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SUMMARY: A series of pyridinium salts (PCX)-substituted with am-(4'-methoxy-4-biphenylyloxy)alkyl

group has been synthesized and used as surfactants in the emulsion polymerization of styrene. These mol-
ecules have an alkyl chain with an even number(6, 8, 10, or 12) of methylene groups and bromine as
counterion. For these molecules a typical behavior of colloidal electrolytes has been observed by conductivity
measurements on water solutions and the critical micelle concentrations (CMC) determined by this technique
are 2.14, 1.47, 0.214, and 0.0097 mmol for PC6, PC8, PC10, and PC12, respectively. Latices prepared with
three components (water/styrene/PCX) were fairly stable showing in all experiments a monodisperse patrticle
size distribution (1.01 to 1.1) with particle diameters from 70 to 160 nm. These results are compared with

those obtained using dodecylpyridinium bromide (DPB) as the surfactant.

Introduction flexible tail, a rigid moiety (biphenyl, biphenyl azo-
The most important class of cationic surfactants is thmethine, azobenzene, etc.) and a hydrophilic head group
guaternary ammonium salt substituted with at least onlguaternary ammonium group) as structural elements.
long organic radical, which is normally a long alkyl They have found some relation between the morphology
chaint? or an alkylaryl group. Another important type of the molecular aggregates and the polarity and geome-
of cationic surfactant is based on one or more heterocytry of the rigid group. In a similar context, Menger and
lic ionic moieties, among which pyridinium salts are thelittau®!® have synthesized and studied a series of non-
most representatite The emulsification properties of conventional surfactants called “gemini surfactants”.
these amphiphiles depend strongly on the ionic part, anthese surfactants combine in the same molecule the fol-
in some extent on the nature and size of the non-ioniowing sequence of chemical groups: a long alkyl chain,
radical, which can modify the performance of the surfacan ionic group, a rigid segment, a second ionic group, and
tant. In most cases, the hydrophobic radical of the surfae- second hydrocarbon tail. The two hydrophobic tails
tants is a flexible group, typically a hydrocarbon chainmake these surfactants to show an abnormal CMC-hydro-
Relatively few works concerning stabilized colloidal dis-carbon tail length dependence. Molecular aggregation for
persions (oil/water/surfactant) report the use of surfachese surfactants is different to that observed with con-
tants having a rigid hydrophobic group incorporated intwentional single tail surfactants. It seems that gemini
the long organic radical. In this respect, Finkelmann eiggregates fall into the lamellar range, but structural
al>® have reported some amphiphiles combining adetails were not fully described. Other amphiphiles hav-
oligo-oxyethylenic chain with a rigid rod-like hydropho- ing rigid elements in their chemical structure and show-
bic moiety. For these molecules they have observed tlieg unusual molecular aggregation have been reported by
development of mesophases at well defined intervals &ftein and Gellmar® and Menger and Whiteséil
temperature and concentration. Molecular aggregationsHundreds of surfactants combining in the same mol-
were all lamellar, regardless of the hydrophile-lipophileecule ionic or non-ionic hydrophilic groups with long
balance of the amphiphiles. The molecular packing adrganic radicals have been tested in emulsion polymeriza-
these amphiphiles was different compared with thaion in order to improve both the stabilization and the
formed with non-ionic amphiphiles having a flexible polymerization process. However, in this method of poly-
hydrophobic group. On the other hand, Kunitake andherization the use of surfactants containing a rigid group
Okahatd have reported the synthesis of a series of quan the organic radical is almost nonexistent. In this respect
ternary ammonium salts having a biphenyl azomethinge can cite the use of alkylphenyldisulfonic acid salts as
group in the hydrophobic radical and bromine as countesurfactant in the emulsion polymerization of vinyl acet-
ion. In dilute aqueous solution these amphiphiles fornate.

lamellar and vesicular structures, which were reported to In the present work, we investigate a new class of sur-
form a bilayer assembly. In another work, Kunitake efactants (Scheme 1) having in their chemical structure
al® have reported 62 single-chain amphiphiles having taree distinct parts in the following sequence: a positively
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chaged pyridinium ring associatd with its negativey
chaged counteion, a flexible aliphatic chainanda rigid
methoxybphenyl group. We reportthe use of thesesur
factants in the emusion polymerization of styrene.
Resultsare discussedn termsof the length of the alkyl
chain and the concentration of surfactints. In order to
comparewith the use of a classicalsurfactat we also
reportsomeresultsobtainedwith dodecylpyridinium bro-
mide.

Experimental part

Materials

Pyridinium bromide saltsN-substitutedwith an w-(4"-meth-
oxy-4-biphenylyloxy)alkyl group were synthesizd by a
similar methodreportedn a previouspapet®. 4,4-Biphenyl-
diol, dimethyl sulfate and a,w-dibromoalkanegeven num-
bersfrom 6 to 12 of methylenegroups)from Aldrich were
used as received. Dodecylpyridinium bromide (DPB) was
obtainedby reactingdodecyl bromide (Aldrich) with pyri-
dine (in excess)Pyridinewasdistilled undervacuumin the
presenc®f KOH. All solventsandstyrene(St) weredistilled
before use. Polymerizationswere initiated with 2,2-azo(2-
amidinopropane)dihydrochloride from Wako (V-50), pre-
viously recrystallizedn methanol.

Instruments

All intermediategndfinal products(PCX) wereanalyzedby

the coupled technique gas chromatography-masspectro-
scopy(GC-MS) usinga Hewlett Packardinstrument(model
5890),by infrared spectroscopysingan FTIR from Nicolet
(Magna-IR550) and by *H NMR using an Varian spectro-
meter (Gemini 200 MHz). Conductivty measurement$or

the CMC determinationwere performedwith a conducti-
meter from Jenway(cell constant0.95 and 1 KHz of fre-

quency)at 25°C + 0.1 andusingpurified water(conductivity
0.5 uS) obtainedfrom a combinationof ion exchangefilter

cartridgedrom Cole-Parmefuniversalandresearctgrades).
Particle size (D) and particle size distribution (PSD) of

latices were determinedusing a light scatteringMalvern
instrument(Series4700). Micrographieswere obtainedby

the secondaryion techniqueusing a scanningelectronic
microscope (SEM) from Topcon (SM-510). Molecular
weights(M, andM,) of the polymerswere obtainedby size
exclusionchromatographySEC) usinga Watersinstrument
(150-C).

Polymerizations

All emulsionpolymerizationswere carriedout in a 250 mL
three neck round bottom flask usingin all experimentshe
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sameconcentratiorof water(80 g), styrene(20 g) andinitia-

tor (0.2 g). Styreneand waterwere bubbledwith argon dur

ing 30 min beforeuse.SurfactantconcentratiofPCX] was
variedfrom 12 to 72 mmol. Experimentswvere carriedout at

60°C underargonatmosphereisingmechanicaktirring (600

rpm). In all experimentsmaterialswere introducedinto the

reactorin the following sequencewater, surfactant,mono-
mer, andinitiator. Aliquots of 3 mL of the reactionmixture

were removedwith a syringe at specifiedintervals and the

polymers were recuperatedby the freeze drying method.
Two polymerizationsverecarriedout for eachconcentration
of surfactanin orderto checkthereproducibility of thereac-
tion. Similar experimentsverecarriedout usingDPB assur

factant.

Resultsand discussion

Critical micelleconcentrdion of PCX surfactants

An importart paramete to measue before starting a
study relaed to the useof new surfactats is the critical
micelle concentration(CMC). This property was dete-
mined by electic conductivity measurerantsof a series
of watersurfectant solutions of different concentation.
This methodwaschoserbecausef theionic chamacterof
the synthesizedmolecules.The CMC for eachPCX sur
factantwasdeteminedgraphially asshownin Fig. 1 for
the PC6 suffactant. Resultswere as follows: 2.14,1.47,
0.214,and0.0097mmol for PC6,PC8,PC10,andPCl2,
resgectively The CMC of DPB at40°C hasbeenreported
at 10.0mmd*®. By comparingthe CMC valuesbetween
PC12 and DBP (both molecules containing a dodecyl
chan), it canbe concludeathatthe CMC value deceases
drastically due to the presenceof the methoxybphenyl
rigid segmat. Also, it can be obseved that the amghi-
phileswith thelongestchain(PC10andPC12)showvery
low CMC values. This resultis cerainly relatedto the
lengh of the amphighile but it is also related to the
hydrophiledipophile balarce of the molecdes which
deceasestlongeralkyl chainlenghs.Low CMC values
(102 — 10°* mmol) for rigid rod-like moleculeswere also
reportedby LiihmannandFinkelmanr? andKunitake and
Okahatd.

Effectof PCXconcentratim

In emulsion polymerizatian, the rate of polymerizaion
(Ry) depend=on the numberof patticles (polymeiization
sites)and this in turn on the surfactat concentation'®.
Thenumberof particles permilliliter of water(N,) canbe
obtained by theaetical” and experimenal’® methods.
Tab.1 shows the experimental N, values for seveal
latices of polystyrenepreparedusing two different con
centationsof PCX and DPB surfactars. The theoretical
N, value hasbeencalculaed constering the headgroup
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Tab.1. Expeimental and calculatel numberof particles per
water milliliter (Ny) and rate of polymeiization (R;) for emul-
sionsstabilized with indicated amountsof PCX surfactantsand
DPB

Surfadant N, x 107 Ry in mol/(L - min)
12mmol 36 mmol 12mmol 36 mmol
PC6 2.1 5.19 0.0208 0.0493
PC8 2.55 5.37 0.0261 0.0475
PC10 2.31 5.32 0.0273 0.0500
PC12 3.00 4.46 0.0273 0.0444
DPB - 5.39 - 0.0175
Theoretical 19.0 38.3

surfaceareaof the pyridinium ring®. It can be noticed
thatthetheaetical N, valueis higherthanthe experimen

tal one obtainedfor all pyridinium salts. Suct disagee-
ment betweentheaetical and experimetal N, valuesis

commonandit coud be dueto the fact that theoretical
calculdions do not considerthe monomerconcentation
andothermolecuar factors.On the other hand,it canbe
seenthatthe N, value for laticespreparedwith PCX sur

factantsis quite similar to that obtained for those pre-

paredwith DPB. The latter result merely indicatesthat
the numberof particles depend®on the polarheadsurface
areaand not on the hydrophdic group. In spite of the
similar N, valuesbetweenPCX and DPB amphighiles, it

has beenobservedthat latices preparedwith DPB were
considerdaly lessstableat similar concentration.It canbe
pointedout that it wasalmostimpossibleto carry out an
emulsionpolymerizationexperimem at 12 mmol of DPB,
whereaghe polymerization with PCX at suchconcenta-
tion was fairly stabk even for the longest surfactant
(PC12)usedin this work. The molecula aggregtion of

rigid roddike PCX amphiphiles on the water/maomer

surfactantconcentratiorfor the PC6 surfac-
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Fig.2. Convesionvs. time for emulson polymeiizationssta-
bilized with PC10at variousconcentrations

interfaceis not yet well understood butit is possithe that
therigid groupenhanceshe stability of laticesby means
of a mechanism of lateral molecuhr interactions,as it

occusin lamellar lyotropict® andsmecic thermotopic®

liquid crystals with similar chemical structure. For
instance,in liquid crystalscontdning in the samne mol-

ecuk a flexible alkyl chan and one polar headgroup or

oneelongatedaromaic core,the observedsmecic order

ing (moleculesarrangedin layers) is relatedto the lateral
interaction of molecula moieties segregatedn distinct
layers periodcally arrangedin spacé®.

The kinetics of emusion polymerizationscarried out
using PCX surfacaintshaveshown the normally obsened
patternin this metod of polymersynthess. Fig. 2 shows
the curvesof conversiorvs. time for polymerizationssta-
bilizedwith PC10at differentconcentation. As expected,
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Fig.3. log R, vs. log [PCX] for polymerizationsperformed
with PC8assurfactant

the slope of the initial part of the curvesincreaseswith
increasing surfactat concentation. Of couse, higher
conversionat similar intervalsof polymerizationaredue
to the increasein the numkber of polymerization sitegv.
Emulsionpolymerizaionswith PC6,PC8,andPC12 sur
factantshaveshowna similar behavior

In the same context, therelationbetweenog R, vs. log
[PCX] for polymerizationscarried out using PC8is pre-
sentedn Fig. 3. According to this figure, R, o< [PCX]~ %7,
which is not so differert from predictionsof the Smith-
Ewart® andGardon” theaies.

Effectof chainlength

The relation betweencorversionand time for all pyridi-

nium surfactants at the sameconaentration(36 mmol) is

presentedn Fig. 4. It is importart to note that the four

PCX surfacantsshowsimilar curves,which is quite nor-

mal considemg the similar N, values for all of them.
However in spiteof the N, value for DPB (Tab. 1), which

is similar to that of the PCX surfactints,the slopeof the
initial partt of the curvefor this surfactam is considerable
less pronaunced than the one observedin expaiments
using PCX surfactants. The rate of polymeization of

experimens carriedout using 12 mmol and 36 mmol of

PCX are also summaized in Tab.1. The difference
betweenpolymerizaion rates obtainedusing PCX and
DPB could be associatedo the presencenf the metoxy-
bipheny group in the nonpolar patt of the PCX mol-

ecules At this momen we do not have an explanationfor

the observedenhancerant of the rate of polymerization
whenPCX surfactars areused,butit could be associatd
to the lateral molecular interactons of surfactams sege-

gatedat the interface, which could perturbin someway
the entranceof free radicals to the growing particle,
therebymodifying thekinetics of polymer formation.
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Fig.4. Convasion vs. time for emulson polymerization
experimats using DPB and PCX surfactantsat a concentration
of 36 mmol

As mertioned, the R, in emulsion polymerization is
relatedto N,, whichin turn depend®n the surfaceareaof
the surfactam polar headgroup and not on the length of
the radical substtution. Hence, for reactons stablized
with anhomobgousseies of linear molecukscontaining
one polar head group and one alkyl chain of different
lengh, the R, must show similar values, as it occus
appoximatelyin emusionsstabiized by the PCX series.
Newerthelessit hasbeenrepoted? thatR, coud increase
several orderswhenthe numberof methylkenegroupsof
analkyl chainof anhomdogousseiesof surfactantsvar-
ies from 8 to 18. In spite of the differenceof the length
ammgthe PCX suifactantsthe molecularpacking of sur
factantsof eachchainlength mustbe similar becaseall
of themhavesimilar chemical structures.

Particle sizeand particle sizedistribution

Taking into accountthat N, is quite similar for all PCX
and DPB, we would exped also a similar patticle dia-
meter (Dy) for all of them.It canbesee in Tab.2 thatthe
measured D, values for experimeng carried out with
PCX and DBP at a suffactantconcentation of 36 mmol
are between72.0 and 85.0 nm and thosewith 12 mmol
are betweenl100 and 108 nm, respectivly. As expeded,
D, deceasesvhen[PCX] increasegseethe D, value for
the PC8 series).It is importantto note that all latices
show a narrow particle size distribution (monodisgrse).
This resut has been coroboratedby electronic micro-
saopy. Fig. 5 showsa SEM microgrgphy for a polystyrene
latex obtainedusing PC8 as surfactah It canbe noticed
thatthe particlesarequite sphericawith very similar dia-
meter (monodsperse) According to this result the rigid
rod-like group in the pyridinium surfactats does not
affect the monodispesity of latices becausehe PSD is
quite similarto DPB andPCX suifactants.
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Tab.2. Particle diameters(D,) and particle size distribuion
(PSD) for polystyrenelatices. Data from light scatteringmea-
surements

PCX [PCX] D PSD
mmol nm

PGs 12 106.1 0.024
PG5 36 72.7 0.080
PC3 6 155.8 0.002
PC3 12 107.9 0.023
PC8 36 74.1 0.034
PC8 72 63.8 0.059
PC10 12 101.7 0.059
PC10 36 75.6 0.060
PC12 12 102.7 0.024
PC12 36 84.5 0.041
DPB 36 76.4 0.032

Fig.5. SEM micrography for a polystyrene latex obtained
usingPC8 assurfactant[PCX] = 6 mmol

Molecula weight

The molecula weightsfor polymersobtainedusing dif-

ferentcorcentrationsof PC8assurfacantis presentedn

Tab.3. As expectedthe molecubr weight increaseswith

increasingPCX concentration. This resultis againrelated
to the N, value but it could be alsorelatedto the prob-
ability for a secondfree radcal to enterinto the growing
particlein which the polymerizatio reactionwasalready
initiated

Tab.3. Weight averag (M,) and numberaverage(M,) mol-
ecular weights and polydispesity index (I) for polystyrene
obtainedusingPC8assurfactant

PC8 M. M,
mmol
6 700000 160000 4.37
12 830000 240000 3.46
36 925000 246000 3.76
72 1500000 350000 4.29
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Conclusions

This work is the first attemptto polymerize styrenewith
a surfactant having a rigid rod-like methoxybphenyl
group (PCX), and resultsindicate good stability during
and after polymerizatim. The CMC values for these
amphiphiles are very low when conmparedwith similar
amphiphiles with nonrigid moieties. As expected,the
stablity of thelatices depend®onthe numberof paticles/
mL of water (N,). At N, valueshigherthan 5 x 10" or
suffactantconcentation higher than36 mmol, the latices
were fairly stable It hasbeenfound for the PCX surfac-
tants thatthe N, value is not affected by the presenceof
the methoxybipheryl groug the N, value dependsonly
onthe surfaceareaof the polarheadgroup.In spiteof the
similar N, valuesbetweenPCX and dodecylpyridinium
bromide (DPB), it hasbeenobsened that emulsias pre-
pared with DPB were consideraly lessstableat similar
corcentrations. This differerce in stability could be
relatedto lateral malecularinteractons betweenmolecu
lar moietiesof the rigid rod-like group of amphiphiles
segregatedat the wata/mononer interface.lt seemsthat
the methoxybphenyl group also affects the polymeriza-
tion rate (R,) becausethe polymerizaions carried out
with PCX surfacaintsshowa higher R, thanthe one car
ried out with DPB at the same concentration. Finally,
laticespreparedvith PCX surfacant haveshown particle
diametersfrom 60 to 160 nm with a very narrov particle
sizedistribution (monodisperse).
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