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ABSTRACT

A series of novel glycerol-based nonionic surfatdamwere synthesized from the trans
esterfication of various long chain fatty acid mgtlester with glycerol ester of dibasic acid
(succinic acid, and adipic acid). The chemical stwe of the prepared compounds was
confirmed using elemental analysis, FTIR aHeNMR spectroscopy. Surface active properties
at air-aqueous solution were determined using Gibdisorption equations including critical
micelle concentration (cmc), surface excess ataiter interface {max ) and minimum surface
area (Awin). The effects of hydrophobic and hydrophilic chigingth on the surface parameters
of the prepared surfactants were discussed. Sanfigstwith proper HLB which were soluble in
the oil phase and in the presence of a very snmbunt of water formed a stable emulsion. The
solubility state of oil and surfactant was the keynaking a fine emulsion.

Keywords : Surface activity, Critical micelle concentratje@mulsification properties, glyceryl
ester,nonionic surfactants.

INTRODUCTION

Today, new surfactants should be milder, safer effidient, with a minimal impact upon the
environment. Since glycerol derived ester- basethsiants present excellent ecological and
toxicological properties and interesting interfhdahavior, they received specific attention.
Due to the presence of specific hydrophilic andrbgtiobic moieties in their structures, they act
as important non-ionic surfactants of low HLB valuespecially valuable as benign and
environmentally friendly “water in oil” emulsifies[1]

Recent studies can be found in the literature amiog glycerol monofatty esters
(monoglycerides), synthesis [2,3] . This typeesters (monoglycerides), is widely used in a
variety of industries such as food and feed pradoc{4], cosmetics [5] pharmaceutical
formulations [6] topical drug delivery systems [@il well drilling [8] textile [9], packaging
[10] plastic processing [11] and construction miatefl2]. They act as emulsifiers, emollients,
lubricants and dispersants.
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The synthesis of two diglycerides (1,3-dioleoyl ahB-distearoyl ester) molecules linked

together with a short chain dibasic acid (fumarsticcinic , and adipic acid) at position 2 was
reported [13].These esters can be edible and digesince fumaric and succinic acids occur as
metabolites in the Krebs cycle for the metabolidnfiats. In addition, this synthetic ester [bis-

(glycerol

1,3-distearate) succinate] possesses lubricatiopepties [14] Mono- and di-esterified glycerol
esters which are useful for the synthesis of bicalgsple polymers and surfactants were
synthesized from the enzymatic esterification gfcgtol with adipic, sebacic acids, and their
dimethylester derivatives [15].

The synthesis of oligoesters from oxalic acid argceyol was reported by Alksnis and
colleagues [16] .Trans esterification of glyceroithwdicarboxylic acid esters (€Co) was

described by Gladys et al. [17]. New set of glyteerived oligomers solubilized from cork
suberin was reported by Graca and Santos[18] .B&ydilms, which are useful in surface
coatings industries, were synthesized from glyceiith different chain lengths of aliphatic and
aromatic dicarboxylic acids[19,20 ] .However tlyathesis of glycerol with short carbon chain
dicarboxylic acid esters was limited. So, this kvisrconsidered as an addition to this subject.

The main objective of this work was to prepare eaes of nonionic surfactants based on

glycerol ester of dibasic acid (succinic and adip@d) and fatty methyl ester (myrestate,

palmitate and stearate ester) . These surfactemtested for their surface tension reduction and
emulsion stabilizing capability . The effects oé thydrophilic and hydrophobic moieties on their

physicochemical properties are also studied.

MATERIALS AND METHODS

Materials.

The fatty acids , myrestic ,palmitic and stearicdsavere purchased from Prolabo laboratory
chemicals analytical grade purity 99%. Glycerognfr Sigma product with purity >99% was
used without further purification .The dibasic acidsuccinic and adipic acid ) , sulphuric and
P-toluene sulfonic acids were purchased from Aldridll solvents used throughout this study
were of the chemically pure grade and were fraeligrdistilled just before use .The water used
in the surfactant tests was purified by water peatfon system.

Apparatus :. Infrared (IR) spectra were obtained on 1600 FTIRKIReEImer-Spectrum in the
400-4,000 ci range using KBr pelletdd nuclear magnetic resonancellIMR) spectra were
obtained with Varian 300 MHz spectrometer with TEkSan internal standard.

Synthesis. The structure of the synthesized compounds arersim the following Scheme:-

2.1- Synthesisof bis(2,3- dihydroxypropyl )succinatel?2 ; bis(2,3- dihydroxypropyl) adipate | 4.
Esterification was performed in a 250-mL three-metRask equipped with a reflux condenser,
thermometer, and a sampling port. The flask wasekde@a 80°C in a water bath, and its contents
were stirred magnetically. The reagents used weeemolar ratio, 4 mol of glycerol to 1 mol of
succinic acid ; the reaction was catalyzed by Ovi®% H,SO, (of total) . On completion of the
reaction, the reaction mixture was washed with wated the glycerol ester extracted with
Chloroform. Analogous synthetic procedures were performedthier synthesis obis (2,3-
dihydroxypropyl) adipate. The products were analydeectly, by acid value , hydroxyl value
and saponification value . | R (KBr, ci),: 3380 (OH),2943 (CH®) 2888 (CH2), 1731(CO),
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'H NMR assignments are quite similar for the diffeéresters(Cln(COOCHCHOHCH,OH ),
and are only given for the (GH(COOCHCHOHCHOH);, I:6 2(S, 4H,( OH4), 2. 4(S,4H,(CH
-C=0),), 3.56 -3.81(m,4H,CRIOH),, 3.9 m, 2H,( CH OH), ) 4.11-4.36 1fn, 6H,( CH-O),),
Elemental analysis : | 2.Calcd. forndE1g0s: C, 45.11; H, 6.77; O,48.12. Found: C, 44.93;H,
6.56; O, 47.98%. | 4 Calcd. for;H,,0g: C, 48.98;H, 7.48; O, 43.54. Found: C, 48.74; 1287

0, 43.13%.

OH
HO{ " Ho q OH

OH

glycerol
OH
(0]
Ho )l\ﬁ/g
j/\o "o

(@)
*\H/KO 112 a-c n=2, 4

m 4 ac m=12,14,16

Scheme 1 Synthetic routes for the preparation of maonic surfactants.

2.2- Synthesis of 3-acyloxy-2-hydroxypropyl 2,3-dihydroxypropyl succinate |l2a-c ; 3-acyloxy-2-
hydroxypropyl 2,3-dihydroxypropyl adipate |1 4a-c; bis (3-acyl oxy-2-hydroxypropyl) succinate I112a-c;

bis (3-acyloxy-2-hydroxypropyl) adipate I 114a-c .
The methyl esters of the different fatty acids warepared according to the method reported by
Bondiol [21] and they were used in the followingparation

Bis(2,3- dihydroxypropyl) succinate was dissolvad50 ml dimethyl formamide in a 250 ml
Erlenmeyer flask, then stirred with methylester yrestate, palmitate, stearate) inl:1 and1:2
molar ratios in presence of 0.1% w/w3, (of total). The mixture was heated under reflux fo
6 hr. Dimethyl formamide was removed by distillatiarhe product was dissolved in acetone
and the solution was cooled in refrigerator, thdtered through filter paper Analogous

90
Pelagia Research Library



E. M. Kandeel Der Chemica Sinica, 2011, 2 (3):88-98

synthetic procedures were performed for the symhe$ 3-acyloxy-2-hydroxypropyl 2,3-
dihydroxypropyl succinate,adipate (lla-c),(llla-¢he products were characterized | R(KBr, cm
1) for selected compound (llb) (KBr, ci ),: 3394 (OH),2927 (ChHn, 2854(CH)n,
1736(C0O), antHNMR spectroscopy :6 096 ¢ 3H -CH), 1.29 (m, 14H, -
(CH»)7),1.33(m,2H,C2 CH3), ,1.68 i, 6H,CO CH( CH,)3), 2(s, 3H,( OH3 ), 2.25(m,6H,
(CH; -C=0)), 3.56 -3.81(m,2H,CpOH ) 4.11- 4.3610, 2H,( CHOH), ) 4.41 (n, 6H,( CH-
O)s).

Hydroxyl and saponification value were determingdhe AOCS methd®*°) Acid value test
method covers the measurement of the free acidicpmpounds by the reaction with standard
alkali solution®™. Duplicate analyses were performed for each sanaplé the mean value was
reported.

2.3- Evaluation Methods of Surface Active Properties.

2.3.1- Surface Tensiom)(@nd Critical Micelle Concentration (CMC)

The surface tensiop of different concentrations of glycerol-based monmi surfactantg 124
lll4 ) was continuously recorded for 15 mumsing a semiautomatic tensiometer apparatus (
Kriss K10 Tensiometer) by Du Nouy platinum ring hoet. The relation between the surface
tension and the concentration (in term of lygof the synthesized surfactants at 25 °C was
determined and represented in( Fig.1,2) .The CM&yauc (surface tension at CMC) values
were determined from the break point of each sartansion versus concentration.

70 |20 |2 l12¢
65 -
60 -
55 -
50 -
45 -
40 -
35 -
30 -
25 -
20

=e=||da =t=|l4b l14c

surface tension mN/m

4.5 4 35 3 2.5 2 1.5 1

-log concentration

Fig. 1 Surface tension versus logarithm of concerdtion, ¢ ,for surfactants I12a- 114c at 25 °C

2.3.2-Maximum Surface ExcesSfx) -
The maximum surface excess of the surfactant solufin.y) is defined as the concentration of
the surfactant molecules at the interface neaCMi€ [22].

Imax = 12.303RT§y/dlog C)r

whereR=8.314 J mol K™, T is the absolute temperature adg/log c) is the slope of the
versus log plot at room temperature (Fig. 1, 2).
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Fig. 2 Surface tension versus logarithm of concerdtion, ¢ ,for surfactants Il12a- Ill4c at 25 °C

2.3.3 Minimum Surface Area (f) .
The minimum surface aréanm, is the minimum area per molecule of the prepaosdpounds at
the interface and was calculated using the follgvaguation:

Anmin =10"N I 'max
whereN is Avogadro’s number andaxis the maximum surface excess.

2.3.4 -The Standard Free Energy of Micellizatid (nic)

It is expected that the process of micellizatiamtw simultaneously. The dominance of the
process is decided by the free energy changes.eHitéme free energy of micellizationG nic)
were calculated according to Rosen’s methodold2] [

AGomic = RTIn Q:MC

2.3.5- Preparation of emulsions

water —in —oil type of emulsion was prepared byingxcoconut oil ,surfactants ,and water . Oil
and water were taken in 3:1 ratio and 0.6% (by Wejgf the prepared surfactants .The mixture
was stirred for 30 min. at 3.000 rpm by a magntircer to prepare the emulsion .

2.3.6- Microscopic examination of the emulsions

It has been demonstrated that the optical micresamgn be an alternative method for the
characterization of emulsions [ 24[he emulsion stability was monitored by an Olympus
microscope. The images were shapped with a camestalled on the microscope at a
magnification of 20 times and the diluted emulsiamse observed.

2.3.7- Emulsions stability

The amount of water separated from the emulsiorpkaat 25°C was measured as a function of
time. The stability of the W/O emulsion was deflrees the emulsion preservation ratio, i.e., the
volume of water that separated from the emulsionded by the total volume of water
contained in the emulsion sample.

92
Pelagia Research Library



E. M. Kandeel Der Chemica Sinica, 2011, 2 (3):88-98

RESULTS AND DISCUSSION

3.1- Synthesis.

The esterification of dicarboxylic acids (succiriod adipic acid) with glycerol was relatively
simple and went as expected and as demonstratdtk ifiterature [18]. The molar ratio of
glycerol esters of dicarboxylic acids and methylyfasters were varied , with equal molar ratio
one fatty acyl group from methyl fatty esters reagith one primary alcohol of the glycerol ester
of dicarboxylic acids to produce mono 3-acyloxin&iroxypropyl ester of dicarboxylic acid .
But when excess methyl fatty ester was used (twdée)nowo fatty acyl group react with
primary alcohol to fornmbis (3-acyloxy-2-hydroxypropyl) ester of dicarlytig acid. Schemel
summarizes the pathways describe the synthesisoofomc surfactants. Physicochemical
characteristics of the prepared compounds (I12-)llde tabulated in Table 1. The reaction
progress was confirmed by determining the sapaitibo value and hydroxyl percent of the
products. The hydroxyl percent showing a decress® brdinary glycerol (56.54%) this (3-
acyloxy-2-hydroxypropyl) ester of dicarboxylic d¢b.31-.4.45%).

Tablel Physicochemical Characteristics for the pregred compounds( b-111 4. )

Molecullar AV sv OH % OT)
Compound | Yield % Fol\r/lmtja numoer
V\;)t Theo | exp| Theo exp | Theg exp| Thep exp
Glycerol : 033303 A . | 55.43| 5654 304 3.04
ClOHlSOS
I, 87 shid . | 36| 421.80 43950 2556 2525 4.00 395
I, 89 Clzzgzjof* . | 41 38160 39820 2313 2337 4.00 404
Il 87 CZ‘ZF'?“gOg . | 37/ 35357 359.78 1071 1095 3.00 305
I 84 C265F(')4209 . | 33 33393 33867 1012 10.34 3.00 308
C28H5209
e 85 Ao . | 46 31635 32254 959 9.80 3.00 304
Ca6Ha0q ]
s 81 i _ | 25/ 333.90 34011 1012 1075 3.00 307
C28H5209 |
I, 86 Ao . | 28] 31635 32095 959 991 3.00 304
C30H5609
e 89 Heo _ | 32 30054 307.62 911 968 3.00 309
C38H70010 h
I,y 85 Ho _ | 26 327.11 33252 496 531 200 2003
M 79 C427H£82010 - | 42| 30243 30955 458 499 200 2loa
I 86 C“G?Hg%solo . | 34 28120 28921 426 448 200 2006
C40H74010 n
I, 80 o . | 38/ 31429 31959 476 499 200 2005
C44H82010
M 87 fled - | 45| 290143 20932 44] 479 200 2004
C48H90010 n ’
o 83 peoh . | 39| 27167 27756 412 445 200 2008

The FTIR spectrum of the glycerol ester of dicagta acids was similar to that of mono 3-
acyloxy-2-hydroxypropyl andbis (3-acyloxy-2-hydroxypropyl) ester of dicarbdigyacid but
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the ratio of the signal of the C-H band at 2873398" compared to the O-H signal at 3280tm
increased significantBHNMR spectra showed that, the integration ratio(6H,)m-1 in fatty
acyl group for compounds (lll) was much higher thiaat for compounds (lI) which confirm the
presence of the two fatty acyl groups in compou(itls

3.2-Surface-active properties

Plots of surface tension vs. concentration of giglebased nonionic surfactants (l12a -lll4c) are
reported in Figuresland 2. The surface tensiomoofonic aqueous system follow the typical
trend with surfactants concentration up to cerpaimt and then at higher concentration the value
of surface tension becomes almost constant. Thexettoe constant value of the surface tension
at higher surfactant concentration can be aiteith to the monomer saturation at the interface.
The ability of these surfactants to lower surfageston(ycmc), critical micelle concentration
(cmc), surface excess at air water interfdcg, @rea per molecule at interface (A) and standard
free energy of micellizatiorAGmic) are summarized in Table 2 along with refeeedata for
previously reported nonionic surfactants[25The cmc values, which were between 6.31%10
and 5.01 x18mM, decrease with increases in the hydrocarbomdeaigth in both homologous
series, whileycmc values vary in the opposite way and rise fradtD20 37.5 mN/m. The
presence of the two acyl groups attached to thraguyi alcohols of glycerol decreases tmec

for compoundglli2a- Il14c).

Fig.3.Optical microscopic photographs of emulsion mbplets prepared using coconut oil
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Table 2 Surface Tension at(cmc), Critical Micell&Concentration (cmc), Maximum Surface Excess
Concentration(I'max), Minimum Area/Molecule (A?), Standard Free Enegy of Micellization (AGmic) at the
liquid /air interface and emulsion stability%at 25°C of glycerol-based nonionic surfactants (Bl 40)

a oM cme I'maxx10' | Area molt | AGmic® W/O emulsion
Surfactants mim | moll | mavem? A2 kaimol | B | stability (%) 4hr
I, 26.0 6.31x106 3.40 48.80 -12.33 7.68 75
| P 27.0 3.02x16 2.89 57.40 -14.13 7.26 90
Il 5 28.3 1.77 x10 2.55 65.11 -15.44 6.88 92
Il 45 30.5 3.89x10 3.23 51.40 -13.52 7.26 94
Il 45 28.0 2.34x106 2.72 61.04 -14.76 6.88 95
I 4¢ 36.0 1.18x10 2.38 69.76 -16.42 6.54 98
I 5, 33.2 7.94x1d 2.21 75.13 -17.39 6.12 82
" 5y 34.0 3.16 x1d 2.12 78.13 -19.63 5.66 90
Il 5 375 1.9 x1d 2.00 82.77 -20.87 5.26 92
Il 45 36.0 1.26 x19 2.04 81.38 -18.79 5.88 94
"l 4 36.5 7.59 x10 1.96 84.93 -21.99 5.4% 98
4 35.0 5.01 x10 1.85 89.60 -23.11 5.08 98

Octylphenol’ 9-10 EO condensate 31.0 | 25.00x18 2.60 62.80 - -

*HLB Calculated by the formula = 20( hydrophihaeol wt / hydrophobic and hydrophilic mol
wt )

Octylphend! 9-10 EO condensate ( Laurent et al., 2011)

The effectiveness of surface tension reductippc() of the investigated compounds is in
agreement with those characterizing the proper tgative behavior of good surfactants| 26]
The surface area demand per molecule A for comquit2h- 11149 gradually increases with
the alkyl chain length with simultaneous decredstheI” . values. A nin values ° of head
group in the surfactants of nonionic series amage of 48-89 A°,

HLB value in Table 2 shows that, a decrease ofbkecular weight of the fatty acid results in
an increase in the hydrophilic nature of the efttex HLB value increases). On the other hand,
an increase in the number of fatty acid moietiesd thact with the glycerol ester of dicarboxylic
acids will result in a more lipophilic product. Wever, a narrow distribution of the molecular
weight of the prepared nonionic surfactants (IIREle) gave well-defined HLB values (5.45 -
7.68)

To show more clearly the influence of acyl chaingi and the number of methylene group of
dibasic acid on emulsion properties, the dilutedilsions were observed by optical microscopy
(Fig.3) shows clearly that the droplets get smaller witbreasing acyl chain length and the
number of methylene group of dibasic acid. It ippamant to note that the emulsions with
smaller droplets in the photos are more staftala thith bigger droplets [ 27]

(Fig 4, 5) show the W/O emulsion stability (emaitspreservation ratio) as a function of time
for glycerol-based nonionic surfactants (l12a-1l4dhe stabilities shown in Table 2 are the
preservation ratio at 4hr (Fig.4,5). The effecttloé structure composition of glycerol-based
nonionic surfactants on the emulsion stability wagestigated. The highest stability was
obtained for surfactants with two fatty acyl grou@d2a-4c). The stability dropped with a
decrease in the number of acyl group, exhibitegtwrest stability for surfactants (I12a-4c).
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Fig. 4 Stability W /O emulsions as a function of the for surfactants l12a- ll4c at room temperature (25 °C).
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Fig. 5 Stability W /O emulsions as a function of the for surfactants ll12a- Ill4c at room temperature (25 °C).

The data show that, the glycerol-based nonionifastants are effective in keeping the water in
the oil phase. A similar results was reported faayl glycerol [28] .

CONCLUSION

In the present study, new glycerol-based nonionrfastants have been synthesized and their
properties also evaluated. It has been determimmad the new glycerol-based nonionic
surfactants exhibit in general a good surface-agtiand appear then as valuable non-ionic
surfactants compared to the most widely used noit-igurfactants like octyl phenol 9-10
ethylene oxide condensate. The main effect of @iibute molecular structure on the surface-
active properties concerns the hydrophobic chaigtle and follows the same rules as those of
classical surfactants. However, they are more sewéative than the corresponding alkyl ester
analogues for both cmc ang,c values.
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