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Abstract.1 This study reports on the preparation of 
novel zinc/aluminium layered double hydroxide inter-
calated clopyralid (Zn/Al-LDH-CP) nanocomposites 
fabricated via co-precipitation. An expansion of the 
interlayer gallery of Zn/Al-LDH for the accommo-
dation of clopyralid was observed from the powder  
X-ray diffraction (PXRD) pattern, confirming the 
occurrence of intercalation. The results from Fourier 
transform infrared and elemental analysis were consistent 
with those from PXRD, thus supporting the intercalation of 
clopyralid. The thermal studies showed that the 
nanocomposite had better thermal stability compared to 
pristine clopyralid. Based on these data, the chemical 
formula of the nanocomposite was proposed as 
[Zn0.75Al0.25(OH)2][C5H2Cl2NCOO]-

0.250.67H2O, and 
the percentage loading of clopyralid in the interlayer 
gallery of Zn/Al-LDH was calculated to be 25.39 %. 
These characterisation results indicate a very promising 
future for this novel Zn/Al-LDH-CP nanocomposite. 
 
Keywords: zinc/aluminium layered double hydroxide, 
co-precipitation, clopyralid, intercalation, herbicide. 
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1. Introduction 
Nanocomposites are materials produced via 

hybridisation of different kinds of materials, and have 
at least one dimension on the nanometre scale [1]. 
Nanocomposites have been reported to exhibit qualities 
that distinguish them from their counterpart bulk 
materials, especially regarding thermal, mechanical, 
electronic, physico-chemical and functional properties, 
as well as sensitivity to surface processes, penetrability 
and reactivity [2-4]. One popular way to produce these 
nanocomposite materials is via intercalation [5-10]. 

Layered double hydroxides (LDH) are clay-like 
materials that have been widely used as host materials 
for the intercalation of various kind guest ions, as a 
method to synthesise nanocomposite materials. This is 
due to the large surface area, remarkable anion 
exchange capability, excellent biomedical properties, 
chemical inertness and low toxicity of LDH [3, 11]. 
LDH have the ability to intercalate guest anions into 
the interlayer gallery because they are composed of 
infinite sheets of positively charged brucite-type 
materials; but some of the divalent cations of the sheets 
have been substituted by tetrahedral cations in 
octahedral coordination. The general formula of LDH 
is [M2+

(1−x) L3+
x (OH)2]x+Am−

x/m·nH20, where M2+and 
L3+ represent divalent and trivalent metal cations, 
respectively, whereas A stands for the guest ion [12]. 

Several methods have been reported to 
intercalate guest ions into the interlayer gallery of 
LDH, such as ion exchange, co-precipitation and 
reconstruction methods [13-15]. Amongst these 
methods, co-precipitation seems to be the most 
frequently used in synthesising LDH, due to the fact 
that LDH can be directly intercalated with guest ions to 
produce well-crystallised nanocomposites [16-18]. This 
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method also allows for LDH-intercalated nano-
composite to be produced in huge quantities, by simply 
scaling up the starting material [19]. Due to the rapid 
growth in nanotechnology, the application of LDH-
intercalated nanocomposites has been progressively 
developed in a wide range of applications, including 
adsorbents, catalysts, bactericides, sensors and 
controlled release formulations [20-29]. 

Clopyralid (CP), also known as 3,6-dichloro-2-
pyridinecarboxylic acid, is a selective post-emergence 
weed control agent commonly used on sugar beets, 
field corn, small grains, fallow fields, pastures, 
rangeland, fir plantations, and non-crop plants [30, 31]. 
The chemical structure of clopyralid is shown in Fig. 1. 
Clopyralid is an auxin-mimic herbicide, as it mimics 
the plant growth hormone auxin, thus triggering 
uncontrolled and disorganised growth in the targeted 
weeds [32].  

 

 
 

Fig. 1. Chemical structure of clopyralid 
 
The present work examines the possibility of 

intercalating CP into the interlayer gallery of Zn/Al-
LDH using the co-precipitation method. To the best of 
our knowledge, no study was yet reported on the 
successful intercalation of CP into this host layered 
material. Also, a characterisation study was performed 
on the novel nanocomposite Zn/Al-LDH-CP using 
several instruments, including powder X-ray diffraction 
(PXRD), Fourier transform infrared (FTIR), inductively 
coupled plasma optical emission spectrometry (ICP-
OES), thermogravimetric analysis (TGA), gas sorption 
analysis, carbon, hydrogen, nitrogen and sulphur 
(CHNS) elemental analysis and field emission scanning 
electron microscopy (FESEM), so that the physico-
chemical properties could be thoroughly investigated. 
The novel Zn/Al-LDH-CP nanocomposite is expected 
to benefit the agricultural sector in the future. 

2. Experimental 

2.1. Reagents 

All reagents used in this work were purchased 
from various suppliers and used without further 
purification. Zn(NO3)2·6H2O (purity 98 %) and 

Al(NO3)3·9H2O (purity 98 %) were obtained from 
Systerm. The herbicide CP was purchased from China 
(purity 95 %). The pH value of the solution was 
adjusted by the addition of NaOH and HCl, supplied by 
Merck and Sigma-Aldrich, respectively. Deionised 
water was used to prepare all aqueous solutions and the 
mixture was constantly bubbled with N2 gas throughout 
the preparation process to minimise contamination with 
atmospheric CO2. 

2.2. Synthesis of Zn/Al-LDH-CP 
Nanocomposite 

The Zn/Al-LDH-CP nanocomposite was 
prepared using the co-precipitation method, in the 
presence of a constant flow of N2 gas [33]. A nitrate 
solution obtained by dissolution was prepared in 
250 ml of deionised water from aqueous solutions of 
Zn(NO3)2·6H2O (0.1M) and Al(NO3)3·9H2O (0.033M) 
with the molar ratio R = 3. The pH value of the mixture 
was then adjusted to the desired pH (7.5 ± 0.05) and the 
mixture was vigorously stirred under a nitrogen 
atmosphere. Then, 100 ml of the CP solution (0.05, 0.1 
or 0.2 M) was simultaneously added to the mixture. A 
few drops of HCl were added to the mixture if 
necessary. The resulting suspension was aged at 343 K 
in an oil bath shaker for 24 h. The product was 
collected by centrifugation (40 rpm for 5 min), 
thoroughly rinsed with deionised water and dried in an 
oven at 333 K. Once the product was completely dried, 
the product was ground into a fine powder and denoted 
as the Zn/Al-LDH-CP nanocomposite.  

2.3. Characterisation 

The previously synthesised Zn/Al-LDH-CP 
nanocomposite was characterised by PXRD, FTIR, 
TGA, ICP-OES,CHNS elemental analysis, FESEM and 
gas sorption analysis. The PXRD patterns were 
obtained on a Bruker AXS model D8 Advance using 
Cu Kα irradiation (λ = 0.15406 nm) at 60 kV, 60 mA 
and 0.025°·s-1 in the range of 2–60°. The FTIR spectra 
were recorded over the wavenumber range of 400–
4000 cm-1 on a Thermo Electron Corporation FTIR 
spectrophotometer. The samples were mixed with KBr 
and compressed into a thin disk before undergoing 
FTIR analysis. Further characterisation was provided 
by TGA, performed on a Perkin-Elmer Pyris 1 TGA 
Thermo Balance instrument where the samples were 
heated to 1273 K at a heating rate of 10 K·min-1 in a 
nitrogen atmosphere. For the quantification of the 
metallic elements zinc and aluminium, an ICP-OES 
model Perkin-Elmer Plasma 1000 was used, whereas 
the percentages of carbon, hydrogen and nitrogen were 
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determined using a CHNS elemental analyser, model 
CHNS-932 LECO.The morphology of the 
nanocomposite was studied by FESEM using a Hitachi 
SU 8020 UHR instrument. The surface properties of the 
samples were studied using a QuantachromeAutosorb 
automated gas sorption analyser by the nitrogen 
adsorption-desorption technique. The surface area was 
determined using the Brunauer-Emmett-Teller (BET) 
method, whereas the pore size distribution of each solid 
was determined using the classical Barret-Joyner-
Halenda (BJH) method. 

3. Results and Discussion 

3.1. PXRD Analysis 

Fig. 2 shows the PXRD patterns of Zn/Al-LDH, 
CP, and its nanocomposite, Zn/Al-LDH-CP which were 
synthesised via the co-precipitation method at various 
concentrations of CP, ranging from 0.05 to 0.2 M. The 
PXRD pattern of Zn/Al-LDH revealed the typical 
characteristic of a Zn/Al-LDH (hydrotalcite-like) phase 
(JCPDS card No.51-1528). Three obvious peaks were 
observed in the PXRD pattern, with a basal spacing of 
8.8, 4.4 and 2.8 Å, respectively. The presence of nitrate 
ions as the counterbalancing ions in the interlayer 
gallery of Zn/Al-LDH was recognised from the PXRD 
pattern, based on the existence of a peak with the basal 
spacing of 8.8 Å, which appeared at a low 2θ angle of 
9.8º [34, 35]. The appearance of intense, sharp and 
symmetrical peaks indicated the crystalline structure of 
Zn/Al-LDH [36].  

When CP was introduced into the mixture of 
Zn(NO3)2·6H2O and Al(NO3)3·9H2O during the co-
precipitation reaction, the negatively charged 
carboxylate group in CP was attracted to the positively 
charged Zn/Al-LDH layer through an electrostatic 
attraction. The electrostatic attraction allowed CP to 
retain its position in the interlayer gallery of Zn/Al-
LDH [37]. It was observed from the PXRD pattern that, 
after co-precipitation was performed, the basal spacing 
was expanded to 14.7–15.7 Å, thus indicating that CP 
was successfully intercalated into the interlayer gallery 
of Zn/Al-LDH. The enlargement of the basal spacing 
provided strong evidence of successful intercalation 
due to the fact that the interlayer distance is greatly 
dependent on the size of the incoming anion and the 
size of CP is significantly larger compared to nitrate 
ions [36]. The PXRD pattern of the Zn/Al-LDH-CP 
nanocomposite showed symmetrical, sharp and intense 
peaks, with basal spacing of 14.7–15.7, 7.7–7.8, 5.0–
5.1 and 3.8 Å, which reveals that the nanocomposite 
was crystallised with a well-ordered layered structure.  

20 40 60

 
 

Fig. 2. PXRD patterns of Zn/Al-LDH (a),  
CP (b) and Zn/Al-LDH-CP nanocomposites prepared  

using 0.05 (c), 0.1 (d) and 0.2 (e) M CP  
 
It was noticeable from the results obtained in the 

PXRD analysis that the synthesised Zn/Al-LDH-CP 
nanocomposites, the nanocomposite prepared using 
0.1 M CP exhibited better intensity and crystallinity 
compared to the nanocomposites prepared using 0.05M 
and 0.2M. Therefore, this nanocomposite was selected 
for use in the characterisation study. 

3.2. Spatial Orientation of CP  
in Zn/Al-LDH Interlayer 

Fig. 3 illustrates the three-dimensional molecular 
size of CP estimated using Chem 3D Ultra 8.0 software. 
The x, y and z axis were calculated to be 8.5, 6.9 and 4.3 Å, 
respectively. Considering that the basal spacing obtained 
from the PXRD analysis (Fig. 2d) was 15.7 Å and the 
thickness of each Zn/Al-LDH layer was 4.8 Å, the height of 
the interlayer gallery after intercalation was determined to 
be 10.9 Å (Fig. 4) [38]. Hence, based on the three-
dimensional size of CP and the height of the interlayer 
gallery, it can be proposed that the intercalated CP was 
oriented in the interlayer gallery of Zn/Al-LDH in a 
monolayer arrangement, maintained in their position via 
electrostatic interactions. 

а) 

b) 

c) 

d) 

e) 
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Fig. 3. Spatial orientation of CP in the interlayer gallery  

of Zn/Al-LDH 

 
Fig. 4. Three-dimensional molecular 

structure of CP 

 

3.3. FTIR Analysis 

The infrared spectra of the samples are shown in 
Fig. 5. Zn/Al-LDH displayed a very strong peak at 
1385 cm-1 triggered by the vibration of the nitrate ion in 
the interlayer gallery of Zn/Al-LDH (Fig. 5a) [39]. The 
presence of a very broad peak centred at 3450 cm-1 
indicates that the hydroxyl group was found in both the 
interlayer water and the hydroxide basal layer [40]. 
Two weak peaks were also observed at 604 and 432 cm-1, 
resulting from the bending vibration of Al–OH and Zn–
Al–OH, respectively [41]. 

The FTIR spectra show that there were several 
characteristic peaks of CP that could be clearly 
observed in the FTIR spectra of the Zn/Al-LDH-CP 
nanocomposite. The peaks attributed to C-N stretching 
mode in aromatic compounds were seen in the FTIR 
spectra of CP at 1316 cm-1 and Zn/Al-LDH-CP at 
1333 cm-1. A notable peak that denoted the stretching 
of C–O was also present in both FTIR of CP (at 
1146 cm-1) and the Zn/Al-LDH-CP nanocomposite (at 
1138 cm-1). The peaks at 1561 and 1412 cm-1, assigned 
to antisymmetric and symmetric stretching vibrations 
of the –COO– group in the pattern of CP, were found in 
the FTIR spectra of Zn/Al-LDH-CP at 1401 and 
1579 cm-1[42]. The peak that signifies the stretching 
vibrations of carbonyl –C=O in –COOH group was 
observed in the FTIR spectra of pure CP at 1718 cm-1.We 
also observed a strong peak attributed to the presence 
of nitrate ions (peak at 1385 cm-1 in Zn/Al-LDH) that 
was no longer found in the FTIR spectra of the Zn/Al-
LDH-CP nanocomposite. The disappearance of the 
peak indicates that the CP anions had replaced the 
nitrate ions in the interlayer gallery [39]. This confirms 
the presence of CP in the Zn/Al-LDH-CP 
nanocomposite, though some peaks may have been 
slightly shifted due to the interaction between CP and 
Zn/Al-LDH as an intercalation took place [26]. 

1000200030004000
 

 
Fig. 5. FTIR spectra of Zn/Al-LDH (a), CP (b)  

and Zn/Al-LDH-CP (c) nanocomposites 

3.4. Thermal Studies 

During the thermal stability studies, the samples 
were heated from room temperature to 1273 K. The 
rising temperature triggered the oxidation and 
decomposition of the samples, resulting in a weight 
loss. Then the reduction in the weight of the samples 
was analysed to indicate their thermal stability. 
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The results from the thermal stability studies on 
Zn/Al-LDH, pure CP and the Zn/Al-LDH-CP 
nanocomposite are illustrated in Fig. 6. Based on the 
TGA curve, the thermal decomposition of Zn/Al-LDH 
occurred in three steps (Fig. 6a). The first step was due 
to the evaporation of physisorbed water molecules on 
the exterior surface of Zn/Al-LDH, which occurred at 
394.8 K with 5.5 % weight loss. The second 
decomposition that happened at 524.5 K with 15.3 % 
weight loss was due to the elimination of interlayer 
water molecules. The final step of Zn/Al-LDH 
decomposition was caused by the dihydroxylation of 
Zn/Al-LDH at 604.0 K with 8.58 % weight loss [43]. 
The thermal decomposition of pure CP occurred in one 
major weight loss step (Fig. 6b). Abrupt weight loss 
was observed at 453.1 K, with 99.1 % weight loss 
triggered by the decarboxylation reaction of CP, which 
produces two volatile products, namely CO2 and  
2,5-dichloropyridine [44]. 

The TGA curve of the Zn/Al-LDH-CP 
nanocomposite shows that the decomposition of the 
nanocomposite occurred in four steps. The first step 
was around 363.2 K (8.1 %) due to interlayer water 
elimination. The second step of thermal events occured 
at 545.0 K with 13.9 % weight loss, attributed to the 
elimination of interlayer water. In the third step, the 
thermal decomposition occurred at 601.8 K, with the 
weight loss of 4.1 % due to the dihydroxylation of 
Zn/Al-LDH structure. It is noticeable from the TGA 
curve of Zn/Al-LDH-CP that no thermal decomposition 
occurred at 453.1 K, attributed to the decomposition of 
CP. Instead, a new broad peak appeared on the TGA 
curve of Zn/Al-LDH-CP at 117.4 K, which was 
observed neither for pure CP nor for the Zn/Al-LDH 
samples. It can be proposed that the decomposition of 
intercalated CP occurs via different mechanism than for 
pure CP. It is possible that the presence of Zn/Al-LDH 
acts as a catalyst that led to the polymerisation of the 
CP molecules intercalated in the interlayer gallery of 
Zn/Al-LDH. Hence, instead of decomposition via 
simple decarboxylation reaction as in pure CP (at 
453.1 K), heating of Zn/Al-LDH-CP results in the 
formation of tarry and char substances; their oxidation 
and decomposition occur at significantly higher 
temperature (at 1117.4 K).The estimated weight loss of 
23 % that occurs for Zn/Al-LDH-CP in the range of 
1073–1173 K, is close enough to the content of CP 
(25.4 %) in the Zn/Al-LDH-CP sample (determined by 
an elemental analysis in subsequent section). Such 
similarity in these values can be considered as a good 
proof of the above scenario. Based on the results 
obtained from the thermal studies, it can be seen that 
the Zn/Al-LDH-CP nanocomposite had better thermal 
stability than Zn/Al-LDH and CP. 
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Fig. 6. TGA/DTG curves of Zn/Al-LDH (a),  
CP (b) and Zn/Al-LDH-CP (c) nanocomposites 

3.5. Elemental Analysis 

The chemical composition of Zn/Al-LDH, CP 
and Zn/Al-LDH-CP nanocomposites is represented in 
Table 1. Although the molar ratio of Zn/Al in the 
mother liquor of Zn/Al-LDH was 3.0, the elemental 
analysis conducted using ICP revealed that a final 
molar of Zn/Al in Zn/Al-LDH was slightly reduced to 
2.9. The reduction is believed to occur because of the 
incomplete precipitation of Al3+ during the formation of 
the positively charged layer in Zn/Al-LDH [48]. Based 
on the percentage of carbon in Zn/Al-LDH-CP 
(9.58 %), the amount of CP loaded in the nano-
composite was determined to be 25.39 %. The Zn/Al 

а) 

b) 

c) 
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molar ratio in Zn/Al-LDH-CP was consistent with the 
molar ratio of Zn/Al in the mother liquor, i.e. 3.0. On 
the basis of the results obtained from the TGA and 

elemental analysis, the Zn/Al-LDH-CP nanocomposite 
can be formulated as [Zn0.75Al0.25(OH)2] 
[C5H2Cl2NCOO]-

0.250.67H2O. 
 

Table 1 

Elemental chemical composition of Zn/Al-LDH, CP and Zn/Al-LDH-CP nanocomposite 
Mole 

fraction Sample 
Zn/Al 
molar 

ratio (Rf) 

C, 
% 

H, 
% 

N, 
% XZn XAl 

aCP, 
% w/

w 
bFormula 

Zn/Al-LDH 2.9 – 3.80 2.40 0.74 0.26 – [Zn0.74Al0.26(OH)2](NO3
-)0.26·0.22H2O 

CP – 37.37 1.54 7.17  – – C6H3Cl2NO2 

Zn/Al-LDH-CP 3.0 9.58 2.60 2.46 0.75 0.25 25.39 [Zn0.75Al0.25(OH)2] [C5H2Cl2NCOO]-

0.25·0.67H2O 
 
Notes: a estimated from CHNS analysis; b estimated from ICP-OES, CHNS and TGA/DTG analyses 

 
 

Fig. 7. Surface morphology of Zn/Al-LDH (a) and Zn/Al-LDH-CP (b) nanocomposites 
 

3.6. Surface Morphology Analysis 

The FESEM images of both pristine Zn/Al-LDH 
and the Zn/Al-LDH-CP nanocomposite are shown in 
Figs. 7a and 7b, respectively. The surface morphology 
analysis conducted on the samples reveals that Zn/Al-
LDH appears as agglomerates, i.e. non-uniform, 
irregular and plate-like structures, which were expected 
to be based on the typical morphology of Zn/Al-LDH 
[36]. The Zn/Al-LDH-CP nanocomposites showed a 
similar morphology to pristine Zn/Al-LDH, but with a 
more compact arrangement. Based on the fact that both 
pristine Zn/Al-LDH and Zn/Al-LDH-CP showed a 
flake-like, thin lamellar sheet structure, it was quite 
obvious from these images that these materials possess 
a layered morphology [49]. 

3.7. Surface Property Analysis 
The N2 adsorption-desorption isotherms of 

Zn/Al-LDH and the Zn/Al-LDH-CP nanocomposite are 
shown in Fig. 8. The adsorption-desorption of Zn/Al-

LDH showed a characteristic Type II isotherm which 
indicates a multilayer adsorption on a macroporous 
solid, whereas the Zn/Al-LDH-CP nanocomposite 
demonstrated a Type IV isotherm, characteristic of 
mesoporous materials (based on the classification 
provided by IUPAC). The N2 adsorption on Zn/Al-
LDH and Zn/Al-LDH-CP took place slowly at low 
relative pressure, and increased rapidly at a higher 
relative pressure (P > 0.4 for Zn/Al-LDH and P > 0.5 
for Zn/Al-LDH-CP). Optimum adsorption was 
achieved at 32 and 15.5 cm3·g-1 for Zn/Al-LDH and 
Zn/Al-LDH-CP, respectively. The isotherm curve 
shows that H3 hysteresis was present in both curves; 
therefore, the particles were expected to have plate-like 
shape with slit-shaped pores [50]. The wider desorption 
branch of the hysteresis loop seen with Zn/Al-LDH in 
comparison with the hysteresis loop observed for 
Zn/Al-LDH-CP reveals different pore texture properties 
in these materials [38]. 

Regarding the BJH pore diameter distribution of 
the two samples, significant differences were observed 

a) 
  

b) 

91.3 nm 
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due to the fact that these samples showed dissimilar 
isotherms. The curves of BJH pore diameter desorption 
are illustrated in Fig. 9. The average pore diameter of 
Zn/Al-LDH was determined as 52.47 nm; however, 
after intercalation, the average pore diameter in Zn/Al-
LDH-CP was reduced to 24.57 nm. In Zn/Al-LDH, 
three maxima peaks were observed at 2.4, 1.9 and 
2.2 nm, whereas in Zn/Al-LDH-CP the maxima peaks 
emerged at 2.2, 4.2 and 6.3 nm. The total pore volume 

of Zn/Al-LDH and Zn/Al-LDH was found to be 0.012 
and 0.080 cm3·g-1, respectively. The BET surface area 
was determined to be 0.901 m2·g-1 for Zn/Al-LDH and 
1.310 m2·g-1 for Zn/Al-LDH-CP. The results on the 
surface properties of Zn/Al-LDH and the Zn/Al-LDH-
CP nanocomposite are summarised in Table 2. Based 
on this analysis, it can be seen that the intercalation of 
CP into the interlayer gallery of Zn/Al-LDH led to 
changes in the surface properties. 

 

 
Fig. 8. Adsorption–desorption isotherms of nitrogen gas for Zn/Al-LDH (a)  

and Zn/Al-LDH-CP (b) nanocomposites 
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Fig. 9. BJH desorption pore size distributions for Zn/Al-LDH (a)  

and Zn/Al-LDH-CP (b) nanocomposites 
 

Table 2 

Surface properties of Zn/Al-LDH and Zn/Al-LDH-CP nanocomposites 

Sample Basal 
spacing, Å 

Total pore volume, 
cm3·g-1 

Multipoint BET surface area, 
m2·g-1 

BJH average pore diameter, 
nm 

Zn/Al-LDH 8.90 0.012 0.901 52.470 
Zn/Al-LDH-CP 15.7 0.080 1.310 24.57 

а) b) 

а) b) 
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4. Conclusions 

The fabricated material Zn/Al-LDH was 
successfully intercalated with an auxin mimic herbicide 
(CP) using the co-precipitation method. The PXRD 
data reveal that there was a significant increase in the 
height of the interlayer gallery, and based on the value 
of the basal spacing, it can be proposed that CP was 
oriented in a monolayer arrangement. The success of 
intercalation was also supported by the results from the 
FTIR and elemental analysis. The thermal stability 
studies showed that the Zn/Al-LDH-CP nanocomposite 
possess better thermal stabilities than the pure CP. The 
intercalation of CP into the interlayer gallery of Zn/Al-
LDH also led to some changes in the surface morpho-
logy and surface properties. All these characterisation 
results show the very promising future of this novel 
Zn/Al-LDH-CP nanocomposite, and suggest that this 
nanocomposite will certainly find applications in 
agriculture. 
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ІНТЕРКАЛЯЦІЙНА ПОВЕДІНКА І ФІЗИКО-
ХІМІЧНА ХАРАКТЕРИСТИКА НОВОГО 

ІНТЕРКАЛЬОВАНОГО НАНОКОМПОЗИТУ  
З ПОДВІЙНОГО ГІДРОКСИДУ 

ЦИНКУ/АЛЮМІНІЮ ТА КЛОПІРАЛІДУ  
З ШИРОКОЛИСТЯНИХ ГЕРБІЦИДІВ 
 

Анотація. Методом спільного осадження одержані 
нові нанокомпозити, що містять подвійний гідроксид 
цинку/алюмінію інтеркальований клопіралідом (Zn/Al-LDH-
CP). За допомогою порошкової дифракції (PXRD) 
підтверджено виникнення інтеркаляції. Встановлено, що 
результати Фур'є спектроскопії та елементного аналізу 
узгоджуються з результатами PXRD, та підтверджують 
інтеркаляцію клопіраліду. За допомогою термічних методів 
аналізу показано, що термічну стійкість нанокомпозиту є 
вищою у порівнянні з чистим клопіралідом. Запропонована 
хімічна формула нанокомпозиту [Zn0.75Al0.25 (OH) 2] 
[C5H2Cl2NCOO] -0.250.67H2O та розраховано вміст 
клопіраліду в Zn/Al-LDH (25,39 %). Приведені перспективи 
використання нового нанокомпозиту Zn/Al-LDH-CP. 

 
Ключові слова: подвійний гідроксид цинку/алюмінію, 

спільне осадження, клопіралід, інтеркаляція, гербіцид. 
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