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IX.1. HIGHLIGHTS 

  Studies of Inclusion composite of β-CD with L-Met, L-Pro and L-Glu provide a 

fruitful result. 

 Surface tension study elucidates the 1:1 stoichiometry ratio of the inclusion 

phenomenon. 

  Density and group contributions explain the involvement of different groups 

of amino acids in the inclusion process. 

 1H NMR provides confirm evidence about this inclusion phenomenon. 

 Direct evidence of formation of solid ICs has got from powder XRD method. 

 

IX.2. INTRODUCTION 

     Cyclodextrins (CDs) are cyclic oligosaccharide of glucopyranose units that 

play an important role as a host in inclusion complexes, where non-covalent 

interactions are involved. They contain six (α-CD), seven (β-CD) and eight (γ-CD) 

glucopyranose units, which are bound by α-(1–4) linkages forming a truncated 

conical with a hollow cavity [1,2]. Cyclodextrins (CDs), with hydrophobic inner 

cavities and hydrophilic outer rims, are capable of interacting with a large variety of 

guest molecules to form non-covalent inclusion complexes [3]. CDs have been widely 

employed for encapsulation of several substances which are used in food, 

pharmaceutical industries, pesticides, toilet articles, textile processing, and other 

industry [4-7], supramolecular and host-guest chemistry,[8,9] models for studying 

enzyme activity, molecular recognition, studying intermolecular interactions and 

chemical stabilization [1,3,10]. In the field of agriculture and environmental science 

huge applications of cyclodextrin have been found as encapsulating agent [11-13]. 
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In this present work, β-CD has been used as host because of its 

biocompatibility, relatively non-toxicity and relatively low price. The selected 

biologically active amino acids viz., L-Methionine (L-Met), L-Proline (L-Pro) and L-

Glutamine (L-Gln) (scheme 1) that have been chosen as guest, having a numbers of 

important roles in the human body [14-16 ]. All of them are used in biosynthesis of 

proteins. L-Met is essential in humans i.e. it must be introduced from outsides and β-

CD can be used as good carriers. L-Pro both L-Gln both are non-essential in humans, 

meaning the body can synthesize it but sometimes body demands glutamine in 

larger amount then L-Gln must be incorporated from outsides [17]. Moreover, the 

formation of proline/ β-CD complexation is reported in theoretical background but 

no such works have been done to propose a model for 1:1 complexation with L-

proline [18]. Encapsulation of guest molecules into CD modifies some 

physicochemical properties such as state, solubility and stability of the guest 

molecules after formation of inclusion complex. Changes in the physicochemical 

properties have been used to characterize whether guest molecules are really 

included in the cyclodextrin cavity. 
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\ 

Scheme 1. The molecular structure of the selected amino acids in aqueous solutions (A) 
and the structure of β- CD (B) (host molecule). 

 

 In this purpose, the surface tension and density have been measured to find 

out the nature and interactions of  host-guest inclusion complex of the selected  

amino acids in w= 0.001, 0.004, 0.007 mass fraction of aqueous β-cyclodextrin (β-

CD) solution at  298.15 K. 1HNMR technique has also been performed to confirm the 

inclusion phenomenon. 

IX.3. EXPERIMENTAL SECTION 

 IX.3.1 Materials 

The titled compounds e.g. amino acids (viz., L-Methionine, L-Proline, L-

Glutamine) and β-cyclodextrins of puriss grade, are purchased from Sigma-Aldrich, 

Germany. The mass fraction purity of L-Met, L-Pro, L-Gln, and β-cyclodextrin are ≥ 

0.98, 0.98, 0.99, and 0.98, respectively. D2O (deuterium content 99.9%) is purchased 

from Sigma-Aldrich, Germany. 
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IX.3.2 Apparatus and methods 

Solubility of the of β-Cyclodextrin and the chosen amino acids have been 

precisely checked in triply distilled, deionised and degassed water and it is observed 

that both β-CD and amino acids are soluble properly. The stock solutions of the 

amino acids (uncertainty in molality of the solutions ±0.0001 mol kg-3) for 

physicochemical studies have been prepared by adopting the course mentioned in 

earlier work [17]. 

The surface tension experiments (±0.1 mN∙m−1) are done by using a 

Tensiometer (K9, KRŰSS; Germany) at 298.15 K (0.01 K) and density () of the 

solvent are measured by means of vibrating a U-tube Anton Paar digital density 

meter (DMA 4500M) with an uncertainty of ±0.00005 g cm-3 [17]. Hear the surface 

tension is measured of the sets of solutions of L-Methionine, L-Proline, L-Glutamine 

having concentration 10mM with aqueous β-CD solution by dilution method at 

298.15 K (Table 1).  

NMR spectra are recorded at 300 MHz Bruker ADVANCE at 298.15 K (0.01 K) 

in D2O. Signals are quoted as  values in ppm using residual protonated solvent 

signals as internal standered (D2O:  4.79 ppm). Data are reported as chemical shift. 

The powder XRD patterns of the compounds are recorded by using Cu-Kα 

radiation (Bruker D8 Discover; 40kV, 30 mA). 
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Table 1: Experimental values of surface tension (γ) of selected amino acids in 
deferent mass fraction of β-cyclodextrin mixtures at 298.15 Ka. 

 
 

Conc of β-
CD 
(mM) 

Conc of 
amino acids 

(mM) 

STb (mN m-1) 
L-

Methionine 
L-Proline L-Glutamine 

0.00 10.00 63.8 60.2 80.5 
0.91 9.09 64.9 61.7 79.3 
1.67 8.33 65.9 63.5 78.1 
2.31 7.69 66.9 64.6 77.1 
2.86 7.14 67.6 65.9 76.3 
3.33 6.67 68.2 66.8 75.6 
3.75 6.25 68.9 67.6 74.9 
4.12 5.88 69.5 68.3 74.3 
4.44 5.56 70.0 68.9 73.8 
4.74 5.26 70.1 69.2 73.2 
5.00 5.00 70.2 69.9 72.7 
5.24 4.76 70.3 70.1 72.6 
5.45 4.55 70.4 70.2 72.5 
5.65 4.35 70.4 70.2 72.5 
5.83 4.17 70.5 70.3 72.4 
6.00 4.00 70.6 70.4 72.4 
6.15 3.85 70.7 70.4 72.3 
6.30 3.70 70.8 70.5 72.3 
6.43 3.57 70.8 70.7 72.2 
6.55 3.45 70.9 70.7 72.1 
6.67 3.33 71.0 70.7 72.1 

a Standard uncertainties u is: u(T)=0.01K; b surface tension uncertainties= ±0.1 mN∙m−1  
 
 

IX.3.3 Preparation of solid inclusion complex of amino acids with β- CD 

The three solid inclusion complexes [β-CD+Met, β-CD+Pro, β-CD+Glu] have 

been prepared by taking 1:1 molar ratio the amino acids and CD.  In each case 1:1 

molar ratio of β- Cyd and the amino acid has been taken into a beaker separately and 

stirrer with triply distilled water until it makes a homogeneous mixture (completely 
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dissolved). After that, the guest mixture is added into β- Cyd solution and stirred for 

48hrs without a break. The reaction mixture has been put in refrigerator for 48hrs 

without any disturbance and a white precipitation is observed. The precipitate is 

filtered and washed for several times with triply distilled water. Finally, we have got 

a dry white powder after drying the washed precipitate in oven at 50°C for 24 hrs. 

The resultant solids are further analysed by powder XRD (PXRD) method.  

 

IX. 4. RESULTS AND DISCUSSION 

IX.3.1. Surface tension study explains the inclusion as well as stoichiometric 

nature of the inclusion complexes (ICs) 

Surface tension (γ) measurement is a well known technique to investigate the 

stoichiometry ratio of complexation process between guest molecules with 

cyclodextrins [12, 19, 20]. When the pure aq. solutions of β-CD are introduced 

gradually to the aq. solution of L-Methionine, L-Proline, a significant rise in surface 

tension are observed and found to be lower than that of pure water in both cases 

while no major change in γ is observed with increasing the concentration of pure 

aqueous (aq.) solution of β-CD [27]. This implies that L-Met and L-Pro both behave 

like surfactants. This result is found due to the formation of inclusion complexes of 

amino acids from the air–water interface into the β-CD hollow space (Scheme 2). 

But reverse result is found in case of L-Gln (i.e. γ decreases with increasing 

concentration of β-CD) which responsible for ICs as well as for the interaction in 

solution due to the presence of a hydrophilic group,   at the end of the side 

chain [19]. Amino acids being exist as zwietter ionic form Show significant variation 

in surface tension in their aqueous solution. 
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Scheme 2. Schematic representation of formation of inclusion complexes between 
amino acid and β-CD in aqueous medium at 298.15 K. 

 

Each plot (Figure 1) indicates that there is a single break point at certain 

concentrations after which the slops become lower. It is evident that formation of 

single, double and so on break point in a plot indicates 1:1, 1:2 and so on 

stoichiometry of (β-CD:guest) ICs (Scheme 3) [10,12,21]. The values of surface 

tension and the corresponding concentration of β-CD solution at each break point 

have been mentioned in Table 2. From  single break point, it is concluded that the 

formation of ICs is in 1:1 ratio have been occurred (Scheme 4) as finding of break 

point in surface tension curve not only indicates conception of ICs but also provides 

in sequence about its stoichiometry.  

 
 
Figure 1. Variation of surface tension of aqueous (A) L-Methionine solution, (B) L-
Proline solution, and (C) L-Glutamine solution respectively with increasing 
concentration of β-CD.  
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Table 2. Values of Surface Tension (γ) at the break point with corresponding 
concentration of aqueous β-cyclodextrin at 298.15 Ka. 
 
 

Surface Tension 
 L-Methionine L-proline L-Glutamine 
 
 
 

β-cyclodextrin 

Conc. 
/mM 

  γb 
        /mN.m-1 

Conc. 
/mM 

γb 
/mN.m-1 

Conc. 
/mM 

γb/mN.m-1 

 
4.86 

 
70.1 

 
5.2 

 
70.0 

 
5.22 

 
72.6 

a Standard uncertainties u is: u(T)=0.01 K; b surface tension uncertainties= ±0.1 mN∙m−1  
 

 

 

 

Scheme 3.  Different possibilities of host-guest ratio for inclusion complex. 
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Scheme 4. Schematic representation of formation of inclusion complexes of L-
Methionine, L-Proline and L-Glutamine with β-CD. 
 

IX. 4.2 Density: Interactions study between amino acids and β -cyclodextrin   

The prominent evidence to understand the interactions in case of the  inclusion 

phenomenon can be obtained from volumetric properties, such as, apparent molar 

volume (ϕv), limiting apparent molar volume (ϕvo) [19]. The value of ϕv is the 

measure of the entire geometric volume of the central solute molecule and changes 

in solvent volume due to interactions with the solute around the co-sphere and the 

parameters ϕvo suggests the solute-solvent interactions that present in a (here, 

amino acids (solute) + aq. β-CD(co-solvent)) ternary solution systems [22]. The 

density of aqueous cyclodextrin solution increases with increasing mass fraction of 

β-CD (Table 3) due to structure making contribution of cyclodextrins with water 

molecules [19, 22]. For this purpose, the values of ϕv are determined from the 

experimental values of density of the solutions using the proper equation by taking 

0.001, 0.004, 0.007 mass fractions of β-cyclodextrins in aqueous medium (Table 4)  
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at 298.15 K. The magnitude of ϕv is found to be large and positive for all the studied 

systems, suggesting  effectively strong solute–solvent interactions [19] and ϕv 

decreases with increasing square root of molal concentration(√m) (Table 5) and fits 

to Masson equation from where limiting apparent molar volume (ϕvo) has been 

estimated (Table 6) [23]. Considering particular an amino acids (e.g L-Methionine), 

it is seen that the values of ϕvo increases with increasing the molar mass fraction of 

β-CD (ϕvo0.007 > ϕvo0.004 > ϕvo0.001) and similar results are found for the other two 

amino acids (viz. L-Proline, L-Glutamine) (Table 6). This implies that ion- 

hydrophilic interaction (between zwitterionic centres of the amino acids and the –

OH groups of β-CD) which predominate over ion–hydrophobic interactions 

(between zwitterionic centres and non-polar parts of β-CD) and hydrophobic–

hydrophobic interactions (between non-polar parts of the amino acids and -CD) .Due 

to these interactions, the electrostriction of water caused by the charged centers of 

the amino acid will be reduced, which results in an increase in volume and decrease 

in the order (Figure 2) 

L-Methionine >L-Proline>L-Glutamine 

 

Figure 2.  Plot of limiting molar volume (ϕvo) against mass fraction (w) of β-CD for L-
Methionine (blue), L-Proline (brown) and L-Glutamine (green) respectively at 298.15 Ka 
(a Standard uncertainties u is: u(T)=0.01 K ). 
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Table 3. Experimental values of density (ρ) in different mass fraction of aqueous 
β-cyclodextrin mixtures at 298.15 K a. 

 
 

                                                                                                Density 

                            ρ∙10-3/kg∙m-3 

β-cyclodextrin 

w = 0.001 w = 0.004 w = 0.007 

0.99747 0.99849 0.99953 

a Standard uncertainties u is: u(T)=0.01 K. 
 
 
Table 4: Experimental values of density (ρ) of chosen amino acids in deferent 
mass fraction of β-cyclodextrin mixtures at 298.15 Ka. 

 
 

molality 

/mol∙kg-1 

ρ×10-3 

/kg∙m-3 

molality 

/mol∙kg-1 

ρ×10-3 

/kg∙m-3 

Glysine 

w = 0.001 

L-Methionine 

w = 0.001 

0.003 0.99763 0.003 0.99758 

0.004 0.99770 0.004 099763 

0.005 0.99777 0.005 0.99768 

0.006 0.99785 0.006 0.99773 

0.007 0.99793 0.007 0.99778 

0.008 0.99801 0.008 0.99784 

w = 0.004 w = 0.004 

0.003 0.99864 0.003 0.99858 

0.004 0.99871 0.004 0.99862 

0.005 0.99878 0.005 0.99866 

0.006 0.99885 0.006 0.99870 

0.007 0.99893 0.007 0.99875 

0.008 0.99901 0.008 0.99880 

w = 0.007 w = 0.007 

0.003 0.99966 0.003 0.99964 
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0.004 0.99972 0.004 0.99970 

0.005 0.99978 0.005 0.99976 

0.006 0.99984 0.006 0.99982 

0.007 0.99991 0.007 0.99989 

0.008 0.99998 0.008 0.99996 

L-Proline 

w= 0.001 

L-Glutamine 

 w = 0.001 

0.003 0.99760 0.003 0.99766 

0.004 0.99767 0.004 0.99775 

0.005 0.99775 0.005 0.99784 

0.006 0.99784 0.006 0.99794 

0.007 0.99795 0.007 0.99805 

0.008 0.99780 0.008 0.99817 

w = 0.004 w = 0.004 

0.003 0.99860 0.003 0.99866 

0.004 0.99867 0.004 0.99874 

0.005 0.99875 0.005 0.99883 

0.006 0.99884 0.006 0.99892 

0.007 0.99893 0.007 0.99902 

0.008 0.99904 0.008 0.99913 

w = 0.007 w = 0.007 

0.003 0.99966 0.003 0.99972 

0.004 0.99973 0.004 0.99981 

0.005 0.99983 0.005 0.99992 

0.006 0.99993 0.006 1.00003 

0.007 1.00005 0.007 1.00015 

0.008 1.00018 0.008 1.00028 
a Standard uncertainties u is: u(T)=0.01K; w is mass fraction of β-cyclodextrin in 
aqueous mixture 
 
 
 



Chapter IX 

 

 
199 

 

Table 5:  The changes of apparent molar volume (ϕv) with squar root molal 
concentration (√m) of selected amino acids in different mass fractions of 
aqueous β-CD mixture at 298.15Ka. 

 

Molality 

/mol∙kg-1 

√m 

/mol1/2∙kg-1/2 

ϕv ×10-

6 

/ m3 mol-1 

molality 

/mol∙kg-1 

√m 

/mol1/2∙kg-1/2 

ϕv ×10-

6 

/ m3 mol-1 

Glysine; w = 0.001    L-Methionine; w = 0.001 

0.003 0.0548 21.79 0.003 0.0548 112.83 

0.004 0.0633 17.61 0.004 0.0633 109.49 

0.005 0.0708 15.11 0.005 0.0708 107.48 

0.006 0.0775 11.77 0.006 0.0775 106.15 

0.007 0.0837 09.38 0.007 0.0837 105.19 

0.008 0.0895 07.59 0.008 0.0895 103.22 

 w = 0.004   w = 0.004  

0.003 0.0548 25.11 0.003 0.0548 119.39 

0.004 0.0633 20.10 0.004 0.0633 116.89 

0.005 0.0708 17.10 0.005 0.0708 115.38 

0.006 0.0775 15.09 0.006 0.0775 114.38 

0.007 0.0837 12.23 0.007 0.0837 112.24 

0.008 0.0895 10.09 0.008 0.0895 110.63 

 w = 0.007   w = 0.007  

0.003 0.0548 31.75 0.003 0.0548 112.60 

0.004 0.0633 27.58 0.004 0.0633 106.76 

0.005 0.0708 25.08 0.005 0.0708 103.26 

0.006 0.0775 23.41 0.006 0.0775 100.92 
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0.007 0.0837 20.79 0.007 0.0837 97.83 

0.008 0.0895 18.83 0.008 0.0895 95.50 

L-Proline; w= 0.001  L-Glutamine w = 0.001 

0.003 0.0548 71.98 0.003 0.0548 83.03 

0.004 0.0633 65.30 0.004 0.0633 76.34 

0.005 0.0708 59.28 0.005 0.0708 72.33 

0.006 0.0775 53.60 0.006 0.0775 67.99 

0.007 0.0837 46.68 0.007 0.0837 63.45 

0.008 0.0895 40.23 0.008 0.0895 58.80 

 w = 0.004   w = 0.004  

0.003 0.0548 78.58 0.003 0.0548 89.62 

0.004 0.0633 70.24 0.004 0.0633 83.78 

0.005 0.0708 63.23 0.005 0.0775 78.27 

0.006 0.0775 56.88 0.006 0.0837 74.60 

0.007 0.0837 52.35 0.007 0.0895 70.54 

0.008 0.0895 46.45 0.008 0.0896 66.25 

 w = 0.007   w = 0.007  

0.003 0.0548 71.83 0.003 0.0548 82.86 

0.004 0.0633 65.16 0.004 0.0633 76.19 

0.005 0.0708 55.16 0.005 0.0708 68.18 

0.006 0.0775 48.49 0.006 0.0775 62.85 

0.007 0.0837 40.86 0.007 0.0837 57.61 

0.008 0.0895 33.90 0.008 0.0895 52.42 

a Standard uncertainties u is: u(T)=0.01K; w is mass fraction of β-cyclodextrin in 
aqueous mixture. 
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IX.4.3 Density study: Group contributions 

The results of the chosen amino acids that have discussed above can be 

rationalized on the basis of the contribution of different groups to ϕvo. If one H from 

the side chain of glycine is replaced by (CH2-CH2-S-CH3),( CH2-CH2-CH2),( CH2-

CH2-CO-NH2) side groups L-Met, L-Pro (Proline is the amino acid with a secondary 

amine. Furthermore, the alpha-amino group is attached directly to the side chain, 

making the alpha carbon a direct substituent of the side chain) and L-Gln are 

originated respectively. The ϕvo for glycine, L-Methionine, L-Proline, L-Glutamine 

have been estimated at 298.15K (Table 6) and a huge change in ϕvo among them has 

been observed. This is because ϕvo has large effect on the inclusion complexes 

happening in the solution environment [24-25]. So, there should be a correlation 

between the structures of the amino acids and the values of ϕvo. The values of ϕvo for 

different groups present in the selected amino acids with different mass fraction 

have been mentioned in Table 7. 

 
Table 6: Limiting apparent molar volume (ϕV o), experimental slope (SV*), of 
amino acids in different mass fractions of aqueous α and β-cyclodextrin 
mixtures at 298.15 Ka. 

 

Aq. Solvent 
Mixture 

ϕ0V 
/ m3 mol-1 

S*V 
/m3mol-

3/2kg1/2 

Aq. solvent 
mixture 

ϕ0V 
/ m3 mol-1 

S*V 
/m3mol-

3/2kg1/2 
Glycine L-Methionine 

w = 0.001  44.016 -411.14 w = 0.001   126.41 -259.35 
w = 0.004 47.33 -419.12 w = 0.004 132.6 -242.56 
w = 0.007 50.95 -360.12 w = 0.007   137.78 -477.33 

 L-Proline   L-Glutamine  
w = 0.001 122.62 -906.21 w = 0.001  120.04 -678.05 
w = 0.004 128.32 -914.75 w = 0.004 125.8 -663.48 
w = 0.007 133.97 -1111.4 w = 0.007   131.39 -883.41 
a Standard uncertainties u is: u(T)=0.01K; w is mass fraction of β-cyclodextrin in 
aqueous mixture. 
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Table 7.  Contribution of  zwitter  ionic group , CH , CH2 ,  group , and end group 
to the limiting apparent molar volume ϕv⁰ for amino acids in different mass 
fraction of aqueous β-cyclodextrin. 
 

Amino Acid Group 
ϕv⁰   × 106/m 3 mol-1 

w = 0.001 w = 0.004 w= 0.007 

L- Methionine 
 

( NH 3+, COO¯ ) 
 

12.58 14.93 17.74 

( ̶  CH  ̶) 
 

15.72 16.20 16.60 

R=( ̶ CH2-CH2-SCH3) 
 

98.11 101.47 103.43 

  L-proline 
 

( NH 2+, COO¯ ) 
 

12.58 14.93 17.74 

( ̶  CH  ̶) 
 

15.72 16.20 16.60 

R=( CH2 )3  94.32 97.19 99.62 

L-Glutamine 

( NH 3+, COO¯ ) 
 

12.58 14.93 17.74 

( ̶  CH  ̶) 
 

15.72 16.20 16.60 

R=(CH2-CH2- CONH2) 91.74 94.67 97.04 
 

 The value of ϕvo of zwitter ion and the contribution of hydrophobic (CH–) 

group increases with increasing the mass fraction (w) of the co-solute β-CD. The 

Table 7 shows that the contribution the end group(R) to ϕvo is much greater than 

that of the zwitter-ionic group whose value belongs in the range of 12.58-17.74 × 10-

6 m3mol-1 .This indicates that the interactions (hydrophobic interactions) between 

the hydrophobic hole (i.e. the inner hole) of the β-CD and end group(R) of the 

selected amino acids are much stronger than the interaction between the secondary 

–OH groups of β-CD and the zwitter ionic group [27]. This promotes to incorporate 

the end group of the chosen amino acids into the hydrophobic cavity to form 

effective inclusion complex with the β-CD. The contribution of R= (̶ CH2-CH2-SCH3) of 
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L-Met to ϕvo is more than the others due to its hydrophobic and non-cyclic nature 

where the R=(CH2)3 of   L-Pro involved in the pyrrolidine side chain and for 

R=(CH2-CH2-CONH2) of L-Gln is less than the others as -CONH2 part of it shows some 

hydrophilic character. 

IX.4.4 1H NMR study: Supports inclusion phenomenon 

In the stereo-chemical structure of β-CD it may be found that three protons 

(H1, H2 and H4) are located in the exterior surface of the cavity and the rest two 

protons (H3 and H5) are located in the interior surface. H3 protons are close to the 

wider exit and H5 are nearer to narrow side of the hole [28]. The β-CD protons are 

named according to Scheme 5. The formation of IC can be explained on the light of 

the 1HNMR spectroscopy study. The H3 and H5 protons of cyclodextrin, which are 

directed towards the interior of the cyclodextrin will show a considerable upfield 

shift if inclusion does really occur and the H1, H2 and H4 protons will show only 

marginal upfield shifts [29,30]. This method based on the changes of chemical shifts 

of protons due to encapsulation of guest molecule into the β-CD cavity [31, 32]. 

 

Scheme 5.  Stereo-chemical configuration (A), truncated conical structure of β- 
cyclodextrin with interior and exterior protons. 
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In this purpose the mechanisms of molecular interactions between the selected 

amino acids and β-CD have been investigated with 1H NMR of 1:1 mixture of β-CD 

and each amino acid in D2O at 298.15 K. The interactions were assessed by 

comparing the spectrum of β-CD and amino acid with β-CD: amino acid complexes. 

Figure 3-5 show the qualitative appearance relating to the interaction of amino acid 

with β-CD. It is seen that there are significant upfield shifts (Δδ) of interior H3 and 

H5 protons and subsidiary shifts of external H1, H2 and H4 protons of β-CD, as well 

as that interacting protons of the amino acids. In the light of this observation, the 

change in shift suggests that each amino acid comes into considerable contact with 

the interior protons of the β-CD. The chemical shifts (Δδ) values of the H3 and H5 

have been listed in the Table 8. As found from the chemical shifts, interaction of the 

each amino acid with H3 is much higher than that of the H5, proving the guest 

entered through the wider rim of β-CD (Scheme 4) [2]. 
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Figure 3.  1H NMR spectra of (a) β-CD, (b) L-Methionine and (c) 1:1 molar ratio of β-CD 
& L-Methionine in D2O at 298.15 Ka (a Standard uncertainties u is: u(T)=0.01 K).  
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Figure 4. 1H NMRspectraof(a)β-CD, (b) L-Prolineand (c)1:1 M ratio of β-CD & L-Proline 
in D2O at 298.15 Ka (a Standarduncertainties u is: u(T) = 0.01 K). 
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Figure 5.  1H NMR spectra of (a) β-CD, (b) L-Glutamine and (c) 1:1 molar ratio of β-CD & 
L-Glutamine in D2O at 298.15 K. 

 

1H NMR DATA 

β-Cyclodextrin: 1H NMR (300 MHz, D2O): δ = 3.49-3.54 (6H, t, J = 9.2 Hz), 3.57-

3.60 (6H, dd, J = 9.6, 3.2 Hz), 3.79-3.84 (18H, m), 3.87-3.92 (6H, t, J = 9.2 Hz), 5.00-

5.01 (6H, d, J = 3.6 Hz). 

L-Methionine: 1H NMR (300 MHz, D2O): δ = 3.7-3.8 (1H, m), 2.49-2.51 (2H, m), 

1.9-2.1 (5H, m). 

L-Proline: 1H NMR (300 MHz, D2O): δ = 4.0-4.1 (1H, m), 3.1-3.3 (2H, m), 2.2-2.3 

(2H, m), 1.8-2.0 (2H, m). 

L-Glutamine: 1H NMR (300 MHz, D2O): δ = 3.6-3.7 (1H, m), 2.3-2.4 (2H, m), 1.9-

2.1 (2H, m). 
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β-CD+L-Met: 1H NMR (300 MHz, D2O): δ = 1.8-2.0 (5H, m), 2.45-2.47 (2H, m), 

3.45-3.50 (6H, t, J = 9.0 Hz), 3.54-3.56 (6H, dd, J = 9.2, 3.2 Hz), 3.58-3.64 (6H, t, J = 9.2 

Hz), 3.6-3.7 (1H, m), 3.69-3.72 (18H, m), 5.00-5.01 (6H, d, J = 3.6 Hz). 

β-CD+ L-Pro: 1H NMR (300 MHz, D2O): δ = 1.8-1.9 (2H, m), 2.1-2.2 (2H, m), 3.1-

3.2 (2H, m), 3.47-3.52 (6H, t, J = 9.4 Hz), 3.53-3.57 (6H, dd, J = 9.6, 3.4 Hz), 3.60-3.64 

(6H, t, J = 9.2 Hz), 3.69-3.73 (18H, m), 3.9-4.0 (1H, m), 5.00-5.02 (6H, d, J = 3.8 Hz). 

β-CD+ L-Gln: 1H NMR (300 MHz, D2O): δ = 1.9-2.0 (2H, m), 2.2-2.3 (2H, m), 

3.48-3.52 (6H, t, J = 9.2 Hz), 3.53-3.56 (6H, dd, J = 9.6, 3.2 Hz), 3.59-3.64 (6H, t, J = 9.2 

Hz), 3.5-3.6 (1H, m), 3.69-3.74 (18H, m), 5.00-5.01 (6H, d, J = 3.6 Hz). 

 

Table 8. Change in Chemical shifts (ppm) of the H3 and H5 protons of β-
cyclodextrin in inclusion complexes in D2O at 298.15 K. 

 

Δδ/ppm 

L-Met L-Pro L-Gln 

H3 H5 H3 H5 H3 H5 

0.289 0.091 0.245 0.075 0.218 0.042 

 

IX.4.5. Powder X-ray diffraction pattern 

 The direct evidence for the detection of β-CD complexation with guest 

molecules in powder states can be obtained from the analysis of powder X-ray 

diffraction spectrum because crystalline nature of guest molecules have been 

changed in solid phase  [33,34].  Figure 6 is the diffraction patterns of β-CD, amino 

acids and the corresponding complexes. The characteristic peaks are assigned at 

12.43, 14.71, 15.30, 17.06, 19.61, 21.12, 22.64, 24.33, 27.12 for β-CD,  5.87, 23.29, 

29.25, 35.36 for L-Met, 15.11, 18.01, 19.48, 24.66 for L-Pro and at 20.61, 23, 48, 

24.95, 25.46 for L-Glu respectively [34,35]. Such sharp and intense peaks of β-CD 
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and the amino acids which are suggestive of its crystalline character are shifted, 

disappeared or become less intense in complexed forms due to encapsulations of 

amino acids into the nano hydrophobic cavity of β-CD. The differences are observed 

among these patterns confirm the formation of new solid phase [36, 37].  

 

 

 

Figure 6.  Powder X-ray diffraction pattern of (a) β-CD, (b) methionine (Met), (c) 
proline (Pro), (d) glutamine(Glu), (e) β-Cyd: Met, (f) β-CD: Pro and (g) β-CD: Glu  (1:1 
molar ratio) inclusion complex. 

 

IX.5. CONCLUSION 

Inclusion complexes between β-cyclodextrin and the selected amino acids are 

formed successfully in solution phase with 1:1 stoichiometry ratio which has been 

confirmed by surface tension, 1H NMR study. The amino acids-β-CD interactions 
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have been explained by density measurement. The group contributions to ϕvo 

facilitated to understand the proper interactions between the host and guest. The 

results come from PXRD suggest that the selected guest molecules monomer formed 

ICs with nano hydrophobic core of β-CD effectively. The aim of this work is to apply 

these three amino acids in complexed form by using β-CD in liquid medium in the 

field of controlled delivery systems. 
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