
BGTDJ $C\yQ 

Synthesis of Some New Quaternary Ammonium Compounds: 

Evaluation of their Surface properties and Solubilization Activity. 

D.A. Ismail, A.S. Mohamed and M.Z. Mohamed 

Egyptian Pclrotcum Research Institute, (EPRI), Nasr City, Cairo, Egypt. 

Abstract 

Four cationic surfactants were prepared by condensing fatty acid methyl 

diethanolamine derivatives (C6, Cio, C^, Cm) with stoichiometric amounts of 

trimethyl chlorosilane. The surface properties and parameters were 

investigated to find the relationship between the structure of the hydrophobic 

portion of such compounds and their efficiency toward solubilization. The 

properties studied included surface excess concentration (r^x), critical 

micelle concentration (cmc), free energy of micellization (AG°mjc) and 

adsorption (AG0
aJs) in addition to the surface tension (ycmc) at cmc and 

effectiveness (none). The values of r ^ , A G ^ and AG°«b were found to 

increase with increasing number of chain length, while cmc and minimum 

surface area occupied by one molecule (Amjn) were decreased. Solubilization 

effect of these surfactants on paraffin oil as a non polar solubilizate and 

biodegradabiliry were studied. 
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Introduction 

The understanding of micellization is necessary for a rational 

interpretation of the effect of structural and environmental factors on critical 

micelle concentration (cmc). The determination of parameters of micellization 

and adsorption has played an important role in developing such ar. 
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understanding about the behavior of surfactants in their media. A new series 

of quaternary ammonium compounds are adapted for use as antiseptic and 

germicidal agents, also as welling, dispersing, emulsifying and solubilizing 

agents. They show an increased stability, a wide range of solubility in water 

and organic solvents and improved surface active characteristics(,). 

Solubilization by surfactants is important in many applications 

including enhanced oil recovery'2', cosmetics'3', miceller catalysis(4), and 

surfactant-based separation techniques'5,6'. The main factors determing the 

extent of solubilization of organic solute in the aqueous micellar solution are 

the molecular structures of the surfactants and organic solute and also the 

condition of experiment including the temperature and the concentration of 

added electrolyte (78'9). 

The surface activities of N-methyldiethanolamine derivatives-N-

Trimethyl chlorosilane, Ia, lb, Ic and Id, stem from the hydrophobic character 

of the long-chain moiety (caproyl, decanoyl, lauryl and stearyl) were studied. 

This work is a thermodynamic approach to study the structural effects on 

surface activities. 

Material and Experimental Techniques 

.(alSj.nthcsj.s.of.fatty^. Acid MethvJ.dieXhano 

Methyldiethanolamine (0.1 mole) (Aldrich) was esterfied by caproic, 

decanoic, lauric and stearic acid (0.1 mole) (Sigma), respectively in toluene 

under inert atmosphere (Nj-gas) using p-toluene sulfonic acid (0.001 mole) as 

a catalyst. After the complete removal of the produced water (0.1 mole), the 

reaction mixture was dissolved in petroleum ether (60-80°C) in separating 

funnel for the removal of the catalyst"0) used. The solvents were getting off 

using rotary evaporator under reduced pressure. 

504 h 
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(a) .Syn thesis „of^ 
.Chjorosilane. 

Of trie appropriate fatty acids methyldiethanolamine (caproic, decanoic, 
launc and Stearic), 0.5 mole was dissolved in 200ml of benzene. While 
stirring, 0.5 mole of trimethyl chlorosilane was added slowly. The reaction 
mixture was stirred under thermostatic control at 25°C. A clouding of the 
solution occurred, followed by a white precipitate, which increased rapidly in 
quantity as the reaction progressed'". The solvent was evaporated -and the 
white solid Tecrystallized from benzene. The product was dried at room 
temperature under vacuum to give the quaternary ammonium complex. 
Elemental analysis and FTIR spectroscopy were performed to ensure the 
purity of the quaternary ammonium compounds, Table (1). 
The products are designated a' l„ lb, h and ld-
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^ J 

r fl - \ C,Hr<M:-qH„ 

H,-H-Si(CH,) , 

C2H4OH 

cr 
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Surface-tension measurements. 

Surface tension was measured using a Du-Nouy ring tensiometer 

^Kruss type 8451) with a platinum ring for various concentrations of 

surfactants at 25°C. Doubly distilled water from all glass apparatus had a 

surface tension of 72.8 dyne/cm at 25°C and was used to prepare all solutions. 

Before each measurement, the ring was thoroughly washed by 

immersion in hot chromic acid followed by washing with doubly distilled 

water and then was gently wiped with filter paper. Care was always taken that 

the ring was properly wetted with the solution. The surfactant solution was 

placed in a double walled vessel through which water was circulated from a 

thermostated bath (± 0.1 °C). The establishment of equilibrium was checked 

by repeated measurements at 5-min intervals until the surface-tension 

readings stabilized. To reach maximum accuracy which generally required 

30-45 min, solutions were allowed to equilibrate until the surface-tension 

values were stabilized ( '. Three readings were made on each sample to 

determine any change with time and to obtain an average value(l2). 

Electrical Conductivity measurements 

An electrical conductimeter (type 522; Crison Instruments, S.A., 

Barcelona, Spain) was used to measure the conductivity of the surfactant 

solutions 1,KJ at 25°C. 

Biodeeradabilitv 

Biodegradability Die-away test in river water of the prepared cationic 

surfactants was determined by the surface tension method using Du-Nouy 

tensiometer-Kruss type 8451. Surface tension measurements were made 

periodically (each day) on each sample during degradation test(13). 

Biodegradation percent % (D) was calculated from the following relation 

D = |(Y«-Y.)/(7b.-y.)IX100 
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Where y, is the surface tension at time t, y0 is the surface tension at time 0 (the 

initial surface tension) yhl is the surface tension of the blank experiment at 

time t. 

Solubilization measurements 

Light scattering technique was used to measure the solubilizing power 

of the prepared surfactant solutions at 25°C using HATCH model 1/100 

Turbidimeter. The solublizing power of different surfactant solutions was 

measured using dispersing paraffin oil as non-polar solubilizate, where 

(0.1 gm) in 100 ml of surfactant solutions (0.05%), were mixed together using 

rotary shaker at 240rpm for different time intervals (0,2,5,10,20, 40 and 60 

min), then turbidity was measured. 

Results and Discussion 

Surface Properties 

Surface tension (y) and Critical Micelle Concentration (cmc) 

Figure (1) depicts the effect of changing the concentration of different 

surfactants on their surface tension at constant temperature (25°C). These 

results show that, for each surfactant, there is a gradual decrease in the surface 

tension with increase in concentration for solutions up to a certain level above 

which a nearly constant value was obtained. Such constant values of surface 

tension was found to be at 43,35,42 and 55 mNm"' for the surfactants 

containing C6, Cio, C^ and C|g respectively. The concentration of surfactant 

at which the surface tension starts to increase suddenly from its constant value 

to a higher one is known as the critical micelle concentration (cmc). This 

value is obtained from the point of intersection of the two lines for each series 

of experiments. The cmc values were determined from the abrupt change in 

the slope of y versus log (solute concentration), C. These values are listed in 

Table (2) for the investigated surfactants at 25°C. The cmc values of the 
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prepared surfactant presented in Table (2) show a generally decreasing with 

increasing the hydrophobicity of the molecules. 

Electrical conductivity 

Equivalent conductance is important because it is a measure of the 

conducting power of all ions produced by 1 gm equivalent of electrolyte at a 

given concentration. The equivalent conductance A is represented by the 

following equation 

A = tOOO K/C ohm'1 cmJ 

Where C is the concentration of the solution in gram equivalent per Liter and 

K is the specific conductance. 

The equivalent conductance of an aqueous solution of la_d is plotted 

against the square root concentration (Fig 2). The curves sharply slope 

downward as the concentration increases, forming critical ranges after which 

the equivalent conductance no longer decreases. The behavior of this series is 

dependent on concentration and alkyl chain length. 

As the concentration of the la_d series increases, the equivalent conductance 

decreases. This behavior is due to interionic attraction. In dilute solution the 

ions are relatively far apart and exert little influence on each other. As the 

concentration is increased, two factors act to decrease equivalent 

conductance: surfactant molecules begin to micellize and ions come closer 

together. The attraction between oppositely charged ions results in a decrease 

in their speed, and consequently in the equivalent conductance of the solution. 

Effectiveness Urmc 

Above the cmc, the surface tension y did not change much with 

concentration, accordingly, y a the cmc was used to calculate the value of the 

surface pressure (effectiveness) TICK = yo - Y, where yo is the surface tension 

for pure water at the appropriate temperature and y is the surface tension at 

the cmc. The most efficient is one that gives the greater lowering in surface 
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tension for a critical micelle concentration (cmc). According to the results 

shown in table (2) lb was the most efficient. 

Maximum Surface excess rm a t 

According to the Gibb's equation rm;ix = 1/RT (dy/dlnc) where, F „ is 

called maximum surface excess, dy is surface pressure and C is the 

concentration of the surfactant A substance that lowers the surface energy is 

thus present in excess at or near the surface, i.e., when the surface tension 

decreases with increasing activity of a surfactant, rinax is positive. 

The maximum surface excess, Tmax, of the synthesized surfactants was 

calculated from Gibb's adsorption equation at the cmc. The values of r ^ are 

given in Table (2). As the hydrophobic moiety of the denoted surfactants 

increases Vmi\ increases. 

Minimum surface area (Amin> 

The average area occupied by each adsorbed molecule is given by: 

14 
_ 10 

Trm*: maximum surface excess, N: Avogadro's number. Table (2) indicates 

that the minimum area per molecule at the aqueous solution/air interface for 

cationic surfactants decrease with increasing length of the hydrophobic part. 

The values of Amin indicate that the cationic surfactants, particularly lc, U 

seem to be oriented vertically at the aqueous solution/air interface(ll>. 

Thermodynamic Parameters 

Table (1) lists standard free energy AG°mic of micellization for the 

synthesized surfactants Ia^, AG°mic values were calculated0 ' from the 

following equation : 

AG°mk =RT In cmc 

The standard free energies of micellization for the prepared surfactants I»d are 

always negative value, indicating that micellization is a spontaneous process. 

TESCE, Vol. 30, No.2 ^ ' December 2004 



AG°,niC decreased as the chain length of hydrophobic moiety increases, 

indicating that thermodynamic favorability for micellzation increases 

Analysis of AG°„ indicates that the free energy change AG (-CH2), involved 

in the transfer of a methylene unit of the hydrophobic group from an aqueous 

environment to the interior of the micelle is negative and thus favors 

micellization. The standard free energies of adsortion (AG0,,ds ) can be 

calcualted by the relation 

AG".* = AG0
Bic - 6.023 x 10"' n ^ A,*.. 

From table (2), the standard free energies of the cationic surfactants 

were found to be in higher negative value rather than those of micellization 

process. In conclusion the adsorption process of the surfactant molecules was 

more"5> preferable than the micellization due to feweres interaction by water 

molecules in the former one 

Biodeeradabilitv 

Table (3) lists biodegradation die-away test in ordinary river water for 

synthesized surfactants W It could be shown that the biodegradation of the 

surfactants decreased with increasing number of carbon atoms of alkyl chain. 

Moreover, the results of evaluation indicated that I* and Id are less 

biodegradable. Also it is clear that I, are the most safe surfactants which can 

be used and spell directly to the environment(16). 

Solubilization 

Solubilization behaviour of aqueous solutions of a series of la-d were 

represented in Figs (3,4) of solubilizate paraffin oil as non poiar solubilizate 

at 25°C. It is indicated that the turbidity increases as the shacking time 

increases(,7). 

Analysing the solubilization curve shows three regions. 

1 - At the beginning, adsorption occur at micelle surface, so the turbidity 

increase. 
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2- Then lowering in turbidity due to penetration of paraffin into the micelle. 

3- Gradual increase in turbidity due to increase concentration of parraffin oil 

into micelle, so turbidity increased. 

Maximum solubilization exhibits by C12 which can be referred to homogenity 

of the alkyl chain of lc and the chemical structure of the paraffin oil used 

[GPC analysis showed that the carbon distribution of the paraffin oil is (30% 

ofC2oand40%ofC36)]. 
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Table (I) Elemental Analysis and FOR of the Prepared Surfactants 1,-t 
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Table (2): Physicochemical Properties of the Prepared surfactants 

Surfactant 

1. 

lb 

lc 

Id 

CMC 

mot/1 

2.5x10' 

3.1x10-* 

5 xlO ' 

2.5 xIt)-1 

T— 

dyne/cm 

43 

35 

42 

55 

ru. 
dyne/cm 

29 

37 

30 

17 

r „ x i o w 

mot/cm1 

1.167 

1 167 

2.330 

2X04 

A* . 

nm' 

1.420 

1420 

0.711 

0592 

AC*.* 

KJ/mol. 

- 29 63 

-39.88 

- 37.60 

- 29 63 

AG*.* 

KJ/mol. 

- 54 43 

-71.53 

-SO 46 

- 35.69 

Table (3): Biodcgradability of N-mcthyl diethanolaminc derivatives-N-trimethyl chlorosilane U* 

Surfactant 

I, 

It 

lc 

U 

2" day 
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6" day 
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Figure (1): Variation ofsurface tension vs.-log (cone.) 

of compounds (Ia-d) at 25 C. 
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Figure (2): Variation of equivalent conductance vs. square 

root of concentration of compounds (fa-d) at 25°C. 
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Figure (3): Solubilization behaviour or non-polar sotubitizate 

(parafTin oil) in aqueous surractant solutions (la, lb, Id) at 25 C. 
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Figure (4): Solubilization behaviour of non-polar solubilizate 

(paraffin oil) in aqueous surfactant solution (lc)at 25°C 
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