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Photosensitive microcapsules are important targets for medical, pharmaceutical, agriculture, consumer goods and
chemical companies. In this study, we report the development of UV-sensitive capsules containing vanillin as a model encap-
sulated active material. Polyamide microcapsule shells containing azobenzene moieties in the main chain of the polymer were
fabricated by oil-in-water interfacial polymerization method. Triggered perfume release and morphological variations of the
microcapsule shell during UV light irradiation were observed by means of high-performance liquid chromatography (HPLC) and
optical microscopy.
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Microcapsules are circular cross-section-shaped particles
containing core material encompassed by a membrane wall.1

According to Zhang and co-workers,2 microencapsulation is a
leading interdisciplinary research technology. The
microcapsules’ applicability for storage, transport and
controlled release has been demonstrated in a number of
publications and patents over a broad range of industries.1,3,4

The goal and challenge of developing an effective delivery
system is the controlled release of encapsulated materials.
During the last decade several triggers such as: light,
temperature, pH change, etc. have been applied by
scientists to initiate microcapsule wall morphological
changes. This includes changes in compactness and
integrity to influence the shell permeability required for the
release of encapsulated actives.4 Microcapsules based on
photo-responsive materials create new horizons spanning
both industry and academic research, as they are capable of
changing their micro-/nano-structures.1,3 Furthermore, light-
release provides numerous benefits over other external
stimuli: (i) photons do not contaminate the reaction
environment, (ii) the wavelength of excitation could be
controlled by appropriate molecular design, (iii) the ease of
scope and duration of excitation.5 Surface science and
environmental applications benefit particularly from the
development of photo-triggered capsules, considering that
light sometimes could be the only available trigger to drive
the systems. Generation of photo-sensitive behavior in
microcapsule shells by integration of photo-sensitive
polymers, gold/silver nanoparticles or azobenzene-based
dyes has been reported in literature.1 For the first time,
azobenzene was described by Prof. Mitscherlich in 1834,6

but pioneer studies concerning a functional optical behavior
of azobenzene, based on reversible trans-cis isomerization of
the N¼N bond upon photo-irradiation where reported by
Prof. Hartley in 1937.7 Since then this photochromic moiety
has been extensively applied in the design of light-sensitive
materials. In this paper, we report the preparation and
characterization of photo-triggered microcapsules whose
shells contain 4,4 0-bis (chlorocarbonyl) azobenzene
moieties in lightly-cross-linked structures. Vanillin, a well-
known antioxidant compound which has been widely applied
in the food industry as a conserving agent or a flavoring
additive,4 was selected as an encapsulated active. Its photo-
triggered release can be simply detecting by a high-
performance liquid chromatography (HPLC).9 The photo-
sensitive microcapsules were prepared by using a modified
protocol of oil-in-water interfacial polymerization method
developed and reported in our previous studies.10 According
to this protocol, first 22ml of toluene (oil) phase containing
0.500 g of 4,4-bis (chlorocarbonyl) azobenzene, 0.007 g of
1,3,5-benzenetricarbonyl trichloride (Aldrich, 98%) and 3 g
of vanillin (Sigma-Aldrich, 99%) was prepared. Then, to get

an oil-in-water emulsion, the oil phase was slowly added
dropwise into 50ml of aqueous solution containing 0.500 g
of Mowiol emulsifier (polyvinyl alcohol 18-88, Fluka) under
an overhead stirrer set up at 1200 rpm. Obtained emulsion
was additionally mixed for 10min at room temperature. Next,
to form the capsules’ shell, the interfacial polymerization
was initiated by adding to the system 25ml of aqueous
solution containing 0.250g of 1,8-diaminooctane (Fluka, 98%),
0.290g of sodium hydrogen carbonate (Aldrich, 99.7%) and
0.250 g of Mowiol. The reaction was carried out in darkness
at room temperature for 3 h. Finally, it was stopped by adding
50.00 g of aqueous solution containing 6.00 g of sodium
sulfate and 0.35 grams of xanthan gum (XG). Formed
suspension was mixed for 30min at 300 rpm in darkness.
The XG was used to avoid microcapsules’ aggregation.

Figures 1(a) and 1(b) show the surface and cross-section
morphologies of the prepared photo-sensitive microcapsule,
respectively. The micrographs were recorded by a scanning
electron microscopy ESEM (Quanta 600, FEI). The outer
surface of the microcapsule appears dense and well-shaped.
The cross-section imagine indicates a non-porous, homoge-
nous membrane structure. The microcapsule main size
diameters (42.8 μm) as well as their wall thicknesses
(67� 3 nm) were measured from the ESEM micrographs
using an Image-ProPlus 5r software. It is worth to note that
90% of the capsule diameters were in the range between
23� 2 μm and 62� 2 μm. This range is comparable with the
size of the polyamide microcapsules prepared by interfacial
polymerization reported in the literature.11 In order to dem-
onstrate the consequence of the UV light irradiation on the
microcapsules morphology, the obtained capsules were ex-
posed to UV light at 365 nm emitted from a Vl-4.LC UV
Vilber Lourmat lamp (230V, 8W).

Figure 2 shows how the microcapsule shapes changed
after their exposure to UV light for 1 h. Extreme differences
between the micrographs, captured by an optical microscopy,
are encountered. Irradiated microcapsules look almost empty
and deflated, while those which were kept in darkness have
maintained their orbicular-shape. These results suggest that

Fig. 1. ESEM micrographs of: (a) Polyamide microcapsule containing
vanillin in toluene as a filler; (b) A cross-section morphology.
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the photo-triggered release from the microcapsules took
placed due to the azobenzene trans-cis isomerization. In pi-
oneer studies Higuchi and co-workers12 demonstrated that
the photo-isomerization of azobenzene molecules (MAzoM)
incorporated in a main chain of polypeptide monolayer
causes a decrease of the monolayer surface from 1395Å to
1316Å/azo-molecule. The authors have shown that the
MAzoM became contracted owing to the banding shape upon
the UV light irradiation. In our studies, we wish to put into
evidence that the photo-simulated geometrical changes of
azobenzene moiety of MAzoM can be amplified into the
macroscopic structural change of microcapsule. Very

recently, we published a paper in which the release mecha-
nism is described.13

Upon irradiation and photo-conversion of trans-MAzoM
to cis-MAzoM, the chain length of the polymer contracts by
5Å thereby creating a squeezing effect in the backbone of the
microcapsule.

Moreover, in order to unequivocally prove the triggered
release of the encapsulated active materials in the presence of
UV light, 1 g of the prepared capsules’ suspension was mixed
with 80mL of milliQ water, stirred at 700 rpm and non-stop
UV is irradiated up to 2 h. The amount of the discharged
vanillin in the release medium was verified every 30min
using an Agilent 1100 HPLC equipped with a LC-8 supel-
cosil column and a photodiode array detector. Vanillin
concentration was determined using a 80:20 water : acetoni-
trile mobile phase, showing a typical vanillin retention time
(4.2–4.5min) at 229 nm.

Figure 4 demonstrates the vanillin release from the photo-
sensitive polyamide azobenzene-based microcapsules in
milliQ water in the absence (♦) and presence (n ■) of UV
light. The graph shows the amount of vanillin (ppm) released
from 1 g of microcapsules during their continuous illumina-
tion with UV light at 365 nm. The difference between the two
curves is obvious: in the absence of UV light, vanillin release
practically does not occur; while after 1.5 h of non-stop irra-
diation, its discharge through the capsule shells is detectable.
Bogdanowicz and co-workers have investigated vanillin de-
livery from the photo-sensitive microcapsules based on poly
(α-methylstilbenesebacoate-co�α-methylstilbeneisophtha-
late).4 The authors reported that during capsules irradiation
with UV light, their surface morphology changed drastically,
and vanillin started to be released after ca. 20min of

(a)

(b)

Fig. 3. Periodic models of trans (a) and cis (b) MAzoM.

Fig. 2. Optical micrographs of: microcapsules containing vanillin as a filler,
after preparation (a), after 7 days of storage in darkness (b), and after 1 h of
irradiation with UV lamp at 365 nm (c).
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irradiation. In our opinion, the irradiation time required for
vanillin delivery to a medium depends on: (i) type of photo-
sensitive chromophore incorporated in the capsule walls, (ii)
shell morphology and (iii) source of light.

In summary, this work demonstrates that the incorporation
of photo-sensitive azobenzene moieties into the polyamide
microcapsule walls can be used to drive a controlled release
of encapsulated materials under UV light. The obtained
photo-triggered capsules could find potential applications in:
catalysis; electronics; textile; chemical industry, etc.
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Fig. 4. Release kinetics of vanillin from photo-triggerd microcapsules in
aqueous slirry at 20○C in the absence (♦) and in the presence (n ■) of non-stop
exposure to UV light.
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