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1. Introduction and objectives

The association colloids are perhaps the most kmellvn molecules in colloid chemistry and
surfactants belong to these types of moleculeda&ants have an amphiphilic (molecules
made of polar and apolar units) characteristic tvimakes them very appealing for every day
use and for research as well.

Because of their amphoteric nature they tend tbasslemble and this is why they were
chosen as model material for phospholipids. Duth&r self-assembly characteristics they
tend to accumulate in the interface. They have dewange of application, like preparing
various dispersions (foams, aerodispersions, eong¥iand through surface functionalization
organofilized clay minerals can be synthesized. &ltays surfactants are used as stabilizing
agents for various kind of nanoparticles. Furtheenthey are essential components in
pharmaceutical products, because they help the@imoin the body and they play the main
role in the membrane transport.

Their application in the oil production technology also significant, because during
surfactant and polymer-surfactant flooding processsrmous amounts are used in order to

increase the extrusion efficiency.

Surfactants can interact with numerous molecules.ekample with cyclodextrin which is
constructed of the cyclization afD- glucopyranose units. In this type of reactiancslled
inclusion complexes are formed. Through secondamydb the hydrophobic part of the
surfactant interacts with the hydrophobic cavityhed cyclodextrin. This way the cyclodextrin
is able to alter the properties of the surfactBute to complex formation, badly soluble parts
of the molecule can become soluble. As the comfdexation processes are reversible the
obtained complexes can pose as drug-carriers assvatug release systems which nowadays

are essential in the pharmaceutical industry.

In the first part of my work | examined the tempgara dependent complex formation &f
cyclodextrin fCD) with the homologous series of the surfactarftsckv contained different
alkyl chain length and head groups. The complermétion was investigated with isotherm
titration microcalorimeter. The objective of thesgperiments was to understand the

thermodynamical nature of the reactions.



During my work | got involved with a project fronthé MOL Co. (Hungarian Oil and Gas
Company) which revolved around the research oféhery oil extraction technology. In this
project | examined the surface adsorption of a gestructured surfactant called as bis-alkyl
benzene sulfonate Jeffamine salt (ABSJ) at satidid interfaces.

For these measurements | assembled a fully autpedatheasurement technique and for the

evaluation of the results | developed a new evaloahethod.



2. Experimental

Materials

In the first part of this work, in order to studsrcyclodextrin inclusion complexes
homologous series of four surfactants were used. idmologous series were made of the
following surfactants: sodium alkane sulfate (SCx = 6; 8; 10; 12), sodium alkane sulfonate
(SGSN; x = 6; 8; 10; 12), alkyltrimethylammonium braitei (GTAB; x = 6; 8; 10; 12; 14;
16), dimethyl alkyl amine oxide (DBO; x = 8; 10; 12) and a polydisperse gemini sugat
known as bis-alkyl benzene sulfonate Jeffamine(8&86J).

In the second part of the experimental work thdaser adsorption of polydisperse gemini
ABSJ was investigated with different medium (ultrego water, synthetic ground water and
Algyé ground water), and adsorbents (quartz, Berea sarglsAlgyy sandstone, the sieve
fraction of the adsorbents were: 100-250) at 298 K.

Methods

Isotherm titration microcalorimetry (ITC) was uséal investigate the inclusion complex
formation of thefCD. During the experiments the concentration ofghdactants were kept
under the critical micelle concentration (cmc). Theason for this was that when the
surfactant is diluted the superposition propertyhaf demicellization enthalpy can influence
the investigations of inclusion complexes. In thasses where this was not possible, the
measured enthalpy change of the complex formaticocgss was corrected with the
previously obtained demicellization enthalpy whiobcurred during the dilution of the
surfactant.

With ITC and surface tension (SFT) measurementscthe of the ABSJ gemini surfactant
and the formation of inclusion complexes were ctigrézed.

During the adsorption experiments the concentratafrthe surfactants were determined with
double-beam UV-VIS spectrophotometer and an alteeesion of HPLC-MS.

The adsorbents were characterized by their surtaea (BET), and to determine the
composition of the adsorbents X-ray diffraction Rneasurements were made.

In a few cases thermoanalytical investigations weeeessary; these were obtained with

thermogravimetric (TG) measurements.



3. Summary of the novel scientific results

T1. The investigation of temperature dependent incsion complex formation of fJCD
and surfactants with dodecyl (G>) alkyl chain

It was proven that the head group of the surfaadaets not have any effect on the formation
of the inclusion complexes. The stoichiometry & tomplexes i$CD : surfactant = 1 : 1.
During the complex formation the association efQuilim constant linearly decreased at
higher temperatures. It was found that hydrophaffect is a main driving force in the
complex formation, due to the amphipathic charaaté¢ne surfactant.

There are two more driving forces which influenice teaction. The first is the detachment of
the water molecules from the cavity of the cyclddexand the second is the binding of the
surfactants inside the cavity of the cyclodextrin.

During the process the enthalpy-entropy compensatas ensured.

The complex formation is and exothermic reactiod #re change of the Gibbs free enthalpy
is negative which means the complex formation ccspontaneously.

The calculated and measured van't Hoff reactiorhaptes are in the same order of

magnitude, but some diversion was observed inrtieapy change — temperature functions.

T2. The investigation of the inclusion complex forration with fCD and homologous
series of the surfactants at 298 K

The stoichiometry of the formed complexes was pidoteebe 1 : 1. The critical alkyl chain
length which is the smallest chain length that valocomplex formation was different
depending on the head group of the homologousssértee evidences indicate that at small
chain length (¢ where x < 10) the head group influences the cemfidrmation. Although
this effect decreases and cease to exist at laiggrchain lengths. This is indicated by the
exponential increasing of the equilibrium constarth the increasing number of carbon

atoms.

T3. Temperature dependent (288-338 K) complex fornteon between gemini surfactant
and gCD

In the first part | examined the ABSJ gemini sutdat’'s ultra low cmc value through a
temperature dependent (283-343 K) experiment. Bxigeriment was used as base for
comparison between the applied methods Isothermatiih microcalorimeter (ITC) and

surface tension measurements (SFT)).



Afterwards the temperature dependent (288-338 K)ptex formation experiment withCD
was investigated with both techniques.

It was found that in the presence of CD the SFTlte®nly showed the shifting of the cmc
values. This promoted the development of a newuatian method for these results.
Therefore it became possible to gain thermodyndnmdéarmation from SFT measurements
for the temperature dependent inclusion complexn&ion. The results from different
measurement techniques correlated well which inelscthat thermodynamic information can
be obtained from a non-thermoanalytical instrument.

The determined stoichiometry f6CD : ABSJ system is 2 : 1. This is not surprisimgduse
the ABSJ gemini surfactant contains two alkyl ceamhich can independently form an
inclusion complex withCD.

T4. Determining the isotherms of the individual corponents in the polydisperse ABSJ
surfactant

At the beginning it was a big problem, that ther@swo fully operational instrument. Only
the main sub-units were accessible. This measutemmexthod had to be appropriately
developed (HPLC-MS). Comparing measurements with $p&ctrophotometer proved that
this method is functional and exact.

The Berea sandstone is a standard adsorbent ioilthdustry for depression experiments.
The comparative experiment was adsorption of th&&ABn Berea sandstone in ultra pure
water. The following results show the specificalysorbed amounts3(MS) = 3.27 mg*d,
nS(UV) = 3.16 mg*g".

Beside the determination of the isotherm of thefasiant mixture, the isotherms of the
individual components were also obtained. This p@ssible because the registration of the
individual components in the MS instrument was daneseveral channels. From the
examination of the individual isotherms it can lmmnduded that the individual components
contribute to the overall isotherm in a weightetibradue to their percent composition.

With the normalization of the composition — ashié tcomponents were present in the same
amount in the mixture — the specifically adsorbetants correlated well with the Traube’s

rule: Giz3> Cio > Ci1 > Cyp.



T5. The adsorption of ABSJ on Algy sandstone from different medium

The Algy6 sandstone is a possible reservoir (adsorbendilfardustrial field-test.

For the quantitative adsorption of the ABSJ thdofeing medium were used: ultra pure
water, synthetic ground water (SZRV) and Algyround water (ARV).

During the measurements it was found that the ghisorpeaks of the synthetic ground water
and ground water from Algyare near the absorption peak of the ABSJ surfackan this
reason the spectrophotometric measurements in thes@edium are impossible. In this case
the Mass spectrometry measurements can still peavseéful information.

Using this measurement technique smaller spedyiealsorbed quantities were measured in
synthetic ground water and in ground water from y8lgwhich possess higher salt
concentration: h(ultra pure water) = 2.44 mg*g n’(SZRV) = 0.83 mg*g, n° (ARV) = 1.53
mg*g™.

T6. Investigation of surfactant adsorption on diffeent adsorbents in the same medium

In the case of three different adsorbent (quartzieB sandstone, Al§ysandstone) the
specifically adsorbed quantities on mass and seidad of the adsorbents were measured and
compared in ultra pure water.

The results show that the sequences of the begrofithe isotherms are: Agys sandstone™
Mgerea sandstone™ Mouartze Which shows correlation to the hydrophobic chemastic of the
adsorbent and the percent quartz content. Thexesignificant change in the tendency of the
guantitative sequences, when the adsorbed amowsutbstance is related to mass or surface

unit.

T7. The adsorption of ABSJ on oil containing Algy sandstone

During the mass spectrometry investigation of tiheantained Algy sandstone an isotherm
with three plateau values was obtained.

The value of the first plateau was the same asenAlgys sandstone without oil. The first
plateau was at the critical micelle concentratiérthe ABSJ. The values of the second and
third plateaus were higher. Possibly the surfadsiadsorbed on the surface of the particles
after the oil is detached. The surfactant can eatel¢?® plateau) the oil and because of the
amphipathic characteristic of the surfactant, it degsolve in the oil phaseriaalateau). This
decreased the concentration of the surfactanttaltleis loss of the surfactant new plateaus

appeared.



T8. New perspectives

The developed HPLC-MS method provides exact qusmng information of the adsorbed
amounts, and it is also insensitive to contamimatbthe sample. The instrument has a high
sensitivity for the desired component and it allawssto determine the individual components
and their isotherms as well.

Using mass spectrometry technique in surfactamratien experiments could lead to major
results in understanding the real processes iradiserption. For example understanding the
depression processes in the reservorr.
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