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Abstract 

A homologous series of cationic surfactants namely: 1 [examine, N-(c;irboxy methyl) nlkylchloridc, 
(alkyl=octyl, dodecyl, hexadecyl and octadecyl) were synthesized. 

Surface properties of their solutions including surface tension, critical micelle concentration (CMC), 

effectiveness (ncmJ, maximum surface excess (Tmx) and minimum surface area (Atulll) were 

investigated with respect to different concentrations at 25°C Standard free energies of micellizntion 

and adsorption of the prepared surfactants in the aqueous solution were studied. Minimal inhibitory 

concentrations of the synthesized compounds and of eetyllriammonium bromide (CTAB) were 

determined for the stabilized mixed culture containing sulfote reducing bacteria, (SMC-SRB). 

Sulfide production using different concentrations of the biocides ranging from 10 to 250ppm was 
determined. 
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Introduction 

A clear understanding of Ihe process of inicellizations is necessary for rational 
interpretation of the effect of structural and environmental factors on the value of Ihe critical micelle 
concentration. 

Quaternary ammonium compounds have scores of uses because of their affinity for 

negatively charged surfaces. Their single largest market is as fabric softeners. A quaternary 

formulation is added with the wet clothes when they arc loaded into dryer. A large market for 

qualernary compounds is in manufacture of organo modified clay, coatings, cosmetics and printing 

inks. Their surface active properties also help in removing oil from the sand stone formation. They 

also exhibit excellent germicidal activity in the bactericidal market*11. These compounds are most 

effective against anaerobic bacteria (e.g. those that occur in oil wells).'fhesc bacteria are mainly 

sulfate reducers, and their growth frequently causes severe corrosion problems in oil wells pipes. 
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Due to the economic losses as well as environmental health and safety hazards caused by 

the activity of SMC-SRB in many indtistrial sectors such as the oil and gas industry, it was 

important to minimize the risks resulting from SRB activity. Chemical control by the use of the 

biocrcfes was probably the most common method of controlling of biocorrosion(2\ Quaternary 

ammonium compounds arc frequently used. However, it ought to be emphasized that SRB varied in 

their susceptibility to biocidesf3). 

Several studies indicated thai soine quaternary ammonium compounds act as corrosion 

inhibitors mid decrease sulfide production by SRB at low concentration than some biocides of 

commercial source'*1. This meant that quaternary ammonium compounds had double purposes. 

Further more, it was found that quaternary compounds were safe to handle*55. 

[experimental 

Synthesis orOunlenmry Ammonium Surfactants 

Synthesis of quaternary ammonium surfactants was performed on two steps; 

a-Sy;|tjicsis oJ\AM^ 

Fatly alcohol namely: oclyl-, dodecyl, (Jcxadccyl, and octadccyl alcohol (0.1 mole) was 

cslcrified by chloro acetic acid in loulcne as a solvent in presence of concentrated hydrochloric acid 

as a catalyst till the desired amount of water (0.1 mole, 1.8ml) was removed. The removal of excess 

solvent and unreactcd male-rials was performed in rotary evaporator.under reduced pressure'6*. 

A mixture of eqiiimoleeiilar amounts of Mexamine (0.1 nio!c> and each or oclyl-, doclccyl, 

I Icxiidccyl, find octadccyl chlorcncelatc (0.1 mole) was stirred without solvent (fusion) respectively 

lor 5 hours,*WJ tfie following quaternary ammonium salts were produced: 

I1(: He-xaminc, N- (earboxymelhyl) oclyl chloride 

h,: lIcxnmiiK:, N- (earboxymelhyl) dodccyl chloride 

Ic: Mexamine, N- (earboxymelhyl) hexadecyl chloride 

Jj : [[examine, N- (earboxymelhyl) octadccyl chloride 

The product was poured on ether, rccrystalucd from ethauol, and eventually dried at room 

temperature. Elemental analysis were carried out (Table 1). The analysis showed good compatibility 

with the calculated values. 

The IR-spcclrn oC these compounds show definite band frequencies corresponding to the presence 

of the functional groups, lable(2). 
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Surface Tension Measurements 

Surface tension measured using a Du Nouy ring tensiometer (Kruss type S45l)\vilh a 

platinum ring for various concentrations of the synthesized surfactants las|(from 2.5x10"7 lo 5x10° 

mot/1) at 25CC. Doubly distilled water having a surface tension of 72.8 dyne cm'1 at 2 5 T was used 

to prepare nil solutions. 

Before each measurement, the glass plate was thoroughly washed by immersion in hot 

chromic acid Followed by washing with doubly distilled water. It was then gently wiped with filter 

paper. Care was always taken that the glass plate was wetted with the solution. The surfactant 

solution was placed in a double wailed vessel through which water was circulated from a thermostat 

bath. The establishment of equilibrium was checked by repented measurements at 5 minute intervals 

until the surface tension readings stablized.llt}> This generally required 3(M5min. 

Determination of Critical Micelle Concentration (CMC) 

Surface tension (y)-log c {where C is the concentrations of surfactant) plots (Fig. I) were 

established. CMC values of the aqueous solutions of the prepared compounds l:Mt were determined 

at25°C from the intersection points of the two straight lines in the 7 logc plots*11'. 

Determination of Surface Parameters, Standard Free Energies of Mieellization niul 

Adsorption 

Maximum surface excess concentration r[hB<, minimum surface area Ami,,, effectiveness 

"Hcmc", the standard free energies of micellization (AG0,,^), the standard iica energies for adsorption 

(AGu
Mb) for \l\c synthesized surfactants I;i.j were calculated as will be shown later. Rest ills are listed 

in Table (3). 

Biocirial Activity of Quaternary Compounds 

Materials and Methods 

Micro organisms 

The stabilized mixed culture sulphate reducing Bacteria (SMC-SRB) was isolated from the 

National Research Center (NKC) garden soil. 

Media: 

Postage medium B*J> was expressed in gram/liter (g/l). This medium contained a precipitate. 

It was used for enrichment of SRB. 

Btocides: 

Cetyltrlammonium bromide (CTAB); Hexatrimethyl ammonium bromide (C^I^jNCslT/Hr) 

is the biocidal reference (from Sigma-chemical company). 
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Samples: 
The- synthesized surfactants from l„.d arc the biocidal compounds under test 

Collection of SMCVSRfi: 
A garden sot! (G.S.) sample was collected at a depth ^720-25 cm and stored in sterial 

container. The soil sample was shaken in stcril distilled water to loosen the soil particles and the soil 
suspension allowed to seltle for 30mm. An appropriate volume was taken fonn the supernatant and 
inoculated into stcril bottles contained 35ml of Postgate medium B each. The vials were incubated 
at 30"C for 3-4 days. Blackening meant the presence of SMC-SRB. 
Isolation and Knrichrucnt of the SMC-SUU 

h'cj'equisted for rcproducibiJity of the experimental results'3', the method described by 
Postgate (I9K4) was used with some modifications by using (he deep agar method02'. 
Determination of the Minima! Inhibitory Concentrations (mic) of fCTAB) Pure Hiocictc as a 
Uofcrcncc Biuctdcand Quaternary Ammonium Compounds 

CTAU and prepared quaternary ammonium compounds l!t.t\ were used as biocide. The (mic) 
of Ihcse compounds on sulfidc procluciioii by SMC-SKB were determined by preparing Poslgade 
medium H containing the following biccides concentrations 10,90,120,150,200, 250, 300ppm. The 
inoculation was done by adding Iml of a four days enriched old culture of SMC-SRB into the sterile 
canped bottfes containing each biocide amended media. Incubation was done at 30°C for seven 
days. The sulfidc concentration, were determined ioclomclricaily(,:,) and the results are shown in 
Table ('1). 

The biocidal efficiency or quaternary compounds Ia,ci against SMC-SRB were calculated as shown 
in Table (5), from the following equation; 

A 
Where K is the efficiency of biocide, A,A' are uninhibited and inhibited sulphide conccn-tration in 
nig/I respectively. 

Results and Discussion 

Surface properties 

Miccllizulioii is an important phenomenon, in dctergency and solubilization, micelles have 
become a subject of n great interest to the organic chemist and the biochemist, to the former because 
ol" the utilization in eattily/cd organic reactions, to the later because of their similarity to biological 
membranes mul globular proteins. 

A clear understanding of the process of micelliznlion is necessary for rational interpretation 
of the effect of structure and environmental factoid on the values of the critical micelle 
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concentration (CMC). So, the determination or the parameters ol' micellization and adsorption lias 

played an important role in developing, such an understanding about the behaviour of surfactants in 

their media. 

The surface activities of 1.^, stem from the hydrophobic character or long chain alkyl 

moiety (octyl, dodccyl, hcxadccyl, and octadccyl) and the cationic group. 

The hcxamethylene tetramonium salts containing large liydrocarbon radicals were found to be only 

sparingly soluble in cold waLer and the water solutions were not stable over long periods of time, 

but the dry compounds have been kept several months at room temperature. 

Critical miccll concentration 

From Fig. (I), it is indicated clearly that the surface tension decreases, ns the activity 

(concentration) increases. Definitely, first, the surfactant molecules are adsorbed on the liquid/air 

interface of the solution until the surface of the solution is completely occupied. Second, the excess 

molecules tend to self aggregate in the bulk forming micelles. 

From, the intersection points of the two straight lines in the y-loy. plots, the critical micelle 

concentration, CMC, was delennined. There arc two antagonistic effects controlling the 

miccllizalion. The hydrophobic group is an important driving force iti micclli/ation. In contrast, the 

liydrophilic group opposes iniccllization. The number of carbon atoms in the hydrophobic moiety 

was found to be a determining factor in the values of CMC. For the prepared surfactant series ]iK|, 

die values of log CMC decreases as the chain length increases. 

Effectiveness 1 7 ^ 

Above the CMC the surface tension y didn't change with concentration. Accordingly y at 

CMC were used to calculate values of the surface pressure (effectiveness) ncillL. - vo - y, where yo is 

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

tension at critical micelle concentration (CMC). 

The most efficient is the one that gives the greatest lowering in surface tension For a critical 

micelle concentration (CMC). According to the result of effectiveness shown in table (3), Ia is ihun(\ 

to be the most efficient, it achieves the maximum reduction of the surface tension at CMC Fig. (1). 

Maxinmm surface excess concentration !"„,„ 

The values of the maximum surface excess concentration TilhlK wei^ calculated according to Gibb's 

equation'141; 

'"" RTyd\T\c} 

where dy: is the change in surface tension C: the concentration of the surfactant below CMC, T: 

absoulte temperature, R: gas constant. The values of Tm3K are shown in table (3). As the surFace 

tension decreases with increasing concentration of surfactant,!*,,,™ is positive. Increasing the 
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hydrophobia cliaracter in the prepared surfactants shifts TraK to lower concentrations. It was clear 

that change in length of the hydrophobic group beyond (12) carbon atoms appears to have very little 

effect on f '(nax, 

Minimum Surface area AJ]lir[ 

The average area occupied by each adsorbed molecule is given by 

1 maxiV 

where, \'„aK maximum surface excess, N Avogadros's number = 6.062x10" . 

The minimum area per molecule at the aqueous solulio:' / air interface increases with 
increasing the length of the hydrophobic part. 

The area per molecule at the interface provides information on the degree of packing and 
the orientation of the adsorbed surfactant molecule. According to the cross sectional area of an 
aliphatic chain oriented perpendicular*15' to the interface is about 0.2nm2. Table (3) showed greater 
values Mian 0.2nm2, this indicates that the surfactant molecules seems to be not located in 
perpendicular position but tilled with respect to interface. The greater average area occupied by 
surfactant molecules on the interface can be rcferetl to water/ hydrophobes interaction. 
Standard 1'ree energies of mieellizntioii and adsorption 
These parameters were calculated al 25°C using Gibb's equations {l0-]7); 

AG°lllic=RTlnCMC 

AG m|s= AG in|c - ric-Mc Aini„ 

From lEiblc (3), it is obvious that the standard free energies of miccllizalion for the synthesized 

surfactants arc always negative values, indicating that the micellization is a spontaneous process. At 

a constant temperature AG0
imc decreased as the chain length of the hydrophobic moiety increased 

indicating that the miccllizalion is more spontaneous i.e. introduction of additional mcthylcnc group 

itilo the Itydmphobnic part favors the miccllizalion, which accounts for the fact that CMC decreases 

with increase in the length of the hydrophobic group. 

The standard free energies of adsorption (AG°atis) of the synthesized surfactants were found to be in 
higher negative values than those of micellization process, this means that the adsorption process of 
the surfactant molecules was more preferable than the micellizalion due to the fewer interactions by 
water molecules in the former one. 
nioeidal activity of quaternary compounds 

The reproducible stabilized mixed culture was called SMC-SRB indicating that it contained the 
sulfatc reducing bacteria, in addition to the most biolfilm aerobic coexisting bacteria which caused 
pitting corrosion of mild steel. However there was no evidence that any of SRU was more 
destructive than another. 
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The synthesized quaternary ammonium compounds and CTAB were tested to evaluate their 

crfect on SMC-SRB. Since, sulphide was the final product of sulphate reduction by SMC-SRB. the 

sulphide prouced was taken as an indicator for the inhibition activily of compounds llHi Cowards 

SMC-SRB. Obviously, the synthesized quaternaries U showed a relatively higher inhibiting 

efficiency towards SMC-SRB than the reference (CTAB). This higher boicidal activity could be 

explained due to electrostatic attraction of positively charged (N1) of the quaternaries and 

negatively charged of phospholipids present in the cell wall. 

The results in Table (4), (5) showed that the tested compounds showed bioeidal activities 

and efficiencies against the SMC-SRB. The CTAB was the reference pure bioeide recorded its 

(MIC) at 30ppm. On the other hand compound Ic was more effective than CTAB itself at Ihe same 

concentration while the two other compounds (U lb) recorded a tower activity against the .SMC-

SRB at 87 and S5 mg S/L respectively. This may be due to that the bioeidal activily of quaternary 

ammonium compounds depend on the length of alkyl chain, the optimum activily lied belvveen C]2 

and Ci& which agree with the result given in ref.(l8). Compound lfl recorded the best bineidnl 

efficiency at 60ppm (96%) in comparison with C'fAB. However, it ought to he emphasized that 

SRB varied in their susceptibility to biocide(1). But 1, recorded the lowest bioeidal nclivily against 

SMS-SRB al ISOppni, this is may be due to as the molecular weight of quaternary increases by 

increasing the length of alkyl chains attached to the nitrogen atom, water solubility decreases. This 

trend may continue until the heavy quaternaries exhibit dispensability and not line solubility in 

aqueous systems*19*. This is very clear in its fluctuation results against SMC-SRB. 

Conclusion 

A homologous scries of cationic surfactants namely; Ilcxattiiis, N. (enrhoxy methyl) alkyl 

chloride, where alkyl: octyl, dodecyl, hcxadecyl and ocladecyl were synthesized. It was found that 

Hcxaminc, N (carboxy methyl) octyl chloride is the most efficient one. 

The standard free energies of adsorption of the synthesized surfactants were found to be in 

higher negative values rather than those of mjcellization process. 

The synthesized quaternary ammonium compounds and CTAB were tested to evaluate their 

effect on SMC-SRB. They showed a relatively higher inhibiting efficiency towards SMC-SRB 

rather than the reference CTAB. 
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Table (I) Elemental Analysis of the prepared c o m p o u n ds In.,i 
compound Car bon Hydrogen Nitrogen 

Cafe. foil ud Calc. found Ciilc. found 

Ia 55.35 55.S5 S.94 9.71 16.14 I6.4& 
13.56 
11.73 

lb 59.55 59.25 9.67 10.34 I3.S9 
I6.4& 
13.56 
11.73 Jc 62.75 62.97 10.24 10.80 12.20 

I6.4& 
13.56 
11.73 

Id 64.07 65.57 10.47 11.22 11.49 11.34 

Chlorine 
Calc. 

fcLiu 
Isf" 
7.70 
7"29 _ . i _ . 

found 
10.75 
8.32 
7.35 ^ 
6.70 

Table (2): 1R-S pectral band oft ie p r e p a r e d com HUUUls 1-M1 
Compound w i cm"1 C-N cm'1 

r n i cm CIIICIH 

U 1742 716 2SS0 2862 
lb 1740 709 2917 2SS3 
le 1745 702 2970 

" 2970 
2921 

ld 1750 709 
2970 

" 2970 2921 

Table (3): The critical iniccll concentration (CMC), surface parameters, free energies 
of niicclhzation and adsorption of compounds IJM| at room temperature  
com pound CMC 

(M/L) 
0.0794! 

0.03160 
0.00052 

0.00018 

lie in c 
(dyjicycm) 

41.5 
3S.0 
29.0 
37.0 

finnx 
(mole/cm ) 
4.8x10 
3,8x10" 
0.11x10 
0.10x10 

AC ,n|C 
KJ/mo[ 
_1I2~S'L 
11LP11 
^ 3 7 3 8 
-42.62 

A(r ni|, KJ /mo l 

-98727 

1.13.22 

"64.71 

Table (4): The effect of different concentrations CTAB, Quaternary compounds hi-d 
on the sulphide production as an indicator for SMC-SRB activity. 
Hiucidc concentration 

ppm 
ConccmraMon of sulphide produce* 

CTAB In Ib_ h 1, 
0 114 114 114 

108 
54 " 

114 
113 

IL<1 
106 10 I I I 109 

114 
108 
54 " 

114 
113 

IL<1 
106 

30 87 85 

114 
108 
54 " IJ4 9] 

40 60 49 4.0 56 94 
108 

9] 
40 

90 5.0 3.0 44 
94 
108 40 

' " K'i) " 
N.D ' " 

120 2.0 !.0 N.D. no 
48 

40 
' " K'i) " 

N.D ' " 150 2.0 1.0 35 
no 
48 

40 
' " K'i) " 

N.D ' " 
200 1.0 1.0 57 4.0 N.D 

N.IJ7 250 1.0 1.0 4.0 4.0 
N.D 
N.IJ7 

N.D. Not determined 

Table (5) : Biocidal efficiency of quaternary compounds I,,.,i against SIVIC-SRB 

IJiocidc concentration 
ppm 

CTAB 
control 

la K "c l« 

0 0% 0% 0% 0% 0% 
10 3% 4% 5% 1% 7% 
30 24% 25% 53% 0% 20% 
60 57% 96% 51% 18% 65% 
90 96% 97% 61% 5% 65% 
120 98% 99% — 4% „ . 

150 98% 99% 69% 58% _.. 
200 99% 99% 50% 

97% 
97% — 

250 99% 99% 
50% 
97% 97% „ . 

TESCE,VoL31,No-2 

38 
April, 2005 



60 

55 

50 

c 
--̂  
£ 45 
c 
o 

c 

I 40 
C/3 

35 

30 

25 

-la -la 
-111 

Ic 
-Id A -Id 

J I t I I L i i l i l i i 

5 4.6 4,3 4 3.6 3.3 3 2.6 2.3 2 L6 1.3 1 0.66 

-log (cone.) 

Figure (I): Variation of surface tension ofconipouncJs (I„.tl) vs. different 
concentrations at 25"C. 
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