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An organic pigment was successfully coated with colloidal silica particles using the layer-by-layer
assembly technique to improve the weatherability and dispersion ability in waterborne systems. It was
found that the nano-silica content or the thickness of the nano-silica shell could be modulated by the
numbers of both polyelectrolyte layers and nano-silica layers. The first layer of nano-silica assembly
obviously increased the particle size of the organic pigment, causing a relatively rough surface, an obvious
augment in shell thickness, and a broad pore size distribution, but the second and the third layers of
nano-silica assembly preferred to fill the pores caused by the first layer of silica, causing a relatively
smooth surface, slight increases in shell thickness and surface Si content, and a narrow pore size
distribution. The nano-silica particles coated on the surfaces of organic particles could obviously scatter
the UV light especially after the second and third layers of silica assembly.

Introduction demerits: only a very thin SiQayer from sodium silicate

o . . . can form on the pigment surface; the reproducibility is also
Organic pigments have been extensively used in the pamt,very poor“79-11 Furthermore, the thin SiOlayer on the

ink, and plastic industries since they have many advantagesy iface of the organic pigment may be not enough for

such as photosensitivity, color strength, excellent tranSpar'enhancing the UV shielding property of the organic pigments.
ency, etc. However, the limited hiding power, poor dispersion ere we present a modification method of organic pigments
ability, and especially the poor weather durability are cqated with nano-Sipparticles as a shell via the layer-by-
obviously the obstacles for organic pigments in many |aver assembly technique since nano-Si@rticles have UV
applications. Many methods have been explored so far with s cattering and/or absorbing characteristics. To our knowl-
the purpose of addressing the above problems. For examplegqge  there is no research on using nano-silica particles as a
Lelu et al- encapsulated an organic phthalocyanine blue ,qiective shell to coat organic pigments and also there are

pigment into polystyrene latex particles using a miniemulsion 1\, reports on using the layer-by-layer assembly technique
polymerization to improve its dispersion ability in an agqueous 4 -oat organic pigments yet.

system. But more modifications of organic pigments were
involved in using silicon-based inorganic materials in recent
years because of the inherent inert and super-high-durability
properties of silicon-based materials. For example, Fei%t al.
grafted a naphthol red pigment onto the inorganic silica core
to enhance the heat resistance, color strength, and dispersio
stability of the pigment. Krysztafkiewicz and Jesionowski
prepared organic pigments on inorganic substrates with
particular reference to the modification of adsorbents by
silane coupling agents, and an orgariicorganic hybrid
pigment with high color stability was obtained. Organic
pigments coated with silica as a protective shell are expected
to improve the UV shielding property, stability, heat )

. . . (7) Van Bruggen, M. P. BLangmuir1998 14, 2245.
resistance, etc., which were studied by the water glass (g) Graf, C.: van Blaaderen, Aangmuir2002 18, 524.

procesé*fﬁ However, this process obviously has some (9) Makarova, O.V.; Ostafin, A. E.; Miyoshi, H.; Norris, J. R.; Meisel,
D. J. Phys. Chem. B999 103 9080.
(10) Liz-Marzan, L. M.; Giersig, M.; Mulvaney, R.angmuir 1996 12,

The layer-by-layer assembly technique has already been
applied to fabricate coreshell materials, in which the
aqueous colloidal particles are electrostatically adsorbed on
the surfaces of charged polymeric and/or inorganic materials.
Compared with the previous modification methods mentioned
gbove, the method of the layer-by-layer technique to fabricate
spherical particles has the advantage of easily diversifying
the chemical composition, tailoring the thickness of the shell,
and controlling the degree of the core surface covetatie.
Several investigations with polystyrene be&tifgrmalde-
hyde particles? inorganic particle$® and a biological celf
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Chart 1. Chemical Structure of Yellow 109 Second, PDADMAC and PSS were subsequently and alternatively
CH, deposited onto the surfaces of the PSS-coated organic pigment by
al al addirg 1 g L™t aqueous polyelectrolyte solution (containing 0.3 M
cl Iﬁ'_ A NaCl). After 20 min of adsorption, excess polyelectrolytes were
cl removed by four cycles of centrifugation (12000 rpm, 15 min) and
NH HN I . . . e
. | deionized water washing and then redispersed into deionized water.
¢ I (l) ¢ Repeating the above steps, a polyelectrolyte multilayer film could
ca o Cl

form on the surfaces of organic pigment particles according to

s . experimental demand. This film could provide a uniformly charged
as template cores for fabricating corehell materials, hollow surface and facilitate subsequent nanoparticle adsorftighThe

capsules, or hollow Sphe.res were reported using the I"’ly_er'outermost surface layer was always PDADMAC, thus making the
by-layer assembly technique. However, no report has in- ¢ated particles positively charged. Third, nano-Sirticles were
volved irregular, uncharged organic pigment particles coated agsorbed on the surfaces of the organic pigment by adding the SiO
with an inorganic shell by the layer-by-layer assembly aqueous sol to the suspension of the precoated organic pigment
technique yet. particles. The nano-Siparticles were allowed to adsorb for 20
To successfully coat nano-SiQarticles on the pigment  min under continuous stirring, and then the excess nang B3
surfaces, we first used two kinds of polyelectrolytes, poly- removed by four cycles of repeated centrifugation (6000 rpm, 15
(diallyldimethylammonium chloride) (PDADMAC) and poly- min) and deionized. water dispersiqn. The electrqstatic interac?i.on
(sodium 4-styrenesulfonate) (PSS), to be sequentially ad_between the negatively charged silica nanoparticles and positive

sorbed onto the surfaces of the organic pigment and thenEDAzﬁ?ﬁct‘évasP‘gﬂ?&X’Ct;;iilglup t?in?noc?mposri;i)lmulttilayers.
coated by colloidal nano-SiO The effects of various epeating e ayer-by-ayer assemoly steps, a

ion f h h b f polvel | multilayer SiQ shell could be obtained. The silica-coated organic
preparation factors such as the numbers of polyelectro ytepigments were designated as;PESiO,, in whichi indicates the

and nano-Siglayers, the contents of nano-Siend organic  ymper of polyelectrolyte layers afthe number of of nano-SiO
pigment, the pH value, the adsorption time, etc. on the silica |ayers.

content adsorbed, the morphology and size of the composite  Characterization. Amount of Silica Adsorbed on the Surface of
particles, the shell thickness, etc. were investigated. It is the Organic PigmentThe amount of nano-SiCadsorbed on the
found that it is very easy to tailor the thickness of the silica surfaces of the organic pigment was determined on a Perkin-Elmer
shell through controlling the numbers of polyelectrolyte TGA-7 instrument in air and heated from room temperature to 800
layers and adsorbing cycles of SIBDADMAC. The UV- °C at a scan rate of 18C/min.

resistant performance of the organic pigment coated with Electrophoretic Mobility (EPM) Measurementslectrophoresis
the silica particles can be obviously improved measurements were performed using a Malvern Zetasizer 4. All

C-potential measurements were performed on organic pigment
redispersed in deionized water (pH 5.6).

Morphology of the Silica-Coated Organic Pigmenthie mor-

Materials. Polyelectrolytes PDADMAC (MW< 200 000) and phologies of silica-coated organic pigments were characterized by
PSS (MW= 70 000) were obtained from Aldrich. Sodium chloride ~transmission electron microscopy (TEM; Hitachi H-600) and
(AR grade) was purchased from Shanghai Chemical Reagent Co. scanning electron microscopy (SEM; Philips XL30). The samples
Ltd. of China. Deionized water was prepared in our laboratory. for TEM were sonicated in water for 5 min, deposited onto carbon-
Silica aqueous sol (20 nm, pH 9.5, solid content 26.4 wt %) was coated copper grids, and allowed to air-dry before examination.
obtained from Zhejiang Yuda Chemical Industry Co., Ltd. of China. For SEM observation, the silica-coated organic pigments were first
The organic pigment Yellow 109, whose chemical structure is diluted and dried on a cover glass and sputter-coated with gold
shown in Chart 1, was supplied by Ciba Co. prior to examination.

Preparation of Nano-Silica-Coated Organic PigmentDisper- Particle Size Measuremeridynamic light scattering experiments
sion of the Organic PigmenA certain amount of PSS and 100 g  Were carried out using an N4 Plus particle size analyzer to obtain
of water were charged into a 500 mL plastic vessel and stirred at the average particle sizes of the modified organic pigments.
room temperature for about 10 min to prepare PSS solution, XPS Surey. A Perkin-EImer PHI model 5000C was used for
followed by charging with 10 g of organic pigment and then milling XPS analysis. The exciting radiation was provided by an &l K
for abou 1 h on abead miller with 1 mm Zr@beads as the milling ~ X-ray source operated at a constant power of 250 W (14.0 kV).
medium at a stirring speed of 3500 rpm to obtain stable organic The binding energy was 93.9 eV. The data were analyzed by PHI-
pigment paste with PSS as a dispersing agent. MATLAB software.

Preparation of Organic Pigment Particles Coated with Nano- BET Analysis The nitrogen adsorption measurements were
Silica. The silica-coated organic pigment particles were prepared performed at 77 K using an ASAP 2010 analyzer utilizing the
by depositing multilayer polyelectrolyte films, followed by the Barrett-Emmett-Teller (BET) model for calculation of surface
alternate deposition of nano-Si@articles and PDADMAC. The  areas, and the Broekheftle Boer (BdB) model was used to
detailed preparation procedure is described as follows: First, the calculate the pore size distributiofis.
superfluous PSS in the organic pigment paste was removed through Ultraviolet—Visible (UV-Vis) Spectra The UV—vis spectra
four cycles of centrifugation and deionized water washing. The were obtained with a Lambda 35 spectrometer in the diffuse
obtained solid was redispersed into deionized water; thus, the
surfaces of the organic pigment particles became negatively charged18) Caruso, F.; Lichtenfeld, H.; Giersig, M.; Mohwald, 8.Am. Chem.

due to the PSS adsorbed (proved by electrophoresis measurementsz. Soc 1998 120, 8523. ,
19) Caruso, F.; Mbwald, H.Langmuir1999 15, 8276.
(20) Caruso, F.; Spansova, M.; Susha, A.; Giersig, M.; Caruso, Rham.
(17) Neu, B.; Voigt, A.; Mitlthner, R.; Leporatti, S.; Donath, E.; Gao, C. Mater. 2001, 13, 109.
Y.; Kiesewetter, H.; Mbald, H. M.; Meiselman, H. J.; Banler, H. (21) Lukens, W. W.; Schmidt-Winkel, P.; Zhao, D. Y.; Feng, J. L.; Stucky,
J. Microencapsulatior2001, 18, 385. G. D. Langmuir1999 15, 5403.

Experimental Section
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(a) (b) (c)

Figure 1. TEM images of uncoated organic pigment (a)PEiO,-coated organic pigment (b), and £ESiO,-coated organic pigment (c).

100

reflectance mode and a Hitachi UV-3000 spectrometer in the L
transmission mode. The scattering spectra were determined in a £y
powder state; the transmittance spectra were determined in an o |
aqueous dispersion. ol
Results and Discussion or
50
Preparation Process of Organic Pigments Coated with
Nano-Silica Particles Since the surfaces of the organic
pigment were usually inert, the colloidal nano-gjgarticles

obviously could not be directly adsorbed onto the surfaces = 2|

40

eight Loss (wt%)

30

of the organic pigment particles. Therefore, we first used 10|
polyelectrolytes PSS and PDADMAC to be sequentially and ol e
alternatively adsorbed onto the surfaces of the organic 100 200 300 400 500 600 700 800
pigment and then coated by nano-gfgarticles. Figure 1a,b Temperature(°C)
illustrates the TEM images of the original organic pigment Figure 2. TGA curves of the one layer of silica coated organic pigment
and nano-Si@coated organic pigment (RESIO,). Obvi- pretreated with different layers of polyelectrolytes.
ously, nano-Si@ parthIes, ha(_j been SUC?GSSfu”y adsorbed Table 1. Effects of Various Condition Parameters on the Adsorbed
on the surfaces of organic pigment particles. However, the Amount of SiO,
coverage by nano-Siparticles was not §ufﬂ_ment for tvvp oH ime Cogment__silica contert
layers of polyelectrolyte-pretreated organic pigment particles  MpigmeniMsio, value  (min) (Wt %) (wt %)
(PE). To enhance the coverage, pretreatment of organic 1:1 6 60 20 18.2
pigments with more than two layers of polyelectrolytes was 1:1 7 60 2.0 19.5
adopted. Figure 1c shows the TEM image ofsPBiO,. ﬁ g 28 2'8 gz
Clearly, more nano-SiQparticles were adsorbed onto the 11 10 60 20 18.2
surfaces of the organic pigment compared with P& O,. 2:1 6 60 2.0 18.6

1:2 6 60 2.0 18.3
The effect of the number of polyelectrolyte layers on the 13 6 60 50 185
amount of nano-Sigadsorbed was determined by TGA and 11 6 20 0.25 18.8
is demonstrated in Figure 2. It can be seen that the silica 1:1 6 20 05 19.2

1:1 6 20 1.0 18.8

content adsorbed on the surfaces of the organic pigment
increased with increasing number of polyelectrolyte layers.  *Determined by TGA.
However, compared with six layers of polyelectrolytes, eight o
layers of polyelectrolytes just slightly enhanced the silica adsorbed onto the surfaces of the organic pigment changed
content, indicating the charge on the surfaces of the organiclittle with the concentration of the silica sol or organic
pigment was close to saturation. Considering that more layersPigment and pH value. The adsorption of nano-iarticles
of polyelectrolytes meant a more complicated process, Was very quick to achieve a balance within 5 min, as
organic pigment precoated with six layers of polyelectrolyte illustrated in Figure 3. This means that the coverage of the
was employed for the preparation of the nano-SiGated organic pigment with silica was only related to the charge
organic pigment. property of the organic pigment and nano-giiarticles.
Besides polyelectrolyte layers, the influence of other  To further enhance the adsorbed silica content, multilayer
reaction parameters, such as the concentrations of silica andwdsorption of SiQwas carried out by sequential assembly
the organic pigment, pH value, and adsorption, time on the of nano-SiQ and PDADMAC on polyelectrolyte-precoated
adsorbed silica amount was also investigated and is sum-organic pigments. Figure 4 displays the adsorption content
marized in Table 1. The data show that the silica content of SiO, as a function of the number of Si@ssembly layers.
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Figure 4. Variation of the adsorption SiOcontent with the number of
SiO, assembly layers.

It can be seen that the adsorption content of,Siearly
increased with increasing number of Si@sembly layers,
confirming that multilayer adsorption of SjOwas an
effective route to increase the adsorption content of,SiO
Figure 5 further shows the change of thgotential of the

Yuan et al.

£, -Patential (m')

Be.a i N

1 1 1
1] 1 2 3 * 5 -]

-0

Layer Number

Figure 5. Change of thé-potential during the multilayer assembly process.

A layer number of zero corresponds to thegfeBated organic pigment.
The odd layer numbers correspond to S&dsorption and the even layer
numbers to PDADMAC deposition. The multilayer-coated organic pigment
particles were redispersed in deionized water (pH 5.6) prior to measurement
of the ¢-potential.

The assembly of Sigand PDADMAC caused a reversal in
sign of the¢-potential with each deposition, suggesting that
stepwise multilayer growth indeed occurred on the particles.
In addition, theS-potential of silica-coated organic pigment
particles was in the range of 455 mV (the six layers of
polyelectrolyte-precoated organic pigment particles was
around 53.6 mV) when PDADMAC was located at the
outermost layer, whereas tepotential was in the range of
—15 to~—25 mV for the outermost SiQayer, indicating
that the organic pigment with PDADMAC as the outermost
layer had much higher stability than that with nano-S&®
the outermost layer. Therefore, the outermost layers of all
the silica-coated organic pigments were finally coated with
PDADMAC.

On the basis of the above results and discussion, the
mechanism of coating of colloidal nano-Sifarticles onto
the surfaces of the organic pigment can be schematically
described as shown in Scheme 1.

Morphology and Particle Size The morphologies of the
original organic pigments and silica-coated organic pigments

organic pigments during the multilayer assembly process. were examined using electron microscopes. Figure 6 shows

Scheme 1. Mechanism for Preparation of Organic Pigment Particles Coated with Colloidal Silica Particles
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(a) (b)

Figure 7. SEM images of uncoated organic pigment (a)sP&IO,-coated organic pigment (b), RE2SiO,-coated organic pigment (c), and £EBSiO,-
coated organic pigment (d).

the TEM images of organic pigments coated with two and faces of the organic pigment coated with one layer of,SiO
three layers of silica. It can be obviously seen that nano- were relatively rough (see Figure 7b), but further Siul-
SiO;, particles were closely packed together but not to form tilayer deposition could improve the surface evenness of
a homogeneous film on the surfaces of the organic pigmentsilica-coated organic pigment particles (see Figure 7c,d).
at a high adsorbed silica level (seegPSi0; in Figure 1c Meanwhile, the first layer of Si@deposition obviously in-
and PE—2Si0, and PE—3SiG; in Figure 6), while the silica  creased the mean particle size of the organic pigment, but
particles were randomly distributed and incompletely covered the second- and the third-layer Si€bats only caused a slight
the surfaces of the organic pigment at a relatively low increase in particle size. The changes in both the evenness
adsorbed silica level (see PESIO; in Figure 1b). However,  and the mean particle size suggest that the second and the
there was no obvious difference in morphology between the third SiO; layers prefer to fill the pore sites caused by the
organic pigments deposited with different layers of Siske first layer of SiQ rather than locate on the first layer of
PEs—SIiO,, PB—2Si0,, and PE—3Si0y). SiO.

Figure 7 further presents the SEM images of the original  Figure 8 demonstrates the typical AFM images of the
organic pigments and silica-coated organic pigments. Com-uncoated organic pigment and silica-coated organic pigment.
pared with those of the uncoated organic pigment, the sur- The original organic pigment had a relatively smooth surface,
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Figure 8. AFM images of uncoated organic pigment (a) anagPESIO,-coated organic pigment (b).

6304 T ' ' ' ] lower than the binding energy of the bare silica (103.8 &V).
o The shift of the binding energy of Si2p should be attributed
to the static interaction between nano-gigarticles and
polyelectrolytes. The higher the number of Zityers
adsorbed, the closer the binding energy of Si2p in silica-
coated organic pigment was to that of bare silica, indicating
that the interaction between nano-gidarticles and organic
pigment became weaker. For O1s spectra, as shown in Figure
480 ooy 10b, all the binding energies of O1s for silica-coated organic
pigments were also smaller than that of the O1s peak of bare

0 1 2 3 SiO; (533.5 eV)23 Similarly, with increasing number of SO

The number of $i0, layer layers, the binding energy of O1s was closer to that of bare
Figure 9. Effect of the number of Siglayers on the mean particle size of SiO,, also suggesting a decreasing interaction between silica
the silica-coated organic pigment. ] . . .
particles and organic pigment particles.

while the silica-coated organic pigment had a relatively rough ~ The atomic percentages of C, O, Si, and Cl elements of
surface covered with silica particles, which was consistent the surfaces for the silica-coated organic pigment particles
with the TEM results. were calculated on the basis of the X-ray survey at the takeoff

The particle sizes of the uncoated organic pigment and angles of 99 and are summarized in Table 2. Just as

silica-coated organic pigment with different numbers of SiO expe_cted, the Si atomic percentage increased but the_CI
layers are displayed in Figure 9. Compared with that of the atomic percentage decreased with increasing number gf SiO

uncoated organic pigment, the particle size of the silica- Iayers' on the organip pigment particles, suggesting that
coated organic pigment increased with increasing numberor%amﬁ_ pt:gment Sartlclfes.gere c%verid dm_?;]e é(lmlpleFely
of SiO, layers, suggesting that the thickness of the nano- unader tlg er-nuénggés-gz St yelr'st?tl solr ed. the tha :)m]ic
silica layer surrounding organic pigment particles could be percentage in 2 was slightly lower than that o

tailored using the layer-by-layer assembly process. Neverthe—PEG_ZS'oz’ indicating that. .tWO Si@layers adsorbed was
less, the increments of thickness for the second and thirdenough to form a dense silica coat for completely covering

SiO, assembly layers were 38.5 and 35.4 nm, respectively, Fhe organic p'gme”t particles. The third Iayer. of Sily
: . increased the thickness of the Si€dat but contributed very
lower than the theoretical value of 44 nm (nano-5i@0 . .
) . 1 little to the coverage ratio.
nm; the thickness of one layer of polyelectrolyte, 2'fm . ) o
this should be attributed to some particles of the second and Porosity and Pore SizeThe surface areas of the original

third SiO; layers preferring to fill the pore sites inside the ©rganic pigment particles and the silica-coated organic
first layer, just as observed by SEM. pigment particles were determined by the BET method and

Surface Atomic C ition Fi 10d rates th are listed in Table 3. It was found that the surface area of
urtace Alomic -.omposition Figure 15 demonstrates the organic pigments increased when they were coated by nano-
X-ray surveys of Si2p and Ol1s of the silica-coated organic

. ) . . Si articles. Moreover, the surface area increased as the
pigment with different numbers of nano-Sitayers. The G p

binding energy of Si2p increased with increasing number of : _ _ : :
nano-SiQ layers (see Figure 10a) although all the binding (*?) Z7% 3, X Hong, G ¥ Sun, .. Colloid Interface Sci2004
energies of Si2p of the silica-coated organic pigment were (23) Hanan, S.; David, AChem. Mater2003 15, 1690.
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Figure 10. XPS surveys of Si2p (a) and O1s (b) of the silica-coated organic
pigment.

Table 2. Surface Atomic Composition of the Silica-Coated Organic
Pigment Particles

atomic content (%)

sample C (@) Si Cl
PE—SiO; 66.4 23.8 2.7 7.11
PE—2Si0; 45.9 41.0 111 2.0
PE—3Si0, 41.6 44.5 12.11 1.9
Table 3. Surface Areas of the Silica-Coated Organic Pigment
Particles
BET area BET area
sample (m?/g) sample (m?/g)
original 26.3 PE—2Si0, 72.3
PE—SIiO; 28.7 PE—3SiO 94.1

number of SiQ layers increased, which should be a result

Chem. Mater., Vol. 17, No. 14, 28833
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Figure 11. Pore size distribution of the silica-coated organic pigment.

coated on the organic pigment particles, a broad pore size
distribution from around 40 to 80 nm was observed. But
when the second layer of silica was coated, the peak with a
broad pore size distribution disappeared and a narrow peak
with an average pore size of 5 nm was observed. Moreover,
the pore size distribution almost did not change when the
third layer of silica was adsorbed, further confirming that
the second layer of Sixould fully fill the pores in the first
silica layer, which was consistent with the results of XPS.

UV —Vis Absorption Spectra. Figure 12a illustrates the
UV —vis diffuse reflectance spectra of the polyelectrolyte-
precoated organic pigment and silica-coated organic pigment
with different silica layers. Since the spectra were determined
in the powder state in the diffuse reflectance mode, they
should denote the absorbing and scattering properties of the
pigment. The lower the diffuse reflection absorption coef-
ficient F(R), the higher the scattering properties the organic
pigment, indicating a decreasing absorbance property. For
the polyelectrolyte-precoated organic pigment, there was an
obvious absorbance band below 270 nm. This absorbance
band decreased remarkably when the organic pigment
particles were coated with two and three layers of SiO
indicating that the nano-Si(articles on the surfaces of the
organic particles could obviously scatter the UV light,
especially below 270 nm wavelength. Figure 12b further
indicates the decrease in the UV absorbance peak was
attributed to the scattering of nano-Sifarticles, not to the
absorption of nano-Sigparticles. Either way, this scattering
undoubtedly availed to protect the organic pigment from the
decomposition induced by ultraviolet light. In other words,
silica-coated organic pigments should be expected to have
higher durability than uncoated organic pigments.

Figure 12b further shows the UWis absorption spectra
of polyelectrolyte-precoated organic pigment and silica-
coated organic pigment particles with different silica layers.
Since the spectra were determined in an aqueous dispersion
in transmission mode, they should reflect the absorbance
property. Comparing the relative peak areas in Figure 12b
indicated no obvious absorbance in the UV range and visible

of the porous structure of the silica coats, just observed by range in comparison with the original organic pigment. The

TEM.

whole shift toward low absorbance should be caused by the

Figure 11 displays the pore size distribution of silica-coated decreasing pigment content in the silica-coated organic

organic pigment particles. When only one layer of Si@as

pigment. This further confirms that the decrease in UV
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Figure 12. UV—vis spectra of polyelectrolyte-coated organic pigment and silica-coated organic pigment particles with different silica layers (a) in the
diffuse reflectance mode and (b) in the transmission mode.

absorbance intensity in Figure 12a resulted from the scat-rough surfaces, and obvious increases in shell thickness and
tering property of nano-SiQparticles. Moreover, the col- pore size distribution. But the second and third layers of
loidal nano-silica particle layer could not decrease the color nano-SiQ assembly trended to locate at the pores first,
appearance of the organic pigment, which was very importantcausing relatively smooth surfaces, slight increases in shell

for its actual application. thickness and surface atomic composition, and a narrow pore
size distribution. The silica shell thickness and the morphol-
Conclusions ogy of the coated organic pigment could be easily tuned by

adjusting the numbers of polyelectrolyte layer and nano;SiO
layer assemblies. The coated nano-Si@articles could
considerably improve the UV scattering property of the

This study demonstrates that the organic pigments could
be successfully coated by nano-silica particles via the layer-

by-layer assembly technique. Two kinds of polyelectolytes organic pigment especially after the second and third layers

(PDADMAC and PSS) were first sequentially adsorbed onto T .
the surfaces of the organic pigment and then coated by nano—Of nano-SiQ assembly, which should enhance the weather

SiO./PGADMAC layer assembly. The silica coverage degree dl.Jrab'“ty. of the organic pigment. A.ISO’ the cangd nano-
e SiO, particles could enhance the dispersion ability of the

of the organic pigment surface could be remarkably enhanced - .

: ) .~ “organic pigment in waterborne systems.
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