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Preparation and evaluation of novel water soluble
nonionic monoesters with expected surface activity.
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ABSTRACT: A novel five series of monoesters were prepared [two series by reaction of
oxypropylated 1, 6 hexane diol with two types of fatty acid chloride (lauroyl and palmitoyl chloride),
and three series by the reaction of polyethylene glycol (MWs = 400, 1500, 2000) with three types of
fatty acid chloride (decanoyl, lauroyl and palmitoyl chloride)]. The unique structural features of these
surfactants were confirmed by spectroscopic tools (IR- 'H NMR). These nonionic monoesters have
been found to exhibit excellent surface active properties including surface tension, interfacial tension,
critical micelle concentration (CMC), low foaming, emulsion stability, and wetting. Also good
biodegradability in river water, stability to hydrolysis in acidic and alkaline media, solubilization and
dispersant properties in disperse dye systems were determined and evaluated. The antimicrobial and
antifungal properties of these prepared monoesters were measured and evaluated .A comparison studies
were done between the chemical structures and surface properties of such compounds.

and (iii) with alternating hydrophilic and
hydrophobic blocks @,

INTRODUCTION

Surfactants are surface-active compounds
that are used as household detergents, for
cosmetics, in technical applications and in
cleansers. They are amphiphiles that consist of
a polar jonic or non-ionic head and a
hydrophobic tail ¢ A polymer with surface
active properties can be built along three main
routs: (i) hydrophobic chains grafted onto a
hydrophilic backbone polymer, (ii) hydrophilic
chains grafted onto a hydrophobic backbone,

In the past 20 years, polymeric surface
active materials have gained enormous
popularity in a variety of applications and
research fields. The most obvious and best
known is stabilization of dispersions ‘).

In previous work, we studied the preparation of
nonionic polymeric surfactants from dextran a
neutral polysaccharide consisting of glucose
units. Many studies have been devoted to the
chemical modification of dextran for the
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attachment of hydrocarbon groups 8 These
macromolecular surfactants were applied to the
preparation of oil- in —water emulsions, the
stability of which has related to the chemical
structure of the amphiphilic dextran derivatives
™, When a surfactant is present in a low
concentration in a system, it has the property of
adsorbing onto the surface or interfacial
properties ). Nonionic surfactants find diverse
applications both in industry and in the home.
Their moderate foaming and good detergency
are emplo;/ed in a variety of ways in leather
industry . It is used to accelerate soaking, and
liming is improved by the addition of wetting
agents ”. Also nonionic surfactants are used
extensively because of their good detergency,
easy rinsing and low foaming in cleaning of
milk and beer bottles. In the present study we
describe the synthesis of such a novel five
series nonionic surfactants based on the above
concept. -

EXPERIMENTAL
Materials

Propylene  oxide, 1,6  hexane
diol,polyethylene glycol (PEG, MWs=400,
1500, 2000) were obtained from Aldrich
(Steinhein, Germany).Fatty acid chloride
(decanoyl, lauroyl and palmitoyl chloride),
trimethyle amine (TMA) were Merk
(Darmstadt) products. Two disperse dyes: [dye
I] Dispersol Yellow (Disp. Yellow HG 80) and
‘[dye I1I] Dispersol Blue (Blue FBL 150)
supplied by BASF Co. These disperse dyes
have high energy dye (more hydrophobic). All
the other chemicals and reagents were of A R
grade. The water used was doubly distilled.

Methods
Preparation of oxypropylated 1, 6 hexane
diol (oxypropylation process)

1,6 Hexane diol containing 0.5 per cent
KOH was stirred and heated to 160°C while
passing a slow steam of nitrogen through the
system to flask out oxygen. Nitrogen addition
was stopped and propylene oxide was added
dropwise with continued stirring and heating
under an efficient reflux system. The addition
rate was regulated to maintain the temperature

between 160-180°C. The apparatus was then
filled with nitrogen, cooled and the reaction
vessel was weighted. The difference in weight
before and after the end of reaction indicated
the amount of propylene oxide consumed in the
reaction and from which its number of moles
was calculated. The reaction mixture was then
dissolved in ethanol (200 ml), n- “tralized with
conc. hydrochloric acid and the Product was
obtained by distillation of alcohol ',

Esterfication of 1, 6 hexane diol and poly
ethylene glycol with different molecular
weights:

1 mole of 1, 6 oxypropylated hexane
diol was dissolved in chloroform (25 ml) under
stirring, and a drop of trimethyl amine was
added as a catalyst. Equal mole amount of fatty
acid chloride (palmitoyl or lauroyl chloride)
was added dropwise over a period of 3 min at
0-5°C.Continued stirring at this temperature for
24h.Upon completion of the reaction, the
solvent was evaporated under vacuum. Also |
mole of polyethylene glycol was dissolved in
chloroform (25ml) under stirring and a drop of
trimethyl amine was added as.a catalyst. Equal
mole amount of fatty acid chloride (decanoyl,
lauroyl or palmitoyl chloride) was added
dropwise over a period of 3min at O-
5°C.continued stirring at this temperature for
24h.upon completion of the reaction, the
solvent was evaporated under vacuum %" The
following scheme describes the preparation of
the two series of nonionic water soluble
monoesters

Step (1)

iy
HO— {CH,)y—0H +2CH—CH,

(o}
KOH

tl:H3 ‘|3Ha
HO—~ (CH;— CH)— 0— (CH,)y— O (CH—CH,0)— H

where F + F =58, 11,14 and 17
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Step (2)

0 s i
R—C— —(CH,~CH)— O — (CH.). — O — (CH— -
C—CL+ HO— (CH, €:H)F1 00— (CH),;—0—(CH CHRO),_-“ H
T™A

f T fr
R—C—0—(CH;— !:H)F‘— 0= (CH)y—0—(CH— CH,0}—H

where R=C,Hy, o CyHy,

Scheme (1) preparation of two series of water soluble nonionic
monoesters [X -1, and IX;-T1X4.
Where Fi+F:=5,8,11,14,17, and R=C[|H13. R;=C;sHy;

The following scheme describes the
preparation of the three series of nonionic water
soluble monoesters:-

]
R—C— Q+H—(OCH,~CH,) —OH

™A
I
R—C—0— (CH,~CH;~0) —H

Scheme 2 preparation of three series of water soiuble nonionic
monocsters [V-IV,, ITV,-1IV; and ILV-IITV;. Where n= (409,
1500,2000) and R=CgHs, C\ Hz, CisHy,

Analysis

IR spectra were obtained with Shimadzu
(Kyoto, Japan) IR 470 and 'H- NMR spectra
were obtained with a Varian USA EM 390
spectrophotometer at 90 MHz with
dimethylsulfoxide (DMSO) as a solvent and
tetramethylsilane (TMS) as a zero reference.

Measurements

1- Surface tension was measured with a DCAT
tensiometer using 0.1wt-% solution of
surfactant at room temperature 25°C. Also
the interfacial tension of 0.1 wt-% of
surfactant solution was measured using
paraffin oil ¥,

2- The CMC was determined as the
concentration at which the surface tension
remains practically constant. (',

3- Foaming properties were determined using
the Ross-Miles method.

4-Emulsifying power was  determined
according to Takashita et al. 57,

5- Stability to hydrolysis: A mixture of 10
m.mol surfactant and 10 mi 2N H;S0, or 0.05
N NaOH were placed in thermostat at 40°C.
The time it takes for a sample solution to be
clouded as a result of hydrolysis shows the
stability of surfactant to hydrolysis ' (®),

6- Wetting properties was determined by
immersing a sample of cotton fabric (4x4 cm)
in 0.1 % aqueous solution of the surfactant at
25°C. The time recorded from the moment the
cotton was put into the solution until the
moment is started to going down in the
wetting time (- (9,

7- Cloud point (cp) was determined by
gradually heating | % aqueous solution of the
prepared surfactant in a controlled
temperature bath and recording the
temperature at which the clear or nearly clear
solutions start to become turbid. The
reproducibility of this temperature was
checked by cooling the solutions until they
become clear again. Each experiment was
repeated three times and the average was
taken for each surfactant solutions ©® -9,

8- Dispersant properties were determined by
the following method: A 100 ml solution of
0.1 g of commercial dispersed dye “**? and
0.1 g of dispersing agent was adjusted to pH
5.0 by the addition of an appropriate amount
of acetic acid. Then, the solution was heated
to 130°C by a computer controlled dyeing
system for 1h. After this treatment, the
solution cooled to 90-95°C and vacuum
filtered immediately with a Buchner funnel.
The filtrate was diluted with acetone,
and the concentration was determined
spectrophotometrically. The dispensability
was calculated as follows {!1» 3

Dispersibilty (percent) =

dye concentration of filtrate

x100
dye concentration of original solution
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9- Solubilization ®* was measured by a usual
method that shakes a 50ml. solution
containing 40 mg of applied dyes
(D)pispersol Blue (Blue FBL 150) and
Dispersol Yellow (Disp. Yellow HGS80).
The insoluble dyes were removed using a
glass filter, and solubilized dyes were
extracted from filtrate by toluene and their
concentrations determined
spectrophotometricaily.

10- Biodegradability %. Dieawy method using
river water sampies taken daily, or even
more frequently, were filtered through No.
1 Whatman filter paper before measuring
the surface tension "'** measurements
were periodically (each day) on each
sample during the degradation test.
Biodegradation percent (D) was calculated
from the following law.

Pt~ Qo
D=——x100
P~ Po
where
¢, = surface tension at time t
¢, =Surface tension at time zero (the initial
tension)
@u =surface tension of the blank experiment
at time t (i.e. without the sample)
11-Viscometric = measurements  aqueous
surfactant solutions were carried-out using
Ostwald-type capillary viscometer (0.46
mm diameter) in DMF at 30 + 0.05°C @,
12-Biological activity The antimicrobial
activities of some synthesized compounds
were determined in vitro using the hole
plate and filter paper disc method “”

h+F Yield| MWeof | Via
surfactant | “0 | Coler | Form | T, 0| T ﬂ(ﬂﬂ;?
X 5 Brown | Viscons | 85 590 0120
Xy 8 | Brown | Viscous | 82 764 0135
IX; 11 | Brown | Vizcous | 89 038 0.240
X 14 | Brown | Viscoms | 87 1112 0315
IX;s 17 | Brown | Viscous| 91 1285 0424
1DG 5 Brown | Viscous | 81 646 0218
11X, 8 | Brown | Viseons| 85 820 [EL)
1IX; 11 | Brown | Viscoms | 88 o BA20
11X, 14 | Brown | Viscous | 91 1158 0458
1IXg 17 | Brown | Viscous | 9% 132 0522_‘
b

Table (1) Physical properties of two series of water - soluble
nonionic monoesters series IX,-[Xy; and IIX,-IX; of
oxypropylated diol with lauroyl chloride and palmitoy] chloride
respectively

: . MW of | Viscosity
nrfactat | Color Form | Yield% acfoctutt | 7 (g

I | Trenspare | Liquid 87 LY/ 0.215
IV Wiite | Soid 92 1672 0312
] Whte | Sokd 95 nn 0.400
vy Transpare | Liquid 9 600 0.320
v White |  $olid [ 1700 0.414
I Wiste | Sokd Y] 1200 0.510
BIV; | Trmispsre | Liquid 86 656 0420 |
IV White | Sclid [ 1756 0,517

I White | Sokd 93 1256 0.620

Table (2} physical properties of three series of water - soluble
nonionic monoesiers [V =[Vy, IV -1V, and IV |-II1V; of polyethylene
ghycol (MWs=400, 1500, 2000} with decanoyl, lauroyl and palmitoyl
chloride respectively.

Results and discussion

Scheme 1 and scheme 2: describe the
preparation of the novel five series of water
soluble nonionic surfactants. The analytical
data and physical properties of these prepared
surfactants are shown in tables land 2.

The typical IR spectrum of XI; surfactant
(Fig.1) displayed broad band at 3400 cm’(-
OH), 2928-2970 cm“g-CHz), 1736 cm™'(COO-
CH), and 1461 cm™(-CHs). The compound
structure was further supported by the 'H-MNR
spectrum (Fig 2) for XI,, gave signals at § = 0.8
ppm (-CHy), 6 =1.2-1.4 ppm  § =3.3-3.6 ppm
(-CH;0), and & = 4-4.3 ppm (CO™-CH,).

e
| o Ak g | Te— Y

Figure (1) IR- spectrum of £X; nonionic monoester, where DX = 8§ mol
of oxypropylated 1.6 hexane diol with lauroyl chloride.
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Figure (2) 'H-NMR spectrum of IX; nonionic monoester, where IX; =
8 ool of oxypropytated 1.6 hexene diol with lauroyt chlorid

Surface properties

Water-soluble monoesters prepared in
this study are observably of an amphipathic
structure similar to the structures of traditional
surfactants. The saturated aliphatic residues
were the  hydrophobic  portion, and
polyoxypropylene chain (non-ionic) was the
hydrophilic portion.

Surface tension and interfacial tension

Reduction of surface and interfacial
tension is one of the most commonly measured
properties of surfactants in solution, since it
depends directly on the replacement of
molecules of solvent at the interface by
molecules of surfactant ). The surface tensions
of the solutions were reduced by the addition of
surfactants because of the amphipathic
structure, which caused the concentration of the
surfactant molecules at the surface and the
reduction of surface tension ® @®  Also
surfactants that induce low interfacial tensions
are important for the preparation of stable
emutsions (@,

An increase in the length of
polyoxypropylene or polyoxyethylene chains
resulted in a clear decrease in surface activity.
This phenomenon is due to the increase of
hydrophilicity of surfactants. As a result, it
decreases the concentration of the surfactants at
the surface “®*Ulnflection points were
observed in curves .The concentration at the
inflection point corresponds to the critical
micelle concentration gCMC) in the case of
traditional surfactants > “?The values found
were smaller than the values of traditional
surfactants because of the high MWs and large

P.5

hydrophobic chains of the water—soluble
surfactants, The values increased according to
the increase in the length of polyoxypropylene
or polyoxyethylene chains (more hydrophilic}.
The increase in the length of saturated aliphatic
alkyl chain led to slight decrease in surface
activity ® The values of CMC and y CMC both
increased UB(;;I increasing the hydrocarbon

chain length {'*¢), as shown in tables 3 and 4.
prnd | rersl .
m,",:h!‘h)uﬂr):ﬂ'-vﬂt'::‘ N I
l'-.zlm:.l sc- v |- N + | inane. | beminame,
W O[30 [ 13 | % o[ BT [ s [ Sk | i | D
B [0 W [ 05 | € [0 | %A | 51 | NiokW | W | B
R (O] % [ W | & [0 | 43 | & | VA | w0k | ba
W [ H] W | N |7 [0S &1 | 0 Rk | e | ud
X 0| &« ] 8 AN BB
o |5 | % | 1 g [0 2] B
m, |0 | W | W | 7 | | A | w3 |10t
W, (11| @ [ & | @ [en] G | & | oM | ewdl (oW
[, [ W] @ [ B | [wei| & | & [ wam jm ]
W, [T & [ w [ & [l & WD [ Wa W8

Table (3) surface properties of two series of water ~ soluble nonionic
moncesters IX;-D{s and IIX;-11Xs of oxypropylated diol with lauroyl
chloride and palmitoyt chloride respectively.

SR |
S S YT .
M | % | U |55 |0s00l) &3 | 0 | 95516 | 9eekl0 | 139
M |4 B[ 3 07 M3 | 47 | 0kl6d0 | o0 | 1734
I, | 48 | 15 [63 (G007 3 | & | 065600 | 00:11-% 184
MV, ] 4 | 13 [ 51 [onwe| 44 | 8 | ol | 0&leR 133
m 8 15 [ 54 [000%| 45 | & | 055530 | 001206 | 1745
OV [ 46 | 18 | 58 00015 | 4185 | & | onlo:ld | 00l |1818
my, | 1 | &8 (0000 | 454 | 85 [06:0l0 | 06140 (1218
Iy, | & | 19 | 51 [ooole)4785) 51 | 0n%eld | oeldy (1768
WV, | @ | 1 | S [0006 | 89| & | 00100 | o015 [10B

Table (4) surface properties three scries of water - soluble nonionic
monoesters TV\-IV;, 1IV,-IV, and IIV,-IIIVy of polyethylene glycol
(MW3=400, | 500, 2000) with decanayl, lauroyl chloride and palmitoyl
chloride respectively.,

Foaming properties

The low foaming tendency of
surfactants is an important property required in
some applications, such as using surfactants as
dyeing auxiliaries in modern texti’ industry.

The low foaming properties of
surfactants prepared in the present study are
shown in tables 5 and 6. All the compounds
exhibited not only low foam production,
measured by the height of foam initially
produced but also low foaming stability,
measured by the height after 3 min"***?, These
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low foaming effects are probably due to: (i) the
presence of multihydrophilic groups, which
caused a considerable increase in the area per
molecule and produced less cohesive forces at
the surface; (ii) the water soluble surfactants
that are believed to coil in the aqueous phase,
which decreased the cohesive forces caused by
intramolecular and intermolecular bonds 49,

In general the nonionic surfactants form
unstable foams, due to the larger surface area
per molecules and absence of highly charged
films in these foams ®*. In polyoxypropylated
or pelyoxyethylated nonionics, both foam
stability and foam volume reach a maximum at
a particular PO and EO chain length and then
decrease ® This is ascribed to a maximum in
intermolecular cohesive forces in the adsorbed
film as the PO or EO content increases .

Foom helght(zpan)
Sarfactant FitF) 25°C s5C

Initia] 3min | Indtial | 3min
| #.¥} s 56 6 51 ZeT0
X 8 59 ? 54 zZero
Xy 11 64 13 8 810
INg 14 68 17 63 2870
| . 17 a5 15 60 2870
11X, 5 60 9 57 810
11X, 8 64 11 61 ze10
10X 11 68 15 64 | zero
11X, 14 T2 19 [ 2070
hiv,7] 17 &9 17 [~ TeTO

Table (5) Foaming properties of the two series of water —soluble
nonioqic monoesters 1X;-1Xy and [DX;-IEXs of cxypropylated diol with
laurcyl chloride and palmitoyl chloride respectively.

Foam he
15C 85°C

Surfactutt Tl | 3min | Tnitial | 3
vy 68 16 64 Zero
Vy 71 19 638 ero
1V 70 17 o 2019
1IVy 71 18 67 TOro
IV, 78 22 71 zerg
11V, 72 20 69 Ko
11TV, 73 21 69 Zero
IHTV: 77 8 74 z010
11V) 7= 23 72 Tera

Table (6) Foaming properties of the three series of waler —soluble
nonionic monoesters IV -V, IV -ITV, and I0V,-TI[Vy of polyelhylme
glycol (MWz=400, 1500, 2000} with decanoyl , Lauroyl ¢ and patmitoyl
chloride respsctively.

Wetting properties

Wetting power is another important
property of dyeing auxiliaries .In the dyeing
process, good wetting power of dyeing
auxiliaries may accelerate the diffusion or
penetration of dyes into the fibers, as well as
improvement with the leveling ®”. It was
observed as shown in tables (3, 4) that the
increase of the length of aliphatic fatty chain
(’hydrophobe) led to increase in wetting time
%)- Also all the prepared compounds showed a
decrease in wetting time with an increase in the
number of propylene oxide or ethylene oxide
units in the molecule ®¥ This phenomenon,
similar to surface tension, is attributed to the
enlargement of the hydrophilic portion of
surfactant molecule, is resuiting in decrease in
ggglcenu-ation of surfactant at the liquid surface
Stability to hydrolysis

All the prepared water- soluble nonionic
surfactants exhibited good stability, especially
in acidic medium, but slightly lower stability in
the basic medium, because ester group having
long fatty chain resists acidic medium and is
easily hydrolyzed in basic medium. The
increase of the length of saturated aliphatic
fatty chain as shown in tables 3 and 4 leads to
increase in stability in both acidic and basic
medium %2,

Emulsifying power

Emulsification is one of the most
important properties of surfactants. In many
textile processes, such as dyeing it is necessary
to introduce surfactants into the bath to remove
oily impurities from the fibers, In these removal
processes, the ability of surfactants to emulsify
the oily impurities is important "The
emulsifying ability of the prepared surfactants
is shown in tables7 and 8, which indicates that
all nonionic surfactants exhibit good
emulsifying power towards liquid paraffin,
kerosene and O-dichlorobenzene. In general the
emulsion stability of the prepared surfactants
increased by increasing hydrophobic chain
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length®®  whercas an increase in the number
of repeating units of polypropylene or
polyethylene chain length decreased the
separation time ©",

Beparation time hysmdi.ser
Sttt | PR come | Uiqud | O-dichlorobenzene
X 1 00:19:53 00:32:25 00;13:42_
[ 8 0008123 mAL12 00:12:36
Dy 11 | o0oma2 00:30:24 00:11:28
[ X 14 | 0006:28 00:29:47 00:10:15
U X 17 | 000443 00:27:39 D0:09:00
| I 5 00:13:00 00:35:00 00:15:55
I ] 00:11:24 00:33%:12 00:14:20
11X 11 | 0094 00:31:24 Of:12:30
X, 14 | 000746 00:29:20 00:10:55
105 17 | 000631 00:27:12 00.09:59

Table () Emulsifying properties of the two series of waler ~
soluble nonionic monoesters [X)-IX; and 1IX,-11X; of oxypropylated
diot with lauroy! chloride and palmitoyl chloride respectively..

Surfctant Separation time sidses
Kerosene | Liquid paraffin | O-dichlorobenzene

I ™ 00:07:10 00:18:54 00:09:00

[ ™ 00:06:20 00:17:10 00:08:15
vy 00:04:50 00:15:23 00:06:54
v, 000538 00:16:32 00:07-50
IV, 004358 00:14:54 00:05:30
A 004220 00:13:00 0042:50
IHV, 00:113:44 00:14:20 00:05:10
IV, 0042:10 00:12:54 00:8:20
Iirv, 00:01:00 00:11:30 D0:01:55

Table (8) Emulsifying properties of the three series of water -
soluble nonionic monoesters [V-IV3, NIV\-IIV; and TIV,-IOV; of
polyethylene glycol (MWs=400, 1500,2000) with decanoyl , lauroyl
and palmitoyl chloride respectively.
Solubilization

Solubilization is one of the most
important properties of surfactants. It may be
defined as the spontaneous dissolution of an
insoluble substance by reversible interaction
with the micelles of surfactants in a solvent to
form a thermodynamically stable isotropic
solution ®¥, In general; solubilization occurred
only above the critical micelle concentration
(CMC), above this value the amount of the
substance solubilized increases with the
concentration  of  surfactants ). The
solubilization of surfactants for two insoluble
dyes @V are shown in figures 3,4,5 and 6 .From
these figure a linear relationship was obtained
for the solubilization of the dyes with the
concentration of surfactants. The solubilization
capacity of these surfactants increased

gradually as the number of repeating unit of
polyoxypropylene or polyoxyethylene glycol
increased. It is believed that the solubilizate of
dyes contained amino or carbonyl groups could
associate with the polyoxypropylene or
polyoxyethylene glycol unit via hydrogen
bonds. Also it is found that the solubilization
capacity decreases with increasing aliphatic
fatty chain length ®%,
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Figure( 6) plots of amount of solubilized Blue dye (Blue FBL150) as
function of conceniration of the three series of water-soluble nontonic
monoesters, where (a) for IV,-1Vy, (b} for ITV -1V, and (¢) for 1IV,-
11NV,

Dispersant properties (heat stability)

Purified dispersed dyes are hydrophobic
and almost insoluble in water @V, Their low
aqueous solubility is attributed to hydrophobic
bonding, causing aggregation and precipitation
when the concentrations are increased ¥, The
formation of such aggregated dye particles is
not desirable for dyeing polyester fabrics
because the aggregation of the dye particles can
cause unleveled or specked dying products and
result in a dyeing product with poor value®%,
Generally, some surfactants (i.e. the dispersing
agent) are incorporated during production of the
final dye power of liquid. Its function is to
prevent aggregation and preci, 'ation “V,
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However, in some practical dyeing processes,
such as the dyeing of polyester fibers at high
temperatures, the reaggregation of the dye
particles will occur at elevated temperatures
when the heat stability of the dispersant system
is insufficient to prevent this, an additional
dispersing agent with high heat stability may be
introduced into the dye bath initially or during
the course of dyeing. The water soluble
surfactants prepared in this study were
evaluated for these cases, and their stability at
elevated temperature with two dyes.

These systems ! are shown in tables 9
and 10. it is clear that in each of the two applied
dye systems, the heat stability was improved by
the addition of the water-soluble nonionic
surfactants. The number of repeating units of
polypropylene or polyethylene glycol of these
surfactants had only a slight influence on
stability. The high heat stability of the water-
soluble surfactants was probably caused by
their unique structural features: (i) high MW,
(ii) the ester linkage of the hydrophobic portion,
and (iii) the polyoxypropylene or polyethylene
chains of the hydrophilic portion. These
structural features favor its adsorption onto the
surface of dye crystals. The nonionic portion
stabilize the dispersion presumably because of
its high hydrated polyoxypropylene or
polyoxyethylene  chain extending into the
solutions in the form of coils that presents an
excellent steric barrier to aggregation “?. In
both cases, the hydrophobic groups come into
contact with the particle surface, leaving the
hydrophilic groups directed toward the aqueous
phase and producing solvation protection for
dye particles. After elevated temperature, the
separation of the novel dispersing agent from
dye particles is minimized because of a strong
association between the dispersing agent and
dye particles, thus resultin% in a high stability
of these dispersing systems .

Dispersabdlity, %
Kurfactaut Fi+F Yelow e @) | Bl e )
e} & 3218 2141
I 3 3540 2341
1% 11 1890 2630
X, 14 4219 892
X 17 4505 31256
X 5 9.2 178
1X; 8 Lo 1992
X, 11 n 2317
11X, 14 BnR 590
1N 17 43,0 1897

Table (9) Dispersant properties of the two series of water —soluble
nonionic monoesters IX-1Xy and I1X,-1TX; of oxypropylated diol with
Jauroyl chloride and palmitoyl chloride respectively.

.
Lt

Dixoazabiiitx
Surfwetant kol
Yellow dye (I.L Bhoe dye (1)
1A% Y 4251 32.%
Vy 43.10 34.71
V3 4721 37.20
Iy 39.71 8902
IV, 42.17 3L40
1V, 45.5 34.12
IV, 36.64 2=
I1IV; 38.18 3512
IV 42.92 3797

Table (10) Dispersant properties of the three series of water —
soluble tnonionic monoesters TV,-1Vy, IIV,-IV, ~nd TIV,-I1VY, of
polycthylene glycol (MWs=400, 1500,2000) with . -anoyl , lauroyl ¢
and palmitoy] chloride respectively.

Biodegradation

A biodegradation test in ordinary river
water &% gave satisfactory results, as shown in
tables 11, 12. All the products had a
degradation ranging about 80% during around 6
days. It is suggested that the polyoxypropylene
or polyoxyethylene chains become degraded by
bacterial or enzyme hydrolysis, the propylene
group converted to propylene glycol “* The
rate of degradation of these compounds
depends on the size of molecule; bulky
molecule diffuses through the cell membrane,
and its degradation is more difficult. This
means that the molecule with the least moles of
propylene oxide or ethylene oxide is more
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degradable than that which contains higher
moles of propylene oxide or ethylene oxide “?.

rlm|(o|a|a|a|n{s
Surbectast | FitFe | Gy | day | day | by | day |ty |y |2y
I 5 | 6d | ® | 77 | 62 | 69 | 93 |98
IX; 8 6l | 66 Nn| ™ |[85]| 91 |98
[* ] 1 57 | 62 58 7S 81 | 88 |91
X, | 14 |52 | % | 65 | 71| 7% | 8 |89
X 17 | 47 | %4 | 61 | 67 | 73 | 81 (85 | &
X 5 61 | 65 73| B | 86 | 91 |98
10 ] %8 | 61 §7 | T 82 | 87 |96 | -
[IXy 1l 5 | 58 | 61 | 67 78 | 82 (90|98
1% 14 51 58 58 | & 74 ™ |87{9
I 17 48 | 51 55 | = 68 | 75 (84|91

Table (11) Biodegradability % of the two scries of water —soluble
nonionic monoesters IX,-D{; and [1X,-11X; of oxypropylated diol with
lauroy] chloride and palmitoyl chioride respectively.

pl | ole|ala|n|n
Budett | gy | day | day | day | day | doy | Aoy | by
Vi 60 66| 72| |86 |91 98
Vy 57 | 62 |67 | 75 | Bl | B8 | 96 -
IVy 53 | 57 | &2 | M| 77|85 |93 | 95
Vi 58 |62 |80 |16 | 83| B9 | % -
IV, & | 57 (66 | T2 | 7B | B | M4 -
v, 5] | M| 3|8 B89 (M
11w, 5 |66 | 72|08 N -
111V, 50 |5 |65 |68 |75 |83 M
IV, 47 | 52 | 59 | 64 | 7L | 78 | 88 | 90O

Table (12) Biodegradability % of the three series of water —soluble
nonionic monoesters  [V(-IVy, IIVy-IIVy and IOV\.I0V, of
polyethylene glycol (MW3=400, 1500,2000) with decanay] , lauroyl ¢
and paimitoyl chloride respectively.

Biological activity

From resulting data illustrated in
tables13 and 14. It is clear that all species did
not exhibit inhibition effect on the growth of
the tested organisms, and the bacterial growth
was found intensed in the region around the
samples. In addition to this, the bacterial
species exhibited growth on the samples disc.
This means that the tested compounds were
degraded and decomposed by the studied
bacterial species.

Prendompanas | Staphylecoccns | Ampergillng | Condid
s | o | || | o
N 3 .
IX;
DG 11
D R
N 17
I 5
X, 8 - - -
10 11 - - -
X, 14 - - -
13,9 17

Table (13) Biological activity of the two series of water —
soluble nonionic monoesters IX;-IX; and IIX,-I[X; of
oxypropylated diol with lauroyl chloride and patmitoyl chloride
respectively.

Surfictant | pitida amess | uwiewr | olheans
A . . R

Pssudomanas | Staphylococcus | Aspergilins Cnduh—l

A X } y ]

v, 3 ; A :

1" - - - -

v, - - - .

1Iv, - - - -

1V, - - - -

111V, - - -

Table (14) Biological activity of the three series of water — soluble
nonionic monoesters 1V;-1Vs, IV;-1IV; and [IV)-HV; of polyethylene
glycol (MW==400, 1500, 2000) with decanoyl, lauroy! and palmitoyl
chloride respectively.

Conclusions

Five series of nonionic monoesters ,
containing  hydrophobic and  nonionic
hydrophilic moieties , two series of them are
prepared by reacting oxypropylated 1,6 hexane
diol with two types of fatty acid chloride
(lauroyl and palmitoyl chloride) and the rest
three series are prepared by reacting
polyethylene glycol (MWs =400,1500 and
2000) with fatty acid chloride ( decanoyl ,
lauroyl and palmitoyl chloride).These nonionic
monoesters exhibit excellent surface active
properties including surface tension, interfacial
tension, CMC, low foaming, emulsion stability,
and wetting, also good biodegradability in river
water, stability to hydrolysis in acidic and
alkaline medium and increase the peneteation of
dyes into the fibers of cotton (solubilization and
dispersant properties),and have nov biological
activity.
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