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Oligoethyleneoxide spacer groups In polymerizable surfactants

A. Laschewsk y

Institut fur Organische Chemie, Universit at Maim, M ainz FRG

Abstract: Ca tionic and zwitterionic polymcrizable surfacta nrs bea ring rri- and
terraerh ylcneglyco l spacer gro ups betwee n the po lymerizable moiet y and the
sur factant structure were prepa red and polymerized. Mon omers an d polymers
were investiga ted with respect to th eir aggregation behavior in aqueous systems
and comp ared to ana logous mono mers and po lymers lacking spacer groups. In
the case of the monomer ic surfacranrs, th e spa cer gro ups dep ress both the Krafft­
temperat ure and the critical micelle co ncent ra tion. T he area occup ied per mol­
ecule a t the ai r-wa ter interface is subs ta ntia lly enlarged by the spacers, whereas
the dep ression of surface tension is nearly cons ta nt . Alth ough the monomers with
and with ou t spacers are true surfactants, all th e polymers are water- insoluble, bur
form monom olecular layers at the air-water interface. In analogy to the mon omer
behav io r, the incorporation of the spacer groups increases the area occupied per
repe at unit at the air -wat er inter face substa ntia lly, bur hardl y affects th e surface
activity.

Key W01"ds: ~olymerizable surfactant; po lysoap; sulfobetain; ~pacer; ~icel le;

mon olayer

Introduction

Recently, we ha ve reported on the synthesis and
aq ueous aggregation behavior of fully zwitterion ic,
polymer izab le sur facrants an d th e pol ymer s de­
rived therefrom [1]. Such polymers represent an
unc on ventional, but interesting type of pol ysoaps
[2], as they ma y combine th e beha vior of ion ic and
non-ionic pol ysoaps advantageously.

H ow ever, the wa tersolubility of polymers ob­
tained from react ive surfactants bear ing a vinyl
group is controlled by their molecular geometry
[1,3,4]. If the surfact ant structure is bound to the
pol ymer backbone via the end of the hydrophob ic
tail (Fig. l a), th e polymer s are generally water­
so luble. However, the emul sifying properties seem
to be restricted due to the " immo bilization" of the
hydrophobic chains by the backbone [1, 5J. If the
surfactant structure is bound to th e polymer back­
bone via the hydrophi lic head group (Fig. Ib), the
hydrophobic chains should be muc h more mobile
[6, 7Jand thus be capa ble of efficient solubilization.
Yet such polymers are generally water-insoluble.
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To overcome these problems and to combine the
water-solubility and solubilization powers, we
have investigated the effect of oligoerhyleneglycol
spacer groups incorpor ated bet ween the pol yrneriz­
ab le mo iety and the sur factant structure. Flexible
side-chain spacer groups ha ve been known to im­
prove substantially the self-orga niza tion behavior
of functional polymers, such as polymeri c liquid
crystals [3, 4, 8]. In particular, oligoethyleneglycol
spacer groups have been shown to improve the self­
organization of amphiphilic polymers with lipid­
like structure in rnonolayers, Langmuir-Blodgett
multi layers, and vesicles [9, 10J.

Experimental part

Materials

All solvent s used were ana lytica l grade . Acerorurril and
triethylam ine were dri ed over molecular sieves 3 A. All other
so lvents are dr ied by neut ral Al20 3 (Merck, activity 1). Water
used for the ionic and zwitterionic compo unds was purified by
a Milli Q water-purification system. Flash chromatogr aphy
was performed on Silicagel (Baker, 230 mesh).
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Fig. 1. Scheme of the mo lecular architecture of po lymerizable surfactanrs, and of polysoaps: (a) " tai l end attac hed" polyso ap , b)
" head at tac hed" polysoap, c) polysoa p with spacer

T he synthesis of mon om er N-decyl,N-(2-methacry loyloxy­
ethyl),N, N -d imethyl ammoni um bromide 1 [11, 12] and
mon ome r 3-(N-decyl,N- (2-meth acryloyloxy ethyl),N-methyl)
ammoniopropanesulfona re J has been described previously
[1].

8-lodo-3,6-dioxa-octan-I -ol (triethyleneglycol
monoiodohydrin)

Fo r 3 days, 33.6 g (0.2 mo l) of tr ierhylenegl ycolmono­
chlo rohydrin (Fluka ) an d 30 g of dr y N aI were refluxe d in
100 ml of dry ace tone. T he precipitate was filtered off an d the
so lvent evapora ted. The residue was d issol ved in et her, filte red
from insoluble part s, and eva po ra ted. The crude product was
used wi thout fur ther purification.

Yield: 43 g (83% ) brown ish, hygroscopic oil, n13 = 1.5232
IH- N MR (200 M H z, CDCI3 ) : J (in pp m) = 2.84 s (bro ad)

(1.2H , - O H an d H 20 ), 3.24t (2H , - CH z-I), 3.5- 3.8m (10H ,
- O-(CH z- CH 2- O)2-CH 2- )'

8-Iodo-3,6-dioxa-octyl methacrylate

Dissolved in 400 ml of dry ether we re 39 g (0.15 mo l) of 8­
iodo-3,6-dioxa-octan-1-01 and 15.2 g (0. 15 mol) of trierh yl­
ammo

Whi le coo ling with ice, 15.7 g (0.15 rnl) of merhycryloyl­
chloride in 50 ml ether wa s ad ded slow ly. The mixture was
sti r red overn ight; pr ecip itat e removed by filtration; and filtr at e
ext rac ted with water, dr ied over MgS0 4 , and evaporated. The
crude product was free of starting mat erial, according to TLC

(eluent lig roin/eth ylaccrare 10 vi I v), and used without furt her
pu rificat io n.

Yield : 40.3 g (82% ) yellow oil
IH -NM R (200 MHz, CDCI3 ) : J (in ppm ) = l. 92s

(3H, = C- CH3 ) , 3.22t (2H, - CH z-I), 3.5-3.9m (8H ,
- CH 2-O- CH 2- CH 2- O- CH z-) , 4.28t (2H , - CO O- CHz-) ,
5.55m (I H , CH=C-COO- tr ans), 6.12m (l H , CH=C-COO­
cis).

N -decyl-N -m ethyl-N -(8-methacryloyl-3,5-dioxa­
octyl )amin

N vrnerh yl-n-dccyla mi n was prepared via alkylation and hy­
drolysis of the su lfon am ide pr epa red fro m p-to luene sul­
fon ylchlo ride and decylamin (Fluka ) acco rding to standard
proc edures [13- 15]. For 3 days under N 2 11.9 g (0.07 mo l) of
N-methyldecylamin, 23 g (0.07 mo l) of 8-Iodo -3,6-dioxa­
ocryl methacrylate, and 1 ml nitrobenzene in 200 ml dr y
aceto nitr il were refluxed. T he mixt ure was extracted with
sa tura ted aqueous NaC0 3 , dr ied over MgS04 , and eva­
porat ed. Purification was by flash chro matography (eluent
CHCl3 / CH 3 0 H 20 vi I v).

Yield: 12.7 g (49%) colo rless oil, n~5 = 1.4648

N- decyl-N,N-dimethyl-N- (8-methacryloyl-3,5­
dioxaoctyl)ammonium iodide 2

Refluxed fo r 72 h under N 2 were 5.5 g (0.015 mol) of N­
decyl-N -methyl-N -(8-metha cry loyl-3,5-dio xaoctyl)amin, 2.4 g
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(0.017 mol) of iodomethane, and 2 ml of nitrobenzene in 90 ml
acetonitril. The solvent was removed in vacuo, and the crude
product purified twice by flash chromatography (eluent
CHCI 3/CH30H 4 viI v and 7 viI v).

Yield: 3.2 g (42%) slightly yellow hygroscopic oil,
nbS = 1.5023 solidifies slowly when stored in the refrigerator
Elemental analysis (C22H44N04I):

Calculated: C = 51.46%, H = 8.64%, N = 2.73%,
1=24.71%

Found: C = 50.79%, H = 8.73%, N = 2.86%,
1=24.27%

lH-NMR (400 MHz, CDCI 3): s (in ppm) = 0.83t (3H,
-CH3), US-135m (14H, -(CHzh-), 1.71m (2H,
-CHz-C-N+) 1.89s (3H, =C-CH3), 3.35s (6H, -N+-CH3),
3.5-4.0 m (12H, ~CHz-N +-(CHz-CHz-O) z-CHd, 4.24t
(2H, -CHz-OOC-), 5.56m (lH, CH=C-COO trans), 6.06m
(lH, CH=C-COO cis)

3-(N-decyl-N-methyl-N -(8-methacryloyl­
3,5-dioxaoctyl) )ammoniopropanesulfonate 4

Refluxed for 72 h under N z were 10 g (0.027 mol) of N­
decyl-N-methyl-N-(8-methacryloyl-3,5-dioxaoctyl)amin, 3.1 g
(0.025 mol) of propanesultone, and 2 ml of nitrobenzene in
110 ml acetonitril. The solvent was removed in vacuo and the
crude product purified twice by flash chromatography (eluent
CHCl3/CH30H 4 viI v and 7 viI v)

Yield: 4.7g (35%) colorless, waxy, hygroscopic solid
Elemental analysis (Cz4H47N07S x HzO)

Calculated: C = 56.33%, H = 9.65%, N = 2.74%,
S = 6.27%

Found: C = 56.01%, H = 9.38%, N = 2.95%,
S = 6.18%

FD mass spectrum: signal at mass 494 (M +)
lH-NMR (400 MHz, CDCI 3): (j (in ppm) = 0.83t (3H,

-CH3), US-135m (14H, ~(CHz)d, 1.67m (2H,
CHz-C~N+ -), 1.90s (3H, =C-CH3), 2.18m (2H,
N+ -C-CHZ-C-S03), 2.84t (2H, -CHZ-S03), 3.12s (3H,
-N+-CH3), 3.28m (2H, -CHz-N+), 3.5-4.0 m (12 H,
-CHz-(O-CHz-CHz)rN+-CHrC-C-S03), 4.24t (2H,
-CHz-OOC-), 5.55m (lH, CH=C-COO trans), 6.07m (lH,
CH=C-COO cis)

N -methyl, N -(vinyloxycarbonylmethyl)-l­
aminodecane

To 18.2 g (0.106 mol) of N-methyl-decylamin and 1 ml ni­
trobenzene in 100 ml of dry acetonitril 17.5 g of vinyl-2­
bromoacetate was added. This mixture was stirred at 60°C for
48 h. The solvent was evaporated and the residue diluted by
200 ml diethylether, extracted with 2n NaOH, and dried over
Na ZS04' After removal of the solvent, the product was puri­
fied by flash chromatography (eluent ethylacetate).

Yield: 2.6 g (10%) brownish, viscous oil

lH-NMR (200 MHz, CDCI 3); (j (in ppm) = 0.85t (3H,
-CH3), 1.1-1.5m (16H, -(CHz)g-), 2.35s (3H, -N-CH3),
2.45t (2H, -CHz-N< ), 3.3s (2H, N-CHz-COO), 4.56m (lH,
-COO-C=CH trans), 4.86 m (lH, -COO-C=CH cis), 7.26 m
(lH, -COO-CH=C)

N -decyl,N-methyl,N-(vinyloxycarbonylmethyl) -3­
ammoniopropane sulfonate 5

Refluxed in 15 ml of acetonitril for 72 h under N z were
1.44 g (5.6 mmol) of N-methyl,N-(vinyloxycarbonylmethyl)-l­
aminodecane, 0.668 g (5.5 mmol) of propanesultone, and 3
drops of nitrobenzene. The product precipitated on cooling,
and was repeatedly recrystallized from acetonitri!.

Yield: 0.5 g (23%) colorless hygroscopic solid, m.p. 174°C
Elemental analysis (C18H3SNOsS x HzO):

Calculated: C = 54.66%, H = 9.43%, N = 3.54%,
S = 8.10%

Found: C = 55.58%, H = 10.29%, N = 3.65%,
S = 8.09%

lH-NMR (400 MHz, CDCI 3): (j (in ppm) = 0.85t (3H,
-CH3), 1.15-1.35 m (14H, -(CHzh-), 1.69m (2H,
CHz-C-N+ -), 2.26m (2H, N+ -C-CHZ-C-S03), 2.90t (2H,
-CHZ-S0 3 ) , 3.39s (3H, -N+ -CH3), 3.54m (2H, -CHz-N+),
3.90m (2H, N+ -CHz-C-C-S0 3), 4.5-4.8m (3H,
N+ -CHz-COO-, -COO-C=CH trans), 5.07m (lH,
-COO-C=CH cis), 7.16m (lH, -COO-CH=C)

N-(3-dimethylaminopropyl)-4-hexyloxybenzene­
sulfonamide

To 36 g (0.2 mol) hexyloxybenzene in 80 ml CHCI3, 45.5 g
(0.39 mol) of chlorosulfonic acid was slowly added, keeping
the temperature below - 5°C. The mixture was stirred for
3 h more, allowing it to reach room temperature. After dilu­
tion with 200 ml petrolether, the mixture was poured onto
200 g of ice and NaCl was added. The organic phase was
separated, dried over Na ZS04 , and evaporated. This process
yielded 33.5 g (60%) of dark oil of crude 4-hexyloxybenzene­
sulfonyl-chloride. These 33.5 g (0.12 mol) dissolved in 100 ml
petrolerher were added slowly to a stirred mixture of 12.4 g
(0.12 mol) of 3-dimethylamino-propylamin (Fluka) placed on
top of 80 ml of 10% aqueous NaOH at 20 DC. After 1 h, the
resulting emulsion was neutralized by HC!. The organic phase
was separated and evaporated. The residue was purified by
flash chromatography (eluent; acetone).

Yield: 19 g (46%) colorless oil, nb4 = 1.5119, which solidi­
fied in the refrigerator

lH-NMR (400 MHz, CDCl3): (j (in ppm) = 0.86t (3H,
-CH3), 130m (4H, -(CHzlz-), 1.42m (2H, -CHz-C-C-O),
1.55m (2H, -eHz-C-O-), 1.75 m (2H, N-C-CHz-C-N< ),
2.13 s (6H, -N-CH3), 2.26t (2H, -CHz-N<), 2.97t (2H,
-CHz-N-SOd, 3.96t (2H, -CHz-O-), 6.92d (2H,
-O-C=CH), 7.71d (2H, -SOz-C=CH)
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N-( 15-acryloyl-3-carboxy-4,7,10,13 tetraoxapen­
tadecyl), N-(3-dimethylaminopropyl) -4­
hexyloxybenzenesulfonamide

Refluxed for 4 days were 6.9 g (0.20 mol) of N-(3­
dimethylarninopropyl) -4-hexyloxybenzene-sulfonamide, 7.1 g
(0.023 mol) of tetraethyleneglycoldiacrylate, 0.12 g (0.003 mol)
of NaOH, and 0.5 ml nitrobenzene in 100 ml dry acetonirril,
The mixture was cooled, filtered, evaporated, and the crude
product purified by flash chromatography (eluent:
CHCl3/CH30H 10 vl1 v).

Yield: 3.8 g (30%) colorless oil, nj} = 1.5011
IH-NMR (400 MHz, CDCI,): 0 (in ppm) = a.87t (3H,

-CH3 ) , 1.2S-1.55m (6H, -(CHzh-), 1.65-1.85m (4H,
-CHz-C-O-, N-C-CHrC-N<), 2.19s (6H, -N-CH,),
2.28t (2H, -CHz-N< ), 2.64t (2H, -CHz-COO-), 3.11t (2H,
-CHz-N-SOz-j, 3.35t (2H, -OOC-C-CHz-N-SOz-j,
3.65-3.75m (12H, -CHrO-(CHz-CHrO)z-CHz-j, 3.96t
(2H, -CHz-O-Ar), 4.25-4.35m (4H, -CHz-OOC-), 5.82m
(1 H, CH=C-COO- trans), 6.11m (lH, =CH-COO-),6.39m
(lH, CH=C-COO- cis), 6.90d (2H, -O-C=CH), 7.69d (2H,
-SOz-C=CH)

3-N,N-dimethyl,N-(3'-(N'-( 15-acryloyl-3­
carboxy-4,7,10,13 tetraoxapentadecyl)-( 4­
hexyloxy-benzenesulfonamido)propyl) ammonio
propanesulfonate 6

Refluxed in 40 ml dry acetonitril under N z for 2 days were
3.8 g (5.9 mmol) of N-(15-acryloyl-3-carboxyl-4,7,10,13
terraoxapentadecyl, N-(3-dimethylaminopropyl)-4-hexyloxy­
benzenesulfonamide, 0.78 g (6.1 mrnol) of propanesulrone,
and 1 ml nitrobenzene. The solvent is removed in vacuo, and
the residue purified by flash chromatography (eluent:
CHCI3/CH,OH 4 v/1 v)

Yield: 3.2 g (71%) colorless, viscous oil, n~4 = 1.5138

Elemental analysis (C34HssNz013SZ X HzO):

Calculated: C = 52.02%, H = 7.70%, N = 3.57%
Found: C = 51.56%, H = 7.80%, N = 3.74%

IH-NMR (400 MHz, CD 30D): 0 (in ppm) = 0.97t (3H,
-CH,), 1.41m (4H, -(CHz)d, 1.54m (2H,
-CHz-C-C-O-Ar), 1.85m (2H, -CHz-C-O-), 2.15m (2H,
-SOz-C-CHz-C-N+-), 2.26 m (2H, N+-C-CHZ-C-S0 3 ) ,

2.72t (2H, -CHz-COO-), 2.93t (2H, -CHZ-S03), 3.17s (3H,
-N+-CH 3 ) , 3.26t (2H, -SOz-N-CHz-C-C-N+), 3.4-3.5m
(4H, -SOz-N-C-C-CHz-N +, -SOz-N-CHz-C-COO),
3.57m (2H, N+ -CHrC-C-S0 3 ) , 3.68m (8H, -O-(CHz
-CHz-O)d, 3.76m (4H, -CHz-O(C-C-O)z-O-CHz-),
4.11t (2H, -CHz-O-Ar), 4.25-4.35m (4H, -CHrOOC-),
5.94m (1 H, CH=C-COO- trans) 6.21m (IH, =CH-COO-)
6.44m (IH, CH=C-COO- cis), 7.15d (2H, -O-C=CH),
7.82d (2H, -SOz-C=CH)

Polymerization of monomers

Polymers were obtained from monomers by free radical
polymerization. Polymerizations of 1-1 and ~ were performed

Colloid and Polymer Science, Vol. 269 . No.8 (1991)

in erhanolic solution as well as in aqueous, micellar solution.
In the case of monomer l, acetonitril was used as solvent.
Monomer solutions of approximately 5% by weight in eth­
anol, or of 1-2% m water (or aceronitril), respectively, were
purged with nitrogen for 30 min, sealed, and reacted for
12-18 h at 60°C using 1-2 mol % azobis (isobutyronitril)
AIBN as initiator.

When polymerized m water, the polymer precipitated at the
bottom of the reaction vessel. It was extracted and washed
several times with hot water and lyophilized. The dry poly­
mers were dissolved in ethanol, filtered [rom the unsoluble
parts, and precipitated into acetone. The precipitates were
swollen with water, extracted and washed throughly with
water, and lyophilized again.

Ethanolic reaction mixtures were filtered from the unsoluble
parts and precipitated into acetone after removal of most of
the solvent. The precipitates were swollen with water, ex­
tracted and washed thoroughly with water, and lyophilized.

On polymerization in acetonitril, poly(S) precipitated at the
bottom of the reaction vessel. It was washed and extracted
several times with hot aceronitril and dried.

The purified polymers were free of residual monomer, ac­
cording to FT-IR, IH-NMR, and TLC.

Methods

NMR-spectra were recorded with an Aspect 3000 400 MHz­
spectrometer (Bruker). Signals were attributed by comparison
with model compounds and by double-resonance experiments.
Thermogravimetry was performed on a Thermogravimetric
Analyzer Type TGS-2 (Perkin-Elmer); the samples were heated
under a nitrogen rate of 10 DC/min. Differential scanning
calorimetry DSC was performed with a Perkin-Elmer DSC2.
Heating rates of 5 DC/min to 40°C/min were applied. Lyotro­
pic liquid crystal were studied by a polarizing microscope
(Ortholux, Leitz) equipped with a hot stage (Mettler FP52).
Surface tensions were measured with a Lauda tensiometer at
25°C. Monolayer behavior was investigated with a computer­
controlled film balance [16] on pure aqueous subphase.

Results and discussion

Synthesis of surfactants containing spacer groups

The cationic ammonium salts and zwitterionic
sulfobetaine surfacranrs studied are displayed in
Fig. 2. Emphasis was placed on zwitterionic sur­
factants due to their special properties, such as
missing polyelectrolyte effects [1]. The reaction
scheme for the synthesis of monomers 2: and 1-2 is
shown in Fig. 3.

Two types of surfactanrs containing oligoethyl­
eneoxide spacer groups between the surfactant
structure and the polymerizable group were syn­
thesized. In monomers l: and 1, the reactive meth­
acrylate was attached via rrierhyleneglycol to the
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€?H3

CH3-(CH2}g - N+- CH3 Br­

9H2

9H2
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9H2
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CH2=C-COO
I

CH3
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9H2
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I

CH3

~H3
CH3-(CH2}g - W- (CH2h-S03­

<;:H 2

<;:H2
CH2=~-CO-(0-CH2CH2h - 0

CH3

Fig. 2. Polymerizable surfactants investigated

quarternary ammonium group, i.e., it was bound
to the head group of the surfactant. In monomer §,
the reactive acrylate was attached via tetra­
ethyleneglycol to the sulfonamide moiety, i.e., it
was bound to the front part of the hydrophobic
tail. As this part is considered to be the least mobile
one of surfactants in micelles [6, 7], such an archi­
tecture seems to be the most suitable for preserving
maximal mobility of the surfactant structure in
polymers. The complex 1H-NMR spectrum of § is
exhibited in Fig. 4.

Due to their analogous structure, surfactants 1-4
enabled comparative studies of cationic and z;it-=
terionic analogs, and of spacer-free and spacer­
containing analogs.

According to the model discussed in the in­
troduction [1, 3, 4], the polymer of the sulfobetaine
~ is not expected to be watersoluble, because in this
polymer the surfactant structure is attached to the
polymer backbone via the head group (see Fig. Ib),
However, we wanted to examine this compound,
because recently the polymer of the analogous ca­
tionic surfactant was reported to be water soluble
[5].

General properties of the monomers

By incorporation of oligoethyleneoxide groups,
the melting points of ~ and 1 are strongly decreased

compared to their spacer-free analogs 1 and 02. . In
fact, both spacer containing monomers exhibit a
complicated melting behavior. Whereas 2 shows
the existence of several crystal modifications in the
DSC trace (Fig. 5) k 1 24 k 2 27 k 3 32 i, the spacer
surfactant 1 is a thermotropic liquid crystal, show­
ing birefringence and mobility in the polarizing
microscope. DSC investigations reveal a complex
behavior, pointing to the presence of several meso­
phases k 65 LC 1 72 LC 2 92 LC 3 104 i (Fig. 5). As 1
tends to undergo thermal polymerization in the
temperature range of interest, a detailed study of
the mesophases is missing yet.

The monomers 1-~ and 1-§ are well water
soluble at 20°C; only monomer 02. exhibits a Krafft­
temperature of 37°C; The high Krafft-temperature
was attributed to special interactions of the meth­
acrylate group with the sulfobetain structure [1].
Noteworthy is that such interactions are missing in
case of the analogously built vinyl ester ~. The
Krafft-temperature is depressed as well by incorp­
oration of oligoethyleneoxide groups as exempli­
fied by spacer surfactant 1, which is well water
soluble at 20°C, in contrast to its analog 02.. Such a
depression of the Krafft-temperature is analogous
to the well documented one of anionic surfactants
when oligoethyleneoxide groups are incorporated
[17]. Highly concentrated aqueous solutions of
02.-§, the zwitterionic surfactants are birefringent,
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Iiii-v

CH2=y - CO -(O·CH2CH2h-1
CH3

C10H21•~- (CH2CH20h·OC·C;:=CH2
CH3 CH3

/ vii
\ viii

C1oH21'~-CH2-COO-CH=CH2
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9H3
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CH3

CH3
CH:r(C~ .~+ - (CH2l3-S03 •

9H2
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CH2=CH-O §.

x, xi
•

• xii

Fig. 3. Schematic synthes is of rhe mon omers synthesized: a) monomers based on N-meth yl-decylam in, i) Nal /acet on e,
ii) CHz= C( CH3)- COCl + (CzH s h N, iii) TosCI + N aOH, iv) CH 3 [ + NaOH/EtOH, v) H ZS04/Ll, vi) CH3CN/ Ll ,
vii) CH 3f/CH 3CN, viii) propanesulrone/ Cl-ljCbl , ix) BrCH zCOO-CH=CHz/CH 3CN, b) monomer based on 4-hexyloxyben­
zenesulfonamide, x) SOzClz/CHCI3, xi) H zN- (CH zh -N (CH 3)z/NaOH, xii) CHz= CH-COO- (CHz-CH z- O)4
-OC- CH=CH z + NaOH/ CH 3 CN

indi cating the formation of ani sotropic lyotropic
mesophases. The textures of polarized optical
micrographs point to the presence of hexagonal
mesophases, as found for man y sulfobetaine sur­
factants [1, 18].

Critical mi celle concentrations (CM C) of the
monomers

CM Cs were determined for the newly synthes­
ized monomers ~ and 1:-§ by surface tension meas­
urements. The results are displayed in Figs. 6 and 7

and listed in Table 1, comparing them with the
CMCs of the reference surfactants 1 and 3 .- -

The sur face tensions of the monomers at their
CMC are virtually identical for zwitterionic and
cationic analogs, such as 'l:: and 1: (Fig. 6). However ,
as observed pre viou sly [1], the zwitterionic sur ­
fact ants 3 and 4 exhibit lower CMCs than their- -
cationic analogues .1 and ~. Accordingly, the ca-
tionic moiety is slightly more hydrophilic than the
zwitterionic one.

The comparison of the spacer free surfactants .1
and J. with the spacer containing analogs ~ and 1:
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Fig. 6. Surface activity of monomers 1, ~ and :I: at 25°C in
water. + = 1, 0 =~, x =:1:
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o Table 1. Surfactant properties of the monomers at 25°C.
Values for monomers 1 and J taken from [1]

T K = Krafft-temperature, CMC = critical micelle concentra­
tion, Ymin = surface tension at CMC
a) by pyrene label at 40°C

Fig. 4. IH-NMR spectra of monomer ~ in CD 30D at room
temperature

E..
CD
.c:

~
w

Monomer

1
2
3
4
5
6

TK CMC CMC Ymin
(0C) (g/l) (rnol/l ) (mN/m)

<10 6.3 1.7 x 10- 2 34
<10 4.5 0.88 x 10- 2 32

37 4.6a
) l.1xlO- 2

<10 2.3 0.47 x 10- 2 34
< 20 3.4 0.94 x 10- 2 36
<10 0.48 0.06 x 10- 2 37

Fig. 5. DSC trace of monomers ~ and:l: heating cycle. Heating
rate 10 DC/min

reveals a decrease of the CMCs on incorporation of
the triethyleneglycol spacer group (Fig. 6), as ob­
served for oligoetheralkanesulfonates [17]. In fact,
the poor hydrophilicity of oligoethyleneoxide end­
capped by acrylate has been described before [19].
Additionally, the spacer containing monomers ex­
hibit slightly decreased surface tensions at the
CMC. This is in contrast to the behavior of oligo-

240 280 320 360

Temperature (K)
400

etheralkane-sulfonates [17], i.e., it is of great im­
portance whether the oligoethyleneoxide group is
incorporated between the hydrophobic chain and
the hydrophilic head or whether both the hydro­
phobic tail and the oligoethyleneoxide group are
attached to the hydrophilic head. For ~ and 1, the
observations clearly indicate that the methacrylate
end-capped triethyleneglycol group should be con­
sidered slightly hydrophobic and not hydrophilic.

Figure 7 shows the plot of surface tension vs the
log of concentration for monomer ,2. The slight
minimum indicates the presence of a small amount
of impurities. As the monomer has been carefully
purified, the impurity may well be not inherent, but
due to slow hydrolysis of the vinylester in the
course of the measurements (see below). Com­
paring monomers ~ and ,2, its CMC of
0.94 x 10- 2 mol/l is very similar to the value of
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Fig. 7. Surface activity of monomers land f5. at 25 DC in water.
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monomer 2 (Table 1) and related sulfobetaine
surfactants [IJ. The same is true concerning the
surface tension of 36 mN/m at the CMC [IJ. Thus,
despite of the strongly decreased Krafft-temper­
ature, the replacement of the methacrylate by the
vinylester moiety is only of minor importance for
surface activity, because the basic zwitterionic
structure dominates.

Figure 7 illustrates the micelle formation of the
spacer-containing monomer 2. In agreement with
the discussion above, the CMC of 6.3 x 10- 4 rnol/l
of 2 is relatively low. Obviously, the end-capped
tetraethyleneglycol behaves more like a second hy­
drophobic chain than a second hydrophilic head
group. This interpretation accounts as well for the
low surface tension of 37 mN/m at the CMC con­
sidering the shortness of the basic hydrophobic
part.

Fig. 8. lH-NMR spectra of vinylester l in D20 demonstrating
partial hydrolysis after 4 days storage at room temperature (ca
22 QC). Most prominent is the gradual decrease of the signals
of the olefinic protons at 7.2 ppm and 5.1 ppm, protons next to
the c=o group at x) 4.4 ppm, and protons of the N+ -CH3

group at a) 3.3 ppm. The latter ones are replaced by new
signals at z) 4.0 ppm and at b) 3.2 ppm of the resulting
carboxylic acid. For full signal assignment of 2. see experi­
mental section

3 h at 65°C. The facile solvolysis is attributed to
the activation of the carbonyl group by the quar­
ternary ammonium group in a-position. Thus, even
for the little polymer formed, a copolymer struc­
ture based on 2 and vinyl alcohol is probable. Such
a "copolymer" formation may account for the
reported water solubility of the analogous cationic
polymer [5J.

Solvolytic stability of vinylester 5

Attempts to polymerize vinylester 2in ethanol or
water by AIBN were not successful. Although the
vinylester signals vanish completely in the FT-IR
and IH-NMR spectra, TLC indicates that only
very little polymer, but mainly low molecular
weight side products, are formed. The polymer
could not be separated successfully from the major
products. According to NMR and IR, the major
side reaction in ethanol is transesterification, yield­
ing the corresponding ethylester. The major side
reaction in water is the ester hydrolysis (see Fig. 8).
The half-life time of the ester in water is ca 8 days
at room temperature (approximately 22°C) and ca

General properties of the polymers

All polymers are solids, which decompose above
ca 200 "C. Only in the case of the cationic spacer
polymer, a glass transition was found at 10 ° C.
Whereas the cationic poly(l) and poly(2) are
well soluble in methanol, ethanol, chloroform, or
chloroform/methanol mixtures, the zwitterionic
polymers are only well soluble in ethanol or chloro­
form/methanol mixtures, but not in pure methanol
or chloroform. The limited solubility of the zwit­
terionic polymers is in agreement with previous
reports [1,20, 21J, and the type of useful solvents is
in agreement with the molecular architecture of the
polymers [IJ, i.e., the polymer backbone is at­
tached to the hydrophilic head groups or to the



Las chewsky, Oligoethvleneoxide spac er groups in polymerizable surfa ctants 793

Conclusions

Fig. 9. Sur face pressur e-ar ea diagra ms of polymers poly (1),
poly (4), and pol y (6) at 20 °C. Pure aqueous su bph ase,
pH = 5.8. a) pol y(l ), b) poly(2), c) po ly(3), d) poly(4), e)
pol y(6)

The incorporation of oligoeth yleneoxide groups
as flexible side-ch ain spacers int o polymeriza ble
su rfactants has a marked influence on th eir ag­
gregation behavior in aqueous systems. Alth ough
the spacers behave as slightly hydrophobic com­
ponents, the effective depression of the melt ing
temperatures and Krafft-temperatures T K of the
monomers makes the spacers useful component s in
the design of sur factan ts, all the more so as the
surface activity is hardly modifi ed . This is parti­
cularly true for sulfobetaine surfacrants, which of­
ten suffer from their notoriously high values of TK

[1, 18]. However, although the concept of side­
chain spacers is very successful for polymeric liquid

1.21,00,80,60,4

Area (nm2/repeat uni t)

a b

0,2

zwitt erionic ana logs po ly (2) and poly (4) bearing
spacer groups are very similar (Fig. 9b, d ). Here
too, the cationic polymer exhibits only a slightly
increased collapse area and a moderatel y enhanced
collapse pressure. Noteworthy is th at these slight
differen ces in surface activity correspond to the
ones observed for the monomer pair (T able 1, Fig.
6). Nevertheless, the nature of the head group,
whether cationic ammonium salt or zwitterionic
sulfobetain, is of minor importance only for the
monolayer beh avior. Poly mer archi tect ure [1] (see
Fig. 1), hyd rophobic chai n length [23], and the
presence of spacer groups seem to be the domi­
nating factors.

70
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Monolayer behavior of the polymers

Due to their solubility in 10 v/l v chlo ro form/
methanol mixtures, the polymers can be spread at
the air-water interfa ce to study their surface acti v­
ity in insoluble monolayer experiments. As re­
ported prev iously [1], for poly (1) and pol y(3) these
po lymers derived from water-soluble monomers
indeed form stable insolu ble monolayers, for which
surface pressure-area diagrams ("isotherms") are
displa yed in Fig. 9.

The isotherms of the reference po lymers without
spacer gro ups poly(l ) and poly(3) are very similar
(Fig. 9a, c). In comparison, the cationic polymer
exhibits on ly a slightly increased collapse area and
a moderately enhanced collapse pressure of ca
25 mN /m. The collapse areas of ca 0.35 nm 2/repeat
unit indicate a rather loose packing of the hydro­
carbon chains . The collapse pressures of ca
20 mN /m-25 mN/m are rather low , compared to
standard amphiphi les, such as stearic acid [22].
Between 1°C and 50 °C, the spreading behav ior is
ind ependent of the temperature . These results were
concluded to ind icate a fluid-like state of the hydro­
phobic chains in the monolayer [1].

The isotherms of the polymers bearing spacer
groups poly(2), poly (4), and poly(6) show marked
differences. In particular, the collapse areas are
substant ially increased compared with the poly­
mer s without spacer groups. Such large area s per
mol ecule of amphiphilic monomers and polymers
bearing oligoeth yleneoxide spacer groups ha ve
been previously reported in the expanded pha se of
insoluble monolayers [9, lOJ (bu t not in the con ­
densed phase), supporting the conclusion that the
hydr ophobic chains of the polymers are in a fluid­
like stat e. In contrast to the packing of the mono­
layers, the collapse pres sures do not change much
on incorporating the spacers. O nly slight increases
are observed, thus paralleling the effect of the
spacer groups onto the surface activity of the
monomers (see Table 1).

As observed for the refere nce po lymers poly (1)
and po ly(3), the isotherms of the cationic and

front part of the hydrophobic ta il. Most important,
however, is that even the spacers containing the
polymers are insoluble in water. This includes the
cationic poly(2). Thus, the inso lubi lity in water
cannot be attributed to the gene ral poor solubility
of zwitterionic po lymers .
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crystals or polymeric mono- and multilayers, it
seems not to be appropriate to provide polysoaps
derived from single-chain surfactants having at­
tached a polymerizable moiety to their hydrophilic
head.
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