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Using the mechanically controlled break junction technique at low temperatures and under cryogenic
vacuum conditions we have studied atomic contacts of several magffeti€o, and Niand nonmagnetitP?)
metals, which recently were claimed to show fractional conductance quantization. In the case of pure metals
we see no quantization of the conductance nor half quantization, even when high magnetic fields are applied.
On the other hand, features in the conductance similaffréxtiona) quantization are observed when the
contact is exposed to gas molecules. Furthermore, the absence of fractional quantization when the contact is
bridged by B indicates the current is never fully polarized for the metals studied here. Our results are in
agreement with recent model calculations.
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When a metallic wire is stretched its conductance be4G, or 1G, for magnetic or nonmagnetic metals,
comes smaller as a result of the decrease of its cross sectiamspectively.”” This will make it difficult to establish just
This process continues until the breaking of the wire, androm the conductance whether the spin degeneracy of the
just before this event takes place, the contact is formed bgonductance channels has been lifted or not. However, sev-
just one atom. In this way atomic-sized contacts between tw@ra| claims have appeared of the observation of half-integer
metallic electrodes can be formed and studied. The inStrUC()nductance guantization for both magnetic and nonmag-
ments that have made these studies possible are the mechaétic metal$~'° Some related results have already appeared
cally controllable break junctions and the scanning tunnelingarlier and have been discussed in Sec. 5.4 of Ref. 1. The
microscope. In both techniques the relative displacement afjaims are based on the observation of peaks in conductance
two electrodes is controlled with a resolution of a few pi- histograms at half integers of the quantum of conductance in
cometers by the use of a piezoelectric element which allowgxperiments made at room temperature. These observations
us to monitor the formation and breaking of the contact be-cannot be understood from the present know|edge of trans-
tween the two electrodes. port properties of atomic-sized contacts. Especially the claim

Properties of such atomic-sized contacts have been extegf the observation of values of conductance at half integers
sively studied during the past decader many different  of the quantum in the case of Pt and the interpretation of this
metals both magnetic and nonmagnetic. The conductance ghenomenon as a result of the lifing of the spin
these contacts can be described by the Landauer formula degeneracy seem to contradict previous theoretfcaind
experimentdf~*®work.

To further investigate this problem we have studied the
conductance of several magnetic metals, namely, Fe, Co, and
Ni and a nonmagnetic one, Pt. We have used the mechani-
where the summation is extended to all the available chareally controllable break junction technique that uses a
nels for the electrons traversing the contdGtjs a number notched wire of the metal under study, which is glued to both
between 0 and 1 for the transmission of tie channel, and sides of the notch on top of a bending beam. By bending of
Go=2€?/h the quantum of conductandassuming degen- the beam the wire is broken at the notch and with the use of
eracy of spinin terms of the electron chargeand Planck’s  a piezoelement the relative displacement of the two resulting
constanth. In the case in which the degeneracy of spinelectrodes can be controlled with a precision of a few picom-
would be removed the channels would have to be redefinedters. The first breaking of the wire is done only at 4.2 K
for each spin and each of these would carry ug G, under cryogenic vacuum in order to assure that the atomic

The number of channels available in a one-atom contact isontact is formed between clean electrode surfaces. The
determined by the valence of the metaind the transmis- break junction device remains under these conditions for the
sion of each channel is influenced by other parameters sudhll duration of the experiment. The starting purity of our
as the number of neighbors or the bond distatftEor spe-  samples was 99.998% for Pt, Fe, and Ni and of 99.99% for
cial cases ¢-type metals such as Au or INalectronic trans- Co.
port through a single atom will be due to a single channel As part of the experiments we have recorded traces of
with a transmission close to unity, but this will not be true for conductance while pulling the contacts until breakisgen
other metals where all kinds of combinations of channelsas a sudden drop of conductance to well beld@g)L Once
with different transmissions will add up to produce the totalbroken the electrodes were pushed together again until the
conductance of the atom. This is the case for transition metontact was big enough so as to assure a completely new
als with partial occupation of the orbitals and therefore atomic contact configuration. This is important in order to
they are not expected to have a one-atom conductance afoid repetitive evolution in the pulling proceSsThe pro-

G=GoX, T, (1)
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3000 : : : —— show no significant difference compared to the zero-field ex-
‘ ‘ : Fe periments. We even increased the magnetic field up to 10 T
2000 : : : 5 in the case of Co, and again no changes were observed. The
| A small changes observed in Ref. 24 when magnetizing a fixed
1000 \—/ LN atomic contact do not appear to survive in an ensemble av-
I __/ : P erage. Note that for a given contact magnetostriction can
0 . . ' have a significant effect on the contact size and configura-
0 1 2 3 4 5 . . . .
tion, but by considering conductance histograms our experi-
3000 ; - : — ment is not affected by such spurious effects.
: : : Co The present results seem to contradict those obtained in
o 2000} : : : 5 the room-temperature experiments mentioned aBove.
€ : / \'\,\, ; Moreover, if the effects reported for room temperatures were
3 1000 § /\N“‘V‘— a result of the metals being magnetic these effects should be
S : M g mag  should b
- : : : Y even be more pronounced at low temperatures. Since this is
0 . . L ' not the case we have looked for other explanations for the
0 1 2 8 4 5 observedfractiona) quantum peaks. The fact that all room-
4000 — temperature experiments are performed under atmospheres
3000 b Ni that are considerably less pure than that provided by cryo-
VA genic vacuum we are led to consider the possibility of
2000 ,\\M\Nm atomic-scale contamination of the contact by foreign atoms
1000 T or molecu_les.
I i : For Pt it has recently been shown that a controlled con-
0 i L i tamination of the break junction with Heads to the appear-
0 1 2 s 4 5 ance of a peak in the conductance histograms situated very
Conductance (2e°/h) close to 1G,.%% It was shown that this peak in the conduc-

FIG. 1. Conductance histograms for the various metals withoutance histogram corresponds to stable configurations of a
magnetic field(thin curve and when a magnetic field of 5 T was single hydrogen molecule having a single conductance chan-
applied (thick curve. The same structure was observed for everynel that is nearly perfectly transmitting. Since a hydrogen
histogram recorded on different samples for the same metals. Theolecule only allows a single channel of conductance one
conductance was measured using a dc bias voltage of 20 mV, andlay guess that when such a molecule bridges two electrodes
the histograms were constructed using 2500 traEes 1500(Co  that are fully spin polarized the conductance would be lim-
and Ni at 57 or 3000 tracesNi at 0 ). ited to 2G,. Considering that hydrogen is a rather common

contaminant it may have influenced the experiments at room
cess of contact making followed by controlled breaking wasemperature and was acting as a “filter” limiting the number
repeated a few thousand times and the traces were used @b channels to one.
build histograms of conductan®®such as those shown in In order to test this idea we have repeated the experiments
Fig. 1. All traces are included, without any selection. in the presence of a hydrogen atmosphere=df0 ® mbar.

We collected histograms of conductance for three magFor all the experiments the sample was cooled to 4.2 K for 1
netic metals(Co, Fe, and Ni, Fig. land a nonmagnetic day in cryogenic vacuum, at this stage we could reproduce
metal, Pt, which has been predicted to become magnetic inthe histograms of Fig. 1. Then the lgas was introduced and
one-dimensional atomic wire configurati®f® In agreement  the histograms changed dramatically as shown in Fig. 2. First
with  previous experiments done under similar we note that the histograms show counts at conductances
conditionst*~1621=2%he histograms for the variousmetals  below the first peakwhich we will refer to as the “back-
in this work show a prominent first peak with a value well ground”) in an amount much higher than for the clean metals
above 15, that is attributed to the conductance of single-in Fig. 1. Second, under similar conditions as for the experi-
atom contacts. Pt is discussed below and looks very similament on P{Ref. 23 the characteristic peaks for the various
with a first peak at about 1G&,. Below the first peak the magnetic metals are suppressed while a new peak appears
counts rapidly drop until we find a new rise mainly causednear 15, in the conductance histogram taken at bias voltages
by the tunneling of electrons through the vacuum barriembove about 100 mV. As argued in Ref. 23 the role of the
between the two electrodes. Note, in particular, that peaks dtigher bias voltage is to provide some local heating to
1G, and 3G, are absent. evaporate away the weakly bound excess hydrogen mol-

To test whether the relative orientation of magnetic do-ecules. The results suggest that the hydrogen-bridged con-
mains around the contacts plays any role in our results wéiguration observed for Pt is a general feature in these metals,
have repeated the same experiments in high magnetic fieldsut we have not yet attempted to confirm this by phonon
Prior to this we measured the hysteresis curves for thepectroscopy.
sample wires used in the experiments to identify the satura- A dominant conductance of@, with a hydrogen mol-
tion field, which was for all the cases below 2 T. In the ex-ecule between electrodes of Co, Ni, and Fe suggests that the
periments we used fields up to 5T, well above the saturatiogurrent is at best partially spin polarized in these atomic-
fields. The conductance histogrartibick curves in Fig. 1  sized contacts. As argued in Refs. 5-7, when there is a con-
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FIG. 3. Conductance histogram for a Pt atomic-sized contact
before(thin curve and after(thick curve intentional contamination
by CO. Although the positions of the peaks at about the first two
multiples of%G0 are suggestive of the lifting of spin degeneracy we

1500

1000

argue that the peaks reflect the typical conductance of a CO mol-
0 2 3 4 5 ecule between Pt electrodes and are not related to magnetic proper-
4000 _ ties. A bias voltage as high as 150 mV was applied in order to
— reduce the background.
3000 § § Ni + H2
2000 | /\\M-.... pearing in the conductance histogram, one B&¢ and one
\/ near 1G, (Fig. 3. The gas was introduced through a capil-
1000 | e lary heated by sending a current through a resistive wire
0 i i R — running inside the full length of the capillary. These peaks
0 2 3 4 5 behave as those from other contaminants, such asakd
Conductance (2e2/h) the positions are remarkably similar to those that would be

FIG. 2. Conductance histograms for the various magnetic metal§XP€cted for half-integer quantization. There is, however, no
in the presence of a hydrogen atmosphere. The traces were record@¥idence that could relate these peaks to magnetism. The
using a bias voltage of 20 m¥thin line) and 150 mV(thick line) peak near; Gy likely results from a stable molecular geom-
and the histograms were built from 2000 traces, except for Nigtry of CO between the metal electrodes. We would welcome
where we used 100@t 20 m\) and 3000(at 150 m\j. numerical calculations to verify this. Although we cannot

claim that the reported observations of half-integer quanta of
tribution of both spin components at the Fermi energy theconductance are all due to contamination of the contacts by
conductance is still carried by two spin channels even thougiRO, our result shows that at least there is one kind of mol-
the spin subbands may be shifted considerably in energy bgcule that would produce similar behavior. Since a direct
the exchange interaction. The same is true for Pt. We cannoelation of the observed half-integer peaks to magnetism is
exclude the possibility of a magnetic moment developing inoften not provided, we prefer to tentatively attribute the ob-
Pt atomic-sized contacts, as has been predfttetlowever, served fractional quantum peaks to adsorbed molecular spe-
its existence cannot be concluded exclusively based on thaes.
appearance of peaks at fractional conductance quanta in con- In conclusion, in contrast to previous reports on Fe, Co,
ductance histograms, as we will illustrate next. Ni, and Pt we have not detected fractional conductance quan-

We have searched for effects of other possible gas mottization at low temperatures for the same metals. Our experi-
ecules that could be present in some quantities at room tenments show that the conductance of pure metallic atomic-
peratures or in high vacuum. We performed these studiesized contacts for Fe, Co, Ni, and Pt have no significant field
again at low temperatures in a controlled atmosphere. Frordependence in the histogram-averaged conductance, and
many experiments we have found that it is easy to tellshow no peaks that can be associated with pure quantization,
whether or not some contaminants have reached the sampteagreement with recent numerical resdftéAt least part of
by just looking at the conductance histograms. In those casdbe previously reported fractional quantization may be ex-
where the contaminants reached the sample there is a largéained by the presence of foreign molecules at the surface of
contribution to the histogram for values of conductance bethe studied samples, as we have demonstrated by intentional
low 1G,. Above a certain quantity of contaminants the his-contamination of our samples. Our results support the idea
tograms have a large smooth background that decreases witiat the magnetic state of the samples is not related in a
conductance(Note the difference for the backgrounds be-simple manner to its conductance. Although the electrical
tween Fig. 1 and the thin lines in Fig).Zr'his background is current in atomic-sized conductors may be partially spin po-
reduced when increasing the applied bias voltage and notarized this is not a sufficient condition to obtain a fractional
mally when it is above 200 mV both the new peaks and backguantum of conductance for single-atom contacts. Only
ground disappear and the histograms for the bare metals avéhen the conductance is dominated by a sirsgihannel and
recovered. the exchange energy is large enough to completely block

When introducing small amounts of carbon monoxide,transport through one of the spin subchannels we will find
CO, to Pt atomic contacts we observed two new peaks apghe sought-after half-integer conductance. At the present
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time, the only experiment that probably fulfills these require- This work is part of the research program of the “Stich-
ments is the one recently reported by Sudeetwal,?® where  ting FOM,” which is financially supported by NWO. C.U.
the atomic contact is between a gold tip and a thin gold filmacknowledges support of the Spanish RanyoCajal pro-
that is deposited on top of a half-metallic ferromagnetic mangram of the MCyT. We are grateful to T.G. Sorop for mag-
ganite. netization measurements.
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