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The structure of intercalation compound between a
layered double hydroxide and an ethyl orange
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Abstract We synthesized the intercalation compound between a layered double hydroxide
and an ethyl orange. The orientation of the intercalated ethyl orange into the layered dou-

ble hydroxide was investigated. The molecular plane of the ethyl orange and its N=N axis

lie nearly perpendicular to the hydroxide layers with an antiparallel pattern.
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1. Introduction

Layered double hydroxides (LDHs) are
minerals and synthetic materials with posi-
tively charged brucite-type layers of
mixed -metal hydroxides. Exchangeable ani-
ons located in the interlayer spaces com-

pensate for the positive charge of the
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brucite-type layers. The chemical composi-
tion of the LDH is generally expressed as
[M?*,_ M**,(OH),]** [(A"") /»H.0]*" with
x=[M*]/([M*]+[M*]). Here, M¥=
Mg*, Co®*, Ni**, etc, M*=AP*", Cr*,
etc.,, and A™ is an interlayer exchangea-
ble anion such as CO;*, CI, etc. These

ionic layered materials also have been
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termed “hydrotalcite-like” compounds in
the reference to the structural similarity
to the mineral hydrotalcite, [ MgsAl,(OH),s]
[COs] - 4H,0, or termed “anionic clays” in
mirror image resemblance to the cationic
clays whose negative charge of the alum-
inosilicate layers are counterbalanced by
the intercalated cations. LDHs are an im-
portant class of materials currently receiv-
ing considerable attention. The prepara-
tions, properties, and applications of LDH
materials have been studied extensively
[1,6]. They are used as adsorbents, cata-
lysts, catalyst precursors, aninoic exchang-
ers, and antacid drugs [7,10].

There have been several reports on the
intercalation of organic anions into the
LDH [11,12]. The main synthetic route
has been performed by anionic exchange.
Am-ong the wvarious organic substances
used as the interlayer guest species, dyes
are one of the most interesting materials
because their host-guest interaction may
provide unique structural features and ph-
ysicochemical properties. Intercalation com-
pounds between a LDH and an anionic
dye are expected to have several uses
such as in pigments and in the recovery
of anionic dyes from waste water. Howev-
er, LDHs of aluminium with magnesium
intercalated with naphthol yellow S, indigo
carmine, and new coccine as anionic dyes
have been reported so far {13,14]. In this
study, the structure of the intercalation
compound of an ethyl orange into the
LDH of aluminium with zinc was investi-

gated.

2. Experimental

The compounds ZnCl,, and AlCl; were
of guaranteed reagent grade. Ethyl ornage
{4- (4-diethylaminophenylazo) benzene sul-
fonic acid} was obtained from Aldrich
and used without further purification. Fig-
ure 1 shows the structure and size of an
ethyl orange. The layered double hydro-
xide of aluminium with zinc (Zn-Al-Cl
LDH) was synthesized by hydrolysis of
the mixed aqueous solutions of ZnCl,(1.0
mol dm~3), AICI;(0.5 mol dm~3) at pH=
7.5+0.2 by dropwise addition of an aque-
ous NaOH solution (1.0 mol dm™3) with
vigorous stirring under a nitrogen atmo-
sphere. The molar ratioc of aluminium is
0.33. The precipitate was aged at 60C
for 24 hours, filtrated, washed with deca-
rboxylated water, and air dried at 80°C
for 18 hours. Intercalation compound of
an ethyl orange intc the LDH of alumi-
nium with zinc (Zn-Al-EQ LDH) was di-
rectly synthesized by hydrolysis of. the
mixed aqueous solutions of ZnCl,(0.05 mol
dm™%), AICI5(0.025 mol dm™3), and an
ethyl orange (0.03 mol dm™®) at pH=7.5
+0.2 by dropwise addition of an aqueous
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Fig. 1. Structure and size of an ethyl

orange.
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NaOH solution (1.0 mol dm™) with
vigorous stirring under a nitrogen atmo-
sphere. The precipitate was aged at 70C
for 7 days, filtrated, washed with decarb-
oxylated water, and air dried at 80°C for
18 hours. Chemical analysis for Zn and
Al was carried out by using an inductive-
ly coupled plasma emission spectrometer
(ARL Model 3410 ICP-AES). The dye
content of the product was determined
using an Vario EL CHN analyzer. Infra-
red spectra were recorded on a Midac
Prospect FT-IR spectrometer. X-ray dif-
fraction spectrum was obtained with a
Rigaku diffractometer using Cu- K, radia-

tion.

3. Results and discussion

Layered double hydroxide of Al and Zn
(Zn-Al-Cl LDH) was directly synthesized
by the hydrolysis of ZnCl,, and AlCl;, with
a NaOH solution. The interlayer anion is
Cl". Intercalation compound between an
ethyl orange and a layered double hydr-
oxide of Al and Zn (Zn-Al-EO LDH)
was directly synthesized by the hydrolysis
of ZnCl,, AIClL;, and the ethyl orange with
a NaOH solution. Figure 2 shows the X-
ray diffraction patterns of Zn-Al-Cl LDH
and Zn-Al-EO LDH Figure 2-A shows
“the X-ray diffraction patterns of the Zn-
Al-Cl LDH. The indexing of the diffrac-
tion peaks was obtained by comparison
with the diagram reported for Mg-Al
LDH [6]. The a parameter of the hexago-

(003)
(A)
(008)
(009)
or (012) (110)
rd
2
L
£
[
2
©
g (003)
B)
(00,18)
(006)
(00,15)
(00,21)

(009) (00,12)

i N ]

15 20 20 25 30

5 10

Fig. 2. X-ray diffraction patterns and Mill-
er indices of (A) Zn-Al-Cl LDH and (B)
Zn-Al-EO LDH.

nal cell unit corresponds to the distance
between two metal cations in adjacent oc-
tahedra while the ¢ parameter corresponds
three times the distance between adjacent
hydroxyl layers. The c-axis parameter
was calculated to be 22.86 A from aver-
aging of the positions (003) and (006)
peaks. The a-axis parameter was calculat-
ed to be 3.08 A from the position (110)
peak. The basal spacing of the Zn-Al-Cl
LDH is 7.62 A. The gallery height of
Zn-Al LDH is 2.82 A when the thickness
of the Zn(OH), layers (4.80 A) is subst-
racted [15].

Figure 2-B shows the X-ray diffraction
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Fig. 3. Schematic illustration of the orientation of Zn-Al-EO LDH.

patterns of the Zn-Al-EO LDH. The
(003) diffraction peak and the higher
order peaks of the Zn-Al-EO LDH shifted
to lower 20 angles compared to those of
the Zn-Al-Cl LDH. The c-axis parameter
of the Zn-Al-EO LDH was calculated to
be 77.1 A from averaging of the positions
(003) and (006) peaks. The basal spacing
of the Zn-Al-EO LDH increased to 25.7
A from 7.62 A of the Zn-Al-Cl LDH.
Therefore, the gallery height of the Zn-
Al-EO LDH was 20.9 A. This increase in
the gallery height strongly indicated the
intercalation of the ethyl orange into the
Zn-Al-Cl LDH. The infrared spectra of
the Zn-Al-EO LDH was similar to those
of the ethyl orange in the range of 1700
~1000 cm™!. These indicated also that the
ethyl orange was intercalated into the Zn-
Al-Cl LDH.

The formula of the Zn-Al-EO LDH

was checked by ICP-AES and CH,N,S el
emental analysis. The ratio of zinc to alu-
minium in the Zn-Al-EO LDH synthesized
directly was 0.65:0.35, which was slightly
different from the initial mixing ratio. The
ideal formula of the intercalation com-
pound, based on the zinc to aluminium
ratio, can be expressed as [Znge Algss
(OH),1[(EQ)¢ 3 » mH,Q0]. The wvalidity of
this formula was confirmed by C, H, N
and S elemental analysis. The H data
could not be utilized because of the pres-
ence of water. The contents of ethyl or-
ange exactly equal to the stoichiometric
aluminium contents of LDH. Since the
interlayer of LDH posseses top and bot-
tom cationic surfaces, the sulfonate group
of the ethyl orange attach with positively
charged LDH layers with an alternate
antiparallel pattern. By taking into ac-

count the molecular size and rigid shape
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of the ethyl orange, the H,O were inserted
into the interlayer site of the pillared
ethyl orange with LDH.

From X-ray diffration studies, the ori-
entation of the intercalated species can be
roughly estimated. The size of the ethyl
orange was calculated by using Alchemy
program. The length between sulfonate
group and diethyl amine group of the
ethyl orange is 17.8 A, when the van der
Waals radius of oxygen and hydrogen are
to assumed to be 14 A and 1.2 A,
respectively [17]. The gallery height of
the Zn-Al-EO LDH measured from the
X-ray diffraction peaks is 20.9 A. The
estimated length of the ethyl orange is
slightly less than the gallery height. There-
fore, the molecular plane of the ethyl or-
ange and its N=N axis lie nearly perpen-
dicular to the hydroxide layers. Schematic
illustration of the arrangement of the et-
hyl orange into the Zn-Al-Cl LDH are
shown in Fig. 3.

4, Conclusions

We synthesized the intercalation com-
pound of an ethyl orange into the LDH of
aluminium with zinc. From the X-ray dif-
fraction data, the orientation of the inter-
calated ethyl orange into the Zn-Al-Cl
LDH was determined. The molecular plane
of the ethyl orange and its N=N axis lie
nearly perpendicular to the hydroxide lay-

ers with an alternate antiparalle]l pattern.
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