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                    Abstract
A kaolinite-pyridine intercalation compound was prepared using hydrated kaolinite as an intermediate. Hydrated kaolinite having a basal spacing of 10 Å was treated with pyridine to form a well-ordered intercalation compound having a basal spacing of 12.0 Å. Infrared spectroscopy indicated the presence of hydrogen bonding between the hydroxyls of the kaolinite and the pyridine. 29Si nuclear magnetic resonance spectroscopy with cross polarization and magic-angle spinning revealed that intercalated pyridine affected the environment of silicon. The mono-substituted pyridine derivatives were also intercalated with hydrated kaolinite. On the basis of the basal spacings of the intercalation compounds and the stabilities of the derivatives between the layers, the pyridine appeared to be in an approximately perpendicular position, with the nitrogen facing the gibbsitic sheets.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Incorporation mechanisms and infrared absorption coefficients of water in MgSiO3 orthoenstatite clarified via comprehensive NMR and vibrational spectroscopic measurements, and first-principles calculations
                                        
                                    

                                    
                                        Article
                                         Open access
                                         25 March 2024
                                    

                                

                                Xianyu Xue, Masami Kanzaki, … Chris Gregson

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Introduction to Perovskites: A Historical Perspective
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2020
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Synthesis and conductivity properties of Gd0.8Ca0.2BaCo2O5+δ double perovskite by sol–gel combustion
                                        
                                    

                                    
                                        Article
                                        
                                         30 August 2015
                                    

                                

                                Rong Zhang, Yi Lu, … Peiwen Li

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Barron, P. F., Forst, R. F., Skjemstad, J. O., and Koppi, A. J. (1983) Detection oftwo silicon environments in kaolins by solid-state 29Si NMR: Nature 302, 49–50.
Article 
    
                    Google Scholar 
                

	Carr, R. M. and Chih, H. W. A. (1971) Complexes of hal-loysite with organic compounds: Clay Miner. 9, 153–166.
Article 
    
                    Google Scholar 
                

	Costanzo, P. M., Clemency, C. V., and Giese, R. F., Jr. (1980) Low-temperature synthesis of a 10-Å hydrate of kaolinite using dimethylsulfoxide and ammonium fluoride: Clays & Clay Minerals 28, 155–156.
Article 
    
                    Google Scholar 
                

	Costanzo, P. M., Giese, R. F., Jr., and Clemency, C. V. (1984a) Synthesis of a 10-Å hydrated kaolinite: Clays & Clay Minerals 32, 29–35.
Article 
    
                    Google Scholar 
                

	Costanzo, P. M., Giese, R. F., Jr., and Lipsicas, M. (1984b) Static and dynamic structure of water in hydrated kaolin-ites. I. The static structure: Clays & Clay Minerals 32, 419–428.
Article 
    
                    Google Scholar 
                

	Costanzo, P. M., Giese, R. F., Jr., Lipsicas, M., and Straley, C. (1982) Synthesis of a quasi-stable kaolinite and heat capacity of interlayer water: Nature 296, 549–551.
Article 
    
                    Google Scholar 
                

	Cumper, C. W. N. (1958) The structures of some heterocyclic molecules: Trans. Faraday Soc. 54, 1266–1270.
Article 
    
                    Google Scholar 
                

	Greene-Kelly, R. (1955) Sorption of aromatic organic compounds by montmorillonite. Part 1. Orientation studies: Trans. Faraday Soc. 51, 412–424.
Article 
    
                    Google Scholar 
                

	Jeremy, K. M., Sanders, S., Brian, K., and Hunter, K. (1987) Modern NMR Spectroscopy: Oxford University Press, Oxford, p. 29.

                    Google Scholar 
                

	Kline, C. H., Jr. and Turkevich, J. (1944) The vibrational spectrum of pyridine and the thermodynamic properties of pyridine vapors: J. Chem. Phys. 12, 300–309.
Article 
    
                    Google Scholar 
                

	Knözinger, H. (1976) Specific poisoning and characterization of catalytic active oxide surface: Adv. Catal. 25, 184–260.

                    Google Scholar 
                

	Langseth, A. and Load, R. C. (1938) Raman spectra of the deuteriated benzenes: Kgl. Danske Videnskab. Selskab. Math.-fys. Medd. 16, 85.

	Lipsicas, M., Rayathatha, R., Giese, R. F., Jr., and Costanzo, P.M. (1986) Molecular motions, surface interaction, and stacking disorder in kaolinite intercalates: Clays & Clay Minerals 34, 635–644.
Article 
    
                    Google Scholar 
                

	MacEwan, D. M. C. (1948) Complexes of clays with organic compounds: Trans. Faraday Soc. 44, 349–367.
Article 
    
                    Google Scholar 
                

	Olejnik, S., Posner, A. M., and Quirk, J. P. (1970) The intercalation of polar organic compounds into kaolinite: Clay Miner. 8, 421–434.
Article 
    
                    Google Scholar 
                

	Range, K. J., Range, A., and Weiss, A. (1968) Zur Existenz von Kaolinit-Hydraten: Z Naturforsch. 23b, 1144–1147.
Article 
    
                    Google Scholar 
                

	Raupach, M., Barron, P. F., and Thompson, J. G. (1987) Nuclear magnetic resonance, infrared, and X-ray powder diffraction study of dimethylsulfoxide and dimethylsele-noxide intercalates with kaolinite: Clays & Clay Minerals 35, 208–219.
Article 
    
                    Google Scholar 
                

	Raythatha, R. and Lipsicas, M. (1985) Mechanism of synthesis of 10-Å hydrated kaolinite: Clays & Clay Minerals 33, 333–339.
Article 
    
                    Google Scholar 
                

	Serratosa, J. M. (1966) Infrared analysis of the orientation of pyridine molecules in clay complexes: in Clays and Clay Minerals, Proc. 14th Nat. Conf., Berkeley, California, 1965, S. W. Bailey, ed., Pergamon Press, New York, 385–391.
Chapter 
    
                    Google Scholar 
                

	Theng, B. K. G. (1974) The Chemistry of Clay-Organic Reactions: Adam Hilger, London, 243–260.

                    Google Scholar 
                

	Thompson, J. G. (1985) Interpretation of solid state 13C and 29Si nuclear magnetic resonance spectra of kaolinite intercalates: Clays & Clay Minerals 33, 173–180.
Article 
    
                    Google Scholar 
                

	Thompson, J. G. and Barron, P. F. (1987) Further consideration of the 29Si nuclear magnetic resonance spectrum of kaolinite: Clays & Clay Minerals 35, 38–42.
Article 
    
                    Google Scholar 
                

	Wada, N., Raythatha, R., and Minomura, S. (1987) Pressure effects on water-intercalated kaolinite: Solid State Comm. 63, 783–786.
Article 
    
                    Google Scholar 
                

	Weiss, A. (1969) Organic derivatives of clay minerals, zeolite, and related minerals: in Organic Geochemistry, G. Eglinton and M. T. J. Murphy, eds., Springer-Verlag, Berlin, 759 pp.

                    Google Scholar 
                

	Weiss, A. and Orth, H. (1973) Zur Kenntnis der Interca-lationsverbindungen von Kaolinit, Nakrit, Dickit und Halloysit mit Pyridin-N-Oxid und Picolin-N-Oxid: Z. Natur-forsch. 28b, 252–254.
Article 
    
                    Google Scholar 
                

	Weiss, A., Thielepare, W., and Orth, H. (1966) Neue Ka-olinit-Einlagerungsverbindungen: in Proc. Int. Clay Conf, Jerusalem, 1966, Vol. 1, L. Heller and A. Weiss, eds., Israel Prog. Sci. Transl., Jerusalem, 277–293.

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Applied Chemistry, School of Science and Engineering, Waseda University, Ohkubo, Shinjuku-ku, Tokyo, 160, Japan
Yoshiyuki Sugahara, Shigeo Satokawa, Ken-Ichi Yosioka, Kazuyuki Kuroda & Chuzo Kato


Authors	Yoshiyuki SugaharaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shigeo SatokawaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ken-Ichi YosiokaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kazuyuki KurodaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chuzo KatoView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Sugahara, Y., Satokawa, S., Yosioka, KI. et al. Kaolinite-Pyridine Intercalation Compound Derived from Hydrated Kaolinite.
                    Clays Clay Miner. 37, 143–150 (1989). https://doi.org/10.1346/CCMN.1989.0370205
Download citation
	Received: 05 January 1988

	Accepted: 14 October 1988

	Published: 01 April 1989

	Issue Date: April 1989

	DOI: https://doi.org/10.1346/CCMN.1989.0370205


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Key Words
	Hydrated kaolinite
	Infrared spectroscopy
	Intercalation
	Kaolinite
	Nuclear magnetic resonance
	Pyridine
	X-ray powder diffraction








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.226.229.159
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    