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Abstract 

In this project the size and shape of amitriptyline (AMT) micelles in normal saline solution were 

studied when pH was changed. The size of the micelles was observed to change from pH 2 and 

upwards. With a relative large change from pH 2 to 3 compared from pH 3 to 5. An extreme 

change was observed above pH 6.6, where the samples turned turbid. The conclusion about the 

shape of the micelles, was that they changed from spherical into a continuous shape above pH 

6.6, and that the new shape was thermodynamically stable above pH 7.0.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 

 

 Acknowledgement 

I want to say thank you to everyone who have helped me complete this project in the department 

of Pharmacy at Uppsala University. Thank you for helping me finding my way in the laboratory 

and all knowledge shared outside. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 

 

Table of Content 

1. Abbreviations ............................................................................................................................................ 4 

2. Introduction ............................................................................................................................................... 5 

2.1 Amitriptyline ......................................................................................................................... 5 

2.2 Surface Tension .................................................................................................................... 6 

2.3 Light Scattering ..................................................................................................................... 6 

2.3.1 Dynamic light scattering ................................................................................................ 6 

2.3.2 Static light scattering...................................................................................................... 7 

2.3.3 Drawbacks...................................................................................................................... 8 

2.4 Normal Saline Solution ......................................................................................................... 8 

3. Experimental ............................................................................................................................................. 8 

3.1 Materials ............................................................................................................................... 8 

3.2 Surface Tension .................................................................................................................... 9 

3.2.1 Sample preparation ........................................................................................................ 9 

3.2.2 Measurement .................................................................................................................. 9 

3.3 Static and Dynamic Light Scattering .................................................................................... 9 

3.3.1 Sample preparation ........................................................................................................ 9 

3.3.2 Measurement ................................................................................................................ 10 

4. Results ..................................................................................................................................................... 10 

4.1 CMC .................................................................................................................................... 10 

4.2 Size and Shape .................................................................................................................... 11 

4.2.1 DLS .............................................................................................................................. 11 

5. Discussion ............................................................................................................................................... 17 

5.1 CMC .................................................................................................................................... 17 

5.2 Size and Shape .................................................................................................................... 17 

5.2.1 DLS .............................................................................................................................. 18 

5.2.2 SLS ............................................................................................................................... 19 

6. Conclusion .............................................................................................................................................. 19 

7. References ............................................................................................................................................... 19 

APPENDIX I – Measurement of refractive index increment ..................................................................... 21 

APPENDIX II – Pictures of turbid samples ................................................................................................ 22 

APPENDIX III – CMC samples pH ........................................................................................................... 23 

 



4 

 

1. Abbreviations 
 

AMT – Amitriptyline 

AMT-HCl – Amitriptyline hydrochloride 

CMC – Critical Micelle Concentration 

dn/dc – Refractive index increment 

DLS – Dynamic Light Scattering 

HCl – Hydrochloric Acid 

Kc – Optical Constant 

Mapp – Apparent molecular weight (g/mol) 

Mw – Molecular weight (g/mol) 

NaCl – Sodium Chloride 

NaOH – Sodium Hydroxide 

R – Rayleight Ratio 

Rg – Radius of gyration 

Rh – Hydrodynamic radius 

SLS – Static Light Scattering 
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Figure 2 – Different shapes of micelles. From left: rod, sphere and bilayer. Circles represent hydrophilic moieties 

while curvy lines represent the hydrophobic ones. [Drawn in Inkscape 0.48.4]. 

2. Introduction 
Drugs are used a lot in our society today and therefore they are interesting to study. A drug 

molecule in an aggregated particle (micelle) has different properties than a free monomer. In one 

case the drug can be functional as normal, while being toxic in the other environment in worst 

case. When the size and shape changes, so does the properties. Many drugs are swallowed as a 

method of ingestion. The acid in the stomach results in a very low pH, compared to the rest of a 

body. Therefore, in this project the influence of pH on size and shape of an amphiphilic drugs 

micelles, will be studied.  

2.1 Amitriptyline 

Amitriptyline (AMT), see Figure 1, is a tricyclic drug that will be the focus of this project. It has 

been in use for many decades, mainly as an antidepressant. It can also be used to treat chronic 

tension headache, migraine and neuropathic pain. In some rare cases, when everything else has 

failed, AMT can also be used to treat nocturnal enuresis in children above the age of six [1].
 

AMT is an amphiphilic molecule, i.e. it has one hydrophobic part (cyclic groups) and one 

hydrophilic part (nitrogen containing part). In a solution amphiphilic molecules will self-

aggregate if the monomer concentration is high, i.e. above the critical micelle concentration 

(CMC). Depending on the size ratio between the hydrophilic and hydrophobic moieties, different 

types of micelles form which can be seen in Figure 2. If the hydrophilic group (circles in Figure 

Figure 1 – Amitriptyline. [Drawn in PubChem Sketcher V2.4]. 
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2) is larger than the hydrophobic (lines in Figure 2), spheres tend to form. With increasing 

hydrophobic size, rods will be more favored than spheres. Then, when the two moieties are about 

the same size, bilayers will be the most probable structure [2]. The hydrophobic and hydrophilic 

sizes are primarily determined by the chemical structure of the compound; however, other things 

can also affect this, e.g. the hydrophilic group gaining or losing a charge (as is the case with 

AMT). 

2.2 Surface Tension  

The molecules at the surface of a liquid are unevenly affected by surrounding molecular forces, 

due to the lack of molecules in one direction. This is not the case in the bulk, since there are 

molecules in all directions. The difference in force at the surface leads to energy being needed 

for a molecule to leave the bulk and become a surface molecule [2]. This is what gives rise to 

surface tension and what insects use to be able to walk on water. It can also be used to calculate 

the CMC. Amphiphilic molecules, or surfactants (from surface-active
 
[2]) as they are also called, 

will accumulate at the surface since this is energetically favorable. That is because the 

hydrophilic moiety can face the bulk, while the hydrophobic one can be oriented into the air and 

therefore energy is gained. As the surface is filled up with surfactants the surface tension is 

lowered [3]. This will continue till the monomer concentration, in the bulk, is so high that it then 

becomes energetically favorable to aggregate instead of solving more monomers in the bulk. 

This is the CMC where micelles start to form. This also results in that the surface tension will 

stay nearly the same, since the molecular composition at the surface is not changing any more. 

This is due to that the monomeric surface and bulk concentration depend on each other and that 

above the CMC the bulk concentration is not changing.  

2.3 Light Scattering 

When light hits a particle, it can be absorbed, resulting in an excitation of the molecule. But the 

light can also be scattered and the larger a particle is, the more it scatters. The latter phenomenon 

was used in this project to characterize the samples. Two different light scattering techniques 

will be used. First and foremost, dynamic light scattering (DLS) but also static light scattering 

(SLS). Both techniques utilizes a monochromatic light source (nowadays almost always a laser) 

that hits the sample. A detector will then measure the scattered light at an angle that can be 

varied [4, 5].  A computer then applies some rigorous math to analyze the input and get the 

results [6-8]. There is a lot more to the apparatus than this [5], but this is the basics of the setup 

that can be seen in Figure 3.  

2.3.1 Dynamic light scattering 

There are of course some differences between DLS and SLS, both in what is measured and what 

it results in. DLS takes advantage of Brownian motion and the retarding force (friction) from 

colliding with solvent molecules [4]. When light hits the sample and starts to scatter, the 

intensity will change due to the Brownian motion of the particles. If a particle moves out of the 

incident light it will obviously not scatter anymore; however, a small change in relative position 

is enough to affect the intensity of the scattered light. This, combined with the fact that the 

friction exerted upon a particle is directly proportional to its radius, will yield all that is needed. 

This will show as larger particles moving slower, due to friction. The changes in scattered light 
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intensity will therefore also be slower for larger particles. From DLS the diffusion coefficient is 

determined and from that the hydrodynamic radius (Rh) can be calculated. This is the radius of a 

theoretical particle with a perfectly spherical shape that has the same diffusion coefficient as the 

studied particle [4]. Rh is calculated from the Stokes-Einstein equation, see Equation (1).  

  
   

    
                         

Where D is the diffusion coefficient, kB is the Boltzmann constant, T is the temperature in 

kelvin, η is dynamic viscosity and r is the radius of the particle. This equation assumes a 

spherical particle, r in this equation is therefore the Rh. Since D is obtained from DLS and T and 

η can easily be obtained, the Rh can be calculated. 

There is no information of the particles shape gained from DLS. The size information is not that 

reliable either. If the studied particles are spherical, the Rh can be quite close to the true radius. 

Comparison between different samples can however give information about particle size 

changes.  

2.3.2 Static light scattering 

In SLS the average scattered intensity is measured instead of the intensity change, as is the case 

in DLS. This has to be done form multiple angles, which is not necessary to do in DLS. For 

calculations, the refractive index increment (dn/dc) is needed. The dn/dc is a parameter that 

Figure 3 – A simplified light scattering setup. A laser hits the sample that scatter the light. A detector at a variable 

angle, θ, detects the light and sends the signal to a computer. 
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specifies how the refractive index changes with concentration. From SLS the apparent molecular 

weight (Mapp), radius of gyration (Rg) and the second virial coefficient, that is a measurement of 

interaction between molecules, can be determined [4]. In this project, however, only the first two 

will be determined. Mapp is a value close to the true molecular weight (Mw), but differ some due 

to interactions between micelles. The Rg is the average distance to the subunits in the particle 

from its centrum. It is therefore also a measurement of compactness [9]. The Rg is defined by its 

square as is shown in Equation (2) below, where rn is the distance from the center of mass for the 

n’th subunit. 

  
  

 

 
   

    
    

      
                       

This gives that for a spherical particle with subunits at the surface only (being hollow), the Rg 

would be the same as the true radius of that particle. If the particle instead would be dense or 

built up from smaller particles, the Rg would become significantly smaller. This would not be the 

case for the Rh [6].  

2.3.3 Drawbacks 

There are some drawbacks with light scattering techniques. Both SLS and DLS usually need at 

least 1 mL of sample with high enough concentration (particles with lower Mw need to be in a 

higher concentration). There will also be problems if the sample is turbid, has particles larger 

than 1000 nm, contains dust, absorbs the incident light or does not have a different refractive 

index than the solvent. SLS cannot handle particles smaller than 10 nm (or 1/20 of incident lights 

wavelength), while DLS can characterize particles as small as 1 nm. For SLS the weight 

concentration (g/L) has to be known along with the dn/dc, as mentioned above. To be able to get 

the Rh from DLS the temperature and viscosity need to be known, since the retarding force 

depends upon them [4].  

2.4 Normal Saline Solution 

In this project all samples had a normal saline concentration, i.e. the normal salt concentration of 

a human body. More specifically, normal salinity or physiological salinity correspond to 154 

mM. However, as is the case with human bodies, everyone is different. What normal salinity is 

could therefore be discussed [10]. In this project a normal saline solution will be treated the 

traditional way as being 154 mM.  

3. Experimental 
 

3.1 Materials 

A powder of amitriptyline hydrochloride (AMT-HCl) ≥ 98% (Sigma-Aldrich) was used as the 

source of AMT. It was assumed to only contain AMT-HCl. When saline concentration was 

calculated the hydrochloride from AMT-HCl was neglected. To lower pH, hydrochloric acid 

(HCl) 24.5-26.0wt/wt% (Sigma-Aldrich) was used, and in calculations it was assumed to contain 

25.25wt/wt% HCl. To increase pH, Sodium hydroxide (NaOH) ≥ 99.0% pellets for analysis 

(Merck) was used and assumed to contain 100% NaOH. Normal salinity in all solutions was 

achieved with sodium chloride (NaCl) ≥ 99.0% (Sigma-Aldrich) when needed. In calculations a 
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100% NaCl content was assumed. Cleaning the cuvettes for SLS and DLS was done with diluted 

Hellmanex III (Sigma-Aldrich).  Whenever water was needed, MilliQ water was used. 

3.2 Surface Tension 

3.2.1 Sample preparation 

A stock solution of 80 mM AMT and 154 mM NaCl was prepared by weighing 25.1091 g AMT-

HCl and 8.99976 g NaCl and added to a 1 L volumetric flask. Water was then added till the 

mark. Another stock solution of 154 mM NaCl was made by weighting 4.4899 g NaCl, adding it 

to a 0.5 L volumetric flask and then filling it with water. After this eleven different samples; 5, 

7.2, 10, 15, 20, 25, 30, 35, 40, 45 and 50 mM AMT were prepared. This was done by taking 

1.25, 1.80, 2.50, 3.75, 5.00, 6.25, 7.50, 8.75, 10.00, 11.25 and 12.50 mL respectively of the first 

stock solution, which contained AMT. Then the second stock solution was added so that the total 

volume of all samples were 20 mL. 

3.2.2 Measurement 

The surface tension was measured with an Attension Force Tensiometer SIGAMA 703D using a 

Platinum Wilhelmy Plate T107. The instrument was always started at least 30 minutes before the 

first measurement to let it stabilize. To measure, the Wilhelmy Plate was dipped down halfway 

into the sample and then lifted up to be zeroed. Then the plate was lowered until contact and then 

lifted up until right before the meniscus would break off. When the value had stabilized it was 

written down.   

 

3.3 Static and Dynamic Light Scattering 

3.3.1 Sample preparation 

An 80 mM AMT stock solution was made by weighing 12.5480 g AMT-HCl and adding 500 mL 

water. From the stock four 100 mL samples were made that contained 20, 40, 60 and 80 mM 

AMT respectively. The dilution was made by adding water. To lower pH an 8.31 M HCl solution 

was used and from that a 2 M and a 0.1 M solution was made. This was done by taking 12.0 mL 

and 0.30 mL respectively and diluting them both to 25 mL. To increase pH a 2 M and a 5 M 

NaOH solution was made. This was done by solving 19.9804 g NaOH and adding water till 250 

mL to obtain the 2 M solution. For the 5 M solution 10.0220 g NaOH was used in 50 mL water.  

The aim was to prepare and measure samples with an AMT concentration of 20, 40, 60 and 80 

mM, with pH 1, 3, 5, 7, 9, 11 and 13 for each concentration. This turned out not to be possible 

due to turbidity (high pH) and the concentration limit of salt (low pH). So instead three samples 

at pH 2, 3 and 5 were prepared for every concentration of AMT by adding HCl. This was done in 

10 mL vials, which were each filled with 8 mL of stock solution that the acid was then added to. 

The added volume of acid (never more than 0.3 mL and usually a lot less) was neglected in 

respect to AMT concentration. Then NaCl was added to all samples so that [NaCl] + [HCl] = 

154 mM. After that three samples were prepared: AMT 20 mM pH 7.0, AMT 20 mM pH 7.6 and 

AMT 80 mM pH 6.6 by adding NaOH. NaCl was added to these samples so that [NaCl] + 

[NaOH] = 154 mM. These three samples turned turbid and were left standing in room 

temperature for two days until the samples were clear.  
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3.3.2 Measurement 

All pH measurements were done with a Mettler Toledo SevenCompact pH meter S210. It was 

calibrated every day before measurements with two buffers, pH 4 and pH 7. The refractive index 

increment (dn/dc) was determined to be 0.2719 mL/g by refractive index measurements (see 

appendix I) using a Rudolph J457 automatic refractometer. For DLS and SLS measurements all 

samples were filtered with a 0.45 μm PTFE membrane with 1.0 μm APFB glass fiber prefilter 

(Merck). About 2 mL of the samples were put in a QS High Precision Cell quartz glass cuvette 

(Art. No. 540-110-80) from Hellma Analytics. To avoid dust, all this was done in a glovebox 

with a flow of filtered nitrogen. The main instrument used was an ALV/CGS-3 compact 

Goniometer System with an ALV/LSE – 5004 correlator. The software used was ALV / Static & 

Dynamic FIT and PLOT 4.51 10/10, Origin 2019b was used for further fitting of the data. The 

laser was a Cobolt Samba 50 532 nm.  

4. Results 
 

4.1 CMC 

To determine the CMC, the measured surface tension was plotted against the natural logarithm 

of AMT concentration, see Figure 4. The intersect of the linear lines gives the CMC. This was 

calculated as follows: 

 

                               

  
      

      
        

 

Since the x-axis is a natural logarithmic scale the CMC is obtained by 

 

                     

 

The CMC was determined to 17.9 mM. 
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Figure 4 – Surface tension plotted against the natural logarithm of the AMT concentration as blue line with 

rhombuses. Red dots denote trend line at low concentrations of AMT (before CMC). Yellow squares denote trend 

line at high concentrations (after CMC). 
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4.2 Size and Shape 

The three samples that NaOH was added to turned turbid. After two days in room temperature, 

all samples had a white precipitation at the bottom and the two samples with 20 mM AMT had 

precipitation on the walls of the vials too (see appendix II). All samples seemed to be clear. On 

the third day the precipitation in the 80 mM AMT sample had dissolved. Because of the turbidity 

no more samples were made with NaOH (pH 7 and above). The three samples made were 

analyzed to see if it was possible to see something. The turbidity seen means that large particles 

formed at higher pH. 

 

4.2.1 DLS 

The resulting Rh values from DLS can be seen in Table 1 with precise pH values for all samples. 

The two turbid samples with 20 mM AMT were very hard to fit as the data points were unevenly 

distributed. The resulting values are therefore not trustworthy. The 80 mM AMT turbid sample 

was not like that and is, therefore, more reliable. For AMT concentration of 40, 60 and 80 mM a 

trend of increasing Rh values with increasing pH can be observed, see Figure 5. This trend cannot 

be seen when the concentration increases, see Figure 6. This, however, was not the case for 20 

mM AMT, where the opposite trend was observed. 
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Table 1 – Rh values determined by DLS for all samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conc. AMT (mM) pH Rh1 (nm) Rh2 (nm) Comment 

20 1.94 59 - 
 20 2.96 10 - 
 20 5.02 0.61 - 
 20 7.02 76 - Turbid 

20 7.56 0.32 - Turbid 

     

40 1.96 0.77 - 
 40 2.99 1.28 - 
 40 4.90 1.36 - 
      

60 1.95 0.86 - 
 60 3.06 1.44 - 
 60 5.34 1.53 - 
      

80 1.95 0.75 4.75 

 80 3.14 1.45 - 
 80 5.04 1.47 - 
 80 6.64 1.62 - Turbid 

Figure 5 - Rh plotted against pH for AMT concentration 40, 60 and 80 mM with values from table 1. 
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4.2.2 SLS 

The apparent molecular weight of the micelles was obtained from SLS measurements and fitting 

in Alvstat, see Table 2. Due to the size limitation of SLS mentioned in 2.2.3 and the Rh obtained 

in 4.2.1, the Rg values cannot be accurate. They were consistently, at least, ten times larger than 

their corresponding Rh - value. From the raw data, the intensity (R/Kc) was plotted against the 

angle (as a vector, q) of the detector for pH (see Figure 7-9) and concentration (see Figure 10-

13). R is the rayleigh ratio (scattered light over incident light) and Kc is the optical constant for 

the instrument. A change in size would be seen as a change in intensity, since the intensity 

depends on size (see 2.3). 

Table 2 - The apparent molecular weight (Mapp) and calculated aggregation number (N). 

Conc. AMT (mM) pH Mapp (g/mol) N 

 20 1.94 16460 59 

 20 2.96 2505 9 

 20 5.02 1172 4 

 20 7.02 29700 107 

 20 7.56 407.4 1 

 

     40 1.96 613.6 2 

 40 2.99 3228 12 

 40 4.9 3599 13 

 

     60 1.95 1171 4 

 60 3.06 4143 15 

 60 5.34 4152 15 

 

     80 1.95 2389 9 

 80 3.14 4192 15 

 80 5.04 4154 15 

 80 6.64 5133 19 

 

Figure 6 - Rh plotted against concentration AMT for pH 2, 3 and 5, with values from Table 1. 
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Figure 7 – The Intensity (R/Kc) plotted against the angle (as a vector) of the detector (q), for pH 2. 

Figure 8 – The Intensity (R/Kc) plotted against the angle (as a vector) of the detector (q), for pH 3. 
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Figure 9 – The Intensity (R/Kc) plotted against the angle (as a vector) of the detector (q), for pH 5. 
 

Figure 10 – The Intensity (R/Kc) plotted against the angle (as a vector) of the detector (q), for 20 mM AMT. 
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Figure 11 – The Intensity (R/Kc) plotted against the angle (as a vector) of the detector (q), for 40 mM AMT. 

Figure 12 – The Intensity (R/Kc) plotted against the angle (as a vector) of the detector (q), for 60 mM AMT. 
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5. Discussion 
 

5.1 CMC 

The CMC of AMT has been reported to be 19 mM in 100 mM NaCl and 16 mM in 200 mM 

NaCl [11] at 298.15 K. These values coincide well with a CMC at 17.9 mM in 154 mM NaCl 

which was obtained in this project. There are, however, reports of higher CMCs for 50 and 100 

mM NaCl [12, 13]. The fact that there is a minimum, see Figure 4, shows that there were some 

impurities present [14]. These came, most likely, from the chemicals themselves and could have 

been significant. Impurities lower the surface tension, just like AMT. One possibility is that the 

impurities prefer to be in the hydrophobic inner of the micelles, resulting in an increase in 

surface tension after the CMC. The CMC of AMT containing systems also shows a dependence 

upon pH 15 and temperature [12], both of which were not strictly controlled in this project. The 

experiments were done in room temperature (21 ± 1°C) and the pH of the samples can be seen in 

appendix III.  

5.2 Size and Shape 

When a base was added to AMT, it turned turbid directly (pH 6.6 and above) and later 

precipitated. The first step can only happen if large particles are assembled in the samples, large 

enough to scatter light enough to be visible to the eye. So there was clearly a change in size, but 

there was no way to determine the shape, within the boundaries of this project. However, 

Figure 13 – The Intensity (R/Kc) plotted against the angle (as a vector) of the detector (q), for 80 mM AMT. 
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spherical micelles would have a problem growing to the size needed for this change. It is 

therefore valid to assume that the shape changed into something continuous, e.g. rods or bilayers. 

The precipitation in the sample with pH 6.6 was dissolved after a few days. This was not the case 

for the samples with higher pH. This change of shape does therefore seem to be 

thermodynamically stable at pH 7.0 and above, but not under pH 6.6. The difference in 

concentration between the samples should be noted, since that could have an impact 

5.2.1 DLS 

In Table 1 it can be seen that the size of the micelles changes, even at low pH. The conclusion 

that can be drawn from this is that there must still be a mixture of charged and not charged 

monomers that affect size distribution. The pKa of AMT has been reported to be 9.4 [16] which 

seem to correspond to other similar tertiary amines [17]. The pKa is the pH where the amounts of 

charged and not charged monomers are the same (ratio 1:1). Since the pH scale is a logarithmic 

scale, this ratio is changed to 10
7
:1 at pH 2.4 for AMT. The effect of pH on size seems to be very 

sensitive. This is probably also the reason why a bigger change in size is observed when pH 

changes from 2 to 3 than from 3 to 5. In Table 1, a second particle size can also be seen for the 

sample containing 80 mM AMT at pH 2. This could be due to micelles that have aggregated 

together, forming these larger particles. However, this would be expected to be seen at the higher 

pH too, since the micelles are less charged there. The extra particle size is only seen in one 

sample and could stem from some sort of contamination, which shields the charges and makes 

aggregation possible. 

When pH increases, more monomers become neutral which enables an increase in micelle 

aggregation number due to lower repulsion. A higher aggregation number will increase the size 

of the micelle, which is the trend that can be observed in Figure 5. However, this is not the case 

for the lowest concentration, 20 mM AMT. At this concentration the opposite is observed. This 

could be because the concentration is close to the CMC. The two different AMT molecules 

(neutral and charged) can be assumed to have similar, but different CMCs. The majority of the 

charged monomers would then rather be in the bulk and mostly the neutral ones would prefer to 

aggregate. With a lot of neutral monomers in the micelles, their radii would increase. Due to the 

CMC being pH sensitive, as stated in 5.1, the CMC will decrease as the pH increases. At higher 

pH the preference of charged monomers to aggregate will therefore increase, leading to 

decreasing radii. This would not be seen at higher concentrations since that is well above the 

CMC for both neutral and charged AMT so they would aggregate. If, at higher concentrations, 

the neutral molecules would prefer to aggregate more than the charged, this would not make a 

big difference due to the large number of monomers that aggregate. If a few stays in the bulk will 

not have the same effect as when there are very few monomers aggregating.  

Instead of following the change in size with changing pH, it can be followed with respect to 

concentration of AMT. This is what can be seen in Figure 6. On the contrary to when pH was 

changed, there is no apparent change in size when the concentration changes. To be certain the 

number of samples would have to be increased. It is expected that the size would increase with 

concentration, since the repulsion from many micelles would make it energetically favorable to 

form fewer larger micelles. 
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5.2.2 SLS 

The absolute values of Rg that were obtained as a result from SLS are not accurate as described 

in 4.2.2; however, there is still some information that can be extracted from these results. The 

same trend, of change in size with pH, which was observed with DLS, can be observed with 

SLS. In Figure 10-13 this can be seen as the difference in intensity, which correspond to a 

change in size (as stated in 2.3).  The Mapp in Table 2 follows the same trend, while the Rg do not 

seem to do that. This is unfortunate since the quota Rg/Rh can tell something about the shape. 

That information is lost, primarily since the absolute value of Rg cannot be trusted. From the 

Mapp values a rough estimate of the aggregation number (see Table 2). In literature the 

aggregation number has been reported as 17 and 32 for 100 mM and 200 mM [11], for 

unspecified pH. At the pH investigated in this project the aggregation number is usually a bit low 

compared to the reported ones. Lastly, SLS shows a slight increase in size with increasing 

concentration (see Figure 7-9). It should be kept in mind that the samples containing 20 mM 

AMT is a bit unreliable as stated in 5.2.1. This trend could not be observed with DLS, so this 

should not be seen as a cemented fact. 

6. Conclusion 
Throughout all experiments a change in size with changing pH has been observed, all the way 

down to pH 2. When pH changed from 2 to 3 there was a larger impact on size than when pH 

changed from 3 to 5. When pH was increased to pH 6.6 and above, very large particles were 

observe. Large enough to scatter light to the naked eye. This change involved a change of 

micellar shape, from spherical to continuous micelles. At pH 7 and above the large micelles were 

thermodynamically stable, while at pH 6.6 they changed back to a spherical shape again. 
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APPENDIX I – Measurement of refractive index increment 
 

The measured refractive indexes can be seen in Table I.1 for all weight concentrations. The 

calculated ∆n (n – n0) and ∆n/C can also be seen there. The refractive index increment (dn/dc)  

 
Table I.1 – Refractive index (n) measurement where C is concentration and ∆n is (n – n0). 

 

was obtained as the Y-axis intercept by plotting ∆n/C against C (see Figure I.1). The dn/dc was 

determined to be 0.00002719 mL/mg. 

 

 

 
Figure I.1- Plot of ∆n /C against C, where the refractive index increment (dn/dn) is obtained as the intersect with the 

Y – axis. 
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154 mM NaCl 1.33453 n0 - - 

10 mg/ml AMT 1.33726 10 0.00273 0.0002730 
15 mg/ml AMT 1.33858 15 0.00405 0.0002700 
20 mg/ml AMT 1.33992 20 0.00539 0.0002695 

25 mg/ml AMT 1.34128 25 0.00675 0.0002700 
30 mg/ml AMT 1.34268 30 0.00815 0.0002717 
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APPENDIX II – Pictures of turbid samples 
When NaOH was added to AMT, the samples turned turbid (see Figure II.1). The precipitation 

that followed can be seen in Figure II.2. 

 

Figure II.1 – Turbid sample. 

  

 

Figure II.2 – Precipitation at the bottom of the vials. 
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APPENDIX III – CMC samples pH 
The pH of the samples used to measure the CMC can be seen below in Table III.1. 

Table III.1 – CMC samples pH values. 

Conc. AMT (mM) pH 

5.0 5.64 
7.2 5.42 
10 5.38 
15 5.26 
20 5.13 
25 5.08 
30 4.97 

35 4.87 
40 4.80 

45 4.78 
50 4.75 

 

 

 

 

 

 


