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temperature, 120 K. Therefore, we conclude 
that the formation of the 2D small polaron 
is governed by quantum dissipative process­
es such as tunneling, and the classical the­
ory is not applicable to this system. 

It is encouraging that the parameters 
extracted from the fit (legend to Fig. 5A) 
are consistent with known values for pol-
arons in other molecular solids: Erc is con­
sistent with the dynamic modulation of the 
polarization energy (—0.03 eV) for elec-
tron-phonon interaction in organic crystals, 
and E is similar to the effective formation 
energy (0.15 eV) of a molecular polaron in 
polyacene crystals (23). The lattice relax­
ation energy (Erel = Erc + E ) is compara­
ble to the localization energy Eloc (24), and 
hence, the self-trapping energy (Eq. 3) is 
small for this system. The energy of /Leo 
corresponds to an in-phase methylene rock­
ing mode of n-heptane (25). The oscillatory 
dependence of Jcst on — Ae (Fig. 5A) is 
reproduced. The first maximum corre­
sponds to the usual classical inverted region 
resulting from the intermolecular modes 
( — Ae = Erc). Subsequent maxima originate 
from a resonant effect resulting from the 
excitation of the intramolecular mode (26) 
and the interval between maxima is fico 
(see Fig. 5A). Finally, with the use of the 
above parameters and path integral theory, 
the temperature dependence of Jcst is repro­
duced with no other adjustable parameters 
(Fig. 5B). The non-Arrhenius behavior re­
sults from nuclear tunneling in the high-
frequency mode. 

Our results demonstrate that the ability 
to both time- and angle-resolve the dynam­
ics of electrons at interfaces allows a quan­
titative determination of the relaxation en­
ergies and lattice displacements associated 
with the small-polaron self-trapping pro­
cess. Our results provide an experimental 
basis for further theoretical studies. Time-
and angle-resolved TPPE is a powerful 
probe for 2D electron localization and 
should also be applicable to a wide variety 
of interfaces. 
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Photonic Channels for Quantum 
Communication 

S. J. van Enk, J. I. Cirac, P. Zoller 

A general photonic channel for quantum communication is defined. By means of local 
quantum computing with a few auxiliary atoms, this channel can be reduced to one with 
effectively less noise. A scheme based on quantum interference is proposed that iter-
atively improves the fidelity of distant entangled particles. 
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Oecurity for communication of sensitive 
data over public channels such as the Inter­
net is indispensable nowadays. Quantum 
mechanics offers the possibility of storing, 
processing, and distributing information in 
a proven secure way by exploiting the fra­
gility of quantum states and the fact that 
they cannot be cloned (1). In practice, 
many obstacles stand in the way of imple­
menting a reliable quantum network. Al­
though remarkable progress has recently 
been made experimentally in the context of 
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Technikerstrasse 25, A-6020 Innsbruck, Austria. 

quantum cryptography and computation 
(2), the presence of errors during the trans­
mission and processing of quantum infor­
mation remains as the main obstacle. In 
principle, these problems could be circum­
vented with ingenious schemes for purifying 
states (3) and correcting errors (4), because 
they allow the transmission of intact quan­
tum states even in the presence of errors. 
These "standard" methods require a large 
(in principle, infinite) number of extra 
quantum bits (qubits) to store intermediate 
information. However, in the first genera­
tions of experiments on quantum networks, 
one expects to be able to store and manip-
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ulate only a few qubits in each location. 
Thus, new methods are neecied to overcome 
the presence of errors during quantum corn- 
rnunication in small physical systems. 

Recently we proposed a physical imple- 
mentation based on cavity quantum electro- 
dynamics (QED) (5) to accomplish ideal 
transmission over a noisy channel where the 
dolninant error is due to photon absorption 
(6). We modeled photon absorption by a 
Markovian process and showed how this 
property can be exploiteci to convey intact 
uuantum information within a uuantum net- 
work composed of small physical systems. 
Although this ass~unption is restrictive, it 
shows that one has to reconsider the defini- 
tion of auantun channels. which leads to 
nonstanciarci methocis of purification and er- 
ror correction. 

In this work we define a general channel 
for communication via photons and show 
how to transmit quantum information via 
that channel. This channel is not based on 
a particular physical mociel, cioes not use the 
Markov property, and includes all possible 
errors during transmission. Moreover, in 
contrast to usual definitions of noisy quan- 
tum channels [such as the depolarizing 
channel or the erasure channel (7)], we do 
not describe the action of the channel only 
in terms of classical probabilities but allow 
for quantum interference effects. In fact, 
these quantum interferences allow one, un- 
der certain conditions, to transmit quantum 
states over channels that have so much 
noise in terms of classical probabilities that 
one would be led to believe no quantum 
information could be transmitted at all. The 
scheme we propose is baseci on "channel 
reduction," which consists of combining lo- 
cal operations and measurements with mul- 
tiple uses of the channel to reciuce the 
description to a simplified effective chan- 
nel. Using this effective channel and ex- 
ploiting quantum interference effects, we 
show how to create a perfect ciistant maxi- 
mally entangled state [Einstein-Pociolsky- 
Rose11 (EPR) pair] utilizing only three 
qubits at each location. With teleportation, 
one can then senci any unknown quantum 
state securely without distortions (8). 

To define the photonic channel, we de- 
note by 10) and ll) the states of the qubit 
that a sender, traditionally called Alice, 
transmits to the receiver Bob, and by E )  
the initial state of the environment. The 
action of the most general channel leaving 
the yubit inside its original two-dimension- 
al (2D) Hilbert space is 

l0)lE) (10)Tc2 + l1)TGl)IE) ( l a )  

1l)lE) H (lO)Tl, + 1 ) T l 1 ) E )  ( l b )  

where the operators T act on the environ- 
ment. In analogy with the definition of 

classical channels, one typic a 11,; \ c h aracter- 
izes a channel by the probability that a 
yubit is transmitted without ciistortion, as 
well as the probability of occurrence of 
certain specific errors. For example, the de- 
polarizing channel (7) assumes that with 
probability F the yubit is transmitted intact 
and with probabilities (1 - F)/3 it suffers a 
sign flip, a spin flip, or both, which are 
represented by the Pauli spin operators a,,*,> 
acting on the qubit. One usually has in 
mind a situation where the states of the 
yubit corresponci to two orthogonal polar- 
izations of a photon. Errors are changes of 
polarization, of the relative phase, or both. 
However, this ciescription of the channel 
cioes not take into account the possibility of 
photon absorption or photon emission. In 
fact, for realistic channels, photon absorp- 
tion is the dominant error, whereas the 
creation of photons in a particular given 
mode at optical frequency can be safely 
neelecteci. With this in mind, the best - 
choice for encociing information in photons 
is to assign the state 0 )  to sending no 
photon, with the simple iciea that, if one 
sends no ohoton, it cannot be absorbed. 
The state il) is chosen as one of the polar- 
ization states. Therefore, this channel acts 
as follows 

where we have omitted the initial state of 
the environment. The operator T', describes 
the disappearance of a photon of the chosen 
polarization, clue either to photon absorp- 
tion or to a polarization change. We em- 
phasize that this formulation of encoding 
and transmission (Ey. 2) incorporates more 
physical processes (that is, is more general) 
anci yet is simpler than the one using two 
polarizations (see Ey. 1). 

We must include in the description of 
the channel the fact that the photon is 
created by matter. In general, we can as- 
sume that the plloton is prociuced by mak- 
ing an atom change its internal state. We 
wish to describe this process in the most 
general fashion. We consider two atoms A 
and B belonging to Alice anci Bob, respec- 
tively. We cienote by 0 )  anci 1 )  two inter- 
nal levels of the atoms, anci by x )  any other 
level that may be involved in the process. 
As in (5),  Lve consicier a trans~nission pro- 
cess in which the sending atom will prociuce 
a photon only if it is in the state 11). Under 
icieal conditions, this photon will be ab- 
sorbed by the receiving atom, which will be 
transferreci from the state 0 )  H 1 ) .  In 
reality, there will be errors involving both 
atolns and photons. For the photons, all 
possible errors are describeci by Eq. 2. For 
the atoms, Lve only require that if the send- 

ing atom is in the state I@), then no photon 
is prociuceci; and if no photon reaches the 
receiving atom, which is in the state lo), it 
cioes not change state. Any other error can 
take place; for example, transfer of the atom 
to any other state Is). In order to keep the 
atoms in the 2D Hilbert space after the 
transmission, we optically pump the senci- 
i~ng atom to the state 10); and in the receiv- 
ing atom, we pump any state Is f 0, 1) to 
the state 10) (9) .  The states of the atolns 
undergo the following process: 

T,, TI, and T, contai~l spontaneous emis- 
sion errors, photon absorption, anci transi- 
tions to other states, followeci by repumping 
to 10); all the physics is in these formulas. A 
possible way of implementing the process 
described by Ey. 1 is to use the scheme of 
(5). In a quantum network, there might be 
other atoms entangleci with A and B. We 
emohasize that the above definition also 
applies to this situation. In the following, 
we will call a channel defined bv Ea. 3 the , 
photonic channel. The goal is thus to es- 
tablish a perfect EPR pair, using the pho- 
tonic channel. It is instructive to consider 
the channel as ciefineci in Eu. 3,  using its " 

classical definition. There are nonzero 
probabilities of errors described by the op- 
erators a, anci a_  = (a, - ia,)/2. Straight- 
forlvard application of the standard purifi- 
cation scheme to a situation with a finite 
number of atolns is not possible. 

The possibility of (error-free) local 
quantum comp~~ting allows us to reduce the 
photonic channel (Eq. 3)  to a channel 
without the absorptive term T,.  We will 
first oresent an outline of the kev idea and 
then ciescribe the process in detail. Let us 
assume that Alice has an initial arbitrary 
state in atom A (lvhich could be entangled 
with other atolns in the network). Bob has 
atom B initially in state O),. In addition, 
Alice and Bob need two and one auxiliarv 
atoms in state lo), respectively. Alice per- 
forms local ooerations with her oarticles 
and makes several trans~nissions to Bob us- 
ing the photonic channel. Bob performs 
local operations and measurements. For a 
oositive outcome of the measurement (see 
below), the mapping between the initial 
anci the final state is given by 

where the operators S act on the environ- 
ment (see below for the specific form), 
and the auxiliary atolns end up in 10). For 
the opposite outcome, we recover the ini- 
tial state of all atoms perfectly. By repeat- 
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ing the above scheme until a positive out­
come is obtained, one accomplishes the 
mapping of Eq. 4 with certainty. The 
above protocol defines an "effective chan­
nel" that is absorption free: By comparing 
Eq. 3 with Eq. 4 we see that the effective 
channel acts like the photonic channel 
but without an absorption term (Ta). In 
the following, we will call channel reduc­
tion a protocol that combines local quan­
tum computing with several transmissions 
to obtain an effective, less noisy channel. 

The proof of the channel reduction in­
volves two layers of protocols, which we 
describe here, (i) Alice applies a controlled-
NOT operation to atom A and an auxiliary 
atom, and then uses the photonic channel 
to transmit the state of this atom to B. The 
mapping of this protocol will be 

I0)AI0>B -> IO>AIO>BT0 (5a) 

I1>AI0>B .-*I1>AI1>BT1 + I l)AIO)BTa (5b) 

where the state of the auxiliary atom fac-
torizes out. Equation 5 corresponds to an 
effective channel, which will be used in 
the following, (ii) We apply a Hadamard 
transformation to atom A, followed by a 
controlled-NOT with the auxiliary atom 
Ax (which acts as a backup). Then we 
transmit the qubit A to B (at time t) 
according to Eq. 5, apply the operation 
NOT to atom A, transmit the qubit A to 
B1 (at time t') according to Eq. 5, and 
apply a NOT operation to atom A again. 
Now a measurement is performed on at­
oms B and Bl to check whether they are in 
the state I0)BI0)B : (a) If the outcome is 
"no," we perform the unitary transforma-
tion I0)BI1>B| K* I0)BI0)B and I1)BI0)B| -> 
ll)BIO)B , and measure the state of A2. If 
the outcome is I0)A , then we have Eq. 4 
with S0 = T1(t ')T0(t) and Sl = 
ToCt'JT^t), and similarly if l l ) A . Here 
T0 1( t) and T 0 1 ( t ' ) denote the environ­
ment operators acting at time t and t' (first 
and second transmission, respectively). 
(b) If the outcome is "yes," we measure the 
state of A and then swap the state of Al 

into A. If the outcome was I0)A, then one 
has 

IO)AIO)B^IO)AIO)BSa (6a) 

ll)AIO>BH*|l>A|0>BSfl (6b) 

with Sa = Ta(t')T0(t), and similarly if it is 
ll)A. This mapping is the identity, because 
the environment operator factors out. 
Therefore, we can repeat this protocol until 
we obtain a "no" in the measurement. 

We define a stationary channel as the 
one fulfilling 

T1(t')T0(t) = Tofc'mCt) (7) 

when acting on the environment. In partic­

ular, this is true if the Markovian property 
considered in our previous work (6) holds. 
In that work, photon absorption was mod­
eled with a Markovian master equation, and 
the other errors were assumed to be system­
atic (that is, the same in two subsequent 
transmissions). In the stationary limit (Eq. 
7), the channel in Eq. 4 allows for ideal 
transmission in a single try. In contrast, we 
are interested in the general case where the 
stationarity property does not apply. In par­
ticular, this will be the case where there are 
additional random errors and when a Mark­
ovian description of decoherence is ques­
tionable. In the following, we will show 
how to establish distant EPR pairs using the 
channel in Eq. 4. 

Alice and Bob repeatedly perform the 
process described below. In the Nth inter­
mediate stage, the state of particles A and B 
is a superposition of two Bell states ("right" 
and "wrong") IR>AB = I0>AI0>B + ll)All)B 

and IW>AB = I0>AI1>B + I1>AI0>B (we omit 
normalization factors of 1/V^) 

l ¥ N ) ) = IR)ABIER
(N)) + \W)AB\EW

W) (8) 

where IERW/N)) are unnormalized states of 
the environment. In order to characterize 
the quality of the state in Eq. 8, we define 
its fidelity as FN = ||IER

(N))||2. The goal is to 
increase the fidelity so that for large N the 
state of the system will tend to IR). 

Initially, Alice prepares her qubit A in 
the state I + ) A and Bob prepares his qubit B 
in I0)B. They use the channel in Eq. 4, and 
then both of them apply the local Had­
amard operation 10) :-> l+), and II) i-» I — ), 
where we have defined l±) = 10) ± II). 
They obtain Eq. 8 with \El

R^w) = 1/2(S0 ± 
St)lE), where IE) is the initial state of the 
environment. They repeatedly perform the 
following process using two auxiliary atoms 
A2 and B2. 

1) The auxiliary qubit A2 is locally 
entangled with the qubit A according to 
the transformation I0)AI0)A i-» I0)AI+)A , 
a n d l l ) A I O ) A z ^ l l ) A l - ) A / 

2) The qubit A2 is transmitted to the 
auxiliary qubit B2 according to the effec­
tive channel of Eq. 4. Then the qubit A2 is 
measured in the I±)A 2 basis. If the result 
is I— )A , one applies the unitary operation 
ll)B i-» — H)B 2 - Then one applies the 

transformation 11 )B 11 )Bi i-» — 11 )B 11 )B . 
The state after the transmission will be 

I * ( N ) > = I R ) A B ( I O > B 2 S O + I 1 ) B 2 S I ) I E R
( N » ) 

+ IW>AB(IO>B2S0-ll>B2S1)IEw
(N)> (9) 

3) The auxiliary qubit B2 is measured. If 
the outcome is l±)B , the state becomes Eq. 
8 with 

IEw
( N + 1 )> = 2 ( S ° ± S i ) I E ^ ( N ) > dOa) 

\ER,w(N+1)) = \(S0TS1)\ERtW^) (10b) 

respectively. We will denote the probability 
of these outcomes by P ± . 

We analyze how the fidelity changes 
after each step, for which we need to eval­
uate P+. To this end we define 

(So ± S,)IE) 

l|IE)||2 (11) 

This parameter gives the probability that, 
starting from a perfect EPR pair, after one 
step we obtain the outcome l±)B . To cal­
culate TT±, one needs to know the specific 
form of the operators and states at all times. 
We will estimate the change in the fidelity 
by assuming that TT± does not depend on 
IE). Using the definition of Eq. 11, we have 
P ± = TT±PN + TT=JZ(1 — EN)- Then, depend­

ing on the outcome of the measurement 
l±)B the new fidelity is 

FN4 

T T ± F K 

TT±FN + TTT(1 
(12) 

Fig. 1. Plot of the logarithm of the mean value of 
1 - FN as function of the number of steps N for 
-n\ = 0.9, 0.8, and 0.7. 

respectively. For TT+ > TT_, the outcome 
I+)B 2 increases the fidelity and occurs with 
a higher probability. Because the decrease 
in fidelity after a I — )B measurement is 
compensated for by a subsequent l+)B 

measurement, the protocol consists of a ran­
dom walk along a set of particular values of 
F, where it is more likely to go up than to go 
down, thus achieving F f 1 asymptotically. 
The process depends only on the value of 
TT+, which characterizes the effective chan­
nel; a good channel has a TT+ — 1 (for the 
stationary channel, TT+ = 1). 

We have simulated the improvement of 
the fidelity for several values of the prob­
ability TT+. In Fig. 1, we have plotted the 
logarithm of the mean value of 1 — FN as 
a function of the number of steps N for TT+ 
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1. W e  empliasi:e that  the  r e v e r e  s t~l te-  
ilient is not  true; namely, one can  liar-e SS: 
= 3 ,  17~1t a "l~ad' '  stanclarcl cliannel. C o n -  
s~i ler ,  for example, a ver!- s ~ m p l c  t t ~ y  model 
in  u h i c h  the  environment is a q~rh i t  in tlie 
i~i i t ia l  state I$),  a n ~ i  ivitli T, = 11 aiid T, = 

n . lT!~tli tlie classical iletinition o t  ,i chan-  
11el~ cine ~ ~ 1 1 1  ecisily > ~ I L I T \ ~  that  tl1ib cli:i11iiel 
cannot  proii~rce entxnglement;  suppose 
that  .%lice hLis ;lii eiitcili(ileil state o t  t\vo 
q ~ l i ~ i t s  .-\ and .Al, 1oc) , l2 )~  + I P ) ~ I  1 
and seiids the  hecaiiil q~rll i t  to the  il~rl3it 
B ot  Biil~ via i~.rcli a cliannc'l. Tlie state ,~t ter  
this traiism~ssion 11-111 lie a mireil stcite 
~ a ) , ( a i ? ) ~ ; ( Z  + ( P ) , ( P l  ) E ( l )  and there- 
fore is not e~ i t~~ i ig le i i .  Hon.ever, for tlili 
cli,lniic'l 5, = 5 ,  = n.,, and tl1erefiIre one 
can est,iblish a n  EPR plir  nritli tlie pri1cc'- 
il~rre ~iitroiluced a lxve.  BY twice ~~bi i i t !  tlie 
clia111ie1 as \\-ti prc~posed, the itate d t  the 
en~, i ronment  after both transm~ssion factor- 
izea out,  aiid therefi~re entanglement can bi. 
proiiuceil. \X71-ien S, = S,, then 7i- ( 3 ,  - 
S , ) i E ) "  = 2, n-liicli is due tt> quantum 
~nterference betneen the f ~ r s t  anil seconii 
tralislllis~ioii, u'mp the red~ictloii qclieme tit 
ELI. 4. 

\'i7e ha\-e detineL1 a pliotc~nic channel 
\\.here 0 )  is ascigiied to seiidilig n o  l ~ h o t o ~ ~  
aiid 11) is ns,igned r ~ )  sending one plioton. 
Using local iluantuin comyuting \\.it11 tliree 
, in~l t\vo ci~r~ilicirv dtco~ns 111 the t ~ r s t  ;1ni1 
\ e s o n ~ l  node. 1i.e liave reL1uced it to a n  
ahsorptli~n-tree cliannel. lX'e ha1.e propose~i 
a c l i e m e  h a d  o n  this clialiiiel that itera- 
ti\-ely improves tlie fidelity of distant EPK 
pairs, Llsing ciuantum interference hetnreen 
t \ \ - ~  t ra~is l l l ic~ons.  For a s t a t i~ )~ i ;~ rv  clianiiel. 
one obtaiils a pure EPR palr 111 a single step. 
For a general channel,  tlie tliielity ap- 
p y x l i e s  1 esl70nentially n-ltli the numller 
of steps. 
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G S J ?an E -k  J Ci ;c F Z c e r  ,P-,!s Rziz, i z i :  

A Laser Ablation Method for the Synthesis of 
Crystalline Semiconductor Nanowires 

Alfredo M. Morales and Charles M. Lieber* 

A method combining laser ablation cluster formation and vapor-liquid-solid (VLS) growth 
was developed for the synthesis of semiconductor nanowires. In this process, laser 
ablation was used to prepare nanometer-diameter catalyst clusters that define the size 
of wires produced by VLS growth. This approach was used to prepare bulk quantities 
of uniform single-crystal silicon and germanium nanowires with diameters of 6 to 20 and 
3 to 9 nanometers, respectively, and lengths ranging from 1 to 30 micrometers. Studies 
carried out with different conditions and catalyst materials confirmed the central details 
of the growth mechanism and suggest that well-established phase diagrams can be used 
to predict rationally catalyst materials and growth conditions for the preparation of 
nanowires. 

One-dimensional i 1 D) s t ructure  ivith 
nanometc'r ~liameters, s~rch ai nanot~r \~es  and 
i ~ ~ i n o \ v i r e ,  lial-e creclt potenti;il for testmg 
JIIJ ~uliiler~tan~iing ilrnilC~mentc~l concepta 
ahout the rL)les o i  ii~i~iensionalitv aliil s i x  111. 

for example, L)ptical, c'lestrical, and mecl-ian- 
~c,ll properties and fix application, r;~nginp 
fro111 pro1-e ~llicroscopy t i p  to interconnec- 
tlons in nanoelectmnic; ( 1  ). The  syntl-iesi, 
i ~ t  c1.y~t~111111e ~ c ' i l l i c ~ ~ : ~ ~ l ~ c t ~ ~ r  ~ i~~no iv i res ,  u c l i  

Si anti G e  (.?), liali1s cc~nsi,leral>le techno- 
loy~cal prom~se tc31- Je\-ice applications and 
t;>r improviny the optical properties ot these 
indirect gay materic~l.; but has been difficult 
to achieve. Several s~rccesif~rl routes for tlie 
svnthesis o t  car \~on nanotubes are 1tnLnvn 
( 3 ) $  l ~ t  tlie iiitferent i~ond i~ iy  arrangement 
ivitliln these nanotul~ei  ~ n ~ i  the difterent 
cliemistr\- o t  i a r l ~ i ~ i i  compareil n'ith Si anil 
G e  \vould require a11 altematil-e approach for 
contrc,Iling the fixmation ~ ) f  nanoivires fro111 
gas-phase reactants. Templc~re-meJinteil 
metho,l~ that use ;eolites, me~nh~.aiies, or 
nanot~rhes (4) can control proivth but ~ ~ s u a l -  
1y forin p ~ I 7 u ~ t ~ l l i i i e  material>. 

,411 approach that does iixm cr;-stalline 
~v~re l ike  5tructure.i ib \.LS gro\vtli (5, 5), In 
ivhicli a liquici 111etal clu,ter or catalyst acts 
as the energet~cally ta\-[red hire fur ahsorp- 
t i ~ n  ot gaa-phase reactants. Tlie c l ~ ~ s t e r  su- 

A i l .  "dlo.ales depa:~,ner-: of Ciie,iis:~y and CI-e--~ c;l 
E clcc_y is-.ard Lnl"ers~ty Ca-ibricge, 's41A 02'38 
LSA 
C,  ivl. -1e;eI- C e ~ a i i i e n -  cf Ci-el--I s-i, anc Ci-e1--1 cal 
E'cloc_\: a-IC d ' # ' s ~ o  i of El-g-~eer'nc_ anc A ~ ~ l i e d  Scenc- 
es, harat-d U,i,.ersS-. , C-i-iz*~dge id4 C2138. %A. 

'Tc \.~dPc~n ~ ~ " e s m i d e ~ i c e  siic, c be addressed. E-~ ia l l .  
el--~lScml~r~s.iia~-.; ci.ed1 I 

persatLirates anil pro\vs a 117 structure of the 
material; the 1on.e~ limit of the  diameter is 
generally X . 1  (*m aiiil is li~lllted 1~y the 
ll~iliiiiiulli ~11ameter o i  the l i i j~~iil  llietal cata- 
lyst, t h ;~ t  C ; I ~  be acliieveii under e q ~ ~ i l i l ~ r i ~ ~ m  
coi~di t io~is  (5). .% VLS method 11~1s heen 
used to zron- Si  n~ncin.ires liy c o ~ ~ i i ~ i e m e l i t  of 
.Au metal o n  a surface (7. 8), ;~lthougli the 
>mallest di,imeters (22 t ~ )  10J 11111) of ~iefect- 
free n a n n ~ i r e s  are still relatively large. Re- 
cently. Buhro and co-norkers have reported 
a pro1l1isiliz sol~rtion-liiluiii-solid (SLS) syn- 
thesis o t  10- tc, 12i7-iim-J1;l11iete1- 111-\I semi- 
cond~rctors (9) .  X potentla1 limitaticx~ of the 
SLS approacli, lio\ve\,er, is the req~iirement 
ot  a catalvst that ilielts 1-elon the snlveiit 
l~oilinjl point. 

lX'e report ;in approach to tlie s\-~~tl-iesis 
o t  silijlle-crystal nanon.lres that exploits la- 
ser ;~ l~ la t ion  to prepare nanometer-diameter 
cat;~lyst cluiters that sul-secl~lently detlne 
the sire of wires ~ roduce l i  bv a \lLS mech- 
anism. This approach to generating nano- 
meter-iliameter clusters is ~u~iderstooc! from 
yre\-lous studies (10. 1 1  ), anci it ~ \ ~ e r c o m e s  
the l i~l l l ta t io l~ ~i ecluilihri~~il~ cl~lster sizes in 
deterll l i i i i~~g minimum \\.Ire diameters. lX'e 
iic'1li~)nstrated this met1ioJ ~vl t l i  tlie \viitlie- 
sis o i  s~n~ le -c rys t ;~ l  Si a11ei G e  nanon.ires 
with ciiameters as amall 21s 6 and 3 nm. 
respesti\.ely, and lengths >1 I L ~ .  Gecause 
eLj~liliL1rium phasc diagrams s,in bc ~~sec l  to 
rat~onally choose catalyst m;lteri;~ls anti 
gi-on.tli co~iditions (6 )  a n ~ l  laser abla t io~i  
call be use,{ to eenerate n;~iioil~eter-si:eel 
clusters of \~irt~lally m y  material, \ye believe 
tliat our approach i ( > ~ l l i l  l ~ e  ailapteel for 
preparing nanotvlrex o i  numerous materials. 
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