TESCE, Vol.31,No2 pp. 30-39

SYNTHESIS AND SOME STUDIES ON QUATERNIZED COMPOUNDS:
SURFACE AND BIOCIDAL ACTIVITIES

M.Z. Mohamed*and E.A. Ghazy**
* Petrochemicals Department, Egyptian Petrolenm Research Institute (EPRI), Nasr City, Cairo, Egypt.
**Microbial Biotechuology Department , National Researeh Center (NRC), Dokki,Cairo, Egypt.
Abstract
A homologous series of cationic surfactants namely: Hexamine, N-(carboxy methyl) alkylehloride,
(alkyl=octyl, dodeeyl, hexadecyl and octadecyl) were synthesized.
Surface properties of their solutions including surface tension, eritical micelle concentration (CMQO),
cflectiveness  (Il,..), maximum surface cxcess (D) and minimum surlace arca (A,,,) were
investigaled with respect to different concentrations at 25°C. Standard free energics of micellization
and adsorption of the prepared surfactants in the aqueous solution were studied. Minimal inhibitory
concentrations of the synthesized compounds and of cetyltriammonium bromide (CTAB) were
determined  for the stabilized mixed culture containing sulfale reducing, bacteria, (SMC-SRB).
Sulfide production using different concentrations of the biocides ranging from 10 (0 250ppm was

determined.
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Introduction

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

Quaternary ammonium compounds have scores of uses becanse of their allity for
negatively charged  surfaces. Their single largest market is as fabric sofleners. A quaternary
formulation is added with the wet clothes when they are loaded into dryer. A large market for
quaternary 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 baclericidal market'". These compounds are most
cffective against anacrobic bacteria (c.g. those that oceur in oil wells). These 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 indusirial seclors such as the cil and gas industry, it was
important lo minimize Lhe risks resulting from SRB activity. Chemical control by the use of the

2 Quaternary

biocides was probably the most common method of controlling of biocorrosion
ammenium compounds are frequently used. However, it ought to be emphasized that SRB varied in
their susceptibility to biocides™.

Several studics indicated that somce quaternary ammoninm compounds act as corrosion
inhibitors and deerease sullide production by SRB at low concentration than some biocides of
commercial source™, This mes - ' ds had doubl

al souwrce™, This meant that quaternary ammonium cempounds had double purposcs.

. 5
Furthier more, it was lound that guaternary compounds were sale 16 handle™.

Experimental

Synthesis of Quaternary Ammoenium Surfaclanis

Synthesis of quaternary ammonium surlactants was performed on two sieps;
iz 5ynthesis of Allkyl Chloroacetate Ester

Fatty alcohol namcly: oclyl-, dodecyi, Hexadecyl, and ocladecyl alcohol (0.1 mole) was
esterificd by ehloro acelic acid in toulene as a solvent in presence of concentrated hydrochleric acid
as o catalyst il the desired amount of water (0.1 mole, 1.8mI) was removed. The removal ol excess

solvent and unreacted materials was performed in rotary evaporator under reduced pressure'®.

A mixture of cquimolecular amounts of  Flexamine (0.1 mole; and each ol octyl-, dodeeyl,
Hexmeeeyl, and octadecy! chloreacctate (0.1 mole) was stirred without solvent (fusion) respectively
for § hours,™ ihe following quaternary ammonium salls were produced:

lo ¢ Hexamine, N- {earboxymethyl) octyl chloride

I, : Hexamine, N- (carboxymethyl) dodecyl chloride

le « Hlexamine, N- (carboxymethy!) hexadecyl chloride

[t Hexamine, N- (carboxymethyl) octadecyl chlaride

The preduct was poured on cther, recrystalized from ethanel, and ceventually dried at room
temperature, Elemental analysis were carried out (Table 1). The analysis showed good compatibility
with the cileulated vaiues,

The IR-spectra o these compounds show definite band frequencies corresponding to the presence

ol the Tunctional groups, Table(2).

(a1 )
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Surface Tension Measurements

Surface tension measured using a Du Nouy ring tensiometer {Kruss type 3451 with a
platinum ring for various concentrations of the synthesized surfactants 1y {from 2.5x107 to 5x107
molfl} at 25°C. Doubly distilled water having a surface tension of 72.8 dyne e’ at 25°C was usad
io prepare all solutions.

Before each measurcment, the glass plate was thoroughly washed by inmersion in hot
chromic acid followed by washing with doubly distilled water, 1t was then gently wiped with filter
paper. Care was always taken that the glass plate was wetted with the solution. The surfictant
solution was placed in a double walled vessel through shich water was circulated from a thermostat
bath. The establishment of equilibrium was checked by repealed measurements at 5 minute intervals
until the surface tension readings stablized.""” This generally required 30-45min,

Determination of Criticid Micelle Concentration (CMC)

Surface tension {y)-log ¢ (where C is the concentrations Of surfactant) piots (Fig. 1) were
established. CMC valugs of the agueous solulions ol ihe prepared compownds 1, were determined
al 25°C from the interseclion points of the two straight lines in the ¥ fog ¢ plotst?.

etermination  of Surface Paranmeters, Standurd Free Fnerpics of Micellization and

Adsorption

Maximum surface excess conceniration [y, minimum surlace aren A, cllectiveness
“Nane”, the standard free energies of micellization (AG",,.), the standard fiee enerpies for adsorption
(AG“4) for the synthesized surfactants L g were caleatated as will be shown later. Results are listed

in Table {3).

Biocidal Activily of Quaternary Compounds

Materials and Methods

Micro organisms

The stabilized mixed culture suiphate reducing Bacteria (SMC-SRD) was isolaled from the
National Research Center {NRC) garden soil.

Postage medium B™ was expressed in granliter {g/1). This medium contained a precipitate.
1l was used for enrichment ol SRB.
Biocides:

Cetyltriammonium bromide (CTAB); Hexatrimethyl ammeonium bromide (Cygl 15 NCyHE3r)

is the biocidal reference {from Sigma-chemical company).
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Samples:
The synthesized surfaclants from [, are the biocidal compounds under test
Collection of SMC-SRB:

A garden soil (G.5.) sample was collected at a depth 720-25 cm and stored in sterial

container. The soil sampie was shaken in steril distilled water to loosen the soii particles and the soil
suspension allowed 1o settle for 30min. An appropriate volume was taken forin the supernatant and
inoculated into steril boltles 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.

[solation and Enrichment of the SMC-SRY

Prerequisted for reproducibilily of the experimental results™, the method described by
Postgate (1984) was used with some madifications by using the deep agar method'®,

Determination of the Mininral Inhibitory Concentrations (mic) of (CTAB) Purc Biocide as a

Reference Bipeide and Ouaternary Ammoninim Compounids

CTAB and preparcd quaternary ammonium compounds {,q were used as biocide. The (mic)
of these campounds on sulfide production by SMC-SRB were determined by preparing Posigade
medium I3 containing the fuilowing biccides concentrations 10,90,120,150,200, 250, 300ppm. The
inoculation was done by adding Tmi of a four days enriched old eulture of SMC-SRB into the sterile
capped bottfes containing each biocide amended media. Incubation  was done at 30°C for seven

M1 and the results are shown in

days. 'The sullide concentration, were determined iodometrically
Tubie (1)
The biocidal clTiciency ol quaternary compounds I,.q against SMC-SRIB were caleulaled as shown

in Table (5), from the following cquation:

= Azl x 100

Whare B s the efficiency of biocide, A, A" are uninhibited and inhibited suiphide concen-tration in

mg/l respectively,

Results and Discussion

Surface properties

Micellization is au important phenomenon, in detergency and solubilization, micelles have
become a subjeet of'n greot interest Lo the organic chemist and the biochemist, to the former because
of the utilization in catalyzed organic reactions. to the later because of their similarity to biologizal
membranes and globular proleins,

i clear understanding of the process of micellization is necessary for rational interpretation

of the <clleel ol structire and  cnvironmental Factors on the values of ihe critical micelle
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concentration (CMC). So, the determination of the paramelers ol miceilization and adsorption has
played an important role in developing, such an understanding about the behaviour ol surfacuints in
their media.

The surface aclivitics of 1.4, stem {rom the hydrophobic character of long chuin alky!
moicty (octyl, dodeeyl, hexadecyl, and octiclecyl) and the cationic group.
The hexamethylene tetramonium salts containing large hydrocarbon radicals were found fo be only
sparingly soluble in cold water and the water solutions were noi stable over long periods of time,
but the dry compounds have been kept several months at room temperature.

Critical micell concentration

From Fig. (1}, it is indicated clearly that the surface (ension decrenses, as the activity
(concentration) increases, Definitely, firsl, the surfactant molecules are adsorbed on the liquidfair
interface of the splulion until ihe surfoce of the solution is completely occupicd. Second, the excess
molecules tend to sclf aggregate in the bulk forming micelles.

From, the interscclion points of the two straight lines in the y-lag plots, the critical micelle
concentration, CMC, was determined. There arc two anlagonistic elleets controlling  the

miccllization. The hydrophobic group is an impertant driving force in micellization. In conlrast, the

hydrophilic group opposes micellization. The number ol carbon atoms in the hydrophobic moicly
was found 10 be adetermining laclor in the values of CMC. For tlic prepared surlaclant series 1.,
the values of log CMC decreases as the chain length increases.

Elfcctiveness 1T ..

Above the CMC the surlace lension y didn’t change with concenlration. Accordingly v at
CMC were used 1o calculate values of the surface pressure (effectiveness) IHeye = y0 - ¥, where yo is
the surface tension measured for pure water al the appropriate lemperature and v is the surlice
tension at critical micelle concentration (CMC).

The mosl efficient is the one that gives the greatest lowering in surface tension for a critical
micetle concentration (CMC). According to the result of elfectiveness shown in table (3), I, is found
10 be the most efficient, it achieves the maximum reduction of the surface tension at CMC Fig, (1).

Maximum surface excess concenlration T,

The values of the maximum surface excess concentration I'y,, were calculated according 1o {ibb's

. 4
IZC]UEI(.IOH‘L ];

_ =l 47
rnlax" RT(C“TIC)

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 Ty, are shown in table (3). As the surface

tension decreases with  increasing concentration of surfactant,[.. is positive. Increasing the

(32 )
N ]
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h)}druphnbic character in the prepared surfactants shifls I'ny to lower concentrations, It was clear
that change in length of the hydrophobic group beyond (12) carbon atoms appears to have very little
effect o0 I pax.

Minimum Surface area A,

The average arca oceupicd by each adsorbed molecuie is given by

—l
Fmax

A=
where, 1., maximum surface exeess, N Avogadroes's number = 6.062x107.

The minimum area per molecule at the aqueous sclution / air interface increases with
increasing the Jength of the hydrophobic part.

The arca per molecule at the inferface 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’™ (o the interface is about 0.2nm?. Table (3) showed greater
vadues than G.Znm?*,  this indicaies that the surfactant molccules seems to be not located in
perpendicular position but tilled with respect to interface. The greater average area occupied by

surfactant molecules on the inferface can be refered to water / hydrophobes interaction,

Standard frec enerpgics of micellization and adsorption

These paramelers were calculated al 25°C using Gibb’s equations '™
I g

AG .= RT In CMC
/.\Gumr, = A(-:Omic - HCMC Ami,, .

From table (3), it is obvious that the standard free energics of micellization for the synthesized
surfactants arc always negative values, indicating that the micellization is a spontancous process. At
a conslant temperature AG",. decreased as the chain length of the hydrophobic moicly increased
indicating that the micellization is more spontancous i.c. introduction of additional methylenc group
into (he hydrophobnic part favors the micellization, which accounts for the fact that CMC decreases
wilh increase in the length of the hydrophobic group.

The standard fiee energics ol adsorplion (AG®,y) of the synthesized surfactants were lound to be in
higher negative values than those of micellizatien process, this means that the adsorption process of
the surfactant molecules was more preferable than the micellization due to the fewer interactions by
water moleeules in the former one,

Biocidal nctivity of quaternary compounds

The reproducible stabilized mixed cultire was called SMC-SRB indicating that it contained the
sulfute reducing bacterin, in addition to the most bielfilm aerobic cocxisting bacterta which caused
pitting corrosion of mild steel. lowever there was no evidence that any of SRB was more

destruetive thar another.

(35 )
N
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The synthesized quaternary ammonium compounds and CTAD were tested to evalume their
effect on SMC-SRB. Since, sulphide was the final product of sulphate reduction by SMC-SRB, the
sulphide prouced was laken as an indicator for the fnhibition activily ol compounds 1y towards
SMC-SRB. Obviously, the synthesized quaternarics 1.y showed a relatively higher inhibiting
efficicncy towards SMC-SRB than the relerence (C'TARB). This higher boicidal activily could be
explained due to electrostatic attraction of positively charged (N") of the quaternaries and
negatively charged of phospholipids present in the cell wall.

The results in Table {(4), {5) showed that the tested componnds showed biocidal activitics
and ecfficiencies against the SMC-SRB. The CTAB was the reference pure biocide recorded its
(MIC) at 30ppm. On the other hand compound I, was more clTective than CTAD iselFat the same
concentration while the two other compowunds (I, Ip) recorded a lower netivity against the SMC-
SRB at §7 and 85 mg S/L respectively. This may be duc to that the biocidal activily of quaternary
ammonium compounds depend on the length of alkyl chain, the oplimum activity licd belween Cha
and Cie which agree with the result given in reft®, Compound 1, recorded the best biocidal
eificicney at 60ppm (96%) in comparison with CTAB. However, it ought to be emphasized that
SRB varied in their susceplibility to biocide™. But I recorded the lowest biocidal nctivity against
SMS-SRB at 150ppm, this is may be due o as the molecular weight ol quaternary increases by
increasing the length of alkyl chains attached 1o the nitrogen alom, witer solubility deercases, This
trend may continue until the heavy guaternarics exhibit dispersability and not true solubility in

aqueous sysiems''”, This is very clear in its fluctuation results against SMC-SRB,

Conclusion

A homologous scrics of eationic surfactants namely; Hexemning, N, (carhoxy methyl) alkyl
chloride, where alkyl: octyl, dodecyl, hexadecyl and octadecyl were synthesized. 1t was Tound that
Hexamine, N (carboxy methyl) octyl chiaride is the most efficient one.

The standard free energics ol adsorption of the synthesized surfactants were found to be in
higher negative values rather than those of micellization process.

The synthesized qualernary ammonium compounds and CTAD were tested 1o evaluate their
effect on SMC-SRB. They showed a relatively higher inhibiting efficiency towards SMC-SRB

rather than the reference CTADB.
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Table (1) : Elemental Analysis of the prepared compounds [.q

Chlorine

cormpound Carbon Hydrogen Niteogen L
Calc. found Calc. found Cule. found | Cale. | found
I, _[5535 [5585 |84 9.71 16.14 Ao 1020 [0S
Iy 39.55 59.25 9.67 10.34 13.59 (13,560 | §.81 832
I 62.75 62.97 10.24 10.80 12.20 11.73 170 pIAY
Iy 64.07 65.57 10.47 11.22 11.49 11.34 720 16w
Table (2): IR-Spectral band of the prepared compounds 1,y 7 N
Compound Cet) e’ CN cm’” I e’ (_‘Jl}cﬂ.i
I, 1742 716 2880 2862
Iy 1740 709 2917 2883
I 1745 702 B 2090 2921
Iy 1750 709 2970 2921 |

Table (3): The critical micell coneentration (CMC), surface parameters, firee encrgies

of micellization and adsorption of compounds I,y at reom temperaturc

compound CMC ITeme Tmax A AG e AG" g KMol
(M/L) (dyne/en) | (molefem’) (nm*) 1 Kd/mel
R 0.07943 41.5 4.8x10" 343 | <1254 1 -98.27
L, 0.03160 38.0 38x10" 4.26 -17095 1 L3
1 000052 29.0 0.11x10°" 44 -37.38 2
1 0.00018 37.0 0.10x10™"" 156 | C-d2.62 - 64,71

Table (4): The ctfect of different concentrations CTADB, Quatcrnary compounds la-d

_on the sulphide production as an indicator for SMC-SRIB activity.

Biocide concenteation Concentratian ol sulphide preduced
‘__ppm mp/l, o
CTAD 1, 1, 1 Iy
0 114 I14 1 114 g
10 il 109 108 13 106
30 87 85 54 T ol
G0 49 4.0 56 G4 _d0
40 5.0 3.0 44 108 40
120 2.0 1.0 N.D. 1o ND
150 2.0 1.0 35 48 N.D
200 1.0 .0 57 4.0 o N.D
250 1 10 4.0 4.0 T ND,

N.D. Not determined

Table (5) : Biocidal cfficicncy of quaternary compounds I,..4 against SMC-SRB

TESCE, Vol.31, No.2

Biocide concentration CTAB I, I, I, I
_ ppm conlrol o
0 - 0% 0% 0% 0% 0%
10 3% 1% 5% 1% T%
30 24% 25% 53% 0% 20%
60 57% 6% S1% 18% 5%
90 6% 9T% o1% 5% G5%
120 98% 95% 4% - _
150 08% 096% G9% 58% --
200 99% 99% | 50% 97% N -
250 99% 99% 97% 97% - -
€D
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Surface tension (mN/m)
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Figure (1): Variation of surface tension of compounds (1, ) vs. different

concentrations at 25°C.
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