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Visualizingtheionhydrationand
transportatatomicscale

WiththesupportsfromtheNationalNaturalScienceFoundationofChina,MinistryofScienceand
TechnologyofChina,ChineseAcademyofSciences,andCollaborativeInnovationCenterofQuantum
Matter,theteamsledbyProfessorJiangYing(江颖),ProfessorXuLiMeiandProfessorWangEnGeof
theInternationalCenterforQuantum Materials (ICQM)ofPeking University,incollaboration with
ProfessorGaoYiQinoftheCollegeofChemistryandMolecularEngineeringofPekingUniversityandDr．
PavelJelínekfromtheInstituteofPhysics,theCzechAcademyofSciences,unravel,forthefirsttime,the
microscopicstructuresofNa＋ionhydratesontheNaClsurfaceanddiscoveramagicＧnumbereffectonthe
transportofionhydrate．ThisworkispublishedinNature(２０１８,５５７:７０１—７０５)．

Figure　Schematicshowingthatthe Na＋ hydrated
withthreewatermoleculesdiffusesmuchfasterthan
otherNa＋ hydrates．

Ionhydrationhasbeenstudiedformorethanonehundredyears．However,manykeyissuesarestill
underdebatesofar,suchasthewaternumberandconfigurationinthehydrationshells,theeffectof
hydratedionsonthewaterstructureanddynamics,andthemicroscopicfactorsthatgovernthetransport
ofthehydratedions．Themainreasonliesinthelackofexperimentaltools,whichcanreally“see”and
“manipulate”thehydratedionswithatomicprecision．Theresearchersfiguredoutanovelmethodto
manipulateindividualionsandwatermoleculesbyscanningtunnelingmicroscopy(STM)．Theywereable
toconstructindividualNa＋ hydratescontainingoneＧtoＧfivewatermoleculesonaNaCl(００１)surface．To
overcomethedifficultyofdisturbingtheionhydratesduringimaging,theresearchersdevelopedaweaklyＧ
perturbativeimagingtechnique,whichreliesonthe
weak highＧorder electrostatic force by noncontact
atomicforce microscopy (AFM)．Suchatechnique
yieldsthefirstＧeveratomicallyresolvedimagesofthe
Na＋ hydrates．Furthermore,theyfoundaninteresting
magicＧnumbereffect:the Na＋ hydrated withthree
water molecules diffuses one to two orders of
magnitude faster than other Na＋ hydrates (see
Figure)andeven muchfasterthanthe Na＋ inthe
dilutebulksolution．Abinitiocalculationsand MD
simulationsrevealedthatsuchhighionmobilityarises
fromthedegreeofthesymmetrymatchbetweenthe
hydrateandsubstrate．Besides,theyfoundthatthe
magicＧnumber effect applies for many saltions,
suggestingitsgenerality．

Thisworkestablished,forthefirsttime,direct
correlationbetweentheatomicstructureandtransport
mechanismofhydratedions,which maycompletely
renovatethetraditionalunderstandingofiontransport
innanofluidicsystems．Thoseresultspointoutanew
waytocontroltheiontransportinnanofluidicsystems
byinterfacialsymmetryengineering,whichisofgreat
importanceforanextremelywiderangeoftechnologically
andbiologicallyrelevantprocesses．


