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By part ia l hydrophobizat ion of 0-(2-hydroxyethyl)cellulose with chlorides of higher fatty 
acids (Ci2 and Ci s ) the new 0-dodecanoyl-O-(2-hydroxyethyl)cellulose and O-octadecanoyl-0-(2-
hydroxyethyl)cellulose have been synthesized and characterized by elemental and spectral analyses. 
T h e prepared derivatives reduce the surface tension of water and have a good emulsification effi
ciency. 

Water-soluble derivatives of polysaccharides can 
exhibit properties of biodegradable polymeric surfac
tants after an appropriate chemical modification. The 
hydrophobization can be carried out by introducing 
alkyl or acyl groups with a higher number of carbon 
atoms (Сю up to Ci 8 ) to a low degree of substitu
tion in such a way that the water solubility of the 
products is well-preserved. Both alkylation and acy-
lation types of reaction have been realized under het
erogeneous or homogeneous conditions using NaOH 
or pyridine as catalyst [1, 2]. Derivatives obtained 
by these partial hydrophobizations exhibit significant 
surface-active properties. In the previous paper [1] the 
preparation of 0-(2-hydroxyethyl)cellulose containing 
O-dodecyl side chains which leads to products with 
excellent emulsification efficiency is described. Similar 
properties from the surface activity point of view have 
been reported for O-dodecyl-0-(2-sulfoethyl)cellulose 
[3]. 

The present work deals with the preparation of 
water-soluble 0-(2-hydroxyethyl)cellulose containing 
0-dodecanoyl.or O-octadecanoyl side chains. 

E X P E R I M E N T A L 

Water-soluble hydroxyethylcellulose (НЕС) used in 
this study had the following characteristics: polymer
ization degree ~DP = 600, ~MN = 123000 g mol" 1 

(determined by viscometry), hydroxyethylation degree 
DSHE = 1.3, and w(ash) = 3.6 %. 

Dodecanoyl and octadecanoyl chlorides were com
mercial products (Merck). Distilled water was used 
for preparation of solution. The IR spectra were mea
sured in KBr pellets using a PU 9800 FTIR device 
(Philips Analytical). The UV spectra were measured 

in the cadoxene—H20 using a Specord UV VIS device 
(Zeiss, Jena). 

Surface tension was determined at 25 °C according 
to Ref. [4] using the Lecompte du Nouy device in the 
concentration range 0.001—5 g d m - 3 . The critical mi
celle concentration was estimated from the plot of the 
surface tension vs. log of the numerical value of con
centration. The ability of the prepared surfactants to 
form foams was determined at 25 °C by the Ross— 
Milles method [5] in the concentration range 1—2 g 
d m - 3 . The foamability is expressed as the height of 
the foam column formed after the outflow of the last 
drop of solution (hi) and that after 5 min (h2). Emul
sions of the oil-water (o/w) type were obtained us
ing 10 cm3 of paraffinic oil dyed with Sudan IV and 
90 cm3 of water containing 1.0 g of prepared deriva
tives, by means of a laboratory mixer. Emulsification 
was carried out according to Ref. [6]. The stability of 
emulsions was estimated in three different time inter
vals after the emulsions were prepared, i.e. 5 min (hi), 
1 h (/i2), and 24 h (/i3) and is expressed in terms of 
cream layer formed on the surface. 

O-Dodecanoyl-0-(2-hydroxyethyl)cellulose 
( D H E C ) and 0-Octadecanoyl-0-(2-hydroxy-
ethyl)cellulose ( O H E C ) 

5 g of НЕС dried at 105 °C for 3 h was suspended in 
50 cm3 of anhydrous iV^-dimethylformamide (DMF) 
at constant stirring for 40—60 min at 90 °C. Then 
the reaction mixture was cooled at 50 °C and 1.4 cm3 

(0.018 mol) of anhydrous pyridine and 0.018 mol of do
decanoyl chloride (octadecanoyl chloride) were added 
into the solution. The reaction was allowed to proceed 
under stirring at 90 °C for 3 h. The polymer was pre-
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Tab le 1. Modification of НЕС with Dodecanoyl Chloride (LCH) and Octadecanoyl Chloride (SCH) 

Compound 

/ 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 

XVI 

w(HEC) : w(LCH, 
resp. SCH) 

1 : 1 

1 : 1 

1 : 1 

1 : 1 

2 : 1 

3 : 1 

3 : 1 

1 : 1 

1 : 1 

1 : 1 

1 : 1 

1 : 1 

2 : 1 

2 : 1 

3 : 1 

3 : 1 

Reaction 
time 

h 

3.0 

5.0 

10.0 

20.0 

5.0 

5.0 

8.0 

0.5 

3.0 

5.0 

10.0 

20.0 

3.0 

5.0 

3.0 

5.0 

Solubility 
in water 

S 

I 

I 

I 

S 

S 

s 

PS 

PS 

I 

I 

I 

s 

I 

s 

s 

D S R 

0.01* 

0.30 

0.30 

0.30 

0.01* 

0.01* 

0.01* 

0.25 

0.25 

0.30 

0.30 

0.30 

0.01* 

0.30 

0.01* 

0.01* 

w 
W\ 

c 

47.28 
47.34 
53.41 
53.34 
53.41 
53.32 
53.41 
53.20 
47.28 
47.14 
47.28 
47.20 
47.28 
47.12 
54.96 
54.80 
54.96 
54.62 
56.13 
56.47 
56.13 
56.02 
56.13 
56.20 
47.43 
47.49 
56.13 
55.96 
47.43 
47.28 
47.43 
47.35 

i(calc.)/% 
(found)/% 

H 

7.10 
6.97 
8.06 
7.96 
8.06 
8.10 
8.06 
8.15 
7.10 
7.02 
7.10 
7.12 
7.10 
6.88 
8.39 
8.43 
8.39 
8.14 
8.59 
8.70 
8.59 
8.12 
8.59 
8.50 
7.13 
7.00 
8.59 
8.25 
7.13 
6.98 
7.13 
7.20 

D S R - degree of substitution by dodecanoyl or octadecanoyl groups; I, PS, S - compound insoluble, partially soluble, and sol
uble in water; I—VII: 0-dodecanoyl-0-(2-hydroxyethyl)cellulose; VIII—XVI: 0-octadecanoyl-0-(2-hydroxyethyl)cellulose; * D S R 
determined from the UV spectra. 

cipitated into 500 cm3 of acetone, filtered and washed 
with acetone. Then the final product (I) was dialyzed 
and evaporated under diminished pressure at 60 °C for 
6 h to yield the DHEC (5.5 g) (degree of substitution 
(DSR) « 0.01). 

The same procedure was used for preparation of 
the other DHEC (compounds II—VII) and OHEC 
(compounds VIII—XVI) derivatives, respectively, us
ing different reaction conditions (Table 1). All pre
pared products were characterized by elemental anal
ysis (Table 1) and water-soluble products (/, V—VII, 
XIII, XV, XVI) by the IR spectra (Table 2). 

R E S U L T S A N D D I S C U S S I O N 

For the preparation of acyl derivatives of hydroxy-
ethylcellulose, the water-soluble НЕС and chlorides 
of both dodecanic (CH 3 (CH 2 )i 0 —COCl, LCH) and 
octadecanic (CH 3 (CH 2 )i 6 —COCl, SCH) acids were 
used. 

Partial hydrophobization of НЕС was carried out, 

similarly as the synthesis of cellulose stearate and 
oleáte, respectively, or alkyl derivatives of НЕС in an
hydrous JV,iV-dimethylformamide (DMF) using pyri
dine as catalyst at и 90 °C [1, 7, 8]. The mass ratios of 
НЕС to chloride were from 1:1 to 3:1, and the reac
tion time 0.5—20 h. In order to prepare water-soluble 
derivatives, in this way we prepared the O-dodecanoyl-
0-(2-hydroxyethyl)cellulose (DHEC) (I—VII) and 
the O-octadecanoyl- 0-(2-hydroxyethyl)cellulose 
(OHEC) (VIII— XVI) varying in DS R (Table 1). 
When modifying the НЕС with dodecanoyl chloride 
at the mass ratio of 1:1, and at the reaction time 
longer than 5 h, derivatives with D S R « 0.3 (II—IV) 
partially soluble or insoluble in water were obtained. 
Modification of НЕС with octadecanoyl chloride at the 
same mass ratio of reactants gave similar results in the 
whole range of reaction time of 0.5—20 h (VIII—XII). 
As can be seen from Table 1, the reaction time does 
not influence significantly the D S R (degree of substi
tution with respect to the content of dodecanoyl and 
octadecanoyl groups, respectively) in the range of 5— 
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T a b l e 2. IR Spectral Data of Water-Soluble Acyl Derivatives 
of НЕС 

Compound 

/ 
V 

VI 
VII 

XIII 
XV 

XVI 

v(OH) 

3393 
3397 
3392 
3397 
3396 
3397 
3393 

v(CH3) 

2926 
2926 
2928 
2926 
2924 
2928 
2928 

£>/cm 

v(CH2) 

2855 
2856 
2855 
2856 
2850 
2854 
2855 

l 

v ( C = 0 ) 

1753 
1747 
1750 
1755 
1747 
1750 
1738 

7 ( C - H ) 

847 
845 
845 
843 
842 
847 
847 

20 h. When the reaction time was lowered to 3 h, 
the mass ratio being unchanged (1:1), the significant 
decrease of D S R (0.01) was achieved so that deriva
tive / was already soluble in water. With the aim to 
prepare water-soluble derivatives, the mass ratio of 
reactants was changed to 2:1 and 3:1 under simul
taneous change of the reaction time (Table 1). Prom 
the results achieved it is apparent that the mass ra
tio of HEC/acyl chloride considerably influences the 
D S R . The water-soluble derivatives J, V—VII, XIII, 
and XV, XVI exhibit D S R values « 0.01 in compari
son to derivatives II—IV, VIII—XII, and XIV which 
are insoluble (DSR « 0.3). 

The IR spectra of water-soluble derivatives are 
given in Table 2. In the spectra intense bands at v « 
1740 c m - 1 corresponding to the rster C = 0 stretch
ings of the acyl groups were found. Intense absorp
tion bands at v — 2850—2928 cm"1 were assigned 
to stretching vibrations of the methylene and methyl 
groups, in accordance with data published in paper 
[9]. The UV spectra of prepared products show an ab
sorption maximum at Л = 258 nm with the absorption 
edge at 300 nm. This was used to evaluate low D S R 
values [10]. 

Surface-active properties of the water-soluble deri
vatives of НЕС (/, V— VII, XIII, XV, XVI) were char
acterized by surface tension, critical micelle concen
tration (c.m.c), foamability, and emulsifying power. 
From Figs. 1 and 2 it can be seen that the deriva
tives lower the surface tension of water and exhibit 
the typical dependence of surface tension on lo£ of the 
concentration. In Table 3 the values of minimal sur
face tension (7min) and that of c.m.c. are summarized. 
The DHEC derivatives compared with the OHEC ones 
exhibit lower values of surface tension in the range of 
critical micelle concentration. The values 7min for the 
DHEC derivatives (/, V— VII) ranged from 49.6 to 
52.3 mN m" 1 whereas those for the OHEC ones (XIII, 
XV, XVI) from 51.4 to 59.9 mN m"1 . Results achieved 
are higher when compared with values of 7,nin for the 
0-dodecyl-0-(2-hydroxyethyl)cellulose [1] (31.5 mN 
m"1) and the 0-dodecyl-0-(2-sulfoethyl)cellulose [3] 
(37.8 mN m - 1 ) . The determined surface tension val-

Fig. 1. Surface tension (7) vs. log of the numerical value of con
centration of the DHEC derivatives at 25 °C. 1. Com
pound /(c .m.c. = 0.3 g d m - 3 ) , 2. compound V (c.m.c. 
= 0.6 g d m - 3 ) , 3. compound VI (c.m.c. = 1.0 g d m - 3 ) , 
4. compound КЯ (c.m.c. = 0.4 g d m - 3 ) . 

70 

* . 
mN m~ 

60 

50 

1 

" 

1 1 

X̂ \ 
v\ 

1 1 
-

-3.0 -2.0 -1.0 

log \P\ 

0.0 1.0 

Fig . 2. Surface tension (7) vs. log of the numerical value of con
centration of the OHEC derivatives at 25 °C. 1. Com
pound XIII (c.m.c. = 0.5 g d m - 3 ) , 2. compound XV 
(c.m.c. = 1.0 g d m - 3 ) , 3. compound XVI (c.m.c. = 0.5 
g d m - 3 ) . 

ues can be accounted for in terms of low degree of 
substitution with respect to C12 and Cis acyl groups, 
respectively (DSR « 0.01). The value 7 m i n for НЕС 
is 61.6 mN m - 1 , which agrees well with Ref. [1]. The 
НЕС does not aggregate in bulk and does not form 
micelles [3]. 

Foamability of the water-soluble derivatives was es
timated by the Ross—Milles method. In the studied 
range of concentration, the derivatives exhibit no sig
nificant foamability. The column heights after running 
out of the last drop (hi) and that after 5 min (Д2) were 
65 mm and 35 mm in the case of DHEC derivatives 
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Tab le 3 . Values of 7 m i n and c.m.c. of Water-Soluble Acyl 
Derivatives of НЕС with D S R « 0.01 Compared to 
Those of Unmodified НЕС 

Compound 

/ 
V 

VI 
VII 

XIII 
XV 

XVI 
НЕС 

7m i n 

mN m - 1 

50.6 
52.3 
51.1 
49.6 
51.4 
56.1 
59.9 
61.6 

c.m.c. 

g d m - 3 

0.3 
0.6 
1.0 
0.4 
0.5 
1.0 
0.5 

-

it can be seen that acyl derivatives of НЕС have a pro
nounced emulsifying power which reaches the Tween 
20 level. A discretely separated oil layer was observed 
after 24 h. The high emulsion efficiency can be ex
plained by accepting a dual action of derivatives, i.e. 
the formation of interfacial films on the face bound
aries with simultaneous affecting the continual phase 
viscosity in the role of molecular colloid. 

Finally it can be concluded that acyl derivatives of 
higher fatty acids (Ci 2 , Ci 8 ) of НЕС with a low de
gree of substitution (« 0.01) represent new groups of 
polymeric surfactants with excellent emulsifying prop
erties. 

R E F E R E N C E S 

T a b l e 4. Emulsification Efficiency of Derivatives Expressed in 
Terms of the Height (mm) of Cream Column Formed 
as a Function of Storage Time after 5 min (/ii), 1 h 
(/12), and 24 h (/13) Compared to That of Tween 20 

Compound 

V 
VI 

VII 
XIII 
XV 

XVI 
Tween 20 

Oil layer (cream 

/ii/mm 

0(0) 
0(0) 
0(0) 
0(0) 
0(0) 
0(0) 
0(0) 

/12/mm 

0(0) 
0(0) 
0(0) 
0(0) 
0(0) 
0(0) 
0(0) 

layer) 

/13/mm 

1.5(2.0) 
4.0(2.5) 

11.0(5.0) 
0(3.0) 
0(3.0) 
0(3.0) 
0(2.0) 

Type of 
emulsion 

o/w 
o/w 
o/w 
o/w 
o/w 
o/w 
o/w 

and 35 mm and 20 mm for the OHEC ones, respec
tively. 

The emulsification efficiency was characterized by 
the stability of the paraffinic oil-water emulsion (10 
mass %). The results were compared with the com
mercially available emulsifier Tween 20. From Table 4 
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