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Abstract 
 
Adding surfactants to a latex dispersion can affect the film being formed. The complex film 
formation of latex is interesting due to the many applications of latex in the modern society. 
In this study the results of interactions between cross-linked carboxylated latex particles and 
surfactants were examined.  
The surfactants being used were anionic sodium dodecyl sulfate (SDS), the cationic 
dodecyltrimethylammonium bromide (DoTAB) and Brij30®, a nonionic surfactant. 
Studies were made through the film formation, when the films were dry and during aging of the 
films.  
It was found that DoTAB, with time crystallize at the surface of the films suggesting that the 
molecules migrate towards the air-film surface. The reason for this is the incompability between 
positively charged latex and negatively charged latex surface.    
As for SDS this was not the case, the surfactants could be observed at the air surface but age did 
not affect the structure indicating no movement of surfactant in dry films. 
For Brij30® no apparent free form of surfactants could be found, neither did the surface change 
with time. 

 
Sammanfattning 

 
Genom att tillsätta surfaktanter till en latex dispersion kan filmbildningen påverkas. Den 
komplexa filmbildningen av latex är intressant eftersom latex används till mycket i det moderna 
samhället. 
I den här studien har resultatet av interaktioner mellan tvärbundna karboxylerade latexpartiklar 
och surfaktanter undersökts.  
Surfaktanterna som användes var anjonisk natriumdodecylsulfat (SDS), den katjoniska 
dodecyltrimetylammonium bromid (DoTAB) och Brij30®, en nonjonisk surfaktant. 
Undersökningar gjordes under filmbildningen, när filmerna torkat och under åldrandet av 
filmerna. Det noterades att DoTAB med tiden kristalliserar vid ytan på filmerna vilket tyder på att 
molekylerna migrerar mot luft-film ytan. Orsaken till detta är inkompatibliteten mellan positivt 
laddade DoTAB och negativt laddad latex yta.   
För SDS var scenariot ett annat, surfaktanter kunde hittas vid ytan men med tiden observerades 
ingen ändring i struktur och ingen indikation till rörelse av surfaktant observerades efter att 
filmen torkat.  
För Brij30® kunde ingen fri surfaktant hittas och ytan ändrades inte heller med tiden.  
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1. Introduction 
 
Latex film formation is a process where an aqueous dispersion of colloidal polymer particles 
form a continuous film or coating as it dries. This ability makes latex important in modern 
industry and latexes are frequently used in paints, paper coatings, adhesives and in the textile 
industry thus making them interesting in many ways.  
By adding surfactants to a latex dispersion, properties of the final film can be changed. The 
adhesion to different surfaces, increase in mechanical strength and permeability to gas or liquid 
are examples that can be affected introducing additatives. [1] 
Studies on and understanding of the mechanisms involved in the film formation with and 
without added surfactants can help to obtain desired properties of the film. Earlier work has 
shown interesting interactions between a cationic surfactant, dodecyltrimethylammonium 
bromide (DoTAB) and anionic latex particles in the wet state. [2]  
Later studies based on this showed that DoTAB form crystals on the surface of the dried films. 
[3]  
It is known that surfactants can migrate in a latex film with time, changing local concentrations in 
the film. [4] 
 
This study was made to examine this further focusing on DoTAB interacting with 5 and 10wt% 
latex dispersions. The latex used was negatively charged, surfactant free, carboxylated styrene-
butadiene. Two other types of surfactants were also introduced; the anionic sodium dodecyl 
sulphate (SDS) and a nonionic, Brij30® mainly consisting of polyethylene glycol dodecyl ether.  
 
Analyzes of a film were done both during the film formation, when it was dry and when it aged. 
Films were also washed, to observe if and how water affected the structure of the film. 
Light and fluorescence microscopy along with an interferometric microscope were used to 
evaluate the results. 
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2. Theory 
2.1 Colloids  
Particles that has a size between 1 nm and 1 µm is generally considered colloids. [5] 
A system made out of two or more components in which at least one of them lies within this 
range is a colloidal system. Characteristic for a colloidal system is the ability to scatter light and 
that gravity does not affect the particles, they move randomly. This random motion is termed 
Brownian motion. 
As a result of Brownian motion, collisions between colloids happen and the stability of the 
dispersion depends on interactions between the particles as they encounter each other. Important 
types of interactions are: 
 
- interactions due to van der Waals forces 
- electrical double layer interactions 
- sterical interactions 
- hydration/solvation interactions 
- hydrophobic interactions 
  
The more stable a dispersion is the better its resistance against coalescence or aggregation. 
Coalescence is when particles fuse together forming one unit. In aggregation the particles will 
attach to each other but still maintain their individuality.  
The reasons for aggregate to form are mainly the attractive van der Waals forces between the 
particles. 
To maintain the stability, opposite working forces are required. Colloids are often electrically 
charged thus electrostatic stabilizing is possible. Overlap of similarly charged electric double 
layers gives rise to an ion gradient preventing them from getting to close to each other. [6] 
Polymeric and surfactant additives can also influence the stability by a variety of mechanisms 
often in a more complicated way. [7] 

 
2.2 Surfactants 
Surfactants are surface active agents with the ability to lower the free energy of a phase boundary. 
Usually they are organic compounds consisting both of a hydrophobic and a hydrophilic part, 
making them amphiphilic.  
The hydrophobic part is typically a carbon chain which can be branched or linear and the 
hydrophilic part, referred to as the head group, can either be ionic or non-ionic. 
At a certain concentration of surfactant aggregates will form, called micelles. This concentration 
is termed the critical micelle concentration (CMC) and is an important characteristic of 
surfactants.  
Various aggregates are possible depending on the surfactant being used and both physical and 
chemical properties of a dispersion change when they are formed. [7]  
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2.3 Film formation  
When a latex dispersion is placed on a substrate and evaporation occurs a continuous film is 
formed under appropriate conditions.  
A thorough understanding of the drying behavior is useful in a lot of ways, since properties of 
the latex film are determined during film formation. The quality of the film depends on the 
surroundings. If the latex dries below a certain temperature, the film formed will consist of a 
non-transparent, powdery film. This opacity shows that there are residual voids that can scatter 
incident light. Drying the film above this temperature will result in a more homogeneous, 
transparent film. This critical temperature is referred to as the minimum film formation 
temperature (MFFT or MFT).  
The dynamic process that transforms suspended colloidal polymer particles can be understood by 
three primary physical stages usually denoted: [8, 9] 
 

(i) Consolidation, evaporation of water and particle ordering 

(ii) Compaction, particle deformation  

(iii) Coalescence, interdiffusion of polymers across particle-particle boundaries 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 1. Schematic plot of water loss during film formation in a latex dispersion displaying the three stages. 

 
Stage (i) –Consolidation 
This first stage is the process of evaporation from the surface accompanied by ordering of the 
particles. 
Water can leave the latex dispersion by evaporation into the atmosphere and by absorption into 
the substrate if it is porous. Water transport between particles is faster than through the particles 
or through a coalesced film. 
The consolidation starts at the edge of the film where the particles protrude above the air-water 
interface as soon as enough water evaporates there that the particles come in contact with the 
substrate.  
Particles are drawn to each other due to the surface tension and capillary-pressure difference, 
shaping the water between them into menisci concave towards air.  
This is shown in Figure 2. 
Capillary-pressure makes the pressure low below the menisci and the suspension is drawn further 
away from the edge. [8]   
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Figure 2. Menisci between particles at the edge of a film being formed. Redrawn from Ma, Y et al. [8] 
 

When suspended particles arrive at the front of already consolidated particles, the water is drawn 
between them and they take part of the consolidation front. 
Water also evaporates through the air suspension interface away from the edges. This make 
suspended particles stranded at and then beneath the surface leading to higher concentration of 
particles. 
Brownian motion of the latex particles drives them to diffuse back to the bulk of the suspension. 
If the rate of convection is high enough, particles will be concentrated at the surface and driven 
by random thermal fluctuations they overcome the repulsive forces from the double layer 
opposing collision. 
The outcome of this is close packed clusters and when free particles join, the surface tension in 
the menisci and van der Waals forces hold the particles on the free surface. 
Consolidation is the process where the rate of water evaporation is highest and it is generally the 
longest stage in latex film formation. [8] 
  
Stage (ii) Compaction 
The second step in film formation starts when particles first come into irreversible contact 
(closest packing of monodisperse spheres).Total evaporation rate decreases and the latex is 
stabilized by electrostatic and sterical forces.  
The milky film becomes transparent due to the shrinking of the air filled pore space as the 
particles flatten against each other, shrinking the interstices between the latex particles and as a 
result they have less ability to scatter light.  
For latex dispersions, particle deformation is thermodynamic favorable because of the decrease 
of total area of latex-water and latex-air interfaces.  
If the MFT is much lower than the drying temperature the consolidated coating can compact 
before air invades significantly. No dry out front can develop because it is overtaken by the pore-
shrinking front. [8, 10] 
Capillary forces and/or van der Waals forces are the forces responsible for the compaction 
however this is not yet completely clear.  
 
Stage (iii) Coalescence 
This last step of the film formation process results in the final film.    
The driving force of coalescence is the reduction of the surface energy associated with the 
particle surface. Remaining water evaporates through the inner particle capillaries and by 
diffusion through the fused polymer layer. 
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If the mobility of the polymer chains is high enough and the temperature is higher than the glass 
transition temperature (Tg) of the polymer the particles will fuse together by polymer 
interdiffusion. Tg is a physical property of polymers and the temperature where the polymer goes 
from hard state to a more rubber like state. [11]  
The distance the molecule travel to interdiffuse is considerably less than the diameter of the latex 
particle. 
It is in this third stage the mechanical strength and elasticity of the film is determined. 
 

2.4 Surfactants in latex dispersions  
Surfactants are often used to stabilize latexes. They can influence the structure of the film formed 
and the structure has an effect of the distribution of the surfactant. Mechanical strength and 
adhesion to surfaces are two important properties influenced by where the surfactant is located in 
the film. 
The fate of a surfactant in latex can be summarized as follows: [4] 
 

(1) the surfactant dissolves in the polymer 

(2) the surfactant phase separates and migrates towards the possible interfaces of the film 

(3) the surfactant remains at the interfaces between latex particles 

The compatibility of the surfactants depends on their hydrophile-lipophile balance (HLB) and the 
nature of the polymer. In case 1 surfactant and polymer are compatible. Studies have shown that 
such systems can lower the stiffness and glass temperature, Tg of latex films.  
Case 2 has been recognized as common. Upon aging exudations of surfactants can occur both in 
the interfaces surface-air, surface-substrate and in the interior of the film. 
In case 3 a network of surfactants embedding latex particles and polymer can form. 
All three of these possibilities can coexist in a system. One part of the surfactant can dissolve in a 
polymer another part phase separate and the last part can be trapped with a monolayer thickness 
at interfaces between particles. [4] 
A lot of workers have studied the distribution of surfactants in latex. Zhao et al used acrylic 
polymer and the surfactant SDS and found among other things that the concentration of 
surfactant was higher at the air surface than in the substrate-film interface. They explained this 
result by the flux of water moving the surfactants towards the surface during film drying. Aging 
the films gave rise to a further increase at the interfaces. [12] 
When a latex dispersion containing surfactants are applied on a support, there are four possible 
locations of the surfactant: in the water phase and at the three interfaces latex-air, latex-support 
and particles-water. It is reasonable to expect the surfactant concentration in water phase to 
increase when water evaporates though studies has shown the opposite, the percentage of 
surfactant in water decreasing suggesting further adsorption at the particle-water interface.  
Another phenomenon is desorption of the surfactants from the latex particles when they come 
into contact.  
The more desorbed surfactant the more heterogeneous a distribution can be expected.  
A surfactant desorbed early in the film formation will have more mobility than one desorbed 
later. [4] 
Surfactant mobility depends on polymer-surfactant interactions and its size as well as the 
structure of the latex film. The motion is more likely to move between the latex particles rather 
than through them and the structure of the final film will depend on the packing in Stage (i) of 
the film formation. [13]   
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2.5 Interferometric microscopy  
Interferometric microscopy combines an interferometer and a microscope into one instrument, 
capable of doing height measurements on surfaces.  
An interferometer is a device that slits a beam of light exciting a single source into two separate 
beams and then recombines them. Interferometers usually uses a system where one beams is 
reflected from the object examined and the other beam is reflected from a reference mirror. The 
two beams are recombined to create dark and bright bands resulting in the form of an 
interferogram. 
A detector registers the interferogram, forwarding it to a computer for processing. 
Depending on what will be studied, different techniques have been developed. These techniques 
match a specific interferometric setup and the two most commonly used are Phase Shifting 
Interferometry (PSI) and Vertical Scanning Interferometry (VSI). PSI is used for extremely 
smooth samples like optics and mirrors.  
VSI uses the interference of light to map a surface. It can be used for relatively rough surfaces 
(Ra>0,1 µm) containing discontinuities, such as steps, cavities, islands, etc. [14, 15] 
A basic interferometric microscope is visualized in Figure 3. 
  
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Interferometric microscope equipped with a Mirau interferometric objective, typically employed for magnifications 
up to 50x. Redrawn from [14] 
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3. Experimental 
3.1 Equipment and chemicals  
Chemicals being used along with some of their properties can be seen in Table I. 

 Digital scale XR205 A, Precisa Gravimetrics 

 Zeiss Axioskop2 MOT microscope with light sources HBO100 & HAL100 

 Digital camera ORCA-ER from Hamamatsu 

 AquaCosmos v2.6 software from Hamamatsu for image analysis 

 Peltier table from Linkman 

 Circular glass wells with a diameter of 6 mm 

 Interference microscope system Wyko NT3300 from Veeco Instruments 

 Vision32 v2.303 software from Veeco for image analysis 

 

Chemical Manufacturer Size, radius Molecular weight Type  Tg Solid  
(µm) (g/mol) (°C) (wt%) 

Latex LTg Dow Chemicals 0,075 - anionic < 15 48.3 

Probe Molecular Probes 0,05±0,004 - anionic - - 

DoTAB Flukta - 308,35 cationic - - 

SDS Flukta - 288,38 anionic - - 

Brij30® Sigma aldrich - 362,54 nonionic - - 

 
Table I. Chemicals and their properties 

 
3.2 Water loss measurements  
The rate of water vaporization was measured using a scale equipped with glass doors, minimizing 
air to travel with any velocity over the drying surfaces. All weigh measurements were performed 
at 23 °C and at humidity below 20%. Glass wells with a diameter of 6 mm were used to get the 
same conditions for the sample to dry at.  
All wells were washed with deionized water and cleaned with medical wipes before use.  
Every sample consisting of latex and surfactant was vorticed and used within 5 hours. 15 mg 
sample were placed in a well at time zero and the weight loss was logged periodically by hand.  
Weigh loss was measured at least twice for every sample. 

 
3.3 Film formation 
The amount of sample being used for every film was 15 µl and the support were 6 mm glass 
wells. 
For fluorescence studies, latex and probe were mixed then placed in a well and movements of the 
probes were studied with fluorescence microscopy. The temperature was held constant at 20 °C 
with a peltier table during the formation. 
Films consisting of latex and surfactants were prepared at 20 °C on a peltier table and films with 
the same composition were made at room temperature (23 °C) as well. At least four films were 
made for every concentration of surfactant. Dried films were stored in closed boxes at room 
temperature. 
Pictures of the films were taken along their aging using a light microscope with 10x, 50x and 100x 
objectives.  
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3.4 Washing procedure  
The wells in which films had been formed were washed one by one in 20 ml of water for one 
hour then the water was swapped, another 20 ml introduced and finally the sample was rinsed in 
10 ml of fresh water for 30 min, finishing the procedure. The idea behind this comes from 
Fogden. [16] 
The temperature of the water was 20 °C and the air temperature 23 °C.  
Due to the low adhesion of the film to the glass well noticeable at some surfactant 
concentrations, the washing was repeated with a gentler method, letting the films stay in 25 ml 
water for 2 min, allow them to rest in 5 min and then redo the procedure. After being washed 
films were allowed to dry at room temperature for 3 hours before analyzing them.  
Any loose film floating around in the wash water was picked up and placed on an objective glass 
for further examination. 

 
3.5 Interferometric spectroscopy  
Images were taken using 20x and 50x objectives. Settings were full resolution VSI, single scan 
with 3x speed, backscan of 15 µm and length 100 µm.  
  



Surfactants in anionic latex films 

9 
Johan Paakkonen 

Department of Chemistry and Biomedical Sciences, Karlstad University 

4. Results and discussion 

 
The idea of fixed concentrations of surfactants being used in this work (i.e. 5, 10 and 35 mM for 
5wt% latex along with 10, 20 and 70 mM for 10wt% latex) comes from the studies on DoTAB- 
latex interactions made by My To. Conductivity measurements resulted in a curve with three 
breakpoints, thus the curve could be divided into four phases. Calculated diffusion coefficients 
showed that in one of this phases the particles did not move, instead forming aggregates with the 
latex particles. The concentration interval where this aggregation was observed laid somewhere 
between 10 and 20 mM for 5wt% latex and between 20 to 40 mM for 10wt% latex. [2]   
In this study concentrations of DoTAB before, within and after this interval were chosen. The 
concentration of other surfactant additions were chosen the same as for DoTAB and did not 
have any experimental origin to back them up, and differences in molecular weight, HLB, CMC 
etc were not considered.     

 
4.1 Water loss measurements  
Differences in edge effects and differences between the shapes of the final films were not 
considered, every sample were treated the same and the results are presented from raw data.  
 
First, the loss of clean water was examined. The result is visible in Figure 4. The rate of 
evaporation was rather linear with an average weight loss of 45 mg/min until the well was 
completely dry, taking approximately 34 minutes. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 4. Weight loss of pure water 
 
The water loss of dispersions containing 5 and 10wt% latex where examined and the results are 
presented in Figure 5. No obvious dissimilarity in the rate of water evaporation could be found 
between them.  
Water evaporated on average with 42 mg/min comparable to the weigh loss of pure water the 
first 30 min then a little slower for the remaining minutes until dry.  
When the film turned fully transparent, noticeable to the unaided eye, a weight loss could still be 
observed, indicating that it was not entirely dry.  
After 40 min no further weight loss was observed. 
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Figure 5. Weight loss of 5 and 10wt% latex 

 
Water losses of films containing surfactants are visualized in Appendix 1. No apparent 
differences between weight losses of the films with different surfactants could be found. Neither 
did the amount of surfactant affect the rate. This could mean that the surfactants did not affect 
the rate of water evaporating, at least not in the first step (Step (i)) of film formation. 
Due to the small amount of sample being used the uncertainty in these measurements was high.  
The rate of water evaporating highly depended on the movement of air as were quickly tested 
using a small fan over the films during evaporation. Temperature and probably the humidity 
would also affect the rate of which the film is formed. 
The amount of sample, 15 mg is quite much for the small 6 mm wells to handle. As a 
consequence the surface tension is crucial for maintaining a circular shape during drying.  
Because Brij30® has a much lower CMC than SDS and DoTAB the surface tension were highly 
affected even at small additions, which resulted in that some films got a greater diameter than 
6mm. 
No care was taken of this in the measurements.     

 
4.2 Film formation  
Fluorescence studies were an introduction, getting an idea of how the particles moved while 
drying and no surfactant were added. One could clearly see the Brownian motion of the particles 
and the film started to dry at the edge of the well. After some time the drying started from the 
middle and the last moving particles were located a distance from the outer edge (where the 
drying started) creating an inner edge.  
The distance between the outer and inner edge varied with the total amount of latex in the films.  
Microscope images of the “ring structure” formed can be seen in Figure 6. 
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a.                                                                          b. 

Figure 6. Images taken at the edge of the well of a. 5wt% latex b. 10wt% latex 
 
No apparent difference in structure was observed between films formed in 20 °C and films 
created in 23 °C. The drying times however (here defined as the time between when the latex 
dispersion were applied in the well to when the particles no longer moved and the milky 
appearance turned fully transparent) was generally longer for the lower temperature. Main reason 
for this is almost certainly the higher evaporation rate of water seen at higher temperatures, but 
small differences in air velocity could also play a part. The pure latex films didn’t show any 
changes during aging, they looked the same day one as one month after drying. 
 
SDS 
The anionic surfactant SDS did affect the structure of the film.  
At the lower concentration (5 and 10 mM for 5wt% and 10wt% latex respectively) no surfactants 
at the surface could be seen but the ring at the edge of the film became broader and less steep at 
the inner edge. This was probably due to the lowering of the surface tension when surfactant 
being added. With a concentration of 15 mM SDS in 5wt% latex no indication of surfactant 
could be found present at the surface but for 30 mM in 10wt% small structures could be seen.  
At the highest concentration of SDS for both 5 and 10wt%, a structure could be seen at the 
surface. Somewhat similar structures form when SDS is allowed to dry in pure water. The 
resemblance is shown in Figure 7. 

 

                  
                                          a.                                                               b. 
   Figure 7. Comparison between dry (7 days) structures of a. 70 mM SDS in water and b. 70 mM SDS in 10wt% 
latex 
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The conclusion of this was that the total amount of surfactant added rather than the ratio 
between latex and surfactant was important in creating these structures, signifying SDS and the 
polymer particles did not interact. The flux of water carried the surfactant to the surface during 
film drying.  
Interactions between anionic SDS particles and the anionic latex are possible though, due to the 
hydrophobic effect but electrostatic repulsions between the head group of the surfactant and 
latex particles opposes the adsorption. Studies have shown that the diffusion coefficient of the 
same type of latex being used here was not affected with increased concentration of SDS being 
added, suggesting the surfactants do not interact with latex. [2]  
No noticeable change in structure was observed for SDS films during aging.  
  
DoTAB 
For the lowest concentration in both 5 and 10wt% latex the ring was barely affected and small 
amounts of surfactant were visible at the surface close to the inner edge. At the beginning of the 
film formation a lot of surfactant is adsorbed at the latex particles. The amount of surfactant that 
is free in the water is low. When latex particles come closer to each other (due to water 
evaporating) significant amounts of surfactant can desorb and become free in water. These 
surfactants will pursue the flux of water. 
  
The reason for the location of observed surfactants near the inner edge was because of the drying 
behavior, similar to that of clean latex; it started to dry from the edges and when enough water 
has evaporated the drying also started front the middle. 
At concentrations of 10 mM for 5wt% latex and 20 mM for 10wt% latex there was a radical 
change in the structure of the film. The ring could no longer be seen and DoTAB were 
concentrated at the surface in centre of the film. This was because the film no longer dried from 
the inside but only from the edges.  
As visually noted when samples were prepared, aggregates formed at these concentrations. 
Attraction between cationic DoTAB molecules and the negatively charged latex particles cause 
them to interact and when latex particles have been neutralized by surfactant, hydrophobic 
interactions forms a three dimensional network and particles no longer move. The phenomenon 
has been seen in previous studies examining the diffusion coefficient, being zero for the same 
concentrations of latex and DoTAB used here. [2] 
 
For the higher concentrations the tendency of a ring structure somewhat reappeared and 
aggregates could no longer be seen during the preparation of the samples. The reason for this is 
when adding more surfactant; DoTAB can form a bilayer around the particles leading to a 
breakup of the network. Surfactants still followed the water and were enriched at the surface in 
the centre of the film. It has also been proposed that micelles are formed at higher concentration 
of DoTAB molecules. [17] 
 
It was found that DoTAB crystallize on the surface with time. The crystallization was most 
typical the first days after the film had form. Images of crystals growing can be seen in Figure 8. 
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.   
   a.                                                          b. 

Figure 8. Images taken with light microscope, 50x objective at different ages of a film consisting of 5wt% latex, 15 mM 
DoTAB a. 24 h b. 48 h 

 
This phenomenon has been found in previous work. The reason suggested for this was because 
of the incompatibility of the surfactant with the polymeric medium. The phase separation tends 
to expel the surfactants towards domains of pure surfactants within the film. In these domains 
the surfactant can crystallize. [4]   
 
Brij30® 
Brij30® is a nonionic surfactant consisting of polyethylene glycol dodecyl ether, 
(C2H4O)nC12H26O (n average= 4). When added to the latex dispersion the surface tension was 
greatly reduced as could be seen when applied in the glass well. Due to this, films prepared 
containing the higher concentrations of Brij30® did not stay in the well thus not having the same 
shape as the films prepared containing SDS and DoTAB. 
The surface of the film seemed to get rougher when Brij30® was added. Except for this no 
specific change in structure was observed with rising concentration of surfactant and the films 
did not change with time. 
John B. Kayes examined the mobility of polystyrene particles adding nonionic surfactants.  
It was found that the mobility decreased when surfactant concentration increased. He suggested 
that the surfactant molecules loop themselves around the particles in a monolayer.  
Adsorption of nonionic surfactant occurs both by means of the alkyl chain and the ethylene 
oxide units. Hydrogen bonding is possible between the carboxylic groups and ether oxygens of 
the surfactant. [18]       

 
4.3 Washing  
Neither 5 nor 10wt% latex films without additatives were affected by the washing procedure 
Films were washed at different ages of the films in search for any for difference e.g. surfactants 
reappearance at the surface indicating migration from within the film.  
 
SDS 
SDS films seemed to have rather low adhesion to the glass wells except the lowest concentration 
(5 mM) where the film stayed at its original place. The reason for this could be that some 
surfactants might be located at the glass-film interface and when water was introduced the film 
let loose of the surface. Microscopically investigations of the glass wells from which the films had 
detached, led to the founding of remains of something at the surface, seen in Figure 9. This is 
probably most latex particles, indicating that the surfactant concentration was lower here due to 
the stronger adhesion. However this was not examined further.   
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   a.                                                               b. 

Figure 9. Result of washing a film consisting of 10wt% latex, 70 mM SDS a. before wash b. washed 
 
SDS present at the surface of the films was removed by water however some structures could still 
be seen, particular close to the inner edge. Whether these structures contained any SDS was not 
clear. Further washings did not affect them. This can be seen in Figure 10.  

 

 
  a.                                                                  b. 

Figure 10. Result of washing a film consisting of 5wt% latex, 35 mM SDS a. before wash b. washed 
 
DoTAB 
A complete wash cleared the surface of any visual surfactants for all six concentrations. No 
difference could be seen between films washed 1, 2, 7 or 20 days after formation. Studies of five 
and ten days old, washed films did not show any reappearance of surfactant, despite the 
observation that DoTAB crystallize with time at the surface. A theory why this happened is that 
perhaps most of the surfactants in the film that could migrate were located close to the surface 
and the washing wiped them out too. It is not impossible though that DoTAB could remain in 
the film and migrate towards the surface. Another wash a week after the film had dried again did 
not affect the structure of the film. Some wash results of DoTAB films are visualized in 
Appendix 3.  
 
Brij30® 
Films containing Brij30® appeared to have the lowest adhesion to the glass. The higher the 
concentration the less time it took to detach from the well. Being introduced to water the films 
turned from transparent to showing iridescence and finally became rather milky in a short time.  
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The films also seemed to swell for the higher concentrations used. 
This might be explained by the theory about a monolayer of surfactant at the surface of the latex 
particles. 

 
4.4 Interferometric spectroscopy  
Studies made with 20x and 50x objectives gave some information of the height differences at the 
surface of the films, however it turned out that this instrument was not very suitable for analyses 
of the films created, or it was not used the right way because far too few hours were spent with it. 
The main focus was to examine the edge of the films containing DoTAB, looking for changes 
due to surfactant addition. 
It was also used to see if any height difference indicating surfactants at the surface could be seen. 
Some of the results near the edge of the well can be seen in Appendix 4. Because of the steep 
changes in height a lot of data could not be obtained, using VSI. 
The reduction in height of the ring adding surfactants was comparable to that seen with the light 
microscope. 
An image of a month old film containing DoTAB can be seen in Figure 11.  
The surface in the middle was rougher than the area near the edge, because of the crystals at the 
surface but no detailed information about the crystals could be obtained.  
  
 

 
 

Figure 11. Image taken with a 20x objective of a film consisting of 70 mM DoTAB in 10wt% latex. 
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Conclusions 
 
Microscopically studies showed that addition of surfactants changed the structure of the latex 
films being formed. 5 and 10wt% anionic latex dispersions were mixed either with DoTAB, SDS 
or Brij30® at concentrations chosen with the respect to the conductivity and diffusion studies on 
DoTAB and anionic latex made by My To. [2] 
Weight loss during film formation was measured, but no obvious differences in the rate of water 
evaporating were found neither between the amount of latex or the type and concentration of 
surfactant added. 
The films formed, studied under microscope while aging indicated that changes in the structure 
could occur with time, as mainly noticeable for the higher DoTAB concentrations. DoTAB 
migrated towards the air surface, generally during the first days, building up crystals. The 
migration of DoTAB is due to the incompatibility with the anionic latex spheres. The lower the 
compatibility, the higher is the tendency to migrate towards the air surface and crystallize. [4] 
These crystals were easily removed from the surface by washing the films in water and even a 
gust of wind could remove them from the films surface. After the films had been washed, no 
reappearance of surfactant could be seen. 
Very limited information of changes in adhesion and strength of the films due to surfactants were 
noticed when they were being washed. Brij30® seemed to have the lowest adhesion to the glass 
being the first to release from the well and quickly turned milky in water. SDS also seemed to 
have a lower adhesion to the glass indicating that surfactants somewhat could be located at the 
glass-film surface. 
No differences in structure could be seen with time for films containing Brij30® or SDS which 
means that no migration was observed when these films were dry.  
Interferometric microscopy gave an idea of the surface structure closest to the edge, were the 
drying started. Lowering the surface tension the width and height of the ring being formed were 
generally reduced. However VSI was not an ideal technique for this type of study because of the 
steep edges formed at many concentrations.  
The limitations of a regular light microscope made it hard to get any detailed information of the 
concentration of surfactants in the film or at the surfaces and any detail of interaction between 
latex and surfactant. 
Other forms of examination techniques would be acquired to obtain more complete information 
about the complexity of latex-surfactant interactions. Studies with AFM are one example that 
could be used to examine the growth of DoTAB molecules during aging of the films. Mixtures of 
the surfactants would also be interesting, to see if DoTAB still crystallize at the surface. 
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Appendix 1: Weight loss  
 

 
Figure A1. 5wt% latex with 5, 15 and 35 mM SDS 

 

Figure A2. 10wt% latex with 10, 30 and 70 mM SDS 
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Figure A3. 5wt% latex with 5, 15 and 35 mM DoTAB 

 

 
Figure A4. 10wt% latex with 10, 30 and 70 mM DoTAB 
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Figure A5. 5wt% latex with 5, 15 and 35 mM Brij30® 

 
 

 
Figure A6. 10wt% latex with 10, 30 and 70 mM Brij30® 
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Appendix 2: Differences between film structures  
-Pictures taken when the films were 7 days old. 

          
                                  a.                                               b. 
Figure A7. Pictures taken at the inner edge a. 5wt% latex 35 mM SDS b. 10wt% latex 70 mM SDS 

  
a.                    b. 

Figure A8. Pictures taken at the outer edge a. 5wt% latex 35 mM DoTAB b. 10wt% latex 70 mM DoTAB 

 
                             a.  b. 

Figure A9. Pictures taken at the outer edge a. 5wt% latex 35 mM Brij30® b. 10wt% latex 70 mM Brij30® 
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Appendix 3: Washing of DoTAB 
-Pictures taken in the middle of the wells 

 

 
                                 a.                        b.  
Figure A10. Light microscope image of a day old 5wt% latex film, 15 mM DoTAB a. before wash b. washed 

 
 

 
                                    a.                          b. 
Figure A11. Light microscope image of a two days old 5wt% latex film, 35 mM DoTAB a. before wash b. washed 
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Appendix 4: Interferometric spectroscopy 
The outer edge is to the left and the dip before the loss of data loss is the depth of the well.  
 

 
FigureA12. The edge of a film consisting of 5wt% latex 

 

 
Figure A13. The edge of a film consisting of 10wt% latex 
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Figure A14. The edge of a film consisting of 10wt% latex, 10 mM DoTAB 

 

 
Figure A15. The edge of a film consisting of 10wt% latex, 30 mM DoTAB 

 

 
Figure A16. The edge of a film consisting of 10wt% latex, 70 mM DoTAB 

 
 

 
 


