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                    Abstract
Direct force measurements contributed in the last years much to our understanding of the diffuse double layer of charged interfaces in electrolyte solutions. Such measurements have been performed with the atomic force microscope or the surface force apparatus. This review gives an overview over the recent studies based on force measurements with electrode surfaces. Not only bare metal electrodes but also electrodes modified by different organic layers, including electroactive films, have been studied by these techniques. Direct force measurements indicate that further effects besides classical Gouy–Chapman–Stern theory have to be taken into consideration in order to describe the force profiles. In addition to the long-range forces also the adhesion between surfaces can be tuned by potentiostatic control. New single-molecule techniques based on the atomic force microscope allow to probe the extension of polymer strands or their desorption from solid interfaces. In combination with electrochemistry, it became now possible to tune the desorption behavior of polymer strands or to measure the electromechanical coupling of motors from single strands of electroactive polymers.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2


Fig. 3


Fig. 4


Fig. 5


Fig. 6


Fig. 7



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Probing charge screening dynamics and electrochemical processes at the solid–liquid interface with electrochemical force microscopy
                                        
                                    

                                    
                                        Article
                                        
                                         20 May 2014
                                    

                                

                                Liam Collins, Stephen Jesse, … Brian J. Rodriguez

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Scanning Electrochemical Microscopy (SECM): Fundamentals and Applications
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2022
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Instrumentation
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2017
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Butt HJ, Berger R, Bonaccurso E et al (2007) Impact of atomic force microscopy on interface and colloid science. Adv Colloid Interface Sci 133:91–104
Article 
    CAS 
    
                    Google Scholar 
                

	Leckband D, Israelachvili J (2001) Intermolecular forces in biology. Q Rev Biophys 34:105–267
Article 
    CAS 
    
                    Google Scholar 
                

	Borkovec M, Papastavrou G (2008) Interactions between solid surfaces with adsorbed polyelectrolytes of opposite charge. Curr Opin Colloid Interface Sci 13:429–437
Article 
    CAS 
    
                    Google Scholar 
                

	Hugel T, Seitz M (2001) The study of molecular interactions by AFM force spectroscopy. Macromol Rapid Commun 22:989–1016
Article 
    CAS 
    
                    Google Scholar 
                

	Janshoff A, Neitzert M, Oberdorfer Y et al (2000) Force spectroscopy of molecular systems: single molecule spectroscopy of polymers and biomolecules. Angew Chem 39:3213–3237

                    Google Scholar 
                

	Friedsam C, Gaub HE, Netz RR (2006) Probing surfaces with single-polymer atomic force microscope experiments. Biointerphases 1:MR1–MR21
Article 
    CAS 
    
                    Google Scholar 
                

	Butt HJ (2003) Analyzing electric double layers with the atomic force microscope. In: Stratmann M, Bard AJ (eds) Encyclopedia of Electrochemistry. Wiley, New York, pp 225–252

                    Google Scholar 
                

	Fermin DJ (2006) Nanoscale probing of electrode surfaces by scanning force microscopy. Chimia 60:A789–A794
Article 
    
                    Google Scholar 
                

	Bard AJ, Faulkner LR (2000) Electrochemical methods: fundamentals and applications. Wiley, New York

                    Google Scholar 
                

	Finklea HO (1996) Electrochemistry of organized monolayers of thiols and related molecules on electrodes. Electroanalytical Chemistry: a series of advances 19:109–335
CAS 
    
                    Google Scholar 
                

	Bard AJ, Mirkin MV (2001) Scanning electrochemical Microscopy. Marcel Dekker, New York
Book 
    
                    Google Scholar 
                

	Amemiya S, Bard AJ, Fan FF et al (2008) Scanning electrochemical microscopy. Ann Rev Anal Chem 1:95–131
Article 
    CAS 
    
                    Google Scholar 
                

	Pashley RM, Israelachvili JN (1984) Molecular layering of water in thin-films between mica surfaces and its relation to hydration forces. J Colloid Interface Sci 101:511–523
Article 
    CAS 
    
                    Google Scholar 
                

	Israelachvili J (1992) Intermolecular and Surface Forces. Academic Press, New York

                    Google Scholar 
                

	Weisenhorn AL, Maivald P, Butt HJ et al (1992) Measuring adhesion, attraction, and repulsion between surfaces in liquids with an atomic-force microscope. Phys Rev B 45:11226–11232
Article 
    
                    Google Scholar 
                

	Levins JM, Vanderlick TK (1997) Characterization of the interface between a rough metal and smooth mica in contact. J Colloid Interface Sci 185:449–458
Article 
    CAS 
    
                    Google Scholar 
                

	Chai L, Klein J (2007) Large area, molecularly smooth (0.2 nm rms) gold films for surface forces and other studies. Langmuir 23:7777–7783
Article 
    CAS 
    
                    Google Scholar 
                

	Zeng H, Tian Y, Anderson TH et al (2008) New SFA techniques for studying surface forces and thin film patterns induced by electric fields. Langmuir 24:1173–1182
Article 
    CAS 
    
                    Google Scholar 
                

	Frechette J, Vanderlick TK (2005) Electrocapillary at contact: potential-dependent adhesion between a gold electrode and a mica surface. Langmuir 21:985–991
Article 
    CAS 
    
                    Google Scholar 
                

	Frechette J, Vanderlick TK (2005) Control of adhesion and surface forces via potential-dependent adsorption of pyridine. J Phys Chem B 109:4007–4013
Article 
    CAS 
    
                    Google Scholar 
                

	Frechette J, Vanderlick TK (2008) Making, breaking, and shaping contacts by controlling double layer forces. Ind Eng Chem Res 48:2315–2319
Article 
    
                    Google Scholar 
                

	Butt HJ, Cappella B, Kappl M (2005) Force measurements with the atomic force microscope: technique, interpretation and applications. Surf Sci Rep 59:1–152
Article 
    CAS 
    
                    Google Scholar 
                

	Senden TJ (2001) Force microscopy and surface interactions. Curr Opin Colloid Interface Sci 6:95–101
Article 
    CAS 
    
                    Google Scholar 
                

	Kappl M, Butt HJ (2002) The colloidal probe technique and its application to adhesion force measurements. Part Part Syst Charact 19:129–143
Article 
    CAS 
    
                    Google Scholar 
                

	Butt HJ (1991) Measuring electrostatic, van der Waals, and hydration forces in electrolyte solutions with an atomic force microscope. Biophys J 60:1438–1444
Article 
    CAS 
    
                    Google Scholar 
                

	Ducker WA, Senden TJ, Pashley RM (1991) Direct measurement of colloidal forces using an atomic force microscope. Nature 353:239–241
Article 
    CAS 
    
                    Google Scholar 
                

	Shi W, Giannotti M, Zhang X et al (2007) Closed mechanoelectrochemical cycles of individual single-chain macromolecular motors by AFM. Angew Chem 119:8552
Article 
    
                    Google Scholar 
                

	Erdmann M, David R, Fornof A et al (2010) Electrically controlled DNA adhesion. Nat Nanotechnol 5(2):154–159
Article 
    CAS 
    
                    Google Scholar 
                

	Hieda H, Ishino T, Tanaka K et al (1995) Analysis on electrostatic tip-sample interaction in aqueous solution under potentiostatic condition. Jpn J Appl Phys 34:595–599
Article 
    CAS 
    
                    Google Scholar 
                

	Kwon HC, Gewirth AA (2005) AFM force measurements between sam-modified tip and sam-modified substrate in alkaline solution. J Phys Chem B 109:10213–10222
Article 
    CAS 
    
                    Google Scholar 
                

	Yokota Y, Yamada T, Kawai M (2009) Force curve measurements between n-decanethiol self-assembled monolayers in inert solvent and in electrochemical environment. e-J Surf Sci Nanotech 7:731–736
Article 
    CAS 
    
                    Google Scholar 
                

	Macpherson JV, Unwin PR (2000) Combined scanning electrochemical-atomic force microscopy. Anal Chem 72:276–285
Article 
    CAS 
    
                    Google Scholar 
                

	Burt DP, Wilson NR, Weaver JMR et al (2005) Nanowire probes for high resolution combined scanning electrochemical microscopy—atomic force microscopy. Nano Lett 5:639–643
Article 
    CAS 
    
                    Google Scholar 
                

	Whitworth EM et al (2006) Scanning electrochemical microscopy: principles and applications to biophysical systems. Physiol Meas 27:63
Article 
    
                    Google Scholar 
                

	Derjaguin B, Landau LD (1941) Theory of the stability of strongly charged lyophobic sols and of the adhesion of strongly charged particles in solutions of electrolytes. Acta Phys Chim 14:633–662

                    Google Scholar 
                

	Verwey EJW, Overbeek JTG (1948) Theory of stability of lyophobic colloids. Elsevier, New York

                    Google Scholar 
                

	Frechette J, Vanderlick TK (2001) Double layer forces over large potential ranges as measured in an electrochemical surface forces apparatus. Langmuir 17:7620–7627
Article 
    CAS 
    
                    Google Scholar 
                

	Ishino T, Hieda H, Tanaka K et al (1994) Measurements of electrostatic double-layer forces due to charged functional groups on Langmuir-Blodgett films with an atomic force microscope. Jpn J Appl Phys 33:4718–4722
Article 
    CAS 
    
                    Google Scholar 
                

	Arai T, Fujihira M (1996) Effects of electric potentials on surface forces in electrolyte solutions. J Vac Sci Technol B 14:1378
Article 
    CAS 
    
                    Google Scholar 
                

	Raiteri R, Butt HJ (1995) Measuring electrochemically induced surface stress with an atomic-force microscope. J Phys Chem 99:15728–15732
Article 
    CAS 
    
                    Google Scholar 
                

	Raiteri R, Grattarola M, Butt HJ (1996) Measuring electrostatic double-layer forces at high surface potentials with the atomic force microscope. J Phys Chem 100:16700–16705
Article 
    CAS 
    
                    Google Scholar 
                

	Hillier AC, Kim S, Bard AJ (1996) Measurement of double-layer forces at the electrode/electrolyte interface using the atomic force microscope: Potential and anion dependent interactions. J Phys Chem 100:18808–18817
Article 
    CAS 
    
                    Google Scholar 
                

	Döppenschmidt A, Butt H (1999) Measuring electrostatic double-layer forces on hopg at high surface potentials. Colloid Surface A 149:145–150
Article 
    
                    Google Scholar 
                

	Barten D, Kleijn J, Duval J et al (2003) Double layer of a gold electrode probed by AFM force measurements. Langmuir 19:1133–1139
Article 
    CAS 
    
                    Google Scholar 
                

	Rentsch S, Siegenthaler H, Papastavrou G (2007) Diffuse layer properties of thiol-modified gold electrodes probed by direct force measurements. Langmuir 23:9083–9091
Article 
    CAS 
    
                    Google Scholar 
                

	Rentsch S, Pericet-Camara R, Papastavrou G et al (2006) Probing the validity of the Derjaguin approximation for heterogeneous colloidal particles. Phys Chem Chem Phys 8:2531–2538
Article 
    CAS 
    
                    Google Scholar 
                

	Chan DYC (2002) A simple algorithm for calculating electrical double layer interactions in asymmetric electrolytes: poisson-Boltzmann theory. J Colloid Interface Sci 245:307–310
Article 
    CAS 
    
                    Google Scholar 
                

	McCormack D, Carnie SL, Chan DYC (1995) Calculations of electric double-layer force and interaction free energy between dissimilar surfaces. J Colloid Interface Sci 169:177–196
Article 
    CAS 
    
                    Google Scholar 
                

	Pericet-Camara R, Papastavrou G, Behrens SH et al (2004) Interaction between charged surfaces on the Poisson-Boltzmann level: the constant regulation approximation. J Phys Chem B 108:19467–19475
Article 
    CAS 
    
                    Google Scholar 
                

	Chan D, Perram JW, White LR et al (1975) Regulation of surface potential at amphoteric surfaces during particle–particle interaction. J Chem Soc Faraday Trans 1 71:1046–1057
Article 
    CAS 
    
                    Google Scholar 
                

	Carnie SL, Chan DYC (1993) Interaction free energy between plates with charge regulation: a linearized model. J Colloid Interface Sci 161:260–264
Article 
    CAS 
    
                    Google Scholar 
                

	Raiteri R, Preuss M, Grattarola M et al (1998) Preliminary results on the electrostatic double-layer force between two surfaces with high surface potentials. Colloid Surface A 136:191–197
Article 
    CAS 
    
                    Google Scholar 
                

	Wang J, Bard AJ (2001) Direct atomic force microscopic determination of surface charge at the gold/electrolyte interface: the inadequacy of classical gcs theory in describing the double-layer charge distribution. J Phys Chem B 105:5217–5222
Article 
    CAS 
    
                    Google Scholar 
                

	Taboada-Serrano P, Vithayaveroj V, Hou CH et al (2008) Comparison between effective electrode/electrolyte interface potential and applied potential for gold electrodes. Ind Eng Chem Res 47:3525–3531
Article 
    CAS 
    
                    Google Scholar 
                

	Duval J, Kleijn J, Lyklema J et al (2002) Double layers at amphifunctionally electrified interfaces in the presence of electrolytes containing specifically adsorbing ions. J Electroanal Chem 532:337–352
Article 
    CAS 
    
                    Google Scholar 
                

	Duval JFL (2004) Electrokinetics of the amphifunctional metal/electrolyte solution interface in the presence of a redox couple. J Colloid Interface Sci 269:211–223
Article 
    CAS 
    
                    Google Scholar 
                

	Dedeloudis C, Fransaer J, Celis J-P (2000) Surface force measurements at a copper electrode/electrolyte interface. J Phys Chem B 104:2060–2066
Article 
    CAS 
    
                    Google Scholar 
                

	Hu K, Fan Bard AJ et al (1997) Direct measurement of diffuse double-layer forces at the semiconductor/electrolyte interface using an atomic force microscope. J Phys Chem B 101:8298–8303
Article 
    CAS 
    
                    Google Scholar 
                

	Miklavcic SJ, Said E (2006) Electrostatic potential and double layer force in a semiconductor-electrolyte-semiconductor heterojunction. Phys Rev E 74:061606
Article 
    CAS 
    
                    Google Scholar 
                

	Alkire RC, Kolb DM, Lipkowski J et al (eds) (2009) Chemically modified electrodes. Wiley, New York

                    Google Scholar 
                

	Hu K, Chai Z, Whitesell J et al (1999) In situ monitoring of diffuse double layer structure changes of electrochemically addressable self-assembled monolayers with an atomic force microscope. Langmuir 15:3343–3347
Article 
    CAS 
    
                    Google Scholar 
                

	Love JC, Estroff LA, Kriebel JK et al (2005) Self-assembled monolayers of thiolates on metals as a form of nanotechnology. Chem Rev 105:1103–1169
Article 
    CAS 
    
                    Google Scholar 
                

	Schweiss R, Welzel PB, Werner C et al (2001) Dissociation of surface functional groups and preferential adsorption of ions on self-assembled monolayers assessed by streaming potential and streaming current measurements. Langmuir 17:4304–4311
Article 
    CAS 
    
                    Google Scholar 
                

	Tian T, Zhang Y, Wang HT et al. (2009) AFM study of the evolution of double layer on SiO2 surface and self-assembly induced by the polarization with DC voltages. Surf Rev Lett 16:87–92

                    Google Scholar 
                

	Campbell SD, Hillier AC (1999) Nanometer-scale probing of potential-dependent electrostatic forces, adhesion, and interfacial friction at the electrode/electrolyte interface. Langmuir 15:891–899
Article 
    CAS 
    
                    Google Scholar 
                

	Green JB, McDermott MT, Porter MD (1996) Real time monitoring of the electrochemical transformation of a ferrocene-terminated alkanethiolate monolayer at gold via an adhesion-based atomic force microscopic characterization. J Phys Chem 100:13342–13345
Article 
    CAS 
    
                    Google Scholar 
                

	Hudson JE, Abruna HD (1996) Electrochemically controlled adhesion in atomic force spectroscopy. J Am Chem Soc 118:6303–6304
Article 
    CAS 
    
                    Google Scholar 
                

	Wang J, Bard AJ (2001) On the absence of a diffuse double layer at electronically conductive polymer film electrodes. Direct evidence by atomic force microscopy of complete charge compensation. J Am Chem Soc 123:498–499
Article 
    CAS 
    
                    Google Scholar 
                

	Wang J, Feldberg S, Bard AJ (2002) Measurement of double-layer forces at the polymer film/electrolyte interfaces using atomic force microscopy: concentration and potential-dependent interactions. J Phys Chem B 106:10440–10446
Article 
    CAS 
    
                    Google Scholar 
                

	Serafin JM, Gewirth AA (1997) Measurement of adhesion force to determine surface composition in an electrochemical environment. J Phys Chem B 101:10833–10838
Article 
    CAS 
    
                    Google Scholar 
                

	Noy A, Frisbie CD, Rozsnyai LF et al (1995) Chemical force microscopy: exploiting chemically modified tips to quantify adhesion, friction, and functional group distributions in molecular assemblies. J Am Chem Soc 117:7943–7951
Article 
    CAS 
    
                    Google Scholar 
                

	Vezenov DV, Noy A, Ashby P (2005) Chemical force microscopy: probing chemical origin of interfacial forces and adhesion. J Adhes Sci Technol 19:313–364
Article 
    CAS 
    
                    Google Scholar 
                

	Mugele F, Baret J (2005) Electrowetting: from basics to applications. J Phys Condens Matter 17:R705–R774
Article 
    CAS 
    
                    Google Scholar 
                

	Antelmi DA, Connor JN, Horn RG (2004) Electrowetting measurements with mercury showing mercury/mica interfacial energy depends on charging. J Phys Chem B 108:1030–1037
Article 
    CAS 
    
                    Google Scholar 
                

	Chatellier X, Senden TJ, Joanny JF et al (1998) Detachment of a single polyelectrolyte chain adsorbed on a charged surface. Europhys Lett 41:303–308
Article 
    CAS 
    
                    Google Scholar 
                

	Hugel T, Grosholz M, Clausen-Schaumann H et al (2001) Elasticity of single polyelectrolyte chains and their desorption from solid supports studied by afm based single molecule force spectroscopy. Macromolecules 34:1039–1047
Article 
    CAS 
    
                    Google Scholar 
                

	Friedsam C, Becares AD, Jonas U et al (2004) Polymer functionalized afm tips for long-term measurements in single-molecule force spectroscopy. Chemphyschem 5:388–393
Article 
    CAS 
    
                    Google Scholar 
                

	Friedsam C, Gaub HE, Netz RR (2005) Adsorption energies of single charged polymers. Europhys Lett 72:844–850
Article 
    CAS 
    
                    Google Scholar 
                

	Radtchenko IL, Papastavrou G, Borkovec M (2005) Direct force measurements between cellulose surfaces and colloidal silica particles. Biomacromolecules 6:3057–3066
Article 
    CAS 
    
                    Google Scholar 
                

	Serr A, Netz RR (2006) Pulling adsorbed polymers from surfaces with the afm: Stick vs. Slip, peeling vs. Gliding. Europhys Lett 73:292–298
Article 
    CAS 
    
                    Google Scholar 
                

	Otero TF (2009) Soft, wet, and reactive polymers. Sensing artificial muscles and conformational energy. J Mater Chem 19:681–689
Article 
    CAS 
    
                    Google Scholar 
                

	Smela E (2003) Conjugated polymer actuators for biomedical applications. Adv Mater 15:481–494
Article 
    CAS 
    
                    Google Scholar 
                

	Hugel T, Holland NB, Cattani A et al (2002) Single-molecule optomechanical cycle. Science 296:1103–1106
Article 
    
                    Google Scholar 
                

	Zou S, Hempenius MA, Schönherr H et al (2006) Force spectroscopy of individual stimulus-responsive poly (ferrocenyldimethylsilane) chains: towards a redox-driven macromolecular motor. Macromol Rapid Commun 27:103–108
Article 
    CAS 
    
                    Google Scholar 
                

	Butt HJ (2006) Towards powering nanometer-scale devices with molecular motors: single molecule engines. Macromol Chem Phys 207:573–575
Article 
    CAS 
    
                    Google Scholar 
                

	Zou S, Korczagin I, Hempenius M et al (2006) Single molecule force spectroscopy of smart poly (ferrocenylsilane) macromolecules: towards highly controlled redox-driven single chain motors. Polymer 47:2483–2492
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
The author thanks for many interesting and fruitful discussions with H. Siegenthaler, S. Rentsch, I. Popa, V. Kuznetsov, and M. Borkovec. The author’s research on the interaction forces resulting from the potentiostatic control of electrodes has been supported by grants from the Swiss National Science Foundation (SNSF).


Author information
Authors and Affiliations
	Physical Chemistry II, University of Bayreuth, Universitätsstrasse, 95440, Bayreuth, Germany
Georg Papastavrou


Authors	Georg PapastavrouView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Georg Papastavrou.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Papastavrou, G. Combining electrochemistry and direct force measurements: from the control of surface properties towards applications.
                    Colloid Polym Sci 288, 1201–1214 (2010). https://doi.org/10.1007/s00396-010-2260-4
Download citation
	Received: 16 April 2010

	Revised: 02 June 2010

	Accepted: 28 June 2010

	Published: 24 July 2010

	Issue Date: August 2010

	DOI: https://doi.org/10.1007/s00396-010-2260-4


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
                        


Keywords
	Direct force measurements
	AFM
	Electrochemistry
	Potentiostatic control
	Diffuse layer
	Surface modification of electrodes
	Single-molecule force spectroscopy
	Polymer desorption








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.237.252.158
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    