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Abstract: The inclusion complex of imazethapyr with 2-hydroxypropyl-β-Cyclodextrin 

(HPCD), was prepared in an oscillator and its solubility was enhanced. The inclusion 

complexes formed were characterized by Fourier Transform Infrared Spectroscopy 

(FTIR), 1H nuclear magnetic resonance (
1
H NMR), X-ray diffraction (XRD), and 

Differential Scanning Calorimetry (DSC) and Thermogravimetric Analysis (TG) 

methods. The results indicated that the formation of a new compound, which has higher 

thermal stability and solubility. In the later bioactivity tests, there is still bioactivity in the 

new inclusion complex. 
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INTRODUCTION 

Imazethapyr (Scheme 1) is one of three triazine herbicides with high bioactivity 

in China [1]. It is of high activity, and is often used to control grass and broadleaf weeds. 

Imazethapyr enters into China market in 1990, and it is wildly employed in soybean field 

[2,3]. After clathration by β-cyclodextrin and its derivates, the solubility of imazethapyr 

can be obviously increased. Similar studies [4, 5] have been reported. After clathration, 

the solubility of the inclusion complex has been obviously increased, and the bioactivity 

of inclusion has been kept well. 

 

2-hydroxypropyl-β-Cyclodextrin (HPCD，Scheme 2), a macrocyclic compound of 

β-CD, is well known for its hydrophobic cavity. When clathrated with guest molecules, 

the stability and the bioavailability of the guest molecules will be enhanced greatly. There 

are a lot of inclusion complexes of HPCD [6-13]. The inclusion complexes of β-

Cyclodextrin have been widely used to enhance water solubility and bioavailability of 

indissolvable herbicides
 
[14, 15]. 
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Scheme 1 Structure of imazethapyr 
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Scheme 2 Structure of 2-hydroxypropyl-β-cyclodextrin 
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In this paper, the inclusion complex of 

imazethapyr-HPCD was prepared in an oscillator, and 

was characterized by FTIR, 
1
H NMR, XRD, DSC and 

TG. All of the characterization results confirmed the 

formation of a new compound. In addition, the 

bioactivity of the imazethapyr-HPCD inclusion 

complex was also studied. 

 

MATERIALS AND METHODS 

Chemicals and reagents 

Imazethapyr (purity>99%) used in this paper 

was obtained from Harbin Limin Agriculture 

Technology Co, Ltd. HPCD (purity>99%) was 

purchased from Xinda Fine Chemicals Co., Ltd., 

Harbin. Acetone (A.R.) was purchased from the 

Sinopharm Chemical Reagent Co., Ltd. 

 

Analytical Determination 

FTIR spectrometer (is5) was from Thermo 

Fisher Nicolet. 
1
H NMR spectra of the imazethapyr-

HPCD complex was assessed using a Bruker 

AVANCE-400 NMR spectrometer (Switzerland). 
1
H 

chemical shifts have been referred to an interior 

reference (tetramethylsilane). The Solvent was DMSO-

d6.  

 

X-ray diffraction (XRD) patterns were 

recorded on a D/MAX XRD-2200((Japan science Co., 

Ltd., Japan) using Ni-filtered, Cu Ka radiation with 

wavelength of k = 0.1540 nm. Diffraction patterns were 

collected under ambient conditions in the 2θ range of 5–

80°at a scanning rate of 4°min
-1

, a step length of 

0.02°min
-1

. The voltage and current were 45 kV and 40 

mA, respectively. 

 

DSC data were recorded using a Diamond 

Instruments DSC 6300 (PerkinElmer, USA) equipped 

with an aluminum pan at a rate of 10°C min
−1 

between 

30 and 300°C temperature range under a nitrogen flow 

of 40 ml min
−1

. 

 

TG analysis data were obtained from a TG 209 

F3 Tarsus (Netzsch-Gerätebau GmbH, German). The 

rate was 10 °C/min over the temperature range from 30 

to 600 °C, under nitrogen gas flow. 

 

 

 

 

 

 

Experimental 

Synthesis of imazethapyr- HPCD inclusion complex 

0.001mol of imazethapyr dissolved in 30% 

ethanol (20ml) was mixed with 30 mL of HPCD. The 

mixture was heated at 40-50℃for 2h. And then the 

mixture was evaporated for 12h. The solution was 

filtered by deionized water, the white solid is placed in 

an oscillator for 4 hours, with the melting point 178-

179.5℃.  

 

Solubility experiments of imazethapyr-HPCD 

inclusion in water 

Excess imazethapyr was added into different 

concentration of HPCD in the range from 0 to 0.025 

mol/L. The solution was shaked for 48h at 37±0.5 ℃ in 

oscillator. Then the solution was filtrated by 0.22µm 

microporous filtering film. 5mL of filtrate was diluted 

to 1000 mL, and the absorbance was measured under 

the maximum absorption wavelength of the solution 

imazethapyr. 

 

Preparation for bioactivity tests 

Germination 

Superior, virus-free corn seeds (zhedan 37) 

were soaked in clear water for 10h. And then the seeds 

were germinated in climatic cabinate at 28℃ for 36h. 

 

Cultivation 

Different concentrations of imazethapyr 

solutions were prepared. Corn seeds with sprout length 

of 2-4 cm were dipped into imazethapyr solutions at 

28℃ for 72h. 

 

RESULTS 

FTIR has been often used to characterize the 

formation of inclusion complex. Compared with 

imazethapyr, the infrared absorption position and 

strength of the imazethapyr-HPCD inclusion complex 

change obviously. 3249cm
-1

, 1745cm
-1

 are attributed to 

the stretching vibration of C-N and C=O, the shape and 

strength of inclusion change compared with that of 

HPCD. 2937cm
-1

, 2877cm
-1

 are attributed to the 

symmetrical stretching vibration of C-H, the shape of 

inclusion is the same as that of HPCD, which suggests 

the clathration of imazethapyr and HPCD. And the 

spectrum of physical mixture is totally different from 

that of imazethapyr and HPCD as in Fig.1. It is verified 

that the pyrimidine ring of imazethapyr has entered into 

the molecular cavity of β-CD. 



 
 

Available online: https://saspublishers.com/journal/sjet/home     

 308 

 

 

 
Fig-1: Spectra of imazethapyr (A), HPCD (B), imazethapyr-HPCD inclusion(C) and physical mixture (D) 
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Fig-2: XRD pattern of imazethapyr (A), HPCD (B), imazethapyr-HPCD inclusion(C) and physical mixture (D) 

 

In the XRD pattern of Fig.2, there are 2 broad 

peaks in the XRD pattern of HPCD, which accords with 

the amorphous structure of HPCD. 7.54°, 26.57°, 

30.04° are attributed to the crystal characteristic peaks 

of imazethapyr. The XRD pattern of the physical 

mixture is the superposition of imazethapyr and HPCD. 

The XRD pattern of the inclusion complex is different 

from that of imazethapyr and HPCD. While in the XRD 

pattern of imazethapyr-HPCD, the characteristic peaks 

of imazethapyr disappear, with the appearance of the 

diffraction of HPCD. It suggests that imazethapyr has 

come into the cavity of HPCD to form an inclusion 

complex, which means the formation of a new complex. 

The similar researches have been reported. 

 

0 200 400 600 800 1000 1200 1400

N1s

C1s O1s

D

C

A

Binding Energy(ev)

B

C
o
u
n
ts

(s
)

 



 

 

Jin-Yan Zhang et al., Sch.  J. Eng. Tech., Oct, 2018; 6(10): 306-311 

Available online: https://saspublishers.com/journal/sjet/home   

 309 

  

 

 

Fig-3: XPS spectra of imazethapyr(A), HPCD (B), imazethapyr-HPCD inclusion(C) and physical mixture(D) 

 

In the XPS spectrogram of inclusion complex, 

the N element from imazethapyr remains. Compared 

with imazethapyr, the binding energy of inclusion and 

physical mixture all decrease 1.0eV. While the 

absorption intensity of inclusion lowers 33550.6s, the 

absorption intensity of physical mixture lowers 

22469.1s. The results of XPS show that there exists 

clathration between imazethapyr and HPCD. 
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Fig-4: DSC spectra of imazethapyr (A), HPCD (B), imazethapyr-HPCD inclusion(C) and physical mixture (D) 

 

The DSC thermal method is widely used in the 

characterization CDs and their derivatives. DSC of 

imazethapyr, HPCD, imazethapyr - HPCD inclusion 

complex, and their physical mixture are compared in 

Fig.4. Imazethapyr has a sharp endothermic peak in the 

range of 160-170℃. HPCD has a broader endothermic 

peak in the range of 70-120℃. In the DSC curve of 

physical mixture, there are combination of imazethapyr 

and HPCD, which is different from that of inclusion 

complex. There is a new melting endothermic peak in 

the imazethapyr- HPCD inclusion complex, and the 

thermal stability is better than that of physical mixture. 

From the above information of DSC, the clathration of 

imazethapyr and HPCD is only a physical process. 
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Fig-5: TG curves of imazethapyr (A), HPCD (B), imazethapyr-HPCD inclusion(C) and physical mixture (D) 

 

There is a weightless peak of imazethapyr 

appeared in the range of 229.9℃ to 265.9℃, and the 

mass fraction of weightlessness increases from 20% to 

90%. That is to say that imazethapyr decomposes when 

temperature is higher than 230 ℃; and HPCD 

decomposes from 325℃ to 394℃. Imazethapyr- HPCD 

inclusion complex decomposes from 296℃ to 356℃, 

which has a bettter thermal stability compared with 

imazethapyr. This is consistent with the results of DSC. 

Measurement of solubility of inclusion in water 

standard curves of imazethapyr - HPCD inclusion 

complex 

The solubility of the inclusion was performed 

through the phase solubility method [15]. St/S0 is linear 
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with the concentration of HPCD; the mole ratio of 

imazethapyr and HPCD is 1:1, and can be expressed as: 

St/S0=1+K1:1C0, St is the concentration of imazethapyr - 

HPCD; S0 is the concentration of imazethapyr aqueous 

solution; St/S0 is the solubility ratio, K1:1 is the solubility 

coefficient. 
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Fig-6: Solubility curve of imazethapyr in HPCD solution 

 

Bioactivity results of imazethapyr-HPCD inclusion 

complex 

       In the following bioactivity experiments, corn 

is taken as indicator plant. When the concentration of 

imazethapyr is in the range from 0 to 200 mg/kg, the 

inhibition ratio of the sprout length, the taproot length, 

sprout fresh weight, taproot fresh weight are studied. 

When the concentration reaches 50mg/kg, the inhibition 

ratio to corn root can reach 50%. So the EC50 of 

imazethapyr is 50mg/kg, and the inhibition of 

imazethapyr, HPCD, imazethapyr-HPCD inclusion 

complex is shown in tab. 1. After clathration with 

HPCD, the water solubility of imazethapyr-HPCD is 

increased, and there is still herbicidal activity. 

 

Table-1: Inhibition of imazethapyr, cyclodextrin, inclusion and physical mixture on the growth of corn (the 

concentration of 50 mg/kg) 

compound inhibition ratio/% 

the sprout length the taproot length sprout fresh weight taproot fresh weight 

CK 0 0 0 0 

CD -26.38 -38.28 -25.51 -32.23 

HPCD 4.89 -18.97 -7.87 -19.85 

imazethapyr 37.46 48.97 39.28 59.52 

imazethapyr- CD inclusion 8.14 11.03 18.43 14.87 

imazethapyr- HPCD inclusion 19.87 31.72 34.56 32.86 

 

CONCLUSIONS 

The imazethapyr-HPCD inclusion complex 

was synthesized in an oscillator. It was characterized by 

FTIR, 
1
H NMR, XRD, DSC and TG. All the results 

showed that the imazethapyr had entered into the cavity 

of HPCD. The imazethapyr-HPCD inclusion complex 

had better solubility than that of imazethapyr; in the 

later bioactivity experiments, the imazethapyr-HPCD 

inclusion remained inhibition on the growth of target 

plant. 
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