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ABSTRACT: It has recently been shown that it is possible to polymerize homo- and copolymers of olefins in
aqueous media by using late transition metal catalysts. This has opened a new set of opportunities to produce
simple and composite latex particles based on ethylene and its olefinic derivatives. Here we report some of our
experience in creating water-based latices from the strained cyclic olefin, norbornene. This has been done as ab
initio batch emulsion polymerizations using two different allylpalladium catalysts and a lithium-based activator
as substitutes for the free radical initiator in standard emulsion polymerization. Such experiments produce small
latex particles (ca. 50 nm) and can be burdened with large amounts of coagulum. In studying the effects of
catalyst levels, ionic strength, and temperature on the reaction rates, conversion levels, and particle size, we have
determined that the coagulum is produced by the migration of the catalyst and activator to the emulsified monomer
droplets, producing large agglomerates~af0 um polymer particles. After separating out the coagulum, the
latices are stable for over a year. It has also become clear that in the aqueous environment the lithium activator
is not necessary to promote emulsion polymerization and that without it we eliminate the coagulum. Apparently,
the surfactant (in our case SDS) works as a weakly coordinating anion with the Pd catalyst. This work has shown
that Pd catalysts can tolerate direct injection into the water.

Introduction and Background are formed in the water phase and enter either a micelle or

During the past decade, it has been demonstratethat late precipitate. Once particles are formed, there are three places
transition metal catalysts are capable of producing some for polymerization to occur: water phase, particle surface, and

aqueous-based latices of polyolefins and their copolymers with inside the particle. Particle size is con_tr_o_llable by the temper-
a few vinyl monomers. The use of such latices as aqueous-ture, the amounts of surfactant and initiator, and the amount

based coatings with low VOC offers numerous possible ©f monomer added to the reactor. Once particles are formed,

advantages over free radically derived latices including low- the resulting monomer will polymerize within those particles,
cost monomers, well-defined polymer architecture, new ranges barring the existence of micelles. The molecular weight increases
of mechanical properties, inherent UV resistance, etc. This through propagation and is stopped through chain transfer and
opportunity has led us to begin a research program based upor;ermma'uon reactions. In contrast, C_at EP produces active
the catalytic emulsion polymerization (Cat EP) of polyolefins polymer chains that cannot termlnate'wnh anpther polymer chain
with the objective of elucidating the independent and combined likeé FR EP can, but rather the growing chains can be stopped
mechanisms of polymerization reactions and polymer particle through chain t_ransfer reactions or deactlva_tlon_ of the catalyst.
nucleation and growth. In those efforts, we have tried to compare These contrasting mechanlsms may result in differences in the
and contrast our findings and ideas to those inherent to me_chanlsms of particle nucleation and growth and molecular
traditional free radical emulsion polymerizations (FR EP). weight development between Cat and FR EP. o

The olefins of interest are-olefins, such as ethylene, and It has been shown that norbornene can be polymerized in
strained-cyclic olefins, such as norbornene. Polyethylene has asolutionwith Ni- and Pd-based catalysts through vinyl polym-
low glass transition temperaturd, of —120 °C, whereas erization in the temperature range of 2B °C.12716 The
polynorbornene has an extraordinarily high ~ 300 °C.1t molecular weights reported were between 400 and 300 000
Copolymerizing these two monomers would allow the produc- g/mol. Monomer conversions ranged from as low as 20% to as
tion of a large range Gfy's as well as obtaining highly durable  high as 100%. Only a few authors have polymerized norbornene
and chemically resistance polymers. The ethylene homopolymeror substituted norbornene monomers in aqueous based emul-
is crystalline and thus will not film-form when cast from a water-  sions. Puech et &l were the first to report the aqueous
based latex. Copolymerization is likely to break the crystallinity Polymerization of norbornene via vinyl polymerization. Their
of polyethylene and allow easy tailoring of tfg for film- catalyst was Pdgland produced low molecular weight oligo-
forming polymers. Additionally, there is a family of nor- meric polynorbornene. They found that an increase in their
bornenes, such as acetyl, butyl, decyl, etc., in which the surfactant (SDS) level increased the molecular weight of the
substituents decrease tfig of the polymer. This offers many ~ polymer and that the latex particles formed were only-20
opportunities to make latices with interesting and useful nm in diameter. Lipian et &f reported the polymerization of
properties. butylnorbornene in aqueous media. They used-§lyl)Pd-

The mechanism of particle nucleation in FR EP is well-known (Cl)]2 catalyst precursor, R(:CeHsSOsNa) ligand, and Li-
to occur via micellar or homogeneous nucleation. The oligomers [B(CeFs)4-2.5EtO (LIFABA) activator for the polymerization

and obtained 89% conversion at 86 over a period of 4 h.
* Corresponding author. E-mail: don.sundberg@unh.edu. The My, Of. the polymer was 1.03 million, and thiel, was
T Present address: DSM NeoResingVilmington, MA. 384 000. Lipian claims that high catalyst activity was obtained
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Figure 2. Structure of the activator LiIFABA.

Table 1. Standard Polynorbornene Polymerization Recipes

>— ’k polymerization recipes
T / \ T emulsion solution
\ / N N \ / DI water 959
cylcohexane 95¢g
norbornene 59 59
Pd acetone 05g 05g
(b) \‘< o SDS 0259
N catalyst 3.2mg 3.2mg
Figure 1. Structure of catalysts (a) TMP and (b) DPP. activator 5.6 mg 5.6 mg
THF 1lg 1g
temperature 60C 60°C

with coordination of a phosphine to a cationic palladium center
in the presence of the weakly coordinating FABA anion.
Chemtob et al? used the same catalysts, ligands, and activators
as Lipian as well as a P@yigand to polymerize norbornene
via miniemulsion with hexadecane as a costabilizer. Chemtob

(99.9%, EMD Chemicals), and cyclohexane (99.9%, Fisher Sci-
entific) were used as received.

Latex Preparation. Distilled water was boiled and purged with
argon for 30 min to eliminate the oxygen. Norbornene was dissolved

obtained 100% conversion but could not measure the moleculari, acetone in a ratio of 9:1 to ease the transfer of norbornene to the
weight of the polymer because it would not dissolve in any of reactor because it is solid at room temperature. SDS was also
the solvents they tried. In one experiment, they omitted dissolved in water to ease the transfer into the reactor. Both solutions
hexadecane, and the conversion still was 100% but the particlewere purged with argon for 10 min. The reaction was carried out
size was greater thandmn. The amount of coagulum was more in a 125 mL, three-neck, water-jacketed glass reactor equipped with
than 20 wt %. a magnetic stirring bar. The reaction temperature was controlled

The goal of the present article is to assess the possibility of by means of a water bath, and the reactor was evacuated and purged

duci bl | b lati ith in allvinal with argon. The above solutions were cannulated into the reactor
producing stable polynorbornene latices with certain allylpal- ,qing argon pressure, and then the reactor was brought up to

ladium catalysts and to do so under conditions common to FR temperature, typically 60C. The catalyst and activator were
EP. Using ab initio batch emulsion polymerization conditions, dissolved separately in 0.5 g of THF to produce solutions of 0.013
we have studied the effect of Pd catalyst structure, the use of aand 0.016 M, respectively, and then transferred out of the glovebox.
lithium-based activator, and the influence of catalyst, temper- The catalyst solution was injected into the reactor followed by the
ature, surfactant, and ionic strength levels. Where possible, weactivator solution. After the reaction was complete, the polymer
comment on the apparent site of polymerization and the latex was filtered through eight layers of cheesecloth to separate
formation of the latex particles. coagulum present in the latex. A standard polynorbornene recipe

is shown in Table 1. Solution polymerizations were also carried
out by following the same procedure as above but removing the
SDS and replacing the water with cyclohexane.

The experiments were designed to be similar to typical free  Latex Characterization. Latex conversion was measured gravi-
radical, batch emulsion polymerizations. Water, surfactant, and metrically after evaporating the volatile compounds in an air
monomer were initially charged to the reactor. The catalyst and convection oven at 68C. The total coagulum level was determined
activator take the place of the normal free radical initiator. More from the amount of polymer left in the reactor after removal of the
care was taken to eliminate the oxygen from this system becauselatex (i.e., wall scale) and that separated by filtration through
metal catalysts, especially palladium, are quite sensitive to oxygen. cheesecloth. The overall conversion was calculated as the sum of

Experimental Section

The water solubilities of norbornene and styrene at°@5are
similar: 130 and 310 mg of monomer/L of water, respectivély.
The melting point of norbornene is 48%C; thus, all of the
polymerizations were run at 5€ or above, and the reactions were
carried out at ambient pressure.

Materials. Norbornene (99%, Aldrich) was used as received.
Allylchloro[1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene] pal-
ladium (97%, Strem Chemical) (henceforth referred to as DPP) and
allylchloro[1,3-bis(2,4,6-trimethylphenyl)imidazol-2-ylidene] pal-
ladium (Rohm & Haas) (henceforth referred to as TMP) were the

the latex conversion and the coagulum conversion. Particle size
distributions of the final latices were measured by light scattering
(Microtrac Nanotrac 250) and capillary hydrodynamic fractionation
(Matec CHDF2000) as well as compared to scanning electron
microscopy (Amray 3300FE) (SEM) images. The SEM samples
were sputter-coated with50 A of platinum. Reaction rates were
observed by sampling the latex as a function of time.

Results and Discussion
While the bulk of our experiments were carried out in latex

catalysts and also used as received. The structures of catalysts argyym we also used the catalysts and activator in solution

shown in Figure 1. Lithium tetrakis(pentafluorophenyl)borate
(LIFABA) (Boulder Scientific) was the activator and used as
received. The structure of this activator is shown in Figure 2. The

polymerization to judge the inherent activity of the catalysts.
The discussion below begins with this aspect of the work.
Solution Polymerization. Table 1 shows the recipe for these

catalysts and activators are oxygen-sensitive and were kept in an ; .
MBraun glovebox to ensure stability. Sodium dodecyl sulfate (99%, €XPeriments conducted at 80 and for a duration of 2 h. For

Alfa Aesar) was used as received, and deionized water from athe TMP catalyst system an optically clear and continuously
Corning Mega Pure D2 water purification system was used in all increasing viscous solution was produced during the first hour.
experiments. Acetone (99.5%, EMD Chemicals), tetrahydrofuran During the second hour, the solution turned slightly opaque,
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Figure 3. Overall polymer conversion vs catalyst concentration of norbornene polymerization°ét\&@h DPP catalyst.

Table 2. Oxygen Sensitivity of Norbornene Emulsion Polymerization

wt % solids wt % polymer in % total conversion
experiment no. theoretical coagulum form (latex+ coag) comments
DEC2-60 5.26 49.8 73.0 thorough, @urging DPP catalyst
DEC2-85 5.13 48.0 69.9 thoroughy @urging DPP catalyst
DEC2-92 5.04 33.8 67.2 moderate @urging DPP catalyst
DEC2-96 4.98 24.3 70.1 moderate urging DPP catalyst
DEC2-37 5.73 29.5 71.8 thorough @urging TMP catalyst
DEC2-95 5.09 30.6 67.5 moderate Qurging TMP catalyst
DEC2-97 4.93 45.8 67.1 moderate furging TMP catalyst

indicating that some of the polymer had precipitated out of FABA anion to associate with the palladium. Palladium has four
solution. The final conversion of monomer to polymer was only bonds, and the allyl group associates with two of them. Both
60%. The DPP catalyst system resulted in a continuously the catalyst and the activator are soluble in water. The catalyst
precipitating polymerization process creating a completely and activator concentrations were designed to yield a molecular
gelatinous mass within the reactor while reaching 100% weight of~750 000 g/mol, assuming there would be one catalyst
conversion. While the reaction rates were not measured directly,molecule per polymer chain (i.e., no chain transfer). This
the visual aspects of the reactor contents indicated that theresulted in a catalyst concentration of 32 mg of catalyst/L of
polymerization continued for much ofé2 h period. This set  water (6.7x 1075 M) for a 5% polymer solids latex. The molar
of experiments was our first indication that the polymer ratio of palladium to lithium was normally 1:1, but we also
microstructure produced by the two different catalysts might performed experiments with no activator.
be different enough to have contrasting solution properties. We chose to use sodium dodecyl sulfate (SDS) as the
The above experiments were repeated without the addition surfactant in this portion of the study and to add it at the level
of activator, and as expected, no polymerization reactions of 2.5 g/L of water. At 60°C, this represents a surfactant
occurred. This is to be contrasted with the results described in concentration just slightly below the critical micelle concentra-
the next section. tion. We recognized that this would not enhance micellar
Emulsion Polymerization. Our goal in this portion of the  nucleation of particles (if such a mechanism exits for Cat EP).
work was to contrast ab initio Cat EP to that using the standard In addition, we performed all of the experiments in the batch
FR EP process, albeit for a very different type of monomer. As mode of operation.
such, we wanted to keep the sequence of addition of materials One of our initial concerns was the potential high sensitivity
to the reactor the same and to study the effects of catalyst level,of the catalysts to degradation by oxygen. In standard FR EP,
temperature, ionic strength, and surfactant level (and type) onwe are careful to exclude oxygen by purging the reactor after
the resultant latex characteristics. The following discussion is water addition with standard grade nitrogen gas and usually
related to the results obtained for the first three variables. We remove oxygen from the water prior to adding it into the reactor.
will report a large study on the effect of surfactant type and No other materials are deoxygenated prior to adding them to
level in a subsequent communication. the reactor, but we keep a slow flow of nitrogen to the reactor
Catalyst and Surfactant Lels Used for Base Conditions. throughout the reaction. In our initial catalyst experiments, we
Both of the catalysts are activated by the removal of the chloride swept the empty reactor with argon, added deoxygenated water
ion to form a vacant site. The LIFABA activator is used to to the reactor from a Schlenk flask using argon, purged the
abstract the chlorine as well as to leave the weakly coordinating norbornene/acetone solution with argon, and added it in the same
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manner as the water. We prepared the catalyst and activato
solutions in a glovebox and injected them into the reactor. In
contrast, we conducted additional separate experiments with bot
catalysts in which we used standard grade nitrogen gas and
followed the procedure noted above for the “standard” FR EP,
but maintained the injection of the catalysts and activator to ™
the reactor. The results for these contrasting experiments arg
displayed in Table 2. It is seen that the extra care to exclude
oxygen did not significantly affect the overall conversion levels,
and the coagulum levels (a significant problem for many of the
reactions described in this paper) showed no clear trend. Thus
it appears that the usual oxygen purging precautions employed
in emulsion polymerization might also be applicable to such
reactions using the catalysts of Figure 1. Nonetheless, we
conducted most of the experiments reported below under the ——
more stringent conditions. P50, BAE>

Experiments with Variations in Catalyst/Adior Levels. The
DPP catalyst concentration was varied to determine whether(a)
the polymer conversion, the latex stability, and the polymer
molecular weight were affected by the amount of catalyst. The
activator was also varied with the catalyst to keep with the molar §
ratio of palladium to lithium 1:1. For this series of experiments,
the conversion and amount of coagulum are shown as a functio
of catalyst concentration in Figure 3. The conversion and §
coagulum data were quite reproducible. The overall conversion
appears to increase somewhat with catalyst level until a g
concentration of about 120 mg of catalyst/L. Continued catalyst
concentration increases showed no further improvement in
conversion level. In addition, as the conversion increased, the
amount of coagulum decreased markedly, and the minimum 4
amount of coagulum corresponded to the maximum conversion .
at 120 mg of catalyst/L. The coagulum level markedly increased
at a catalyst concentration of 325 mg/L. Although the catalyst
and activator are both ionic, the combined ionic strength of the
catalyst and activator is only 1,6 10-3 M. This ionic strength
would have a negligible effect on colloidal stability in normal
(i.e., free radical) styrene or acrylate latices. While the data (b)
suggest that there is an optimum range of catalyst concentrations

to minimize coagulum formation, we did not expect such a result Figure 4. SEM image of polynorbornene particles made via (a) DPP
and cannot at this time offer a useful explanation. catalyst scale bar equals 100 nm and (b) TMP catalyst scale bar equals

o ) 1000 nm, both with LIFABA activator.
The Ty of polynorbornene is high~300°C),'2 and with the

reaction temperature at 6C, the Fox equation suggests that |arger particles around 16B00 nm. Just as there were solubility
the highest conversion that might be a_tta|r:]ed before the glassitterences between the two catalysts in solution polymerization,
effect prevents further polymerization is70%. However, al  there is an apparent difference in particle size distributions they

high catalyst concentrations, the computed limiting conversion ¢reated. There are fewer large particles when the TMP catalyst
of 70% is surpassed and 80% conversion is experimentally js ysed as seen in Figure 4b.

attained. Despite this disparity, we think that it is very likely
that a lack of mobility of the polymer chain connected to the

Variations with Temperaturdf the glass effect limits final
e ) conversion levels, then in the absence of competing effects the
catalyst_and/or very low d|f_fu3|V|ty of the residual monomer  .,nyersion should increase slightly at higher temperatures and
causes incomplete conversion at &0 decrease slightly at lower temperatures. Figure 5 is a plot of

In these experiments we expected the polymer molecular polymer conversion vs reaction temperature over the range of
weight to decrease as the catalyst concentration was increaseds0—80 °C for the standard polymerization recipe conditions
Polynorbornene did not dissolve in several solvents, even whenjisted in Table 1 using the DPP catalyst. The amount of
produced at high catalyst concentrations. Others have also note¢oagulum drastically increased as the temperature increased;
that polynorbornene does not dissolve in a number of sol- the instability occurred immediately after the activator was added
vents>19 while others note that it doés:!* The mentioned  to the reactor and worsened with time. Surprisingly, over the
solvents (i.e., 1,2-dichlorobenzene, bromobenzene, cyclohexanekame temperature range, the overall conversion decreased
did not dissolve our polynorbornene, and since we were not sjightly. While the effect on coagulum might be an expected
able to get polynorbornene in solution, there are no molecular result of decreased colloidal stability at higher temperatures,
weight data to report at the present time. the apparent effect on the extent of reaction is mysterious.

The experiment with 32 mg of catalyst/L of water yielded lonic Strength EffectBoth the catalyst and the activator are
almost 50% coagulum. The resulting latex was examined via ionic species. The lithium from the activator is thought to
SEM, and the results are shown in Figure 4a. The particle size abstract the chloride from the catalyst, leaving a cationic vacancy
contains mainly small particles around-380 nm and a few on the catalyst® The activator anion is weakly coordinated with
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Figure 5. Overall polymer conversion vs reaction temperature of norbornene polymerization with DPP catalyst.
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Figure 6. Overall polymer conversion vs ionic strength of norbornene polymerization &€60ith DPP catalyst.

the vacancy and is the site of polymerization. If the vacancy of the total salt level and takes into consideration the ionic
becomes too strongly coordinated, monomer will not easily strength that is contributed by the SDS. The latter is depicted
access the vacant site and polymerization will be hindered or by the shaded box on the plot. The polymer conversion initially
prevented. In this sense, we wondered whether the overall ionicincreased with ionic strength, from 72% at 0.01 M to 86% at
strength of the aqueous phase would affect the catalytic activity. 0.03 M. Under the same conditions the coagulum level
Monovalent buffers, such as sodium bicarbonate, are frequentlysurprisingly decreased from 49% to 36%. These data at 0.03
used in FR EP. When there are too many ions in such emulsionM ionic strength, while apparently reproducible, are most
polymerization systems, the polymer particles may destabilize curious, especially for the conversion result. This increase in
and coagulate. In our study, we wanted to examine whether polymer conversion was unexpected because we thought that
the catalyst efficacy and the amount of coagulum would be the increased chloride ion concentration might interfere with
affected by variations in ionic strength (using NaCl). Figure 6 the catalyst site. When the ionic strength was increased further
is a plot of overall conversion and coagulum level as a function to 0.07 M, the overall conversion did decrease (back to the
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Figure 7. SEM image of polynorbornene particles using only TMP  Figure 8. SEM image of the coagulum produced in the emulsion
catalyst (no activator). Scale bar equals 100 nm. polymerization recipe of Table 1 with the TMP catalyst. Scale bar equals
10 um.

original level of 72%) while the percentage of coagulum slightly N ) . . .

increased. Going further, the overall conversion decreased Competitbe Reactions during Catalytic Emulsion Polymer-

drastically at an ionic strength of 0.18 M. Thus, it appears that ization of NorborneneClearly, the amount of coagulum formed

there is eventually a significant deleterious effect of salt content in most of the reactions described above is far greater than any

on the polymer conversion. Interestingly, the coagulum level acceptable value and certainly well above that commonly

seemed to have been relatively unaffected by the addition of €xperienced in FR-based emulsion polymerizations. This led

NaCl. us to investigate the nature of the coagulum formed in the Cat
Experiments without Actator. If the lithium ion in the EP reactions via electron microscopy. A typical example is

activator is thought to abstract the chlorine from the catalyst to Shown in the SEM image of Figure 8. It is very clear in this
produce an active site, could something else activate the catalysPhoto that the coagulum is composed of an agglomeration of
as well? To probe this question, we were interested in seeingPClymer particles in the 19m diameter range. This is entirely
whether the catalyst could be activated and polymerization consistent with the size of emulsified monomer droplets in
achieved without the LIFABA. A series of emulsion polymer- Nnormal batch FR EP that serve as reservoirs of monomer to
ization experiments were conducted with the same concentra-SUPPly the reactions that take place in the growing polymer
tions of TMP catalyst and surfactant of Table 1, but without Particles (which are 2 orders of magnitude smaller than the
the activator. As previously noted, when the catalyst and emulsified droplets). Such coagulum forms to varying, but to

activator were used together, the overall conversion was 72%Very large, degrees in all of the Cat EP reactions utilizing
and the coagulum level was 30%. The latex particle size activator described above. It does not form when we eliminate

distribution included small particles (5000 nm) as well as a  the LIFABA activator. Noting that we achieve roughly normal
few larger particles (208500 nm), as seen in Figure 4b. In levels of overall conversion and the usual small latex particles
contrast, when no activator was used, an overall conversion of Without the use of activator, we now speculate that it is possible
66% was obtained. Thus, it appears that in this latex system it that the coagulum produced in systems utilizing the LIFABA
is not necessary to have the LIFABA activator to achieve activator results from the catalyst and activator migrating to
reasonable polymerization. There was also a drastic decreasdn® emulsified droplets and promoting rapid polymerization
in the coagulum level to 4%, confirmed with replicate runs. within them, much as in the solution polymerization reactions
This coagulum was markedly different in physical form than described earlier. Without activator present, we know that
the coagulum formed with activator, as will be discussed later. Polymerization does not take place in solution polymerization
The particle size distribution was limited to particles in the-30  OF in the bulk polymerization of the norbornene. It appears to
70 nm diameter range, as seen in Figure 7. While we did not US that without the LIFABA activator the Cat EP takes place in
accurately measure thatesof polymerization, we did find that the agueous environment and creates latex particles in the 50

those with activator present were faster (2 h to completion) than "M Size range and that these particles are stabilized by the SDS
those without activator (4 h to completion). surfactant in the normal fashion. Considering the Cat EP

Given the above results in emulsion polymerization, we tried €XPeriment without activator or SDS, which showed no polymer
the same reaction in solution polymerization. We again used formation, it appears that the SDS surfactant may play a larger
the recipe in Table 1, and in this case, we got no polymerization role than simply stabilizing partlclgs. This leads us to further
at all-a result that we fully expected. Going a bit further, we SPeculate that the allyl Pd catalyst is somehow activated by the
tried the latex recipavithout surfactanbut with activator. In SDS surfactant, perhaps acting as a weakly coordinating anion.

this case, we achieved “normal” conversion of about 76%, but We will comment more extensively on this in a future report.
as might be expected, we obtained essentially complete coagu-Conclu dina Remarks
lum (93% of the polymer in coagulum form). Leaving the 9

activator and the surfactant out of the emulsion polymerization ~ With the above thoughts, we reflect upon the overall results
recipe (thus having just water, monomer, and catalyst) resulted presented in this paper. It now appears to us that, in the standard
in no polymerization. Taken together, these results offer clues latex formulations expressed in Table 1, we create a situation
as to the chemical reaction mechanisms involved in thesein which there is a significant competition for reaction in
experiments. distinctly different regions of the overall reaction medium. For
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batch emulsion polymerization reactions there is always that (2) Wehrmann, P.; Zuideveld, M. A.; Thomann, R.; Mecking, S.

. : : f : : Macromolecule2006 39, 5995-6002.
period of time in whlc_h regctlon can tal_«_e place in the aqueous (3) Bastero, A.: Kolb, L. Wehrmann, P. Bauers, F. M.“t@er gen.
phase and also possibly in the emulsified monomer droplets. Schnetmann, I.: Monteil, V.; Thomann, R.; Chowdhry, M. M.;
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to the much faster reactions in the aqueous/micellar environment. (4) Bauers, F. M.; Chowdhry, M. M.; Mecking, Slacromolecule2003

. 36, 6711-6715.
However, in the Cat EP of norbornene that appears not to be (5) Skupov, K. M.; Marella, P. R.; Hobbs, J. L.; Mcintosh, L. H.; Goodall,

the case. Here we think that when the LiIFABA activator is B. L.: Claverie, J. PMacromolecule2006 39, 4279-4281.
present, reaction happens in both the aqueous environment and(6) Mecking, S.; Claverie, J. P. lpate Transition Metal Polymerization
the large emulsified dropletso an extent that nearly equal Catalysis Rieger, B., Baugh, L. S., Kacker, S., Striegler, S., Eds;

. Wiley-VCH: Weinheim, 2003; p 231.
amounts of polynorbornene are produced in both places. When (7) Soula, R.; Novat, C.; Tomov, A.: Spitz, R.; Claverie, J.; Drujon, X.;

the activator is left out of the recipe, polymerization in the Malinge, J.; Saudemont, TMacromolecule2001, 34, 2022-2026.
emulsified droplets is eliminated because catalytic reactions in (8) goﬂgémﬂ%ﬂﬂgé%éggg,1R5-13C_|<’i“égf3|e, J.; Llaurro, M. F.; Monnet,
Fhose droplets requires the presence of_the LiIFABA ac_tlva_tor 9) Claverie, J. P.: Viala, S.. Maurel, V.- Novat, Klacromolecule@001
in order to create a vacancy on the Pd to induce polymerization. 34, 382-388.
It appears that the LIFABA activator is not required to promote (10) goward.gr-] H.; Mlexilan._ V\llﬁ war?dboogl;( of ngSicalFlT_rofgeg;eS or

: : H H rganic emicalsLewis Publishers: Boca Raton, , .
polymerlza_tlon in the water and su_rfac_tant environment. Clearly, (11) Myagmarsuren, G.: Lee. K. Jeong. O.: Ihm Flymer2004 45,
there are likely to be other complications to understanding the 3007-3232.
mechanisms of polymerization and especially latex particle (12) Hasselwander, T. F. A.; Heitz, W.; Kgal, S. A.; Wendorff, J. H.

formation that have not yet been addressed here, but the ideas__ Macromol. Chem1996 197, 3435-3453.
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