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The inclusion complexes of α-, β-cyclodextrin and 2-hydroxypropyl-α-cyclodextrin with two ami-

no acid stereoisomers (L-, D-arginine and L-, D-histidine) were studied by using differential scanning cal-

orimetry, thermogravimetry, Fourier transform infrared spectroscopy, and scanning electron microscopy 

methods. The solid inclusion compounds were prepared in a 1:1 molar ratio of the host and guest using 

the co-precipitation method. The pH measurements and structural visualization of complexes were carried 

out. The obtained results proved the formation of the complexes and revealed that the size and the sym-

metry of the cyclodextrin (CD) and also the structure and flexibility of the amino acid molecule had a 

significant influence on the complexation interaction. The correlation of the experimental data shows that 

βCD has a preference to form more stable complexes with levogir isomers of amino acid than αCD and 2-

hydroxypropyl-α-cyclodextrin. The complexation of the amino acids isomers was accomplished by partial 

inclusion of the guest molecule in the CD cavity, and it was observed that CDs could better discriminate 

between histidine isomers than between arginine isomers. 
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КОМПАРАТИВНО ФИЗИЧКО-ХЕМИСКО ИСТРАЖУВАЊЕ НА ИНКЛУЗИВНИ 

СОЕДИНЕНИЈА НА ЦИКЛОДЕКСТРИНИ СО СТЕРЕОИЗОМЕРИ НА АРГИНИН И ХИСТИДИН 
 

Со примена на диференцијалната калориметрија за скенирање, термогравиметријата, 

Фуриеовата трансформна инфрацрвена спектроскопија и методи на електронска микроскопија за 

скенирање беа проучувани инклузивните комплекси на α-циклодекстрин, β-циклодекстрин и 2-

хидроксипропил-α-циклодекстрин со два стереоизомера на аминокиселини (L-, D-аргинин и L-, D-

хистидин). Цврстите инклузивни соединенија беа подготвени во моларен сооднос 1:1 на 

домаќинот и гостинот користејќи го методот на коталожење. Беа извршени мерења на pH и 

структурна визуализација на комплексите. Добиените резултати докажаа формирање на 

комплексите и покажаа дека големината и симетријата на циклодекстринот (CD), како и 

структурата и флексибилноста на молекулата на аминокиселината имаат значително влијание врз 

интеракцијата на комплексирањето. Корелацијата на експерименталните податоци покажува дека 

βCD преферира да формира постабилни комплекси со левогирски изомери на аминокиселините 

отколку αCD и 2-хидроксипропил-α-циклодекстрин. Комплексирањето на изомерите на 

аминокиселините беше постигнато со делумно навлегување на гостинската молекула во 

празнината на CD. Исто така беше забележано дека CD подобро разликуваат помеѓу изомерите на 

хистидин, отколку помеѓу изомерите на аргинин.  
 

Клучни зборови: циклодекстрин; хистидин; аргинин; инклузивни комплекси; термичка анализа 
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1. INTRODUCTION 

 

Cyclodextrins (CDs) are cyclic oligosaccha-

rides containing six or more D-(+)-glucopyranose 

units.1 The interior of the CD torus is relatively 

hydrophobic due to the high electron density of the 

glycosidic oxygens present in the cavity, while on 

the outside, the CD torus is relatively hydrophilic 

because of hydroxyl groups.2,3 It is well known that 

their unique structure allows them to form host-

guest complexes with various substances through 

weak interactions like hydrophobic interactions, 

Van der Waals forces, and hydrogen bonding.1,2,4 

Besides the improvement of the stability and solu-

bility of the substances, understanding and control-

ling host-guest interactions is a fundamental aspect 

of designing new materials and developing innova-

tive technologies in many scientific disciplines. 

Nowadays, CDs continue to be the subject 

of numerous research studies aimed at exploring 

their potential applications in more specific areas. 

The interaction of CDs with specific amino acid 

residues contained in proteins or polypeptides is of 

significant importance due to its relevance in vari-

ous fields, including pharmaceuticals, food sci-

ence, and biochemistry. Some key aspects of this 

interaction are related to protein's properties: this 

interaction results in several benefits such as de-

creased protein aggregation and enhanced shelf-

life of therapeutic proteins, improved thermal and 

proteolytic stability, enhanced refolding yields, and 

increased bioavailability.5,6 For instance CDs can 

act as artificial chaperones and some CDs can 

function as chaotropic agents that delay protein-

protein interactions, resulting in delayed folding in 

solution. Also, these properties could have implica-

tions in enzyme modulation, protein folding mech-

anisms associated with misfolding diseases, thera-

peutic peptides containing amino acids, and taste 

masking in pharmaceuticals.5,7,8 

Further, CDs are the most frequently used 

chiral selectors because they have many of the de-

sirable features to accomplish proper enantioselec-

tivity for a wide range of substances, including 

amino acids.9,10 Features, such as amino acid fit to 

the cavity and its hydrogen bonding potential, CD 

crystal packing arrangement, and the interaction 

with the solvent used in preparation combine to 

play a significant role in chiral and molecular 

recognition. There are some reference studies in 

which structures and properties are determined for 

CD complexes formed with both amino acid enan-

tiomers separately and for the racemate.11–13 Fur-

thermore, the formation of cyclodextrin-amino acid 

complexes has been utilized for enantioseparations 

and chiral separations in analytical techniques, 

providing a means to distinguish between different 

forms of amino acids.14,15 The smaller cavity size 

of α-cyclodextrin (αCD) is crucial for their selec-

tivity and efficiency in incorporating amino acids. 

The size of the cavity determines the type and 

number of amino acids that can be included. 

Smaller cavity sizes ensure a more snug fit and 

better accommodation of smaller amino acid resi-

dues.16 Larger amino acids with more hydrophobic 

side chains (also, aromatic amino acids like phe-

nylalanine, tyrosine, and tryptophan) tend to inter-

act more strongly with β-cyclodextrins (βCDs).17–19 

For example, relevant discrimination was observed 

for the αCD inclusion complex with D-/L- trypto-

phan in the solid state, whereas there was no ap-

parent discrimination for the βCD inclusion com-

plex with D-/L-tryptophan.20 It was found that both 

the α- and β-CDs form 1:1 stoichiometry of host-

guest inclusion complexes with L-, D-amino acids 

at both low and high pH.21–23 The essential amino 

acids arginine (Arg) and histidine (Hist) play vari-

ous roles in the human body. Arg acts as a precur-

sor for the production of nitric oxide and is an im-

portant substrate in the synthesis of many sub-

stances in the human body. It was demonstrated 

that in proteins there are arginine-rich domains that 

often play important roles in various cellular pro-

cesses, such as protein-protein interactions, nucleic 

acid binding, and more.24–26 Hist is often involved 

in the catalytic mechanism of serine proteases. It 

acts as a general base, abstracting a proton from 

the serine hydroxyl group, which enhances the nu-

cleophilicity of the serine and allows it to attack 

the peptide bond in the substrate.27,28 Besides their 

biological importance, some papers show special 

features which extend the use of Arg and Hist by 

complexation with cyclodextrins.29 Although, the 
1H NMR (Proton Nuclear Magnetic Resonance) 

spectroscopy study confirms the formation of the 

inclusion complexes for the levo-form or Arg and 

Hist with natural CDs by observing the chemical 

shift of the protons of the CD molecules. The sur-

face tension and conductivity studies provide fur-

ther evidence for the formation of these complexes, 

with a stoichiometry of 1:1.29 Arg complexes with 

CDs were characterized using various techniques, 

including molecular modeling analysis and iso-

thermal titration calorimetry measurements, which 

demonstrated that Arg has a higher affinity for 2-

hydroxypropyl-β-cyclodextrin (HPβCD) than for 

βCD.30 This work comes to complete the already 

existing information. Herein, the host-guest inclusion 

complexes of natural amino acids, namely, L-, D-

arginine (LArg, DArg) and L-, D-histidine (LHist, 
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DHist) as guests with αCD, 2-hydroxypropyl-α-

cyclodextrin (HPαCD), and βCD was accom-

plished as a qualitative study for the solid powders 

of the synthesized complexes by using differential 

scanning calorimetry (DSC), thermogravimetry 

(TG), Fourier transform infrared spectroscopy 

(FTIR), and scanning electron microscopy (SEM) 

methods. 
 

 

2. EXPERIMENTAL 

 

2.1. Preparation of the inclusion complexes 

 

DArg (purity 99 %), LArg (purity 98 %), 

DHist (purity 99 %), LHist (purity 99 %), αCD 

(purity 98 %), HPαCD (purity 99 %), and βCD 

(purity 97 %) were purchased from Sigma Aldrich 

Chemical Company and used in preparations with-

out further purification. The preparation of solid-

state inclusion compounds in a 1:1 molar ratio of 

host and guest was completed using a co-

precipitation method. The host molecules – αCD, 

βCD, and HPαCD – and the amino acid stereoiso-

mers of Arg and Hist were dissolved in double dis-

tilled water. The guest solution was then added 

dropwise to the CD solution. The resulting amino 

acid/CD mixtures were stirred (600 rpm) for 6 h at 

room temperature, then dried under vacuum at 40 °C. 

The resulting solid white powders of LArg/αCD, 

DArg/αCD, LHist/αCD, DHist/αCD, LArg/HPαCD, 

DArg/HPαCD, LHist/HPαCD, DHist/HPαCD, 

LArg/βCD, DArg/βCD, LHist/βCD, and DHist/βCD 

complexes were used in the investigations. 

 

2.2. Methods 
 

The pH measurements were recorded with 

an accuracy of ±0.01 pH units using a Thermo Sci-

entific Orion 5-Star Plus benchtop meter with 

model 9107BN Triode 3-in-1 pH/automatic tem-

perature compensation probe. For the pH determi-

nation, stock solutions at constant concentrations 

(10–4 M) of amino acid isomers and CDs were pre-

pared (using double distilled water as solvent) and 

mixed by varying the mole fraction of each com-

ponent from 0 to 1. The pH measurements were 

done for the pure components and the mixture so-

lutions by maintaining the temperature of the sam-

ples at 298.15 ± 0.5 K. The solid powders of the 

complexes formed between CDs with Arg and Hist 

amino acids were further qualitatively investigated 

by the different methods. The DSC and the TG 

data of the inclusion compounds and the pure sub-

stances were characterized using a TG analyzer 

coupled with DSC (Setaram Setsys Evolution 17) 

in open alumina crucibles of 100 μl volume. The 

calorimeter was calibrated using the recommended 

standards of indium (ΔHfus = 28.46 J g–1). The 

sample masses were between 1 mg and 2 mg. The 

measurements were performed at a heating rate of 

10 °C min–1 in a flowing argon atmosphere (16 ml 

min–1). FTIR spectral data of pure compounds and 

inclusion complexes were recorded at room tem-

perature by Nicolet iS10 FTIR Spectrometer cover-

ing the range of 4000 to 600 cm–1. The spectra 

were acquired with an average of 32 scans with a 

spectral resolution of 4 cm–1 in attenuated total re-

flectance (ATR) mode. The morphology of the 

samples was investigated by SEM using a high-

resolution microscope, FEI Quanta 3D FEG model, 

operating at 15 kV, in low vacuum mode with a 

low vacuum secondary electron detector (LVSED). 

Sample preparation was minimal and consisted of 

immobilizing the material on a double-sided car-

bon tape, without coating. 
 
 

3. RESULTS AND DISCUSSION 

 

3.1. pH measurements and structural visualization 

of complexes 

 

pH measurements were done to study the 

behavior of Arg and Hist isomers in the presence 

of different types of CDs and the obtained results 

are presented in Figure 1. For the temperature of 

298.15 K, it was found that the pH of Arg and Hist 

in the presence of different CDs solutions was in 

the range of 6.4 to 8.6 and 6.3 to 8.0, respectively. 

The pH values of the mixture solutions decreased 

with the increase of CD concentration until the 

molar fraction of 0.5 was reached and did not 

change at high CD concentrations. Thus, it can be 

assumed that the evident change of the slopes (Fig. 

1) at around a molar fraction of 0.5 may be due to 

a predominant 1:1 stoichiometric ratio of the inclu-

sion complexes.22,23,29  

The increase in CD concentration causes pH 

modification in the solution environment which 

occurs in the presence of many possible Arg or 

Hist species. In Figure 2, the percentage of micro-

species distribution of Arg and Hist in aqueous 

solutions over the pH range between 6 and 9 and 

the corresponding structures are depicted. As can 

be seen, Arg(1), Hist(1), and Hist(3) are the main 

ionic forms that could interact with the CDs.  
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Fig. 1. Variations in the pH of amino acid/CD mixtures with molar fraction of the CD for Arg isomers with CDs (left panel)  

and Hist isomers with CDs (right panel) 
 
 

 
 

Fig. 2. Percent (%) microspecies distribution of Arg and Hist 

in aqueous solutions over the pH range between 6 and 9 
 
 

The solid powders of CD complexes were 

obtained by the co-precipitation technique, which 

is generally used for hydrophobic substances.31 

Nevertheless, the binding interactions of CD, even 

with water-soluble molecules, are spontaneous and 

favored.32,33 Arg and Hist are both hydrophilic 

amino acids containing hydrophobic parts. Hist is 

more hydrophilic than Arg, but Arg is more flexi-

ble than Hist.34,35 Accordingly, the presence of the 

hydrophobic part of the amino acid promotes the 

interaction with the CD molecule. Furthermore, the 

flexibility of the amino acid enhances its ability to 

properly position its hydrophobic part into the CD 

cavity, thereby strengthening the hydrophobic in-

teractions and adding some possible H-bonds by 

interacting with –OH groups on the CD's rims. So, 

no special preparation techniques are needed be-

cause the solubility of Arg and His does not affect 

the spontaneous complex formation with CD.33 

However, the encapsulation of the hydrophobic 

part of the amino acid is an entropy-driven process 

as it requires desolvation while releasing water 

molecules from the CD cavity.36,37 The co-

precipitation technique initially deals with the hy-

dration of the amino acid and the CD molecules. 

Thus, the presence of water molecules prevents the 

association of two identical units and creates a barrier 

that hinders their complexation interaction. Further, 

by gently heating the mixture solution, in the stirring 

stage of the preparation, the molecules gradually lose 

their hydration shell allowing for a proper complexa-

tion interaction.38,39 Nevertheless, the most hydro-

phobic part of the amino acid must be settled into the 

CD's cavity. According to literature data, αCD and 

βCD internal volume (cavity) of the geometric prop-

erties of the amino acids are suitable for the CD cavi-

ty. The small cavity of αCD has a good fit for amino 

acids, especially for the nonaromatic amino acids, 

while the βCD cavity could better accommodate any 

type of amino acid.17–19,23  

In order to visualize the molecular structure 

of the inclusion compounds, the equilibrium ge-

ometries of Arg/αCD, Hist/αCD, Arg/βCD, and 

Hist/βCD are shown in Fig. 3. The presented as-

semblies do not consider water presence and the 

ionization states, as well as the tautomers of imid-

azole in Hist which were not considered in this 

approximation. The optimization geometries of the 

pure molecules and the amino acid/CD structures 

were achieved by generalized gradient approxima-

tion (GGA) with exchange-correlation functional 

PBE (Perdew-Burke-Ernzerhof). The starting mo-

lecular assembly was created assuming a 1:1 stoi-

chiometry model by positioning the amino acid-

optimized molecule in two ways into the αCD cav-

ity (also with geometry optimized) and considering 

the condition of a superposing of the center of 

mass of the two molecules. The first way (in Fig. 

3, left side of each panel top view and side view) 

occurs when the guest molecule is oriented along 

the αCD cavity with the carboxylic group of the 

guests pointing toward the narrow rim of the αCD, 

and the second way (in Fig. 3, right side of each 

panel top view and side view) is obtained through 

180o rotation of the molecule by positioning the 

carboxylic group of the guest toward the wider rim 

of the αCD molecule.  
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Fig. 3. Spatial representation of the equilibrium geometries of two types of 1:1 host-guest assemblies – top view (through the primary 
hydroxyl rim of CD) and - side view (primary hydroxyl rim of CD positioned to right side) of Arg/αCD (Panel A), Hist/αCD (Panel 
B), Arg/βCD (Panel C), Hist/βCD (Panel D), browsing horizontally. Type one of the 1:1 complex occurs by pointing the carboxylic 
group of the amino acid toward the narrow rim of the CD (left side of each panel top view, and side view) and type two shows the 
carboxylic group of the amino acid pointed toward the wider rim of the CD molecule (right side of each panel, top view and side 

view). The color correspondence is: blue for N atoms, grey for C atoms, yellow for H atoms, and red for O atoms. Hydrogen bonds 
are indicated by dotted lines: black for H bonds between amino acid and CD, light green for intermolecular H bonds in amino acid 

molecule, and cyan for CD's H bonds. 
 

 

As can be seen in Figure 3, the amino acids 

were not expelled from the CD cavity. A high dis-

placement of the mass center of amino acids hap-

pened for αCD because of the cavity size related to 

amino acid molecular dimensions, so Hist and Arg 

had a better fit in the βCD cavity than in αCD cavi-

ty. Accordingly, to αCD physical dimensions, the 

amino acids form more H bonds with αCD than 

with βCD because the amino acid functional 

groups suitable for H bond formation are closer to 

the hydroxyl groups on the αCD's rims. Hist fits 

better in the βCD cavity than Arg, but it forms 

fewer H bonds with βCD than Arg. This can be 

due to the selected conformer structure which 

tends to form more intramolecular bonds than Arg 

(the green dotted line in Fig. 3). Due to its hydro-

carbon chain, Arg molecules remain flexible and 

this can impact its ability to participate in hydrogen 

bonding with CD. For the complexes formed be-

tween Arg and Hist with cyclodextrins, similar 

spatial representations were confirmed based on 1H 

NMR studies in aqueous solution.29 

Further, the synthesized powders of solid in-

clusion complexes of L-,D-Arg/Hist with CDs 

were investigated by different techniques to estab-

lish the efficiency of the complexation and to high-

light some particularities of the obtained complexes. 



A. Neacşu 

Maced. J. Chem. Chem. Eng. 43 (1), 61–74 (2024) 

66 

3.2. Thermal analysis 
 

TG/DSC analyses are important thermal 

analysis methods usually used to investigate the 

interactions that can occur in a host–guest com-

plex. A comparative thermal analysis of pure CDs 

(Fig. 4), free L-, D-Arg/Hist amino acids and com-

plexes (Fig. 5) was performed. 

The thermal behavior of the amino acids and 

CDs varies according to the experimental condi-

tions used in investigations, therefore the thermal 

parameters of the main thermal processes of the 

pure substances used in this study are shown in 

Table 1. 

The resulting data (Table 1 and Fig. 5) show 

that the enantiomers pairs (LArg, DArg and LHist, 

DHist) are similar. The difference of 1 ºC between 

the Tm temperatures is caused by the different mor-

phologies of the samples due to the preparation 

method of the enantiomer. In the case of the amino 

acid isomers, such thermal differences were already 

reported in the literature. The thermal behavior of 

complexes (Fig. 5) is described by several endo-

thermic effects observed in the temperature range 

between 25 °C and 400 °C, typically attributed to 

the dehydration process, followed by a thermal ef-

fect due to the rearrangement of chemical bonds and 

melting or a melting-decomposition event.20 
 

 

 

 
 

Fig. 4. DSC (solid red line), TG (solid black line), DTG (dash-dot line) curves of the pure CDs 
 
 

 

            T a b l e  1  
 

Thermal parameters (the onset-, maximum-, offset-temperatures and corresponding enthalpy)  

of degradation processes of pure compounds from DSC data at 10 K min–1 

 

Sample Ton [°C] Tm [°C] Toff [°C] ΔH [J/g] Physical phenomenon 

LArg 

69.5 

208.9 

241.9 

100.1 

216.6 

245.6 

129.5 

222.6 

254.1 

9.9 

45.2 

371.9 

Dehydration 

Melting 

Decomposition 

DArg 

22.6 

211.6 

239.7 

83.3 

215.3 

243.2 

123.2 

221.1 

251.8 

131.5 

23.5 

333.6 

Dehydration 

Melting 

Decomposition 

LHist 268.2 282.9 287.4 570.1 Melting 

DHist 277.1 281.9 286.5 1110.3 Melting 

αCD 

54.5 

137.1 

280.4 

92.1 

148.7 

315.7 

126.4 

157.8 

336.7 

168.5 

2.18 

211.9 

Dehydration 

Solid-solid transition 

Melting-decomposition 

HPαCD 

41.6 

118.7 

217.3 

247.7 

284.5 

82.6 

126.3 

227.9 

266.8 

298.4 

104.9 

135.8 

234.3 

281.1 

309.1 

28.2 

0.5 

3.2 

21.8 

36.9 

Dehydration 

Dehydration 

Premelting 

Melting-decomposition 

Decomposition 

βCD 

58.7 

274.3 

305.3 

96.7 

282.3 

322.7 

118.6 

290.1 

338.6 

248.2 

1.6 

176.8 

Dehydration 

Melting 

Decomposition 
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Fig. 5. DSC curves of pure L-, D-amino acids and of the inclusion complexes 
 
 

In the case of the complexes containing 

HPαCD and for complexes DHist/αCD and 

DHist/βCD, the characteristic melting curves of the 

amino acids are strongly reduced, broadened, and 

shifted to a lower temperature. These shifts re-

vealed that the complex formation involved the 

molecular arrangement of the amino acid in the 

solid caused by the reduction of drug crystallinity. 

This may be attributed to the presence of less bind-

ing between the pure components in the complex 

and/or partial inclusion of the amino ac-

id molecule.40 Also, the reduction in the fusion en-

thalpy of amino acid after inclusion in the CD 

cavity can be seen. However, the parameters of the 

melting event of the complexes containing HPαCD 

and for complexes DHist/αCD and DHist/βCD 

could be easily visualized in Figure 6.  

For DArg/αCD, L-,D-Arg/βCD, and 
LHist/βCD complexes there are no endothermic 
events corresponding to the melting process of the 
amino acid. Disappearance of the endothermic ef-
fect characteristic of pure amino acid suggests that 
the complex has been formed by deep inclusion of 
the guest in the CD cavity, this phenomenon being 
considered as indicative of a stronger interaction 
between CD and stereoisomer in the solid state.41 

 
 

Fig. 6. Transition temperature and corresponding enthalpy of 

the melting endotherm observed from DSC data of the inclu-

sion complexes of CDs with levogyr isomers of Arg and Hist 

(red) and with dextrogyr isomers of Arg and Hist (blue). 

 
In Figure 7, the TG/DTG curves for pure 

amino acids and for the inclusion complexes are 

shown. In the temperature domain 30 – 130 ºC, the 

thermogravimetric curves show that L-,D-Arg/CDs 

and L-,D-Hist/CDs complexes eliminate small 

quantities of their water content in 2 or 3 endo-

thermic stages, including CD-bound water at vari-

ous energies.42–45  
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Fig. 7. TG and DTG (dash dot line) curves of pure amino acids Arg and Hist and of the LArg/αCD, LArg/HPαCD, LArg/βCD, 

DArg/αCD, DArg/HPαCD, DArg/βCD, LHist/αCD, LHist/HPαCD, LHist/βCD, DHist/αCD, DHist/HPαCD, and DHist/βCD  

inclusion complexes 
 

 

The water molecules inside CD's cavity 

were replaced by guest molecules when the com-

plex was formed. Thus, the multi-step dehydration 

induced by the guest content found in CD's cavity, 

and the dehydration peaks located up to 100 °C, 

are assigned to complexes with smaller amino acid 

content.46 In agreement with thermal profiles (Fig. 

7) it can be observed that very small amounts of 

the guest molecule were released (this step oc-

curred endothermically too) from their inclusion 

compounds before the decomposition process took 

place.44,46 For the analyzed complexes, the main 

decomposition step occurred above 250 ºC and was 

followed by a running carbonization stage in a 

wide temperature domain.41 
 
 

 
 

Fig. 8. Mass loss of the decomposition process (red points) 

and mass loss of the dehydration process (black square) of the 

inclusion complexes of CDs with L- / D-Arg and L- / D-Hist 

amino acids 
 

 

The DTG curve of the main thermal event 

shows a sharp and symmetric peak for the com-

plexes which points to a lower temperature for the 

complexes formed with αCD than for complexes 

formed with HPβCD and βCD. For all of the inclu-

sion compounds the percentage values of total 

mass loss by the dehydration process and for the 

decomposition process are depicted in Figure 8. 

 

3.3. ATR FTIR analysis 
 

Figure 9 and Figure 10 show the FTIR-ATR 

spectra of L-, D-Arg, L-, D-Hist, and CD along with 

their 1:1 inclusion complexes, in the solid state. As 

one can see, the pure CD spectra show a characteris-

tic large band with an absorption maximum at 3288 

cm–1 for αCD, at 3314 cm–1 for βCD, and at 3302 cm–

1 for HPαCD. These bands were assigned to symmet-

ric and anti-symmetric O–H stretching modes and are 

affected when complexation is done through hydro-

gen bonding interactions.45,47 In the FTIR spectra of 

inclusion complexes, the band at around 3300 cm–1 is 

strongly affected due to the involvement of the N–H 

group of the amino acid and O–H of the CD. As can 

be seen in Figures 9 and 10, the spectra of the com-

plexes LArg/αCD, LArg/βCD, LHist/αCD, 

LHist/HPαCD, LHist/βCD, DArg/αCD, DArg/βCD, 

DHist/αCD, DHist/HPαCD, and DHist/βCD are 

shifted in the range of valence ν (O–H) vibrations 

by about 15 cm–1 to 20 cm–1 towards lower fre-

quencies, which means that the hydrogen bonding 

provides an important contribution to the formation 

of the inclusion complexes.48,49 For LArg/HPαCD 

and DArg/HPαCD complexes the frequency posi-

tion of valence ν (O–H) vibrations are shifted by 

about 30 cm–1 towards higher frequencies com-

pared to the position of the similar band in the 

spectrum of CD. The shift of the O–H stretching 

peak to a higher wavenumber is often attributed to 

more intense associations by hydrogen bonding 

upon the formation of complexes with HPαCD.50 

The signal in the CD spectra at around 2920 cm–1 (C–
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H stretch) is affected by shifting towards higher fre-

quencies for complexes LArg/αCD, DArg/αCD, 

LHist/αCD, DHist/αCD, LArg/βCD, DArgβ, 

LHist/βCD, and DHist/βCD, and are affected by 

shifting to lower frequencies for complexes 

LHist/HPαCD, DHist/HPαCD, LArg/HPαCD, and 

DArg/HPαCD. 

 

 

 

 
 

Fig. 9. FTIR spectra of solid powders of pure LArg, DArg, CDs and LArg/αCD, LArg/HPαCD, LArg/βCD, DArg/αCD, 

DArg/HPαCD, and DArg/βCD inclusion complexes 
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Fig. 10. FTIR spectra of solid powders of pure LHist, DHist, CDs and LHist/αCD, LHist/HPαCD,  

LHist/βCD, DHist/αCD, DHist/HPαCD, and DHist/βCD inclusion complexes 
 

 

For the complexes formed between L-, D-

Arg and CD, the recorded spectra show that the 

characteristic peaks of guanidyl group (about 1632 

cm–1 and 1586 cm–1), and the carboxylic and amino 

group at α-C (the frequencies of 1650 – 1658 cm–1, 

1402 – 1408 cm–1, 1331 – 1334 cm–1) are less 

shifted to lower wavenumbers in complexes 

formed with HPαCD and αCD than in those with 

βCD. For L- D- Arg/βCD complexes, the peak at 

about 1658 cm–1 is missing, suggesting that the 

guanidyl group is partially included in the cavity. 

Considering the physical dimensions of molecules, 

the Arg length of 1 nm exceeds the height of the 

CD torus of 0.8 nm, so despite a good fit inside the 

CD cavity of the hydrocarbon part of Arg, there is 

the possibility of partial inclusion of the terminal 

groups of Arg, (the amino groups of each part of 

molecule and carboxyl group, respectively), espe-

cially for HPαCD and αCD. These functional 

groups can be involved in bonds with the CD rims 

or not. The spectra of complexes formed between 

Hist and CDs show clearer differences in the com-

plexation of different isomers than in Arg com-

plexation. The spectra of complexes formed be-

tween Hist and CDs show some characteristic 

peaks of corresponding pure amino acids but are 

somewhat shifted to lower wavenumbers. For 

DHist/CD complexes the frequencies of 1619 – 

1620 cm–1, 1588 cm–1, 1454 cm–1, 1411 cm–1, 1361 

cm–1, and 1305 cm–1 are typical vibrations of a 

COO– group fragment, aliphatic hydrocarbon, and 

part of imidazole ring, suggesting the position near 
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to the CD rim and a partial inclusion in CD's cavity. 

In the recorded spectra of LHist/CD complexes, the 

peaks of 1631 cm–1, 1402 cm–1, and 1332 cm–1 are 

shifted vibration frequencies of LHist for COO– and 

amino at α-C groups, suggesting that LHist is in-

volved in interactions with hydroxyl rims and 

strongly interact with the inner cavity of CD. 

 

3.4. Morphology studies 
 

The SEM images of the pure CD and the le-

vo-forms of Arg and Hist have already been shown 

and described in some publications.51,52 The SEM 

images (Fig. 11) show regular shapes for native 

compounds, especially for the pure HPαCD, which 

consists of very small particles with regular spheri-

cal shapes and large holes,53,54 while the pure αCD 

and βCD consist of irregularly shaped crystals with 

smaller particles adhering to the surfaces of larger 

particles. For comparison, the L- and D-isomers of 

Arg and Hist were also characterized. L-, D-Arg 

appear as lamellar crystals with smooth surfaces and 

tend to form aggregates. SEM images of L-, D-Hist 

show well-developed tabular crystals, Figures 11c 

and 11d. The SEM images of the inclusion com-

plexes indicate that the morphology of the two ini-

tial components is indistinguishable, suggesting the 

possibility of interaction between amino acid and 

the CD cavity.55 For illustration, the SEM micro-

graphs of the LArg/αCD, DArg/αCD, 

LHist/HPαCD, DHist/HPαCD, LArg/HPαCD, 

DArg/HPαCD, LHist/βCD, and DHist/βCD systems 

are shown in Figures 11e through 11l. 

 
 

 
 

Fig. 11. SEM images of (a) - LArg, (b) - DArg, (c) - LHist, (d) - DHist, (e) - LArg/αCD, (f) - DArg/αCD, (g) - LHist/HPαCD, (h) - 

DHist/HPαCD, (i) - LArg/HPαCD, (j) - DArg/HPαCD, (k) - LHist/βCD, (l) - DHist/βCD, (m) - αCD, (n) - HPαCD, (o) - βCD at 25 ± 1 °C 
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In these systems, there is a marked differ-

ence in the shape and surface morphology of the 

crystals of the inclusion complex and the native 

CDs. However, the SEM method helps to prove the 

presence of a single component in the obtained 

products and provides some information about the 

efficiency of the complex formation.37 
 

 

4. CONCLUSION 

 

This work was concerned with the prepara-

tion of inclusion complexes of Arg and Hist stereo-

isomers with CDs using the co-precipitation meth-

od and the subsequent investigation of the com-

plexes using TG/DSC, ATR, FTIR, and SEM ana-

lytical techniques. The correlation of the data re-

sulting from the use of different characterization 

techniques provided evidence for the formation of 

inclusion complexes in the solid state by interac-

tion of the amino acid with CD through hydropho-

bic and hydrogen bonding interactions. The rela-

tive thermal stability of the complexes is related to 

the CD type. The results show that complexes with 

HPαCD have the lowest thermal stability. This can 

be explained by the presence of the HP-substituents, 

which can interact with functional groups of amino 

acids that overhang from the HPαCD cavity, and 

therefore the inclusion complexes between HPαCD 

and L-, D-amino acids are destabilized by the HP-

substituents on the rim of the CD. Considering the 

obtained data, the inclusion complexes formed be-

tween αCD, βCD, and L-, D-Arg were found to be 

more stable than the complexes formed between 

αCD, βCD, and L-, D-Hist. LArg/βCD, DArg/βCD, 

and LHist/βCD complexes are more stable than the 

DHist/βCD complex. Thus, it can be concluded that 

the size, symmetry, and functionalization of the 

truncated cone of the CD had a significant influence 

on the complexation interaction with Arg and Hist 

amino acids. However, the thermal stability of the 

complexes is also influenced by the amino acid 

structure and flexibility in interaction with CD. By 

correlation, it has been found that βCD has a prefer-

ence to form the more stable complexes with levo-

gyr isomers, LArg and LHist, respectively, and CDs 

could better discriminate between Hist isomers than 

between Arg isomers. 
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