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Ultraviolet-lnduced Fluorescence of Polydopamine-Coated 
Emulsion Droplets 
Sandrine Quignard}al Marco d'lschia}dl Yong Chen}bl and Jacques Fattaccioli*[cJ 

Polydopamine (PDA), a multifunctional biomaterial with strong 
adhesion and coating properties, exhibits melanin-like optoe­
lectronic properties but is virtually devoid of intrinsic fluores­
cence. Herein we disclose the first PDA-based system that can 
develop fluorescence without chemical manipulation. The 
polymerization of dopamine in the presence of oil microdrop­
lets results in the formation of smooth PDA-coated core-shell 
droplets, which develop a bright and persistent fluorescence 
upon UVA illumination. The fluorescence induction depends 
on the excitation wavelength, the nature of the oil, and oxida­
tion and buffer conditions, suggesting photo-oxidation of PDA 
components within the oil matrix, which shields the develop­
ing fluorophores from water quenching. Peroxyl radical scav­
engers enhance the fluorescence, whereas hydrogen peroxide 
induces quenching. The new system holds potential interest 
for imaging and tocopherol sensing applications. 

Polydopamine (PDA) has become the focus of increasing inter­
est in materials sciences111 owing to its unique adhesion prop­
erties. Oxidative polymerization of dopamine results in the for­
mation of a black insoluble melanin-type material, which ad­
heres strongly on virtually any type and shape of material to 
form a thin film,l2· 31 and which can be functionalized covalently 
by biomolecules thanks to its numerous functional groups.141 

PDA coatings have recently been used to modify the surfaces 
of different types of colloïdal particles.1s-sJ Furthermore, PDA is 
biocompatible and displays interesting properties in optics and 
electronics.P-9- 111 Like most melanins, PDA exhibits a broadband 
absorbance profile but no detectable fluorescence owing to its 
very low quantum yield, which is attributed to structural and 
chemical disorder.112- 141 Despite its inherently low emission 
properties, PDA may generate detectable fluorescence either 
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by chemical oxidation using oxygen peroxide for several hours 
to develop PDA capsules or particles 11 s, 161 or by multiphoton 
excitation1171• 

Herein, we disclose the first PDA-based system developing 
fluorescence by simply illuminating PDA-coated oil-in-water 
liquid droplets in the UVA range (365 ± 40 nm) without chemi­
cal manipulation. Since the nature of the oil can be changed 
freely,il 81 emulsions provide an efficient tool to explore the ef­
fects of this liquid interface on the PDA properties under illu­
mination. We demonstrate that the fluorescence induction de­
pends on the chemical nature of the oil, the polymerization 
conditions, and the presence of light-induced radical species in 
the medium. 

ln this study, we use oil-in-water emulsion droplets obtained 
as described previouslyi191 using oils of different types, from 
vegetable oils with various degrees of unsaturation (olive or 
soybean oil) to more inert oils such as mineral or silicone oil. 
Figure 1 A provides a schematic representation of the method 
used to prepare the PDA-coated core-shell emulsion droplets. 
ln brief, PDA coating of the microdroplets is performed by in­
cubating the emulsions with dopamine solutions under oxida­
tive alkaline conditions in water (see Supporting Information 
for details) for 1-24 h. After rinsing, the droplets are injected 
into observation chambers and studied by epifluorescence mi­
croscopy. Classically, PDA coatings are prepared in Tris-HCI 
buffer at pH 8.5, with the dioxygen dissolved in air-equilibrated 
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Figure 1. A) Polydopamine coating of oil microdroplets and fluorescence in­
duction upon UVA illumination. B) Images of bare and PDA-coated olive oil 
emulsions after centrifugation. C) Fluorescence induction upon UVA illumina­
tion of PDA coated on different substrates (PDA deposition in borate buffer, 
KM nO., optimum illumination time): olive and mineral oil droplets or glass 
coverslips (scratched PDA layer) . Bright-field and fluorescence microscopy 
images (DAPI filter, scale bar 5 fliTl). 
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gardless of the nature of the oil 
used, and without any effect on 
the size distribution of the drop­
lets suspension (Figure 52). 

Figure 1 C shows that, upon il­
lumination in the UVA range, 
olive oil and mineral oil droplets 
coated with PDA become fluo-
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rescent, on the surface and/or in 
their volume, whereas PDA­
coated glass under the same 
conditions does not. Once in­
duced, the fluorescence is irre­
versible and persists for severa! 
days (Figures 53 and 54, 5up­
porting Information). ln addi­
tion, the fluorescence spans 
from 400 to 650 nm depending 
on the excitation wavelength 
(Figure 55).t23•241 Illumination at 
longer wavelengths also leads to 
fluorescent droplets but with 
slower kinetics and lower effi­
ciency. Comparison of different 
buffer/oxidant combinations for 
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Scheme 1. Scheme of PDA polymerization and pathways leading either to nonfluorescent or fluorescent moieties. 

water as the oxidizing agentP1 Oxidation of dopamine leads to 
dopamine quinone, which undergoes intramolecular cycliza­
tion to give leucodopaminochrome and then dopamino­
chrome. lsomerization leads to 5,6-dihydroxyindole (DHI); this 
polymerizes to give PDA, which consists of a highly heteroge­
neous mixture of cross-linked oligomeric species (representa­
tive structures are shown in 5cheme 1 ).t20•2' 1 The Tris buffer has 
been reported to interact with dopamine quinone and be in­
corporated into the polymer film,t181 so reactions were also per­
formed in phosphate and borate buffers to compare their ef­
fects on fluorescence induction. Whereas phosphate would not 
be expected to participate actively in the polymerization reac­
tion, borate forms stable complexes of the catechol moieties 
of dopamine,t221 inhibiting oxidation processes in air.t191 Accord­
ingly, PDA formation in borate buffer requires a strong oxidant 
such as KMn04• which induces much faster reaction times with­
out any apparent influence on the physicochemical properties 
of the PDA coating. Whereas dioxygen, a mild oxidant, would 
hardly induce any degradation of reactive oil cores, the use of 
KMn04 would raise the issue of whether a more or less exten­
sive degradation of the unsaturated fatty acid components in 
soybean or olive oils might occur. However, KMn04 is not intro­
duced in excess, and hence, is fully consumed by the dopa­
mine with none left for reaction with the oil. 

Figure 1 B shows that the polymerization of dopamine is ac­
companied by a marked darkening of the emulsion suspen­
sion. Notably, no black sediment is observed at the bottom of 
the reaction tube in the presence of microdroplets and no sig­
nificant PDA aggregates are detected in the continuous phase 
by microscopy at the end of the reaction.l'91 Conversion of 
dopamine to PDA thus occurs only at the droplet interface, re-
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olive oil and mineral oils 
(Figure 2) shows that KMn04 in borate buffer leads to the 
strongest fluorescence, whereas the same oxidant in phos­
phate buffer leads to little or no fluorescence, as in the case of 
mineral oil (the same trend is observed for soybean oil, as 
shown in the 5upporting Information). Furthermore, using 0 2 

as the oxidant leads to droplets with poorer fluorescence prop­
erties either in terms of intensity (e.g., no fluorescence for min­
eral oil droplets) or in terms of the photostability of the in-
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Figure 2. Fluorescence microscopy images (DAPI filter) of PDA-coated drop­
lets upon 5 min UVA illumination, A) with different PDA-coating conditions 
(buffer and oxidant) for olive and mineral oil droplets. B) Influence of t he 
presence of metallic cations du ring PDA deposition on olive oil droplets on 
fluorescence induction. Fluorescence microscopy images after 5 min UVA il­
lumination at 365 nm (DAPI filter, scale bar 5 ~!ffi) . 
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duced fluorescence. ln addition, PDA-coated olive oil droplets 
produced with either oxidant in phosphate buffer show fluo­
rescence in bath cases, suggesting that this effect is not the 
result of the degradation of the ail by KMn04 but is indeed the 
result of the photogeneration of fluorescent species within the 
PDA layer. Finally, our results show that the buffer plays a role 
in fluorescence development, as borate acts as a stabilizer in 
the KMn04-induced fluorescence, whereas phosphate does 
not. 

On the basis of the available data, it can be concluded that 
UVA irradiation can induce the photo-oxidation of PDA compo­
nents, probably oligomers in the uncyclized state (Scheme 1, 
right path). Chromophore excitation occurs following stimula­
tion in the low-energy part of the catecholamine absorption 
maximum (UVA) and becomes negligible if visible light is used, 
implying the oxidation of simple reduced chromophores, for 
example, catecholamine and 5,6-dihydroxyindole (DHI), but 
not of visible light-absorbing quinones or aggregates. Photo­
oxidation of catecholamines leads to aminochromes, which 
then isomerize to 5,6-dihydroxyindoles, whereas UVA irradia­
tion of DHI leads to dimers and oligomers in oxidized forms 
(Scheme 1).1251 Of ali these species, only DHI and its dimers in 
the reduced form exhibit significant emission properties.1261 lt is 
therefore likely that uncyclized catecholamine units in PDA un­
dergo UVA-induced oxidation, leading to cyclized fluorescent 
units. The stabilizing effect of borate on fluorescence induction 
can be attributed to complexation of the catechol groups pre­
venting photochemical reoxidation of fluorescent DHI units. 
This would be indirect proof that the fluorescence cames from 
reduced catechol systems in DHI oligomers. The lower fluores­
cence observed in Tris-HCI buffer (Figure 2 A) can be attributed 
to the addition of Tris to dopamine qui none, which wou Id lead 
to adducts preventing cyclization and the formation of fluores­
cent units.1201 

Figure 2A shows that PDA deposited by KMn04 oxidation in 
phosphate buffer exhibits a higher fluorescence than PDA de­
posited using 0 2 as the oxidant. To assess whether metal cat­
ions interact with the PDA layer and modify its fluorescence 
properties, we compared the induction of fluorescence of olive 
oil droplets coated in borate/KMn04 for 1 h or overnight and 
in Tris-HCI supplemented with 1 mM Cul+. Figure 2 B shows 
that in bath cases, higher fluorescence is observed in the pres­
ence of the metal cations, suggesting that the cations affect 
the fluorescence process, possibly by promoting aminochrome 
isomerization to DHI or DHI dimerization leading to fluorescent 
species.1251 A much smaller effect after 1 h is observed in the 
case of Mn2+, suggesting slow incorporation of the cations 
into the polymer layer. 

The finding that induction of fluorescence is observed with 
bath vegetable ails (soybean or olive) and inert mineral ails, 
but not with silicone oil or PDA coated on a glass coverslip 
(Figures 1 C and 53) suggests that partial dissolution of PDA 
components into the hydrophobie oil matrix is essential for 
fluorescence development, probably through effects relating 
to the exclusion of water as a quencher,1271 as it is known that 
the fluorescence intensity in 5,6-dihydroxyindoles depends on 
the solvent and is lower in water, as excited-state lifetimes are 
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slower.1281 ln addition, DHI is much more soluble in organic sol­
vents than dopamine,ll91 suggesting that better solubilization 
of photochemically generated DHI in the oil component would 
favor the development of fluorescence by a UVA-induced 
photo-oxidative process in a water-free environment. Depend­
ing on the relative polarity of the oil, photogenerated PDA 
structural components can penetrate the droplet and produce 
fluorescence that is shielded from the quenching effects of 
water. lt is possible that the lack of PDA fluorescence in sili­
cone oil and mineral ails is caused by the poor penetration of 
PDA components in these relatively more hydrophobie and 
apolar media. lt is also likely that uncyclized dopamine oligo­
mers penetrate the oil droplet, becoming inaccessible to 
chemical oxidants (oxygen is too weak), but are available for 
UVA-induced oxidative cyclization and conversion to DHI units 
in oligomer form. Thus, droplets with suitable physicochemical 
characteristics offer a water-free liquid environment that allows 
fluorescence development in the absence of significant 
quenching. This could explain why PDA coated on ether inter­
faces reported so far does not exhibit fluorescence as seen in 
the present system.1'· 121 

UV illumination of PDA under aerobic conditions would trig­
ger photoreactions able to produce hydrogen peroxide and 
superoxide anions by electron-transfer processes.1301 To check 
whether reactive oxygen species (ROS) can affect UV-induced 
fluorescence, we investigated the effects of ROS scavengers 
and hydrogen peroxide. Figure 3 compares the fluorescence of 
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Figure 3. Fluorescence microscopy images (DAPI filter) of PDA-coated drop­

lets upon 5 min UVA illumination with different additives: ROS-scavenging 

species such as mannitol (20 mM, HO'), trolox (10 [.lM, ROO'), and pyruvate 

(10 mM, H20 2), or ROS-promoting species such as H20 2 (100 mM). Scale bar 

5 [.tm. 

PDA-coated olive oil droplets in phosphate buffer, in the pres­
ence of a H20 2 scavenger (pyruvate), a peroxyl radical (ROO') 
scavenger (trolox), or a HO' radical scavenger (mannitol), as 
weil as in the presence of additional hydrogen peroxide. The 
effects on fluorescence were studied systematically under con­
ditions in which ROO', HO', 10 2, H20 2 or 0 2' - were scavenged 
efficiently (Table 56). The lack of effect from HO' and singlet 
oxygen ('02) scavengers indicated that these species had little 
effect on the fluorescence emission. Conversely, HP2 is detri­
mental for the fluorescence, as apparent from both direct incu­
bation experiments and the enhancing effects of pyruvate. 
Likewise, scavengers of ROO' and 0 2·- species lead to stronger 
fluorescence, indicating that these species can also cause fluo-
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rophore destruction. lt appears that UVA-induced fluorescence 
is derived from photo-oxidation reactions leading to the for­
mation of superoxide. The latter disproportionates to give hy­
drogen peroxide, which in turn can reoxidize and oxidatively 
cleave quinonoid DHI units, thus destroying the fluorescence. 
This provides further evidence that the fluorescence is caused 
by reduced cyclized units embedded in the oil matrix. The 
poor effect of OH radical and singlet oxygen scavengers clearly 
indicates that single electron transfer from an excited state of 
catecholamine units to oxygen, leading to superoxide, is the 
main photochemical process. 

ln conclusion, we have demonstrated that UVA can cause 
a remarkable induction of fluorescence in PDA, probably 
owing to photochemical processes converting nonfluorescent 
moieties into emitting ones. The liquid organic interface and 
the deposition conditions provide a water-free environment as 
weil as oriented polymerization, both of which favor fluores­
cence development. The droplets described here could provide 
a means of rendering PDA shells strongly fluorescent for imag­
ing purposes, without the need for chemical manipulation and 
with enhanced emission properties compared to PDA coating. 
The noticeable increase in fluorescence in the presence of a mi­
cromolar concentration of trolox could be used to develop 
a tocopherol sensor. 
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