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Orthogonally reactive amino acids and end groups
in NCA polymerization

David Huesmann, Kristina Klinker and Matthias Barz*

We summarize recent strategies for the synthesis of
orthogonally reactive polypeptides and polypeptoids
by direct and post-polymerization approaches.
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Synthesis of polymeric microcapsules
by interfacial-suspension cationic
photopolymerisation of divinyl ether
monomer in aqueous suspension

M. Benedetti, T. R. Congdon, S. P. Bassett, M. Alauhdin,
S. M. Howdle, D. M. Haddleton, R. Pisano,
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Polymeric microcapusles have been synthesised with a
markedly more hydrophillic monomer than previously
reported, triethylene glycol divinyl ether, using cationic
photopolymerisation in an aqueous environment.
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Polymerization of α-(halomethyl)acrylates
through sequential nucleophilic attack
of dithiols using a combination of
addition–elimination and click reactions

Yasuhiro Kohsaka,* Keito Hagiwara and Keiichiro Ito

Polycondensation involving sequential nucleophilic attacks
of a dithiol on an α-(bromomethyl)acrylate efficiently
yielded a polysulfide.

980

(−)-Riboflavin (vitamin B2) and flavin mononucleotide
as visible light photo initiators in the thiol–ene
polymerisation of PEG-based hydrogels

R. R. Batchelor, G. Kwandou, P. T. Spicer* and
M. H. Stenzel*

The photoinitiators used in light mediated hydrogelation
have been limited due to cytotoxicity and solubility issues.
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Post-polymerization modification of the side chain
in optically active polymers by thiol–ene reaction

Naoya Kanbayashi,* Sou Miyamoto, Yuki Ishido,
Taka-aki Okamura and Kiyotaka Onitsuka*

In this study, we examined novel synthetic methods
for optically active polymers bearing various side chains
from post-polymerization modification of a single optically
active polymer.

995

Highly branched unsaturated polyethylenes achievable
using strained imino-cyclopenta[b]pyridyl-nickel
precatalysts

Youfu Zhang, Chuanbing Huang, Xinxin Wang,
Qaiser Mahmood, Xiang Hao, Xinquan Hu,*
Cun-Yue Guo,* Gregory A. Solan* and Wen-Hua Sun*

Highly branched and unsaturated PEs with narrow PDIs
have been obtained using nickel catalysts that display high
activities, rapid regeneration of active species and high
rates of chain isomerization.

This journal is © The Royal Society of Chemistry 2017 Polym. Chem., 2017, 8, 951–956 | 953
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Click chemistry synthesis, stereocomplex
formation, and enhanced thermal properties of
well-defined poly(L-lactic acid)-b-poly(D-lactic
acid) stereo diblock copolymers

Lili Han, Qing Xie, Jianna Bao, Guorong Shan,
Yongzhong Bao and Pengju Pan*

PLLA-b-PDLAs with well-controlled molecular weights,
compositions, highly enhanced stereocomplexation
ability, and thermal resistance were synthesized by
ROP and click chemistry.

1017

Ferroelectric fluorinated copolymers with
improved adhesion properties

Thibaut Soulestin, Pedro Marcelino Dos Santos Filho,
Vincent Ladmiral, Thierry Lannuzel,
Fabrice Domingues Dos Santos and Bruno Améduri*

Modified fluorinated electroactive poly(VDF-co-TrFE)
copolymers with improved adhesion properties, on
glass or metal substrates, are presented.

1028

Ultra-pH-sensitive polypeptide micelles with large
fluorescence off/on ratio in near infrared range

Liyi Fu, Pan Yuan, Zheng Ruan, Le Liu, Tuanwei Li and
Lifeng Yan*

Ionizable tertiary amines functional polypeptide based
micelles conjugated with NIR dye Cy5.5 and quencher
have been synthesized, and a strong fluorescence
switch-on in the NIR region under weak acidic
conditions can be found, which is ultra-pH-sensitive.

1039

Copolymers of carbazole and phenazine
derivatives: minor structural modification, but
totally different photodetector performance

Shuang Li, Xianyu Deng,* Lei Feng, Xincheng Miao,
Kuangyi Tang, Qianqian Li and Zhen Li*

Through the subtle modification of the molecular
structure, four donor–acceptor type conjugated polymers
were designed, and demonstrated very different device
performances with the highest photodetectivity achieved
up to 6.2 × 1012 Jones.

954 | Polym. Chem., 2017, 8, 951–956 This journal is © The Royal Society of Chemistry 2017
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Multilateral characterization of recombinant spider
silk in thermal degradation

Anh T. N. Dao, K. Nakayama, J. Shimokata and T. Taniike*

Elucidating the complex mechanism of thermo-oxidative
degradation of recombinant spider silk by systematic
characterization and correlation coefficient approach.

1061

Soft and rigid core latex nanoparticles prepared
by RAFT-mediated surfactant-free emulsion
polymerization for cellulose modification –
a comparative study

J. Engström, F. L. Hatton, L. Wågberg, F. D’Agosto,
M. Lansalot, E. Malmström and A. Carlmark*

Latex nanoparticles of high and low Tg-core
block-copolymers were produced and their adsorption
to (nano)cellulose surfaces was investigated.

1074

Synthetic modulation of micro- and mesopores in
polycyanurate networks for adsorptions of gases
and organic hydrocarbons

Changjiang Shen, Jun Yan, Gaoyang Deng, Biao Zhang
and Zhonggang Wang*

Synthetic modulation of pores sizes in polycyanurates from
1.17 to 17.3 nm was achieved by varying geometrical shape,
size and number of functional groups of monomers. The
relationships between porous structure and adsorptions of
gases and organic hydrocarbons were studied.

1084

Methacrylic block copolymers by sulfur free RAFT
(SF RAFT) free radical emulsion polymerisation

Gabit Nurumbetov, Nikolaos Engelis, Jamie Godfrey,
Rachel Hand, Athina Anastasaki, Alexandre Simula,
Vasiliki Nikolaou and David M. Haddleton*

We demonstrate the use of sulfur free reversible
addition–fragmentation chain transfer polymerisation
(RAFT) as a versatile tool for the controlled synthesis of
methacrylic block and comb-like copolymers.

This journal is © The Royal Society of Chemistry 2017 Polym. Chem., 2017, 8, 951–956 | 955
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Functionalizing natural polymers with alkoxysilane
coupling agents: reacting 3-glycidoxypropyl
trimethoxysilane with poly(γ-glutamic acid)
and gelatin

L. S. Connell, L. Gabrielli, O. Mahony, L. Russo, L. Cipolla*
and J. R. Jones*

Functionalisation of polymers using organosilanes via
nucleophilic attack of the epoxide rings is successful under
mild pH when the polymers contain carboxylic groups.

1104

Hyperbranched poly(glycerol) as a T1 contrast
agent for tumor-targeted magnetic resonance
imaging in vivo

Yi Cao, Min Liu,* Guangyue Zu, Ye Kuang, Xiaoyan Tong,
Dangsheng Xiong and Renjun Pei*

To explore a convenient and efficient strategy for
constructing tumor-targeted T1 mCAs for MRI,
hyperbranched poly(glycerol) prepared in one-pot
was used to conjugate gadolinium chelates and folic
acid ligands through “click chemistry”.

CORRECTION

1114

Correction: Hyperbranched poly(glycerol) as a T1 contrast agent for tumor-targeted magnetic resonance
imaging in vivo

Yi Cao, Min Liu,* Guangyue Zu, Ye Kuang, Xiaoyan Tong, Dangsheng Xiong and Renjun Pei*
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Synthesis of polymeric microcapsules by interfacial-
suspension cationic photopolymerisation of divinyl
ether monomer in aqueous suspension†

M. Benedetti,a,b T. R. Congdon,c S. P. Bassett,d M. Alauhdin,d S. M. Howdle,d

D. M. Haddleton,c R. Pisano,a M. Sangermano*a and T. L. Schiller*b

Polymeric microcapusles have been synthesised with a markedly

more hydrophillic monomer than previously reported, triethylene

glycol divinyl ether, using cationic photopolymerisation in an

aqueous environment. Characterisation by NMR and SEM show

that the particles are formed with low dispersity with a size of

approximately 1 µm in spite of the expected inhibition in aqueous

conditions. Furthermore, supercritical carbon dioxide has been

used to generate silver nanoparticles which distribute throughout

the shell of the microcapsules further illustrating the structure of

these capsules with characterisation by TEM and SAXS.

The synthesis of polymeric micro and nanoparticles is the
focus of many applications including drug delivery, reinforce-
ment in processed polymers and self-healing systems.1,2 As a
consequence of the promising applications of particles, there
are numerous methods for their production. It is possible to
make a preliminary distinction between two different
approaches; the first one is based on the processing of pre-
formed polymers, while the second one involves the polymeri-
zation of a monomer.

The production of the macroparticles is carried out starting
from one or more monomers. On the basis of the method
used to produce the emulsion and on the average size of dis-
persed droplets, it is possible to distinguish between micro-
emulsion and mini-emulsion techniques.3 In a micro-
emulsion, the reaction takes place inside micelles obtained
adding high concentrations of surfactant,4 while in a mini-
emulsion polymerization the reaction takes place inside the
droplets of the dispersed phase and requires low surfactant
concentrations.5,6 A common way to synthesize polymeric

capsule is to prepare a double emulsion (e.g., water/oil/water)
using a two-stage emulsification.7

The production of a double emulsion is difficult to achieve
and the size of particles cannot precisely be controlled. For
this reason, we have already developed in previous study8 an
innovative method to synthesize core–shell polymeric micro-
capsules that do not require the creation of a double emulsion.
By inducing separation between the monomer and the
initiator, adding the former in the continuous aqueous phase
and the latter in the dispersed hydrophobic one, the polymeri-
zation reaction does not occur within the droplet, but at the
interface between the dispersed and the continuous phase. It
follows that the liquid droplet acts as a template on which
surface the polymeric shell can grow, producing a core–shell
structure.

While mini-emulsion free-radical chain growth polymeri-
zation has been widely reported,9 a single manuscript shows
cationic photopolymerisation of microspheres in aqueous
media via suspension photoinitiated ring-opening polymeris-
ation.10 This synthetic method used a cationic photopolymeri-
sation process, as well as conventional cationic vinyl and ring-
opening polymerization, to realise a reaction that is well-
known to be water sensitive.11 Vinyl ethers are widely used in
polymerisations for their ability to form networks with high
efficiency for applications such as coatings, lithography etc.9

Sangermano et al.12 showed that the presence of water was
particularly advantageous for the photopolymerization of
multifunctional vinyl ether monomers. Water can provide a
means of maintaining the mobilization of the propagating
cationic species normally hindered through vitrification.13

Conversely, the presence of a large amount of water, as is the
case of a water-suspension polymerization, will cause a
marked inhibition of polymerization. Crivello et al.11 report
the synthesis of epoxy functionalized microspheres by cationic
photopolymerization in aqueous conditions. It is important to
underline that the typical water suspension polymerization
comprises hydrophobic monomers, in which droplets
(oil phase) are emulsified with surfactants in a continuous
phase of water. The polymerization occurs in the hydrophobic

†Electronic supplementary information (ESI) available: Detailed experimental
set up and further data. See DOI: 10.1039/c6py01782g

aTurino Politecnico, Italy
bUniversity of Warwick, International Institute for Nanocomposites Manufacturing,

WMG, Coventry CV4 7AL, UK. E-mail: t.l.schiller@warwick.ac.uk
cUniversity of Warwick, School of Chemistry, Coventry CV4 7AL, UK
dUniversity of Nottingham, School of Chemistry, University Park, Nottingham, NG7

2RD, UK

972 | Polym. Chem., 2017, 8, 972–975 This journal is © The Royal Society of Chemistry 2017

Pu
bl

is
he

d 
on

 0
6 

Ja
nu

ar
y 

20
17

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

N
ot

tin
gh

am
 o

n 
11

/1
2/

20
17

 2
3:

01
:2

4.
 

View Article Online
View Journal  | View Issue



latex particles that form at the beginning of the polymerization
process.

We present a modification of the classical emulsion micro-
particle polymerization to polymerize triethylene glycol divinyl
ether (DVE3). In order for the cationic polymerization process
in water to be successful we tailored the system to include the
oil phase n-hexadecane which provides the interface with
water, where the monomer can polymerize since the cationic
photoinitiator is soluble in the hydrophibic solvent. The
triarylsulfonium salt, used as the cationic photoinitiator,
possesses aryl groups which impart sufficient lipophobic
character allowing the photoinitiator to be readily soluble in the
oil phase (see Fig. 1). The DVE3 monomer employed in this
study, is amphiphilic therefore it reacts at the interface between
water and n-hexadecane. This affords an interfacial polymeri-
zation that leads to the formation of microcapsules. Note the
monomer is crosslinked as long as the polymerization proceeds
at the interface between the aqueous and the oily phase and the
polymeric shell surrounding the hexadecane liquid core is
generated. Note that the particles do not dissolve and maintain
structural integrity even after the drying process.

A DVE3 suspension in water was prepared, Fig. S1† shows
the monomers used, and polymerization initiated through
irradiation with UV-light then characterised by NMR and SEM
(see ESI† for experimental details).

When compared to the typical radical miniemulsion
polymerization, a change is made that the monomer’s
addition before the creation of the miniemulsion via ultra-
sonication. In radical miniemulsion photopolymerization the
monomer is directly added to the aqueous phase composed by
water. In the preliminary phase of the present study, this con-
figuration was tested but, as expected, it did not lead to the
crosslinking of the monomer and generation of a core–shell
structure. In effect, cationic photopolymerization is inhibited by
water and adding the monomer directly to the aqueous phase
was proven not to be a successful procedure. To overcome this
problem, the monomer was added in the dispersed phase.
DVE3 is an intermediate polarity monomer, therefore, once the
dispersed phase was added to the aqueous one, DVE3 tend

spontaneously to move towards the interface between
hexadecane and water. In this way the monomer in direct
contact with the hexadecane core containing the photoinitiator.

The conversion of vinyl ether double bonds during
UV-irradiation was determined by 1H-NMR (Fig. 2 bottom).
The peaks monitored prior to and post- photopolymerization
are related to the vinyl double bond functionality: the peak at
6.42 ppm, related to the CH2v, the peaks at 3.93 ppm and
4.11 ppm, relate to the vCHO. The complete vinyl ether
double bond conversion was achieved after 10 min of
irradiation compared to before irradiation (Fig. 2 top).
The 1H-NMR of the solvent, n-hexadecane, was recorded as a
reference (Fig. S2†).

Fig. 1 Schematic detail of the reaction steps that produce macroparticles.

Fig. 2 1H-NMR of the polymer (bottom) produced through UV curing
from DVE3 (top), note that the vinyl double bond peaks have dis-
appeared leaving only the polymer backbone.

Polymer Chemistry Communication

This journal is © The Royal Society of Chemistry 2017 Polym. Chem., 2017, 8, 972–975 | 973
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The polymeric particles are approximately 1 µm. Particle
size analyses were performed initially via laser diffraction in
order to evaluate the average particle dimension achieved.
This average size is consistent with the previous work
reported,10 and explained if we take into account the
DVE3 monomer droplet is in contact with water, where chain
transfer and inhibition reactions occur predominantly over
polymerization at this interface. In the interfacial process the
polymerization reactions occur at the oil–water interface. If the
diameter of the oil droplet decreases, the ratio of the
monomer surface area to volume vs. the water interface
dramatically increases. The reaction at the water interface
becomes increasingly significant as the droplet size decreases.
It has been reported that, if the average diameter of the
droplets falls below 1 µm, the side reactions dominate over
propagation in the bulk of the droplets, and solid particles do
not form. As a result, only larger particles can be formed
under aqueous suspension cationic photopolymerization
conditions. The volume percentage vs. average diameter of the
polymeric particles are reported in Fig. 3c and the distribution
parameters are collected in table (Fig. 3c inset).

Spherical particles with homogeneous distributions were
obtained then spray dried prior to further characterisation
through SEM and SAXS. A volumetric distribution calculated
by using a software image from the SEM showed an average
volumetric size distribution of approximately 1 µm, in agree-
ment with the particle size measurements via light scattering.
In Fig. 3a and b some selected SEM images of the synthesized
particles are shown.

To further investigate the morphology of the microparticles
supercritical carbon dioxide (scCO2)

14 was employed to firstly

generate silver nanoparticles (AgNPs) in situ; then the scCO2

used to impregnate the microparticles with the AgNPs to
provide further information about the composite particles by
TEM and SAXS. Note that the lack of binding groups for the
silver to adhere to means that the silver should be more uni-
formly dispersed within the matrix.15

By fitting the SAXS curve the radius of gyration, RG, value
of 501 nm was obtained. The average diameter of the poly-
meric particles is calculated to be 1292 nm, using eqn (S1),†
which is in good agreement with the Mastersizer measure-
ments and SEM measurements. The Guinier plot obtained
after SAXS analyses for the synthesized particles are reported
in Fig. S3,† where ln of intensity I vs. q2 is plotted (see ESI†
experimental). By using the software Easy SAXS the probability
density and distribution function (PDDF) curve for the
polymer particles was obtained.

The shape of the PDDF curve is typical of a core–shell struc-
ture. The Di = 78.1 nm, representing the inner diameter of the
core–shell structure, and the D0 = 1.335 µm representing the
outer diameter of the core–shell, giving rise to a shell thick-
ness of 0.628 µm. Further proof of the shell thickness can be
seen by TEM when the AgNPs are present (Fig. 3d) showing
that the AGNPs evenly distribute through the shell and cannot
be seen inside the particles. Note that the size of the AgNPs by
both SAXS and TEM was seen to be approximately 70 nm.

Conclusions

A novel way to synthesise hydrophilic microcapsules with a
size of approximately 1–2 µm has been realised. The particles

Fig. 3 (a) SEM image of the size dispersion of the microspheres (b) enlargement of representative sample, (c) DLS including size distribution table
(d) TEM after impregnation with AgNPs showing the nanoparticle decoration of the polymer microcapsules.
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have low polydispersity and have been shown to maintain
stability when impregnated with AgNPs using supercritical
carbon dioxide; the addition of AgNPs could confer anti-
microbial activity.16

Acknowledgements

We would like to acknowledge Prof. Stefan Bon and Mr Rob
Young for their assistance with the light scattering and
Dr Anaïs Pitto-Barry for her assistance with TEM.

Notes and references

1 W. G. Reyntjens, F. E. Du Prez and E. J. Goethals,
Macromol. Rapid Commun., 1999, 20, 251–255.

2 A. M. Alhoranta, J. K. Lehtinen, A. O. Urtti, S. J. Butcher,
V. O. Aseyev and H. J. Tenhu, Biomacromolecules, 2011, 12,
3213–3222.

3 F. Jasinski, E. Lobry, A. Chemtob, C. Croutxé-Barghorn and
A. Criqui, Macromol. Chem. Phys., 2013, 214, 1669–1676.

4 J. M. Asua, Prog. Polym. Sci., 2002, 27, 1283–1346.
5 F. J. Schork, Y. Luo, W. Smulders, J. P. Russum, A. Butté

and K. Fontenot, in Polymer Particles: -/-, ed. M. Okubo,
Springer, Berlin, Heidelberg, 2005, pp. 129–255.

6 J. Ugelstad, M. S. El-Aasser and J. W. Vanderhoff, J. Polym.
Sci., Polym. Lett. Ed., 1973, 11, 503–513.

7 F. Tiarks, K. Landfester and M. Antonietti, Langmuir, 2001,
17, 908–918.

8 M. Bazzano, R. Pisano, J. Brelstaff, M. G. Spillantini,
M. Sidoryk-Wegrzynowicz, G. Rizza and M. Sangermano,
J. Polym. Sci., Part A: Polym. Chem., 2016, 54, 3357–
3369.

9 A. Chemtob, B. Kunstler, C. Croutxé-Barghorn and
S. Fouchard, Colloid Polym. Sci., 2010, 288, 579–587.

10 M. Ciftci, M. A. Tasdelen, W. Li, K. Matyjaszewski and
Y. Yagci, Macromolecules, 2013, 46, 9537–9543.

11 B. Falk and J. V. Crivello, Chem. Mater., 2004, 16, 5033–
5041.

12 M. Sangermano, G. Malucelli, F. Morel, C. Decker and
A. Priola, Eur. Polym. J., 1999, 35, 639–645.

13 E. F. Marques, O. Regev, A. Khan, M. da Graça Miguel and
B. Lindman, J. Phys. Chem. B, 1999, 103, 8353–8363.

14 S. Howdle, J. Ramsay and A. Cooper, J. Polym. Sci., Part B:
Polym. Phys., 1994, 32, 541–549.

15 V. Krasimir, R. S. Vasu, V. G. Renee, N. Chi, D. S. Robert
and J. G. Hans, Nanotechnology, 2010, 21, 215102.

16 F. Furno, K. S. Morley, B. Wong, B. L. Sharp,
P. L. Arnold, S. M. Howdle, R. Bayston, P. D. Brown,
P. D. Winship and H. J. Reid, J. Antimicrob. Chemother.,
2004, 54, 1019–1024.

Polymer Chemistry Communication

This journal is © The Royal Society of Chemistry 2017 Polym. Chem., 2017, 8, 972–975 | 975

Pu
bl

is
he

d 
on

 0
6 

Ja
nu

ar
y 

20
17

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

N
ot

tin
gh

am
 o

n 
11

/1
2/

20
17

 2
3:

01
:2

4.
 

View Article Online








	cover 1.pdf (p.1-2)
	table of content 1.pdf (p.3-8)
	2017-M. Benedetti-Synthesis of polymeric microcapsules by interfacial suspension cationic photopolym....pdf (p.9-12)
	sertifikat Pol Chem.pdf (p.13-15)

