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As a class of polymers with high photodegradability,1 vinyl
ketone-based polymers have been not only used as “green” materials
for packing and agricultural films2 but also employed as functional
materials for imaging, microfabrication, and sensing.3 Typically,
these polymers were synthesized by conventional radical polym-
erization and, therefore, lacked accurate structural control. Well-
defined vinyl ketone-based polymer architectures are required to
further extend their applications in the precise syntheses of complex
materials, which can be assembled and altered based on structure,
composition, and modification, including via photodegradation or
other ketone chemistries. Throughout the past decade, living radical
polymerization (LRP) has become one of the most powerful
synthetic tools for the preparation of well-defined polymers.4-6

However, as discovered by Mittal et al.,7 atom transfer radical
polymerization (ATRP), an important LRP technique, suffers
significant restrictions in polymerizing methyl vinyl ketone (MVK),
a representative vinyl ketone monomer, due to unfavorable coor-
dination between the monomer and metal catalyst. Relative to other
LRP techniques, RAFT polymerization provides homogeneous and
metal-free living polymerization systems applicable for a wide
variety of monomers under relatively mild reaction conditions.6

With interests in defining methods for the syntheses of carbonyl-
functionalized polymers and exploring their potential applications,8

we have studied RAFT polymerization of vinyl ketones and
established it as a facile method for the synthesis of well-defined
vinyl ketone-based polymers (Scheme 1).

RAFT homopolymerizations of two typical vinyl ketone mono-
mers, MVK and phenyl vinyl ketone (PVK), were conducted at
70-75 °C in either 2-butanone (50 vol %) or 1,4-dioxane (60 vol
%). 2,2′-Azobis(isobutyronitrile) (AIBN) was used as the initiator,
and (S)-1-dodecyl-(S′)-(R,R′-dimethyl-R′′-acetic acid)trithiocarbon-
ate9 (DDMAT) was selected as the RAFT agent ([M]0/[DDMAT] 0/
[AIBN] 0 ) 100-200:1.0:0.1-0.2), due to its easy synthesis and
less unfavorable odor relative to most other RAFT agents. As shown
in Table 1, poly(vinyl ketone)s with well-controlled number-average
molecular weights (Mn) and low polydispersities (PDIGPC) 1.16-
1.21) were synthesized. Besides polymers, small molecule side
products (mainly dimers of vinyl ketones) were also formed in the
reaction systems with considerable yields (>10%).10 However, the
correspondent side reactions did not interfere considerably with the
RAFT polymerization process. Because of competing side reactions,
monomer conversions consumed by polymerization could not be
obtained by1H NMR analysis based upon decreased resonance
intensities of monomer vinyl protons, rather, they were estimated
through recovery yields of polymers. TheMn

GPC values of poly-
(vinyl ketone)s, which were detected by gel permeation chroma-
tography (GPC), relative to linear polystyrene (PSt) standards,
agreed with theMn

calcd values based on the estimated conversions,
within experimental errors. For the resulting PMVKs, theirMn

values could also be determined by1H NMR spectroscopy.
Comparison of the integration for the protons along the polymer
chain resonating from 0.7 to 2.5 ppm with the characteristic
resonance of the methine proton of the terminal monomer unit at
4.98 ppm and the SCH2 protons from RAFT functionality at 3.36
ppm gaveMn

NMR values that were close to the correspondingMn
GPC

values, indicating maintenance of the unique chain-end RAFT
group. As a note, for the resulting PPVKs, all these resonances
from terminal protons overlapped with resonances from other
protons, and therefore, theirMn

NMR values were not obtained.
To further identify the living characteristic of the RAFT

polymerizations of vinyl ketones, the relationships of monomer
conversions for polymerizations versusMn and PDI of the resulting
polymers were studied. Selecting MVK as the representative
monomer, a series of RAFT polymerizations ([M]0/[DDMAT] 0/
[AIBN] 0 ) 200:1.0:0.2) were conducted at 75°C in 50 vol %
2-butanone for 0.5, 1, 1.5, 2, and 3 h. A linear PSt standard (Mn )
1600 kDa, PDIe 1.12; 2.0 wt % relative to MVK) was added to
each trial as external reference for accurate determination of the
MVK conversion for polymerization by GPC analysis of the
polymerization mixture with dn/dc correction. No significant
induction period for polymerization was observed. TheMn

GPCvalues
agreed with theMn

calcd values and also had excellent linearity
agreement with monomer conversions to polymer (Figure 1). A
narrow molecular weight distribution (PDIGPC ) 1.14-1.17) was
obtained in each case.
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Scheme 1. Well-Defined Vinyl Ketone-Based Polymers by RAFT
Polymerization

Table 1. RAFT Homopolymerization of Vinyl Ketonesa

Mn (kDa)

entry M

[M]0/
[DDMAT]0/

[AIBN]0

T
(°C)

t
(h)

yield
(%) calcdb exptlc PDId

1 MVK 100:1:0.2 75 6 80 5.97 7.35 (7.18) 1.19
2 MVK 200:1:0.2 75 4 53 7.79 9.17 (9.37) 1.18
3 MVK 200:1:0.2 75 6 72 10.5 11.4 (11.9) 1.21
4 PVK 100:1:0.1 70 20 40 5.67 5.82 1.16
5 PVK 100:1:0.2 75 6 65 8.98 7.70 1.18

a Solvent: 60 vol % 1,4-dioxane for trial 3, 50 vol % 2-butanone for all
other trials.b Mn

calcd) (MWM × yield%× [M] 0/[DDMAT] 0) + MWDDMAT.
c Mn

GPC (Mn
NMR). d By GPC.

Published on Web 07/28/2007

10086 9 J. AM. CHEM. SOC. 2007 , 129, 10086-10087 10.1021/ja073541y CCC: $37.00 © 2007 American Chemical Society



The living characteristics of RAFT polymerization have allowed
ready preparation of a broad variety of block copolymers.6,8,9,11

Therefore, chain extension from the initial poly(vinyl ketone)s by
RAFT polymerization was investigated as a synthetic method for
the preparation of photodegradable block copolymers. Using PMVK
(Mn

GPC ) 9.17 kDa, PDIGPC ) 1.18) and PPVK (Mn
GPC ) 7.70

kDa, PDIGPC ) 1.18) as the macro-RAFT agents and AIBN as the
initiator, RAFT polymerizations of styrene ([St]0/[macro-RAFT]0/
[AIBN] 0 ) 190:1:0.1) were conducted at 60°C in 50 vol %
2-butanone for 12 h. For each trial, ca. 20% conversion of St was
reached, as obtained by1H NMR analysis of the final polymeri-
zation mixtures based upon the resonance intensities of vinyl protons
of remaining monomer. As shown in Figure 2, the formation of
diblock copolymers PMVK-b-PSt (Mn

GPC ) 12.3 kDa,Mn
calcd )

13.2 kDa; PDIGPC ) 1.18) and PPVK-b-PSt (Mn
GPC ) 10.2 kDa,

Mn
calcd ) 11.7 kDa; PDIGPC ) 1.21) from the chain extension

experiments was verified by GPC analyses. The good agreement
between theMn

GPC and Mn
calcd values of the diblock copolymers

and their narrow molecular weight distributions illustrate the
quantitative chain transfer efficiency of the poly(vinyl ketone)-based
macro-RAFT agents.

As a preliminary application study of these well-defined vinyl
ketone-based polymers, polymer films were prepared by drop
casting a solution of PMVK-b-PSt (2.0 mg/mL) on silicon, followed
by annealing at 155°C for 10 h, UV irradiation (366 nm) for 1 h
to degrade PMVK blocks and rinsing with methanol to remove
photodegradation products. As demonstrated by tapping mode

atomic force microscopy (AFM) measurements, the film has
significant nanostructured surface features (Figure 3), which were
not possessed by other films without UV irradiation, or methanol
rinse, or both (see Supporting Information). Detailed mechanistic
studies for the photodegradation1 are in progress.

In summary, RAFT synthetic strategy has been established as a
facile method for the preparation of vinyl ketone-based homopoly-
mers and block copolymers with well-controlled structures. We
believe that these polymers can be used for the preparation of
hollowed nanostructures with controlled dimensions or cleavable
networks through selective assembly and photodegradation.12

Moreover, via other well-developed ketone chemistries,13 they may
serve as templates for the construction of complex polymeric
architectures or conjugates with bioactive agents for biological and
medicinal applications.
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Figure 1. Monomer conversions for polymerization versusMn
GPC and

PDIGPC of the resulting polymers for RAFT polymerizations of MVK
([MVK] 0/[DDMAT] 0/[AIBN] 0 ) 200:1.0:0.2; 50 vol % 2-butanone, 75°C;
polymerization times) 0.5, 1, 1.5, 2, and 3 h).

Figure 2. GPC curves of poly(vinyl ketone) homopolymers and block
copolymers with polystyrene: (a) PMVK (Table 1, entry 2) and PMVK-
b-PSt; (b) PPVK (Table 1, entry 5) and PPVK-b-PSt (polymerization
conditions: [St]0/[macro-RAFT]0/[AIBN] 0 ) 190:1:0.1; 50 vol % 2-bu-
tanone; 60°C, 12 h; St conversions) ca. 20%).

Figure 3. Tapping mode AFM height (left) and phase (right) images of a
polymer film prepared from PMVK-b-PSt by drop casting a solution on
silicon, annealing at 155°C for 10 h, UV irradiation (366 nm) for 1 h,
followed by rinsing with methanol.

C O M M U N I C A T I O N S

J. AM. CHEM. SOC. 9 VOL. 129, NO. 33, 2007 10087


