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The hybridization between organic ultraviolet (UV)-absorb-
ent and layered zinc hydroxide (LZH) by the coprecipitation re-
action has been investigated. Various organic UV-absorbents
were intercalated into the LZH interlayer space, and the resulting
UV-absorbent/LZH was found to have high transparency in the
visible region and superior shielding ability in the UV region.

A preparation and characterization of the organic–inorganic
hybrid materials have received considerable attentions for the
development of novel structure and characterization in recent
years.1–3 The intercalation of organic molecules for the inorganic
layered materials is widely used as a synthesis of the organic–in-
organic hybrid materials. One of the inorganic layered com-
pounds, LZH, is possible to intercalate various guest molecules
and ions for the interlayer space.4–6 On the other hand, UV-ray is
a specific part of the sun’s entire spectrum of wavelengths and
known as a cause of skin cancer. Various inorganic UV-scatter
and organic UV-absorbent materials have been used as
sunscreen substances for purpose of the alleviation of the healthy
damage by UV-ray. However, as a use to sunscreen materials for
skin, the organic UV-absorbent materials have a safety problem
using at high concentration. Therefore, He et al. reported the in-
tercalation of organic UV-absorbents for the layered double hy-
droxide.7 In this work, we attempted to synthesize the UV-ab-
sorbent/LZH by the coprecipitation reaction with intention of
the application for novel sunscreen materials.

The coprecipitation of UV-absorbent with the LZH
precipitate was mainly investigated using p-amino benzoic acid
(PABA). Zn(NO3)2 solution was added dropwise to the UV-
absorbent solution such as PABA, 2-hydroxy-4-methoxy-
benzophenone-5-sulfonic acid (HMBP), 4-hydroxy-3-methoxy
benzoic acid (HMBA), 4,40-diaminostilbene-2,20-disulfonic acid
(DASDSA), 4-hydroxy-3-methoxycinnamic acid (HMCA), and
urocanic acid (UA) with stirring under a nitrogen atmosphere

at 298K. The solution pH was controlled by dropwise addition
of NaOH solution. The precipitate was collected by centrifu
gation after aging for 1 h.8 The solid product was washed with
distilled water and dried in a vacuum oven at 313K for 24 h.

The influence of the solution pH and Zn/PABA molar ratio
for the degree of PABA coprecipitation was investigated, and the
results are shown in Table 1.9 The degree of PABA coprecipita-
tion became the maximum (31%) at pH 7.0 and decreased with
increasing the solution pH, because the formation of Zn(OH)2
was taken precedence with increasing the amount of OH� in
the solution. As the acid–base equilibrium constant of PABA
is pKa ¼ 4:7, PABA is probably intercalated as anion form into
the LZH. The amount of PABA intercalated was agreed with

Table 1. Degree of UV-absorbent coprecipitation, XRD data, and chemical compositons of solid products

UV-absorbent pH
Zn/UV-absorbent

molar ratio

Coprecipitation

(%)
Chemical composition d001 and d002/nm

PABA 6.5 1.0 12 [Zn(OH)1:79PABA0:12][(NO3)0:09.1.51H2O] 1.67, 0.83

PABA 7.0 1.0 31 [Zn(OH)1:67PABA0:30][(NO3)0:03.1.92H2O] 1.68, 0.84

PABA 8.0 1.0 11 [Zn(OH)1:81PABA0:10][(NO3)0:09.0.83H2O] 1.67, 0.84

PABA 9.0 1.0 2.0 ZnO —

PABA 7.0 0.5 8.5 ZnO —

PABA 7.0 2.0 40 [Zn(OH)1:75PABA0:22][(NO3)0:03.0.92H2O] + ZnO 1.67, 0.84

HMBP 7.0 1.0 7.2 ZnO —

HMBA 7.0 1.0 28 [Zn(OH)1:69HMBA0:29][(NO3)0:02.1.48H2O] 2.15, 1.07

DASDSA 7.0 1.0 5.1 Zn(OH)2 —

HMCA 7.0 1.0 36 [Zn(OH)1:64HMCA0:35][(NO3)0:01.1.63H2O] 2.60, 1.30

UA 7.0 1.0 80 [Zn(OH)0:92UA1:05][(NO3)0:03.2.01H2O] —
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Figure 1. XRD patterns and FT-IR spectra of PABA/LZH
: ZnO.
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stoichiometry of LZH, and the small amount of NO3
� was also

intercalated as coexistent anion. At low Zn/PABA molar ra-
tio = 0.5, the solid products was ZnO. In the case of Zn/
PABA = 2.0, the degree of PABA coprecipitation was 40%.
The solid product had the expanding layered structure and the
excess of Zn2þ formed ZnO as a by-product. Accordingly, the
synthesis of the UV-absorbent/LZH was carried out at pH 7.0
and Zn/UV-absorbent = 1/1.

The XRD patterns and FT-IR spectra of the solid products
are shown in Figure 1.10,11 In the cases of pH 6.5, 7.0, and 8.0,
the solid products possessed the well ordered layered structure
with the basal spacing, d001 ¼ 1:67 and d002 ¼ 0:84 nm. From
FT-IR, a broad absorption peak in the 3000–3600 cm�1 region
is assigned to O–H group stretch of hydroxide basal layer and in-
terlayer or absorbed water. The adsorption peaks, N–H stretch at
1640 cm�1, COO� stretch at 1180 and 1540 cm�1, of the inter-
calated PABA were observed. The strong adsorption peak of
the cointercalated NO3

� was also shown at 1385 cm�1. In the
case of pH 9.0, sharp diffraction peaks were observed without
layered structure which corresponded to ZnO. In the low-fre-
quency region, the absorption peaks of the spectra corresponded
to the lattice vibration modes are attributed to Zn–O (900 cm�1)
and O–Zn–O (450–550 cm�1) vibrations. A broad and weak ab-
sorption peak in the 3000–3600 cm�1 region is assigned to O–H
group stretches of absorbed water. The XRD patters of the UV-
absorbent/LZH and the degree of the UV-absorbent coprecipita-
tion are shown in Figure 2 and Table 1, respectively. The UA/
LZH did not show the layered structure in spite of the high de-
gree of UA coprecipitation (80%). HMBP and DASDSA were
hardly intercalated for the LZH because the sulfonate anion
thought to be grafted for the LZH basal layer. The HMBA/
LZH and HMCA/LZH had the expanding layered structure,
d001 ¼ 2:15 and 2.60 nm, demonstrating that UV-absorbent
was intercalated for the LZH interlayer space. As the thickness
of the LZH basal layer is 0.48 nm, the interlayer space is calcu-
lated as 1.19 (PABA), 1.67 (HMBA), and 2.12 nm (HMCA).
These values support that organic UV-absorbents are vertically
oriented with formation of direct bonding to the LZH basal lay-
ers as shown in Figure 2. From the observation of SEM photo-

graphs, the UV-absorbed/LZH had a plate-like morphology,
and particle size was 0.5–1.0mm. On purpose to estimate UV-
shielding ability of the UV-absorbent/LZH, the UV–vis spectra
of the UV-absorbent/LZH are shown in Figure 3.12 The trans-
mittance of the HMBA/LZH was 85% in the visible light region
and 30–40% in the range 250–300 nm. UA/LZH had high trans-
mittance in the 400–800 nm and good UV-shielding ability in the
250–340 nm range. The PABA/LZH showed excellent UV-
shielding ability in the 250–300 nm range and well transparency
(80%) in the visible right region. The HMCA/LZH had low
transparency in the visible region and good UV-shielding ability,
10%, in the 250–400 nm. These results confirmed that all UV-
absorbent/LZH have superior UV-shielding ability.

The UV-absorbent/LZH with good UV-shielding ability
can be prepared by the coprecipitation reaction. The UV-absorb-
ent/LZH would be received considerable attention in the future
as novel sunscreen materials.
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Figure 2. XRD patterns and schematic illustrations of UV-
absorbent/LZH. (a) UA, (b) DSADAS, (c) HMBA, and (d) HMCA.
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Figure 3. UV–vis spectra of UV-absorbent/LZH. (a) HMBA,
(b) UA, (c) PABA, and (d) HMCA. Dotted line: Zn(OH)2.
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