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Summary

A photoiniferter abity of the 10-I-3 iodanes is established during the bulk
polymerization of methyl methacrylate, styrene and N-yysolidone. The observed
spectral selectivity is its iportant peculiarity, opening new possibilities the control of the
macromolecule microstructure. Under visible light these iodanes initiate thedghseng"
radical polymerizatin, while a ®nventional ragtal or cationic polymerization are the
consequences of the iodane decomposition under UViatran. It is suggested that the
spectral selectivity of th®-I-2 iodanyl radcal decomposition and the relative instability of
the ends of the iodane macromolecule are the reasons ohttgsal iodane dity.

Introduction

We have already reported [1- 5 ] that 10-1-3 iodanes ((Arl(QA&)I(CF,COO0))
are effectivephotointiators of cationic and radical polymerizai. The iodanes' dhy to
generate radicals was used in some othborktories as well [6 8]. According to the
mechanismproposed in these works, the hontay decompositionof, e.g., Arl(OAc)
producing acyl and iodanyl raxhls represents the primgpyocess in photoitiation:

(AcO)2IAr === AcOiAr + AcO (1)

Methyl radicals,forming after the AcO decarboxiation (proved by the radal scavenger
method [9]), areactually the initiators of radical polymerizam. It was supposed [4, 10]
that the iodanyl radical cdarther undergo both homdig and heterolytic decompisn:

AO + At <V AOIAr W AG + A (2)

" Polyvalent iodine species differ in the number of valence electrons (N) surrounding the central
atom (I), the number of ligands (L) and their chemical structure. In terms of this designation, four
structural types of polyvalent iodine species are the most important for chemistry. 8-1-2 and 10-I-
3, called iodanes, are conventually considered as derivatives of trivalent iodane, and the next two,
10-1-4 and 12-1-5 periodanes, represent the most common structural types of pentavalent iodane.
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The decomposition pathway to the right producesiteadl acyl (methyl) radicals, while
the phenyliodide catn-radcal, formed by the pathway to the left, is a precursor of the true
cationic initiator[1, 4]. The existence of a third mode of the iodanylicaldutilization is
discussed in the present work. In the light of the modern concepts of the dlgpébonds,

the role of the d-fuctions is to provide "oikal space" at the central atom to accept electron
charge from the ligands (back-bonding). The Itesy energy staiization overcomes the
strong ligand-ligand repulsion at the hypsent atom. Thed-oratal polarizationfunctions
also improve the overlup of theakence sphybrids with the ligand ortals [11]. Therefore,

the mentioned above iodane i intermediate(9-1-2 derivative of the trivalent iodine)
would be relatively stable and less reactive because of the ned@iesconjugtion and
the partially ionic character of the I-bnd. For these reasons tleactivity of this primary
radical to nonomer molecules or its initiation efficiency decreases considerably. However,
this does not exclude the possibility of the iodanyl radical to react witprdmagtion ones

~CHo-C'(H)X + AcOl ‘Ar

~CH2-C(H)X —I(Ar)-OAc (3)

The 10-1-3 iodane chain end is more unstable than fitalitow-molecular iodane because

of the two iodine-carbon bonds in its lacular structurg12, 13]. Therefore this terminal
chain iodane could be considered as a "dormant" patjgag end, capable to regenerate
both the activepropagtion end and the iodanyl radicdlrough the backeaction(3). The
competition between the discussed three different manners of the iodanyl radical utilization
(1, 2) depends on both the real structure and the polymerizationnditions, in particular

on the light radiation emgy. The results dhined in this wrk show that the iodanyl razl
decomposition by reactiorf2) predomimates under UV-irradation and ther®ore 10-I-3
iodanes initiate cationic andowventional ragtal polymerizaton. On the other hand, the
above mentioned pnary iodane decomposition proceedsder theaction of visible light

with a lower rate. However, the consumption of the iodanyl radicals mainly by the
reversible reactio(B) in this case is the reason for the iniferter iodaniyab

Experimental

All monomers (methyl methacrylateMMA), styrene (St) and N-vinylpyrrolidone
(VP) (Fluka)) and solvents are purified by conventional drying antllai®n procedures.
(Diacebxyiodo)benzene (DAI) and [bis(triflucagebxy)iodolbenzene (TFI) are tested as
iniferters. They are synthesized by standard hogs [14]. The basic polymieation
experiment includes the suspension of the initiator in a givesuaimof the monomer using
a glass vessel coated with black paper. After stirfimg 1h, the obained suspension is
centrifuged for 20 min (2000 rpm). The DAI concenion in the centrifugate is
9.085x10 M at roomtemperature. Glass or quartz tubes are filled with a definite volume
of this centrifugate and after a 30 min saturation witmogegn they areealed and placed
in a thermostat at 25°C. The polymerization initiation is accomplished byypenalent
iodine compound decomptien at this temperature by UV (Hg dischard@5 W lamp
emitting at254 and 265 nm), visible (irratiation with a x@on arc K > 420 nm) through
water filter) and day light. The distance between the lightrce and the polymerization
tubes is 10 and 50 cm in the first and second casegategply. After a predetermined time
period the tubes are opened and the poly(methyl methacryRryA) and poly(styrene)
(PSt) formed are precipitated in methanol, while the poly(N-pyiyblidone) PVP) is
precipitated in diethyl ether. These polymers angified by double pecipitation from
acetone solutions.
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Yields are determined gravimetrically. The reduced viscosities are determined at 25°C
using an Ubbelohde visoweter. Molecular weight and molecular-weight distribution
(MWD) are determined by size exclusiohrematography (SEC) using/aters510 HPLC

with a 410 differetial refractometer and UV detector with THF as eluent at a flow rate of
1.0 mL.min* and three Ultrastyragel columns {1®.16, 10, 10, 10 A, and linear) in
series. The molecular weight calibrationurnee was oftained using poly(methyl
methacrylate) standards.

Results and discussion

Initiation under visible light

The kinetic dependences in Fig. 1 show that under visible light 85% MMA
conversion is eachedfor about 65
hours. A chaacteristic feature of
- these dependences is their non-
linearity. The M and M/M,
dependences on the conversion of
T the MMA are represented in Fig.
2. Some of the SEC-traces, the
parameters of which are used for
tracing these curves, are shown in
Fig. 3.
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Figure 1. Dependence of
conversion «) and In([M}/[M])
(o) versustime for bulk polymeri-
zation of MMA at 25°C under
80 visible light.
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Figure 2. Dependence of M
(experimental «), theoretically cal-
1 culated(---)) and M/M_ (m) versus
conversion for bulk poly-meéation
of MMA at 25°C under visible light
[DAI] = 9.085x10" M.
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The observed almost linear M

1" increase with conversion is the most
frequently used indicatiofil5 - 21]
of a "pseudoliving” radicalpolymeri-
T T I I zation. At the ame time, this is the
conversion, % first experimental evidence of the

assumptions for the DAI iniferter caphly and for the third mode of the iodanyl radl
utilization (3).

Another confimation of these assumptions is theormatonously decreasing poly-
dispersity of the produceBMMA as afunction of conversion (Fig. 2). The large M
values at low conversions and their further nonlinear decrease are innciopfarth the
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theoretical analysis of this dependence by tbeddion that the iniferter decomposition is
not instantaneous [22]. irBilar dependences are established experimentédly other
"pseudoliving” radical polymerization23, 24] too. The slow decompgtien could also be
one of the possible reasons for the non-linearity of thetkindependences (Fid.), as
well asfor the devation from linearity of the "In([M}/[M]) - t" dependences, taking place
at instantaneous iniferter decomposition only [15, 16, 25]. Theiatiev of the
experimental M values from thosecalculated by the equation M= q[M]M,,,./[DAI],
[16] (theoetical wrve in Fig. 2) and theetatively large polydispersity values even at high
conversions could also be a consequence of this slow DAI dectiopodhe discussed
results suggest that under visible light DAI is a slowly decomposing photoiniferter of the
MMA bulk polymerization atroom temperature in nibgenatmosphere. Anabous, but not
so strict quantitative results are obtairfed the bulk St and VP polymieations with both
DAl and TFI as iniferters. It is interesting to check also the capability ofiléhe3 iodanes
as iniferters in day light. In our previous work [4], it was established that the rate of the
radical polymerization photoiritiated by
DAl under day light is negligible,
compared to that under UV irradion. It
turns out that (compare the kilic
Y a dependences in Fig. 1 and Fig. 4) it is
considerably lower (by more than one
order of magnitude) than that under
visible light.

Figure 3. Evolution of SEC traces of
PMMA as a function of conversion for
bulk polymerization of MMA at 25°C

| T | o ! [
2 2 26 28 under visible light. [DAI] = 9.085x1M.
Elution volume, ml Conversion (g) = 0.069 (a); 0.270 (b);
0.842 (c).

As is well known [26 - 28], the low
stationary radical concentration is a
necessary condition for "pseudo-
living" radical polymerizatbn. This
circumstance, together with the 10-I-
3 iodane iniferter capabilityunder
visible light discussed in the previous
secton, make reasonable the
expectation that these iodanes
preserve their capabilityunder day
light, too. This is confirmed by the
monotonously  increasing  reduced
viscosity fj,/c = 0.93; 1.11; 1.25;
1.60 and 2.08 dl/g) with conversion

Figure 4. Relationship between conversion (e), (g = 152; 3.08; 7.82; 13.64 and
In [M}¢/[M] (x) and time for bulk polymerization 17.65 %, respctively) of the PMMA
of MMA at 25°C under day light. solutions in acetone.

[DAI] = 9.085x10™ M.

150 —

100

conversion, %

»n
°
i

0.0




227

Initiation under UV irradiation

The reaction mixture oMMA and DAl (A ., = 226 nm, strongA ., = 255 nm
weak) behaves quite differentlynder UV light. The polymeézation kinetics in this case is
represented in Fig. 5. It is evident that the initial polymerization rate is many times
higher than that under visible (Fig. 1) and day (Fig. 4) light. Moreover theti&kin
dependences in this case are protuberant withed wexpressed leslling tendency. A
similar tendency was observed aur previous works [2, 3] and could belated to the
inhibitor effect of the iodineproduced upon UV-irradtion. These pediarities of the
kinetic dependences are in disagreement with the assumption of a "pseudoliving”
radical polymerizationunder UV
light. This uncertainty is
confirmed by the M and M/M,
dependences on conversion (Fig.
6).

20 —

Figure 5. Dependence of
conversion ) and In [M]/[M]

(o) versus time for bulk
polymerization of MMA at 25°C
under UV light.

[DAI] = 9.085x10" M.
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Figure 6. Relationship between

Mn (¢), Mw / Mn (o) and
conversion for bulk polymeri-
3 zation of MMA at 25°C under
£ *1 e & UV light.
. 1., 3  [DAI]=09.085x10" M.
S 1T =
= 0 - a0 The practical independence of M
= 1 and M/M, on conversion is a
1 12 convincing proof of the
l "nonliving” character of the
0 ' T ' l ; o MMA polymerization with DAI
1] 5 10 15 « uge .
conversion, %, as an initiator under UV light.

The M, values in this case (Fig.

6) are lower by more than one
order of magnitude than that d®MMA, produced under visible light (Fig. 2). This
difference could be explained by the difference in the polymerization vaidsr different
irradiations. The higher initiation ratender UV light provides for a higherntasionary
concentration of the propatjon radicals and therobalility of a bimolecular termination,
typical of the onventional ramtal polymerizaton, is higher than that under visible light.
This is the first possible reason for the "nonliving” ctaer of the polymerizatiomnder
UV light. Another reason is the primary utilization of the iodanyl radicalsoraary to
reactions(2) while the 'dormant” propagtion end formation by reactiqf3) is less probable
under this irragation. Maybe this is the ccial reasonfor the observed difference between
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the polymerization charactemder visible and UV light. However, there is one more - the
third reason for the "nonliving" polymigation under UV irradation. It was mentioned in
the introdwtion that the propading iodane produced byaction(3) is more unstable than
the initial one. This is a preadition for its reversible homaliz decomposition to the active
propagtion and iodanyl radicals, i.€qgr the attribution of thepropagting iodane with two
iodane-carbon bonds to the "dormant" pradamn ends. In addition to the reversible
reaction(3), there is another eterolytic pathwayor the decompasion of this iodane:

~CH2~C(CH3)COOCH3-I(Ar) -OAc ===~ CH—-C(CH3)COOCH3-I"-Ar + AcO™ (4)

The produced terminal alkylaryliodoniumals is inactive in the "ps&loliving” radical
polymerizaton. It is reasonable to assume that the more energy richiaticad (\* value)
causes the stronger shift to the right of iegum (4) as a result of both the more eftive
excitation of the terminal iodane with tweC bonds and the more rapid decompos of
the produced terminal alkylaryliodoniunals by the mechanism discussed [#h 10]. The
result of the two-stage polymerization experiment is an indipecbf of this assumption.
Initially the probes are irradted with UV (120 min) andmmediately after that with visible
light (33 hrs). The conversions and lexular-weight characteristics of the obtaineslMA
samples before (q = 0.115, Mn = 2.24%xXImol, Mw/Mn = 1.93) and after irréation
with visible light (g = 0.116, Mn = 2.23x1@/mol, Mw/Mn = 1.95) emain practically the
same. This result shows thatnreversible decompidéi®n of both DAI and iodanyl radicals
during the UV irradation excludes the next radicalndy in paticular, the next
"pseudoliving” radical polymerization.

The above results and assumptions suggest the followiremsdor the radcal and
cationic polymerizations with DAunder UV and visible light, rédcting the fundamental

M . M . conventional
I polymerization
oV CHy+COz+ A AcD + Ad
+ o ’ [ M canomc. '
v, vis L f : - polymerization
Arl(OAc): === CHj3 + ArlOAc + CO2
M
$. M . . eudoliving "
CHsM _  CHsMM _ @DM _ cHyM)nM —p radical
. lymerization
qlmom visll adoac VIS lM.OM PO

CHsMI(Ar)OAc CHaMMI(Ar)OAc CH3(M)nMI(Ar)OAc

"dormant” propagation chains

difference in the iodanyl radical utilizati. Homo- and éterolytic decompositiorunder
UV light enable the initiation of cationic anaroventional ragtal polymerizaton, whle the
predominating interaction of this radical with tipeopagtion radicalunder visible light
produces the "dormant" propatipn chains and reveals the iniferter capability 10FI-3
iodanes.
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Conclusion

The discussed results, together with those of our previous works [1 - 5] show
convincingly that the possiiiies of the hypenalent iodine comounds to iitiate and
control the polymerizatiorprocesses are not limited to those of -2 diaryliodonium
salts, investigated by Crivello et §R9 - 34]. The &ct that 10-1-3 iodanes iiate both
cationic [1, 4] (like diaryliodinium alts) and radical2, 3, 5] polymeization is the first
confirmation of this statement. The preserdrkvopens esséally new possibilitiesfor the
application of thehypenalent iodine comounds as photoiniferters. Probably, during the
systematic investigation of the detailed mechanism of this iniferter effect and its spectral
selectivity, new possibilitiefor an apfication of both the3-1-2 or 10-I-3 hyperalent iodine
compounds and the nonstudied in this ee$d?2-1-5 periodinanes W be outlined. The
identification of otherhypenalent iodane intermediates, in addition to the discu$sé@
iodanyl radicals, is also possible.
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