmy plate technique. The magnitude of the capillary force, ,on the 
plate is proportional to the wetted perimeter, 2 2 .  

 
Other devices connected to the ISR400 is the interface unit which shows the barrier 

position and the surface pressure in real-time. The Langmuir trough apparatus has an 
aluminum framework and the trough (KSV Instruments, Finland) is made from Teflon® 
which is a hydrophobic material that is easy to keep clean from contaminants. 

 

 
 

Figure 13. The Instrument inside a protecting wooden box.  
 

The moveable barriers are made of Delrin®, a hydrophilic material, and are heavy 
enough to prevent any leakage of the monolayer during compression. The width of the 
trough is 75 mm with a total area of 560 cm2. The glass channel is made of quarts and 7 
mm wide. The main components of the ISR are shown in Figure 2. The trough can also 
be equipped with a temperature control to keep a constant temperature during 
experiments.  
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The preparation procedure for every experiment was similar and can be carried out by 
doing following procedure: 

 
1) Rinse KSV trough, quartz channel and barriers with ethanol. 
2) Rinse with excess amounts of Milli-Q water (resistivity 18 MΩ cm)  
3) Place Channel into center of trough and center of coils. When ordering the instrument 

today there is a channel holder to guide the channel in the center of the tough.  
4) Place Barriers on trough. 
5) Fill the Trough w ith Milli-Q water and vacuum dry. 
6) Clean Platinum Wilhelmy plate. 
7) Rinse with Ethanol followed by water. 
8) Place cleaned Platinum plate on balance. 
9) Fill trough with sub-phase to be used during experiment. 
10) Prepare needle for Experiment. Place needle near (no contact) with magnet. With 

eye of Needle facing South. 
11) Using non-metallic tweezers clean needle with ethanol and water. 
12) Place magnetized needle into the center of the glass channel. 
13) Eye of needle should point to the left and centered in the middle of the coils. 
 
 Before recording an experiment, a frequency sweep was performed on a pure sub-phase 

to get a calibration constant and also ensure that the measurements are made in a linear 
regime (see Figure 6). In general, the system depends on many variables like the sub-
phase viscosity, magnetic field curvature, surface curvature in the direction of the needle 
as the inertia and dimensions of the needle.  

All samples were solved in a solvent and subsequently spread on the sub-phase by using 
a Hamilton syringe. After waiting for the solvent to evaporate the recording could begin. 
The barriers were compressed to a desired surface pressure and when reached a 
frequency sweep could be performed.  

After each experiment the sub-phase and the spread monolayer was removed from the 
trough by water suction and barriers and trough were cleaned with ethanol, rinsed with 
excess amounts of Milli-Q water and also a Teflon brush when necessary. The trough 
was afterwards dried with nitrogen gas.  

 

5.2.1 DPPC 
60 μl of DPPC with concentration 1 mg/ml, that had been solved in chloroform, was 

prepared and solved in chloroform and was subsequently spread on the Milli-Q water 
sub-phase. It was noted that the surface pressure increased a little due to the applied 
mixture of chloroform and DPPC. Before starting to compress the barriers it was 
necessary to wait until all the chloroform have evaporated and the value of the surface 
pressure had been stabilized and reduced down close to zero mNm-1. The used needle had 
length 55 mm and weight 70.6 mg. The layer of DPPC was compressed to three different 
surface pressures. When each of them was reached the barriers were set to maintain the 
surface pressure and meanwhile a frequency sweep could be performed.  
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5.2.2 HFBII 
The hydrophobins were solved in Milli-Q water. 1.5 ml of hydrophobins, with 
concentration 0.1 mg/ml were spread on the Milli-Q water sub-phase. After equilibrium 
had been established the compression of the barriers began. After reaching a target value 
for surface pressure a frequency sweep was done. The needle used in the HFBII 
experiment was a Teflon coated sewing needle with mass 70.6 mg and length 55 mm.  

 

5.2.3 HSA 
When HSA was used in one of the experiments two different kinds of needles were 

used. The length and mass of the heavy and light needle were 51 mm; 41.5 mg and 34.7 
mm; 6.94 mg resp. The aim with this experiment was to obtain values that matched the 
ones in the reference (Figure 1).  

HCl with concentration 0.37 % adjusted the pH of NaCl sub-phase to 3.497.  
The HSA was solved in chloroform. 35 μl of HSA with concentration 0.5 mg/ml was 

spread on the sub-phase and after the solvent had evaporated the compressing began. The 
monolayer of HSA were compressed to two specific surface pressures. When each of 
them were reached a frequency sweep was performed. These experiments was conducted 
twice because the first time a heavy needle was used and the second time a much lighter 
needle was used. 

 

5.2.4 Bindzil CC30 
The sample of BCC30 were supplied as a sol of 30 wt%. It had to be diluted to 10 wt% 

to keep ionic strength constant. 
Two separate experiments were conducted where in the first experiment two π-A 

isotherms were performed with two different pH values. The sub-phase was 10 mM NaCl 
with pH 3.5 and 10.03 resp. The pH of the sub-phases were adjusted by either adding 
0.37 % HCl to lower it or adding 0.1M NaOH to increase it. The 10 wt% BCC30 was 
spread on the sub-phase. After the solvent had evaporated and the system had reached 
equilibrium, recording started. 

In the second experiment two different kind of needles (same as in HSA experiment, 
section 5.2.3)  were used. The goal was to see if there were any difference in the 
sensitivity of the needles between a pure 10 mM NaCl solution and a 10 mM NaCl 
solution with BCC30 added to it. The solutions in the second experiment both had pH 
3.5. The pH was adjusted by adding 0.37 % HCl. 300 ml of 10 wt% BCC30 was poured 
into the trough. After the cleaning procedure the selected needle was placed on the sub-
phase between the glass channel and a frequency sweep could be performed. The 
frequencies were between 0.5-2 Hz for both needles. 
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6 Results and Discussion 
All data depicted in the diagrams are an average value from the recordings. All the 

values has been corrected by subtracting the recorded values with the values for the pure 
sub-phase. The volume of added sub-phase in the trough for each experiment was 
measured to 300 ml. 

6.1 DPPC 
During the time the experiments for the ISR400 were performed it was noticed that the 

magnetic needle that was going to be used for the systems of interest worked for the 
DPPC experiment at some extent. In the experiment the DPPC layer was compressed to 
three different surface pressures: 8, 15, and 30mNm-1 (Figure 14). At 8mNm-1 and 
15mNm-1 the graphs for G' and G'' were basically identical so it explained that the DPPC 
molecules were still far apart from each other so they hadn't started to interact with each 
other and therefore change their conformation. Some values for G' and G'' were presented 
(Figure 15), after five performed measurements, but the question is how reliable they are. 
There were no other experiments that had the same procedure so it wasn't possible to 
compare the values from the experiment. 

 

 
Figure 14. π-A compression of a DPPC layer. 



 23

 
 

Figure 15. Frequency dependence of the magnitude of the dynamic modulus, G' and G'', for  1mg/ml DPPC 
at different surface pressure. 15 mNm-1 and 30 mNm-1.  Five measurements were performed. 
 

6.2 HFBII 
 

After the compression of the HFBII-layer on the Milli-Q water sub-phase, the layer 
became very dense. The needle used was a Teflon coated sewing needle with length 55 
mm and mass 70.6 mg. Because of the dense layer the needle was kind of stuck in the 
sub-phase and moved very staggering during a frequency sweep. The G' and G'' values 
for the hydrophobins II from the frequency sweep were discarded, but a π-A isotherm 
could be performed (Figure 16). It reached its highest point at around 46 mNm-1. It is 
hard to tell what kind of needle should be used in this kind of interfacial system. 
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Figure 16. π-A isotherm for 1,5 ml hydrophobins class II on water sub-phase. 
 

6.3 HSA 
 

When the HSA-layer were compressed to interfacial tension 5 mNm-1, the values for G' 
and G'' were reproducible, after three performed measurements, compared with the values 
in the reference (Figure 17), however when a measurement was done at 10 mNm-1 the 
values were different from those reported (Figure 18). To get reproducible values even at 
10 mNm-1 a smaller and lighter needle was tested. The oscillations when the lighter 
needle was used was very shaky and resulted in that only a few data points could be 
registered. The result with the light needle (Figure 19) wasn't exactly as in the report but 
a clear improvement compared to when using the heavier needle. As in the compared 
reference the G' and G'' values became at higher surface pressures less dependent on 
frequency.  
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Figure 17. (same as Figure 1.) Yim et al. shows the storage and loss modulus for the HSA-layer at the air-
water interface at interfacial tension 5 mNm-1 and 10 mNm-1. 
 

 
 

Figure 18. Frequency dependence of the magnitude of dynamic moduli G',G'' for HSA with the relative 
heavy needle on 10 mM NaCl sub-phase. Three measurements were performed. 
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Figure 19. Frequency dependence at surface pressure 10 mNm-1 of the magnitude of dynamic moduli G',G'' 
for HSA at the 10 mM NaCl sub-phase. A relative light needle was used. 

 
In the π-A isotherm for HSA (Figure 20) a clear change in molecular rearrangement can 

be seen at surface pressure 8 mNm-1 like it was explained in a previous experiment.16  
The use of a lighter needle also had the negative outcome that they were very fragile 

and had to be taken care of very gently. The lesser amount of magnetic material in the 
needle, which here was a glass capillary with a thin metallic wire inside, led to a longer 
wait for it to stabilize at the air-liquid interface. At some frequencies it didn't oscillate 
and was just floating on the sub-phase. 

 

 
Figure 20. π-A isotherm for HSA on 10 mM NaCl sub-phase. 
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6.4 Bindzil CC30 
 
Two separate π-A isotherms were performed for BCC30 with 10 mM NaCl with pH 

3.44 and pH 10.03 resp. as sub-phase. The surface pressure for the silica particles was 
different in comparison between the two different pH-values (Figure 21). The silica 
particles never reached a higher surface pressure during compression. One explanation to 
that could be that maybe the amount of particles was too little or maybe most of it went to 
the bulk and therefore only a little amount of the particles adsorbed to the interface. 
Different volumes and concentrations of silica particles were used but of no 
improvement.  

 
Figure 16. π-A isotherm for BCC30 on NaCl sub-phase at different pH. 
 
The aim, in the needle comparison experiment, of using solutions with BCC30 was to 

detect eventual differences in between 10 mM NaCl and 10 mM NaCl containing 
BCC30. The differences were negligible in terms of surface tension, which makes the 
system particularly interesting to study. Using the heavier needle resulted in there were 
no differences detected (Figure 22), while using the lighter needle there were a significant 
difference observed at higher frequencies (>≈6 rad/s) (Figure 23). 

Figure 24 shows the behavior for the light needle at pure water 10 mM NaCl sub-phase. 
The surface modulus is close to zero at low frequencies and tends to increase a little when 
the frequency is increasing. There were six measurements performed when testing the 
light needle on the pure 10 mM NaCl sb-phase 
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Figure 22. Effect of Bindzil CC30 on dynamic surface moduli with heavy needle on  
10 mM NaCl sub-phase. Five measurements were conducted. 

 

 
 

Figure 23. Effect of Bindzil CC30 on dynamic surface moduli with lighter needle on 10 mM NaCl sub-
phase. Six measurements were conducted. 

 
 
 

. 
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Figure 24. Behavior for pure 10 mM NaCl sub-phase when using a light needle. Six measurements were 
conducted. 
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7 Conclusions 
 

The primary aim with this work was to test the ISR400 and develop the measuring 
technique and the second aim was to find what kind of needle is best suited while using 
different kind of sub-phases and test samples.  

 
It was concluded that the relative heavy needle with mass 70.6 mg and length 50mm 

was best for systems where the viscous and elastic components are significantly large and 
where the inertia of the needle is not dominant. It also worked of using the heavier needle 
for lipid systems like DPPC. 

 
The spread layer of Hydrophobins could be compressed to a surface pressure of  

46 mN-1.  The G' and G'' values from the frequency sweep were discarded because the 
monolayer turned into a very viscous-like liquid, and the oscillating needle, after 
compression, was kind of stuck in that sub-phase and moved very staggering when a 
frequency sweep was performed. 

For the HSA experiment there were tested on NaCl sub-phase there was a clear 
improvement after switching from the heavy needle (mass 41.5 mg; length 51 mm) to the 
relative lighter needle (mass 6.94 mg; length 34,7 mm). The values for the dynamic 
modulus therefore had a better agreement with the reference. 

 
The needle comparison experiment with 10 wt% BCC30 at pH 3.5 was done to see if 

there was any difference in the sensitivity for the needles at the interface which consisted 
of a pure 10 mM NaCl solution or a 10 mM NaCl solution with BCC30 added to it. The 
differences were negligible in terms of surface tension but there was a clear difference 
between the heavy needle and the light needle, when oscillating at higher frequencies 
(>≈6 rad/s). 

 
With this study, the understanding of ISR400 has increased largely. Several issues have 

been addressed and the results provide a good basis for further studies within the many 
areas the instrument can be used for. Despite the project's time limit, and the fact that the 
instrument was new and untested where the project was carried out, focus areas were 
prioritized so good results could be achieved within reasonable goals. 
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Appendix 
 
For BCC30 (Figure 18) 
 

 

Freq (Hz) 
Medelvärde 10 

mN/m  STDAV 10 mN/m 

2 
G' 
(mN/m) 

G'' 
(mN/m) 

G' 
(mN/m) 

G'' 
(mN/m) 

2  ‐0,1753  0,1306 
0,000212

1 0

1,5887 

1,5887  ‐0,0740  0,1455  0,0072 0,0054

1,5887 

1,2619 

 
 
 
 

Freq (rad/s) G' (mN/m) G'' (mN/m) G' (mN/m) G'' (mN/m)

12,566 ‐0,2727 0,0290 0,0035 0,0006

12,566

9,982 ‐0,1984 0,0598 0,0072 0,0054

9,982

9,982

7,929 ‐0,1340 0,0449 0,0283 0,0252

7,929

7,929

6,298 ‐0,0843 0,0369 0,0290 0,0217

6,298

6,298

5,003 ‐0,0506 0,0251 0,0148 0,0054

5,003

5,003

3,974 ‐0,0311 0,0197 0,0274 0,0197

3,974

3,974

3,157 ‐0,0192 0,0130 0,0172 0,0051

3,157

3,157

2,508 ‐0,0119 0,0101 0,0304 0,0078

2,508

2,508

1,992 ‐0,0076 0,0075 0,0092 0,0040

1,992

1,992

Medelvärde 5mNm STDAV 5mN/m
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1,2619  ‐0,0050  0,1459  0,0283 0,0252

1,2619 

1,0024 

1,0024  0,0358  0,1369  0,0290 0,0217

1,0024 

0,7962 

0,7962  0,0665  0,1292  0,0148 0,0054

0,7962 

0,6325 

0,6325  0,0756  0,1095  0,0274 0,0197

0,6325 

0,5024 

0,5024  0,0919  0,0899  0,0172 0,0051

0,5024 

0,3991 

0,3991  0,1065  0,0859  0,0304 0,0078

0,3991 

0,317 

0,317  0,0977  0,0771  0,0092 0,0040

0,317 
 
 

Medelvärde 11.5 
mNm  STDAV 11.5 mN/m 

Freq (Hz) 
G' 
(mN/m) 

G'' 
(mN/m) 

G' 
(mN/m) 

G'' 
(mN/m) 

1,5  0,0111  0,2503  0,0066 0,0035

1,5 

1,1915  0,0864  0,2369  0,0466 0,0497

1,1915 

1,1915 

0,9464  0,1411  0,2207  0,0271 0,0285

0,9464 

0,9464 

0,7518  0,2052  0,1864  0,0367 0,0028

0,7518 

0,7518 

0,5972  0,2316  0,1962  0,0560 0,0313

0,5972 

0,5972 
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