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WHEN WE TURN LIGHTS OFF  ....

METAL METAL

VACUUM
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Rodrigues et al.
(2000)



Kondo,
Takayanagi
(2000)



UNDERSTANDING  EVOLUTION AND 
STRUCTURE OF  NANOCONTACTS

1. PLASTIC FLOW

2. QUASI-EQUILIBRIUM NANOWIRES:
LONG LIVED MAGIC STRUCTURES

3. BREAKING



a)    THICK NWS  ARE  CRYSTALLINE:
MAGIC STRUCTURES DETERMINED BY   GOOD FACES

b)   MODERATELY THIN NWS:
ELECTRONIC SHELL CLOSING 

QUASI EQUILIBRIUM STRUCTURES: 
MAGIC

NANOWIRES

c)   ULTRA-THIN NWS  (R<10 A) :
POSSIBLE  NONCRYSTALLINE PACKINGS



●QUASI EQUIL. THICK WIRES: 
● CRYSTALLINE

Au

Kondo et al
(1997)





ULTRATHIN: PACKING INDUCED NONCRYSTALLINE Nws  
GULSEREN et al (1998)

“WEIRD”



Kondo
Takayanagi

(2000)

Prediction:
Gulseren et al (1998)

Ab initio theory:

“Weird” wires
stabilized by 
packing

Tosatti et al.
(2001)

HELICAL!

Delta N = 7 !!

77-1

11-4

13-6

14-7

15-8

(7,3)



QUASI EQUILIBRIUM  MAGIC STRUCTURES:
THEORY

THE  CONCEPT  OF  STRING  TENSION



Tosatti et al

Science 291,
288 (2001)

thinning

STRING  TENSION

RADIUS



Ab initio theory (Tosatti et al Science 291,288(2001))

1. BUILD CRUDE WIRE MODEL USING EMPIRICAL
FORCES

2.  OPTIMIZE ZERO STRESS STRUCTURE BY FIRST 
PRINCIPLES DENSITY FUNCTIONAL  CALCULATION

3.  OBTAIN  F (=  E AT T=0) AND L OF OPTIMAL
ZERO STRESS STRUCTURE 

4.  OBTAIN mu FROM  BULK CALCULATION

5.  CALCULATE STRING TENSION f, REOPTIMIZE
IN PRESENCE OF STRESS UNTIL  SELFCONSISTENT

6.  BUILD ANOTHER  WIRE MODEL, ETC







Kondo
Takayanagi

(2000)

Prediction:
Gulseren et al (1998)

Ab initio theory:

“Weird” wires
stabilized by 
packing

Tosatti et al.
(2001)

HELICAL!

∆ N = 7 !!

77,-1

11,-4

13-6

14-7

15-8

(7,3)



WHY HELICAL?

HELICAL TUBE NARROWER  AND  
LONGER

WHY  delta N = 7? 

2  pi N = 6.28 N< NR!  --> N=7

R



BREAK  JUNCTION
CONDUCTANCE
DEMONSTRATES
WIRES  TOO

RUITENBEEK et al (2003)



(2004)

T= 4.2 K

CONDUCTANCE STEP HISTOGRAMS





G < GMAX = (e^2/h) (NUP + NDOWN)



6 channels!
Au (7,3) NANOWIRE



DETECTING MAGIC NANOWIRES THROUGH CONDUCTANCE

MARES  et al (2004)



MONATOMIC  NANOWIRES



Au

E F

MONATOMIC  GOLD  WIRE



A.I. Yanson
(2000)



AA
A

Au



Monatomic wires are magic too! Theory ...

a



...AND IN EXPERIMENT



1/a (Å-1)

...BUT EXPECTED ONLY IN HEAVY METALS



Smit et al
(2001) YES

NO?

...IN AGREEMENT WITH BREAK JUNCTION EXPERIMENTS



RODRIGUES et al
(2003)

.

.

.

ALTHOUGH  THEY ARE SEEN ALSO
IN LIGHTER METALS  IN TEM DATA.



SHORT, STRESSED MONATOMIC NANOWIRES
F. PICAUD et al, Surf. Sci. 532-535, 544 (2003)

*  TOO SHORT FOR PEIERLS INSTABILITY

*  STRESS  SUPPRESSES  INSTABILITIES LIKE ZIG-ZAG 

*  LONGITUD. PHONON  PARTLY SOFTENS WITH STRESS

*  JUNCTIONS  TAKE  APPROX HALF THE STRAIN

*  TRANSV. PHONON  FREQ.  PROPORT. SQRT(STRESS)
(LIKE A GUITAR STRING)

*  BANDS  NARROW  DOWN, d-BAND MAGNETISM +
CORRELATIONS  STRONGER



OF NANOWIRES & EFFECTS ON   
CONDUCTANCE

MAGNETISM



HOW
MAGNETISM
INFLUENCES
BALLISTIC
CONDUCTANCE



Gmax = 4 Gmax = 3.5



Choi, Ihm (1999)

Smogunov, Dal Corso
Tosatti (2003)









NICKEL ,  DFT  CALCULATIONS 

SMOGUNOV, DALCORSO, ET
(2004)



G/G0= 1.6
Ni
3-atom
contact

A. Smogunov et al (2004)



(2004)

T= 4.2 K









CAN NANOWIRES  TURN 
SPONTANEOUSLY

MAGNETIC ??

Recall  Uzi Landman's lecture....



CAN Pd BECOME MAGNETIC IN NANOWIRES?

AND SO CAN Ru, Rh; AND SO CAN EVEN  Ir, Os, Pt

YES!

DELIN, TOSATTI
(2004)

A







nonmagnetic ferromagnetic
0.7 Bohr magn.

PALLADIUM ,  DFT  CALCULATIONS 

0.3 Bohr magn.
ferromagnetic



Magnetization
of  Pd
3 atom
contact

P. Gava et al (2004)



NANOMAGNETISM  AND

CONDUCTANCE



LARGE  B
ZERO  T

G= (e^2/h) Tr (T*T)
spin channels conduct
differently

ZERO   B
ZERO   T

Kondo – like problem:
spin channels conduct identically

CONDUCTANCE AND NANOMAGNETISM??

ZERO    B
LARGE  T

Kondo state  thermally destroyed, 
conductance drops
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CONCLUSIONS

NANOCONTACTS MAY THIN DOWN TO NANOWIRES 

MAGIC  NANOWIRES HAVE LONGER LIFETIMES

MONATOMIC NANOWIRES CAN BE MAGIC TOO

MAGNETISM  VS. BALLISTIC CONDUCTANCE,
EXPECT  LARGE NEGATIVE MAGNETORESISTANCE

NANOWIRES OF NONMAGNETIC TRANS. METALS
CAN TURN MAGNETIC, THAT WILL AFFECT 
CONDUCTANCE 




