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Abstract: 41 

 Capsaicin, a pungent molecule from red chilli is known for its therapeutic benefits. 42 

However, poor aqueous solubility coupled with inherent pungency has limited its 43 

applications. We envisaged, encapsulation of capsaicin in biocompatible MOF material 44 

derived from γ-cyclodextrin (γ-CD) to overcome solubility and pungency attributes. 45 

Encapsulation of capsaicin was accomplished via crystal growth achieved by  vapour 46 

diffusion of ethanol to synthesis solution consisting of  γ-CD, KOH and capsaicin.The 47 

accomplished MOF Caps@γ-CDMOF  was thoroughly characterized in solid state by powder 48 

X-ray diffraction (PXRD), IR, DSC, SEM and in solution by UV, fluorescence, NMR 49 

spectroscopic techniques. The encapsulation of capsaicin was found  to be  slightly higher 50 

than 3:1 (γ-CD: capsaicin ratio) in Caps@γ-CDMOF. 51 

Keywords:  52 

Encapsulation, Capsaicin, Cyclodextrin, MOF, IR, NMR 53 
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Introduction 66 

Host guest chemistry of native cyclodextrins has found many practical applications 67 

including drug delivery.
1-2

 The native cylcodextrins are randomly packed (cage structures) 68 

molecules which limits the efficient packing.
3
 On the other hand, columnar/channel structure 69 

type cyclodextrins due to disadvantages, hardly been employed in drug delivery.
4
 A new 70 

class of MOF materials derived from cyclodextrins and alkali metals offer superior 71 

advantages. The properties including porosity and  high surface area and  further, ability to 72 

control packing by choosing appropriate cyclodextrin and suitable alkali metals  has led to 73 

many applications of these MOFs.
5-6

 Among these emerging materials, γ-CDMOF is a green 74 

and biocompatible metal-organic framework (MOF). It is made from self-75 

assembly/crystallization process involving slow diffusion of methanol or grain ethanol to an 76 

aqueous solution of γ-CD and KOH. Previously, γ-CDMOF had been prepared accidently in 77 

couple of studies 
7-8

 but never had been recognised. Serendipitous discovery by Stoddart's 78 

group established γ-CDMOF’s identity and structure with an array of concrete evidences .
5-6

 79 

The structure of γ-CDMOF is composed of body centred cube(bcc), wherein each unit of bcc 80 

is formed by a cube assembled with six γ-CD molecules (γ-CD tori).
6
 Recently, γ-CDMOF 81 

has attracted considerable interest due to its striking nanoporous  attributes  and  also for 82 

well-established green method of synthesis. In particular, γ-CDMOF has been employed for 83 

the applications composed of CO2 absorption, separation of aromatics and encapsulation of 84 

several of pharma molecules .
9-13

 85 

 Chilli peppers are the widely consumed spice in tropical region. Capsaicin (8-methyl-86 

N-vanillyl-trans-6-nonenamide) (Figure 1) is the primary active principle among capsacinoids 87 

which occur in chilli pepper. It is employed as pain reliever for conditions encompassing a 88 

simple strain to arthritis, and neuropathic pain as it is a agonist for TRPV1 receptor.
14-15

 89 

Capsaicin has also been evaluated for its anti-obesity properties.
16-17 

Further, it has shown 90 
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decent anti-cancer activity.
18

 Pungency and poor aqueous solubility of capsaicin limits oral 91 

ingestion for many therapeutic applications. Few studies have been carried out on 92 

encapsulation of capsaicin employing polymeric matrices and inclusion complexes 93 

methodology.
19-22

  However,  work on the encapsulation of capsaicin using GRAS status 94 

green materials with new emerging MOF material derived from γ-CD has not been 95 

accomplished. Herein, we disclose synthesis of capsaicin entrapped green and biocompatible 96 

MOF material derived from γ-CD and its characterization by an array of spectroscopic 97 

techniques including IR and NMR. 98 

Experiment Section 99 

Chemicals 100 

  γ-CD ((≥98.0%) was a gift from Wacker Chemie AG India Pvt ltd. Capsaicin (≥95 101 

%)  and D2O (99.9 %) were procured from Sigma-Aldrich India. Ethanol (EtOH) (99.8%) 102 

was procured from Merck India. Solvents were used without any purification. 103 

 Characterization 104 

 NMR spectral data acquisition was accomplished on a Bruker Avance spectrometer 105 

having frequency of 500 MHz for 
1
H and 125 MHz for 

13
C. 

1
H chemical shift is referenced to 106 

internal HOD signal (4.79 ppm) and 
13

C chemical shift is referenced to external standard 107 

tetramethylsilane in D2O. FT-IR spectra was recorded on Bruker tensor II model in the 108 

frequency range 400 to 4000 cm
-1

. UV spectra was acquired utilizing Shimadzu UV1800 109 

spectrophotometer instrument. DSC data was recorded in the model DSC 1800 of Perkin 110 

Elmer in temperature range consisting of 35 ͦ C to 240 ͦ C with a heating rate 5 ͦ C per minute. 111 

Fluorescence photographs were taken in olympus B51 model (U24ND6). Powder X-ray 112 

diffraction data (PXRD) was recorded in Rigaku instrument. SEM was recorded in 113 

LEO435VP of LEO electron microscopy LTD. The γ-CD MOF was prepared via reported 114 

procedure by Forgan et al. 2012.
6
 115 
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 116 

 117 

 118 

 119 

 120 

Figure 1.  Structure of Capsaicin 121 

Synthesis of  Caps@γ-CDMOF 122 

In a round bottom flask, employing γ-CD (324 mg ,0.25 mM)  was dissolved in 5 mL 123 

of deionised water. Another solution was prepared containing capsaicin (76 mg, 0.25 mM) in 124 

2 mL of EtOH and subsequently both solutions were mixed and stirred at room temperature 125 

(30 ͦ C) for 2 hrs. Further, KOH (113 mg, 2 mM) was added and stirring was continued for a 126 

while by addition of  deionised water in an increment of 1mL till transparent solution 127 

(approx. 9-10 mL addition) was obtained. Then reaction mixture was concentrated to about 128 

10-11mL by subjecting it vacuum, subsequently it was transferred to glass vial. Further, glass 129 

vial was transferred to a beaker filled with ethanol. Then the beaker was closed by watch 130 

glass and heated to about 80° C for 5 h and subsequently, this experimental set up was left 131 

undisturbed. Crystals appeared in 2-3 days and  were collected by washing with ethanol two 132 

to three times and later air dried for a day.  Anal. Calcd for(K6C162H273O129N.48H2O 133 

(5398.13): C 36.04, H 6.89, N 0.26 (%), found: C 35.76, H 6.82, N 0.233 (%). IR (solid KBr 134 

pellet/cm
-1

): 3374(O-H), 2928(C-H stretch of CH3 and CH2), 1648(O-H bending vibrations), 135 

1420(O-H bending vibrations), 1158(O-H bending vibrations), 1518(N-H), 1336 (C-N), 136 

1080(C-O stretch), 1028(C-C stretch), 705(N-H out of plane bend).  137 

Results 138 

 Capsaicin entrapped  γ-CD MOF (Caps@ γ-CDMOF) 139 

OH

O

CH3 NH

O

CH3

CH3
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The synthesis of Caps@γ-CDMOF was accomplished  relatively faster diffusion of 140 

EtOH to aqueous solution containing γ-CD, capsaicin, and KOH as described in the 141 

experimental  section. The crystals were seen after a period of two to three days. We also  142 

made attempts to get Caps@γ-CDMOF via dipping the γ-CDMOF in capsaicin solution. 143 

However, reaction was very slow and intractable products were observed as evidenced by 
1
H 144 

NMR spectra.  145 

 146 

Figure 2:.IR spectra-red-capsaicin, green-Caps@γ-CDMOF and blue-γ-CDMOF 147 

The IR spectra (Figure 2) of Caps@γ-CDMOF revealed several distinctive bands at 148 

3374 cm
-1

 (O-H), 2928 cm
-1

 (C-H stretch of CH3 and CH2), 1648 cm
-1

, 1420 cm
-1

, 1158 cm
-1

 149 

(O-H bending vibrations), 1080 cm
-1

 (C-O stretch), 1028 cm
-1

 (C-C stretch) confirming the γ-150 

CD motif. The capsaicin encapsulation was confirmed via observation of bands at 1520 cm
-1

  151 

(in-plane bending vibration of NH), 1336 cm
-1

  (C-N), 705 cm
-1

 (N-H out of plane bend) 152 

corroborating with encapsulation capsaicin in the γ-CDMOF (Figure 2). 153 

 154 
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 158 

 159 

 160 

 161 

 162 

 163 

 164 

 165 

Figure 3:PXRD patterns of capsaicin, γ-CDMOF and Caps@ γ-CDMOF 166 

 PXRD data for Caps@ γ-CDMOF clearly indicated the retaining of crystalline nature 167 

of the MOF as majority of the reflections (2θ = 6.9, 7.3, 13.3,16.6, 22.4) were similar to 168 

PXRD pattern of γ-CDMOF and confirming the encapsulation of capsaicin in the γ-CDMOF 169 

(Figure 3). Further, DSC data (Figure 4) revealed the absence of endothermic peak 170 

corresponding to melting of capsaicin confirming the encapsulation of capsaicin in the MOF 171 

structure. Furthermore, morphology of the crystals of γ-CDMOF by SEM studies (Figure 7) 172 

revealed that, they are cubic and are similar to the native γ-CDMOF. The 
1
H NMR spectra 173 

pointed out the encapsulation via observation of well defined peaks due to capsaicin and γ-174 

CD. Specifically, 
1
H NMR revealed distinct chemical shifts for capsaicin suggesting the two 175 

different chemical environments around capsaicin (Figure 8). The encapsulation of capsaicin 176 

in γ-CDMOF was also confirmed by fluorescence spectrum (Figure 5) and  UV (Figure 6) 177 

spectra recorded in H2O. Fluorescence microscope image revealed the entrapment of 178 

capsaicin in γ-CDMOF (Figure 7). 179 
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 180 

Figure 4: DSC data of    Caps@γ-CDMOF 181 

 182 

 183 

 184 

 185 

 186 

 187 

 188 

 189 

 190 

 191 

 192 

Figure 5: Fluorescence spectrum of  Caps@γ-CDMOF 193 
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 196 

 197 

 198 

 199 

 200 

 201 

 202 

 203 

Figure 6: UV spectrum for capsaicin( red) Caps@γ-CDMOF (blue) 204 

 205 

Discussion  206 

The material γ-CDMOF  is derived from γ-CD having eight glucose units and bears 207 

higher symmetry consisting of C8, C4 and C2 axis. The  γ-CDMOF structure is characterized 208 

by body entered cubic units, wherein each  unit is formed by nano cubic unit of (γ-CD)6 tori. 209 

In turn each γ-CD)6 tori is connected by K
+ 

 which is co-ordinated to eight glucopyronosyl 210 

units On the other hand, γ-CDMOF is derived from γ-CD having eight glucose units and 211 

bears higher symmetry consisting of C8, C4 and C2 axis. γ-CD MOF structure is characterized 212 

by   body entered cubic units, wherein each  unit is formed by nano cubic unit of (γ-CD)6 tori. 213 

In turn each γ-CD)6 tori is connected by K
+ 

 which is co-ordinated to eight glucopyronosyl 214 

units along with hydrophilic structural feature. The 
1
H NMR  spectroscopy  clearly revealed 215 

that (Figure  8)  capsaicin is encapsulated in two different chemical environment as evidenced 216 

by different chemical shift of methyl and aromatic protons and NH proton.  217 

 218 
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 219 

 220 

 221 

 222 

 223 

A      B 224 

Figure 7.  (A)Fluorescence  image  of  Caps@γ-CDMOF (B) SEM picture of   Caps@γ-225 

CDMOF 226 

 227 

The usual chemical equivalence of methyl group of capsaicin was lost and two doublets of 228 

doublets were observed. The ratio of differently oriented capsaicin was found to be 3:1 as 229 

indicated by 
1
H NMR integration. On the other hand, comparison of NMR integration of 230 

anomeric protons of γ-CD and methyl of dominant capsaicin revealed 3:1 ratio  for γ-231 

CD:capsaicin. As γ-CDMOF  is composed  of  cubic  (γ-CD)6 tori,  each  tori was found to be  232 

encapsulated with  two capsaicin molecules. Further, we attribute that less prevalent capsaicin 233 

is encapsulated in the window channels of 0.78 nm. Because of two different destinations of 234 

encapsulation, the total approximate encapsulation  ratio of CD to capsaicin was  found to be 235 

3:1.33 in Caps@γ-CDMOF.   236 
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 237 

Figure 8.  
1
HNMR spectrum of  Caps@γ-CDMOF 238 

Conclusions 239 

  Entrapment of capsaicin in the MOF derived from  γ-cyclodextrin is  demonstrated by  240 

employing an array of  solid state and spectroscopic techniques. In particular, NMR  has  241 

revealed the  physical  insight  on the  entrapment in  MOF in two chemical environment. 242 
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Capsaicin, a pungent molecule from red chilli is known for its  therapeutic benefits.

However,  poor  aqueous  solubility  coupled  with  inherent  pungency  has  limited  its

applications.  We  envisaged,  encapsulation  of  capsaicin  in  biocompatible  MOF  material

derived  from  γ-cyclodextrin  (γ-CD) to  overcome  solubility  and  pungency  attributes.

Encapsulation  of  capsaicin  was  accomplished  via  crystal  growth  achieved  by   vapour

diffusion  of  ethanol  to  synthesis  solution  consisting  of   γ-CD,  KOH  and  capsaicin.The

accomplished MOF Caps@γ-CDMOF  was thoroughly characterized in solid state by powder

X-ray  diffraction  (PXRD),  IR,  DSC,  SEM  and  in  solution  by  UV,  fluorescence,  NMR

spectroscopic techniques. The encapsulation of capsaicin was found  to be  slightly higher

than 3:1 (γ-CD: capsaicin ratio) in Caps@γ-CDMOF.

Keywords: 

Encapsulation, Capsaicin, Cyclodextrin, MOF, IR, NMR
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Host guest chemistry of native cyclodextrins has found many practical applications

including drug delivery.1-2 The native cylcodextrins are randomly packed (cage structures)

molecules which limits the efficient packing.3 On the other hand, columnar/channel structure

type cyclodextrins due to disadvantages, hardly been employed in drug delivery.4 A new class

of MOF materials derived from cyclodextrins and alkali  metals  offer superior advantages.

The  properties  including  porosity  and   high  surface  area  and   further,  ability  to  control

packing by choosing appropriate cyclodextrin and suitable alkali  metals   has led to many

applications of these MOFs.5-6 Among these emerging materials, γ-CDMOF is a green and

biocompatible metal-organic framework (MOF). It is made from self-assembly/crystallization

process involving slow diffusion of methanol or grain ethanol to an aqueous solution of γ-CD

and KOH. Previously, γ-CDMOF had been prepared accidently in couple of studies  7-8 but

never  had  been  recognised.  Serendipitous  discovery  by  Stoddart's  group  established  γ-

CDMOF’s identity and structure with an array of concrete evidences .5-6 The structure of γ-

CDMOF is composed of body centred cube(bcc), wherein each unit of bcc is formed by a

cube assembled with six γ-CD molecules  (γ-CD tori).6 Recently,  γ-CDMOF has attracted

considerable interest due to its striking nanoporous  attributes  and  also for well-established

green method of synthesis. In particular, γ-CDMOF has been employed for the applications

composed of CO2 absorption, separation of aromatics and encapsulation of several of pharma

molecules .9-13

Chilli peppers are the widely consumed spice in tropical region. Capsaicin (8-methyl-

N-vanillyl-trans-6-nonenamide) (Figure  1)  is  the  primary  active  principle  among

capsacinoids  which  occur  in  chilli  pepper.  It  is  employed  as  pain  reliever  for  conditions

encompassing a simple strain to arthritis, and neuropathic pain as it is a agonist for TRPV1

receptor.14-15 Capsaicin has also been evaluated for its anti-obesity properties.16-17  Further, it

has shown decent anti-cancer activity.18 Pungency and  poor aqueous solubility of capsaicin
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limits oral ingestion for many therapeutic applications. Few studies have been carried out on

encapsulation  of  capsaicin  employing  polymeric  matrices  and  inclusion  complexes

methodology.19-22  However,  work on the encapsulation of capsaicin using GRAS status green

materials with new emerging MOF material derived from γ-CD has not been accomplished.

Herein, we disclose synthesis of capsaicin entrapped green and biocompatible MOF material

derived from γ-CD and its characterization by an array of spectroscopic techniques including

IR and NMR.

Experiment Section

Chemicals

 γ-CD ((≥98.0%) was a gift from Wacker Chemie AG India Pvt ltd. Capsaicin (≥95 %)

and D2O (99.9 %) were procured from Sigma-Aldrich India. Ethanol (EtOH) (99.8%) was

procured from Merck India. Solvents were used without any purification.

 Characterization

NMR spectral data acquisition was accomplished on a Bruker Avance spectrometer

having frequency of 500 MHz for 1H and 125 MHz for 13C. 1H chemical shift is referenced to

internal  HOD signal (4.79 ppm) and  13C chemical  shift  is referenced to external standard

tetramethylsilane  in  D2O.  FT-IR spectra  was  recorded  on  Bruker  tensor  II  model  in  the

frequency range 400 to 4000 cm-1.  UV spectra was acquired utilizing Shimadzu UV1800

spectrophotometer instrument.  DSC data was recorded in the model  DSC 1800 of Perkin

Elmer in temperature range consisting of 35  C to 240  C with a heating rate 5  C per minute.      

Fluorescence  photographs  were  taken  in  olympus  B51  model  (U24ND6).  Powder  X-ray

diffraction  data  (PXRD)  was  recorded  in  Rigaku  instrument.  SEM  was  recorded  in

LEO435VP of LEO electron microscopy LTD. The γ-CD MOF was prepared via reported

procedure by Forgan et al. 2012.6
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Figure 1.  Structure of Capsaicin

Synthesis of  Caps@γ-CDMOF

In a round bottom flask, employing γ-CD (324 mg ,0.25 mM)  was dissolved in 5 mL

of deionised water. Another solution was prepared containing capsaicin (76 mg, 0.25 mM) in

2 mL of EtOH and subsequently both solutions were mixed and stirred at room temperature

(30  C) for 2 hrs. Further, KOH (113 mg, 2 mM) was added and stirring was continued for a  

while  by  addition  of   deionised  water  in  an  increment  of  1mL till  transparent  solution

(approx. 9-10 mL addition) was obtained. Then reaction mixture was concentrated to about

10-11mL by subjecting it vacuum, subsequently it was transferred to glass vial. Further, glass

vial was transferred to a beaker filled with ethanol. Then the beaker was closed by watch

glass and heated to about 80° C for 5 h and subsequently, this experimental set up was left

undisturbed. Crystals appeared in 2-3 days and  were collected by washing with ethanol two

to  three  times  and  later  air  dried  for  a  day.   Anal.  Calcd  for(K6C162H273O129N.48H2O

(5398.13): C 36.04, H 6.89, N 0.26 (%), found: C 35.76, H 6.82, N 0.233 (%). IR (solid KBr

pellet/cm-1): 3374(O-H), 2928(C-H stretch of CH3 and CH2), 1648(O-H bending vibrations),

1420(O-H  bending  vibrations),  1158(O-H  bending  vibrations),  1518(N-H),  1336  (C-N),

1080(C-O stretch), 1028(C-C stretch), 705(N-H out of plane bend). 

Results

 Capsaicin entrapped  γ-CD MOF (Caps@ γ-CDMOF)

The synthesis of Caps@γ-CDMOF was accomplished  relatively faster diffusion of

EtOH  to  aqueous  solution  containing  γ-CD,  capsaicin,  and  KOH  as  described  in  the
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experimental  section. The crystals were seen after a period of two to three days. We also

made attempts  to  get  Caps@γ-CDMOF via  dipping the  γ-CDMOF in capsaicin  solution.

However, reaction was very slow and intractable products were observed as evidenced by 1H

NMR spectra. 

Figure 2:.IR spectra-red-capsaicin, green-Caps@γ-CDMOF and blue-γ-CDMOF

The IR spectra (Figure 2) of Caps@γ-CDMOF revealed several distinctive bands at

3374 cm-1 (O-H), 2928 cm-1 (C-H stretch of CH3 and CH2), 1648 cm-1, 1420 cm-1, 1158 cm-1

(O-H bending vibrations), 1080 cm-1 (C-O stretch), 1028 cm-1 (C-C stretch) confirming the γ-

CD motif. The capsaicin encapsulation was confirmed via observation of bands at 1520 cm-1

(in-plane bending vibration of NH),  1336  cm-1  (C-N), 705  cm-1 (N-H out of plane bend)

corroborating with encapsulation capsaicin in the γ-CDMOF (Figure 2).
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Figure 3:PXRD patterns of capsaicin, γ-CDMOF and Caps@ γ-CDMOF

 PXRD data for Caps@ γ-CDMOF clearly indicated the retaining of crystalline nature

of the MOF as majority of the reflections (2θ = 6.9, 7.3, 13.3,16.6, 22.4) were similar to

PXRD pattern of γ-CDMOF and confirming the encapsulation of capsaicin in the γ-CDMOF

(Figure  3).  Further,  DSC  data  (Figure  4)  revealed  the  absence  of  endothermic  peak

corresponding to melting of capsaicin confirming the encapsulation of capsaicin in the MOF

structure. Furthermore, morphology of the crystals of γ-CDMOF by SEM studies (Figure 7)

revealed that, they are cubic and are similar to the native γ-CDMOF. The 1H NMR spectra

pointed out the encapsulation via observation of well defined peaks due to capsaicin and γ-

CD. Specifically, 1H NMR revealed distinct chemical shifts for capsaicin suggesting the two

different chemical environments around capsaicin (Figure 8). The encapsulation of capsaicin

in γ-CDMOF was also confirmed by fluorescence spectrum (Figure 5) and  UV (Figure 6)

spectra  recorded  in  H2O.  Fluorescence  microscope  image  revealed  the  entrapment  of

capsaicin in γ-CDMOF (Figure 7).
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Figure 4: DSC data of    Caps@γ-CDMOF

Figure 5: Fluorescence spectrum of  Caps@γ-CDMOF

9

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

17

18



Figure 6: UV spectrum for capsaicin( red) Caps@γ-CDMOF (blue)

Discussion 

The material γ-CDMOF  is derived from γ-CD having eight glucose units and bears

higher symmetry consisting of C8, C4 and C2 axis. The  γ-CDMOF structure is characterized

by body entered cubic units, wherein each  unit is formed by nano cubic unit of (γ-CD)6 tori.

In turn each γ-CD)6 tori is connected by K+   which is co-ordinated to eight glucopyronosyl

units On the other hand, γ-CDMOF is derived from γ-CD having eight glucose units and

bears higher symmetry consisting of C8, C4 and C2 axis. γ-CD MOF structure is characterized

by   body entered cubic units, wherein each  unit is formed by nano cubic unit of (γ-CD)6 tori.

In turn each γ-CD)6 tori is connected by K+   which is co-ordinated to eight glucopyronosyl

units along with hydrophilic structural feature. The 1H NMR  spectroscopy  clearly revealed

that (Figure  8)  capsaicin is encapsulated in two different chemical environment as evidenced

by different chemical shift of methyl and aromatic protons and NH proton. 
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A B

Figure 7.  (A)Fluorescence  image  of  Caps@γ-CDMOF (B) SEM picture of   Caps@γ-
CDMOF

The usual chemical equivalence of methyl group of capsaicin was lost and two doublets of

doublets were observed. The ratio of differently oriented capsaicin was found to be 3:1 as

indicated by  1H NMR integration.  On the other hand, comparison of NMR integration of

anomeric  protons  of  γ-CD  and  methyl  of  dominant  capsaicin  revealed  3:1  ratio   for  γ-

CD:capsaicin. As γ-CDMOF  is composed  of  cubic  (γ-CD)6 tori,  each  tori was found to be

encapsulated with  two capsaicin molecules. Further, we attribute that less prevalent capsaicin

is encapsulated in the window channels of 0.78 nm. Because of two different destinations of

encapsulation, the total approximate encapsulation  ratio of CD to capsaicin was  found to be

3:1.33 in Caps@γ-CDMOF.  

11

220

221

222

223

224

225
226

227

228

229

230

231

232

233

234

235

236

21

22



Figure 8.  1HNMR spectrum of  Caps@γ-CDMOF

Conclusions

Entrapment of capsaicin in the MOF derived from  γ-cyclodextrin is  demonstrated by

employing an array of  solid state and spectroscopic techniques.  In particular,  NMR  has

revealed the  physical  insight  on the  entrapment in  MOF in two chemical environment.
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