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Abstract The structure of reconstructed Ir(110)-(1X2) is reanalyzed by
Low-Energy Electron Diffraction. In addition to wider
variations of the missing-row model, the Bonzel-Ferrer
(sawtooth) model and related structures are examined. The
missing-row model remains the favorite, virtually unchanged
in all respects from an earlier LEED study. But the sawtooth

model cannot be excluded as a possible structure.

Much work has been performed on the structure of the (1X2) reconstructions
of the clean Ir, Pt and Au(110) surfaces, which are believed to be mutually
similar. Several models have been discussed, foremost of which is the
missing-row model, cf. Figure 1. Also prominent is the "sawtooth" model of
Bonzel and Ferrer (1), cf. Figure 2. Early LEED work on Ir(110) (2, 3)
clearly favored the missing-row model over several other models, but did
not‘consider the sawtooth model, which was proposed 1éter. LEED analyses
of the (1X2) reconstructions of Pt(110) (4, 5) and Au(110) (6, 7) were,
however, inconclusive; some of these analyses included the sawtooth model
(5, 7). The missing-row model has been clearly favored by a number of

other techniques; namely, for Ir(110), Field Ion Microscopy (8), and for
Au(110), X-ray diffraction (9), Scanning Tunneling Microscopy (10),
High-Resolution Electron Microscopy (l1) and High-Energy Ion Scattering
(12). Atom diffraction done on Pt(110) cannot easily distinguish between
the missing-row and the sawtooth models, but rules out many other models
(13, 15). Total-energy calculations do strongly favor the missing-row
model over the sawtooth model for Ir(110) (16), Pt(110) (16) and Au(110)

(16, 17).



The theory-experiment agreement {n the previous LEED study (2, 3) for
Ir(110)-(1X2) was far superior to the case of Pt(110) (4, 5) and Au(110)

(6, 7). Also, good theory-experiment agreement was obtained (lg) for
Ir(110)-c(2X2)0. Therefore, the Ir(110) surface presents the most favorable
case for solving the structure by LEED. Since our previous work (gﬁ 3) did
not consider the sawtooth model or large relaxations within the missing-row
model (large expansions are suggested by results on Au(110) (9, 11, 12)),

we here extend the LEED study for Ir(110) to these structures. At the same
time, we consider a few alternate models inspired by the sawtooth model;

namely, the "hollow-on-facet" and "ridge" models, defined below.

In the missing-row model shown in Figure 1, we wvary the two topmost layer
spacings and the lateral position of the sécond-]ayer atoms (while main-
taining two mirror planes perpendicular to the surface). In the sawtooth
model shown by position A in Figure 2, the geometrical position of the top-
layer atom is varied in two different schemes as indicated by A; and Az in
Table 1. 1In the A,-sawtooth model, the top-layer atom is moved perpen-
dicularly to the (110) surface while remaining directly over a third-layer
atom. In the Aj-sawtooth model, the top-layer atom is moved perpen-
dicularly to the (111) facet over a hollow site formed by two second-layer
atoms and one third-layer atom. The hollow-on-facet model, as indicated by
position B in Figure 2, is similar to the A -sawtooth model, but uses a
different hollow site on the (111) facets: the top-layer atom moves per-
pendicularly to the (111) facet over a hollow site forﬁed by one second-

layer atom and two third-layer atoms. In the ridge model, as indicated by
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position C in Figure 2, the top-]éyer atom is located on a bridged site of
the ridge. A detailed summary of the geometrical parameters used in the

different models is presented in Table 1,

We have used the same set of experimental LEED [-V curves, theoretical
methods and non-structural parameters as in our previous work (2, 3).
However, this time, five R-factors and their average are used, which
include the Zanazzi-Jona R-factor used previously and the Pendry R-factor.
These are the R-factors ROS, R1, R2, RRZJ and RPE which were already
applied in a number of LEED analyses (19). Our structural selection is

based on minimizing the average over the five R-factors.

The best five R-factor averages for each model are summarized in Table 2.
The missing-row model with a topmost interlayer spacing of 1.20 + 0.10 &
and a bu]k-]ike second layer (and an inner potential of 9 eV) is the best
model among all those we have conéidered (this spacing corresponds to a
12 + 5% contraction relative to the bulk interlayer spacing of 1.3585 R).
These optimum parameter values are nearly identical to our previous
published results (gj 3). However, there remains considerable room for
improvement. On the other hand, the sawtooth model of Bonzel and Ferrer
performs nearly as well and thus we are not able to rule out this model.
The Zanazzi-Jona, Pendry and 5-R-factor-average values are 0.30, 0.66 and
0.29 for our best missing-row model, and 0.32, 0.56 and 0.31 for our best
sawtooth model, respectively. By contrast, the hollow-on-facet and ridge
models are much worse. Averaged R-factor contour plots are presented in
Figures 3 and 4 for the missing-row and sawtooth models, respectively, to

illustrate the sensitivity to the main structural parameters.



4

In conclusion, the missing-row model remains the most likely for

Ir(110)-(1X2) based on.LEED. But we cannot exclude the sawtooth model for
Ir(110). Also, we see no evidence for a large top-layer expansion (~ 0.5A)

in the missing-row model for Ir(110), contrary to such conc]usions.for Au(110)
obtained with other techniques (9, 11, lZ)~ In addition, parallel displace-

ment greater than 0.2 A in the second layer is not observed.



4

10.

11.

12.

13.

14,

15.

16.

17.

5

REFERENCES

H. P. Bonzel and S. Ferrer, Surface Sci. 118, L263 (1982).

C.-M. Chan, M, A. Van Hove, W. H. Weinberg, and E. D. Williams, Solid
State Commun. 30, 47 (1979).

C.-M. Chan, M., A. Van Hove, W. H., Weinberg, and E. D. Williams, Surface
Sci. 91, 440 (1980).

D. L. Adams, H. B. Nielsen, M.,A. Van Hove and A. Ignatiev, Surface
Sci. 104, 47 (1981).

K. Miller, private communication.

W. Moritz and D, Wolf, Surface Sci. 88, L29 (1979); J. R. Noonan and H.
L. Davis, J. Vac. Sci. Techol. 16, 587 (1979).

H. L. Davié, private communication.
J. D. Wrigley and G. Ehrlich, Phys. Rev. Letters 44, 661 (1980).
I. K. Robinson, Phys. Rev. Letters 50, 1145 (1983).

G. Binnig, H. Rohrer, Ch, Gerber, and E. Weibel, Surface Sci. 131,
L379 (1983).

L. D. Marks, Phys. Rev. Letters 51, 1000 (1983).

S. H. Overbury, W. Heiland, D. M. Zehner, S. Datz and R. S. Thoe,
Surface Sci. 109, 238 (1981); Y. Kuk, L. C. Feldman and I. K.
Robinson, Surface Sci. 138, L168 (1984).

K. H. Rieder, T. Engel and N. Garcia, Proc. 4th ICSS - 3rd ECOSS,
Suppl. "Le Vide Les Couches Minces" No. 201, p. 861 (1980).

M. Manninen, J. K. Norskov and C. Omrigar, Surface Sci. 119, L393
(1982).

A. M. Lahee, W. Allison, R. F. Willis, K. H. Rieder, Surface Sci. 126,
654 (1983).

D. Tomanek, H. J. Brocksch and K. H. Bennemann, Surface Sci. 138, L129
(1984); H. J. Brocksch and K. H. Bennemann, in Proc. First Interna-
tional Conference on the Structure of Surfaces, “"The Structure of
Surfaces" eds. S. Y. Tong and M, A. Van Hove, Springer Series in
Chem. Phys. Vol XX (1985), p. xxx.

T. Takai, T. Halicioglu and W. A. Tiller, First International
Conference on the Structure of Surfaces, University of California,
Berkeley, L6 (1984).



REFERENCES (continued)

18. C.-M. Chan, K. L. Luke, M. A. Van Hove, W. H. Weinberg and S. P.
Withrow, Surface Sci. 78, 386 (1978),

19. M. A. Van Hove and R. J. Koestner, Proc. Conf. on Determination of
Surface Structure by LEED, Plenum Press (New York) 1984; R. J.
Koestner, M. A. Van Hove and G. A. Somorjai, Surface Sci. 107, 439

(1981).



[t 4

Table 1:

Model*
Missing-row
Missing-row with
row pairing

A1 Sawtooth

A, Sawtooth

B Hollow-on-Facet

C Ridge

A, = The top-layer atom

he
N
"

The top-layer atom
(111) facet formed

B = The top-layer atom
(111) facet formed

C = The top-layer atom

Summary of the Geometrical

Parameters Used in Different Models

is

is
by

is
by

is

Range of Geometrical Increment in the
Variables, A Variables, A
d, = 0.6585 to 1.9885 0.07
d; = 0.8585 to 1.7585 0.1
d, = 0.8585 to 1.7585 0.1
- _
—— = 1.5212 to 2.7212 0.2
dy = 1.1485 to 1.4985 0.07
d, = 1.0788 to 1.6385 0.07
2 = 2.3094 to 3.1925 0.07
d, = 1.0788 to 1.6385 0.07
2 = 2.3094 to 3.1925 0.07
d, = 0.6585 to 1.9885 0.07

sitting on top of a third-layer atom.

sitting in a hollow site perpendicularly to the
two second-layer atoms and one third-layer atom.

sitting in a hollow site perpendicularly to the
one second-layer atom and two third-layer atoms.

sitting on the short-bridged site of the ridge.

d,; = The spacing between the first and second layers of atoms.

d, = The spacing between the second and third layers of atoms.

B = The change in inter-row spacing in the second layer of atoms, referred

to the bulk.

2 = The bond length between atoms in the top Tayer and atoms in the
nearest (111) facet.

*(See Figures 1-and 2)



Table 2:

Model

Missing-row

Missing-row
with row pairing

A, Sawtooth

A, Sawtooth

B Hollow-on-Facet

C Ridge

8

A Summary of the R-Factor Analysis

Geometrical

Parameters, A

d,

1.2007

1.1772
1.3585

1.9212

1.1485
1.4285

1.1505
0.0000

1.7740

= 1.4285

1.1060
0.0000
2.7033

1.4285

Vo’ eV

9

10

10

10

Averaged
R-Factor

0.2829

0.2872
(see Figure 3)

0.3125

0.3069
(see Figure 4)

0.3768

0.3920



FIGURE CAPTIONS

Figure 1 (a), (b) Top and side views of a hard-sphere representation of

Figure 2 (a)

Figure 3

Figure 4

the missing-row model.

The geometrical parameters used in the missing-row model
where a = 3.84A& is the bulk-1like spacing between rows of

atoms in the [001] crystallographic direction.

Top view of a hard-sphere representation of several models.
Site A is the sawtooth model; Site B is the hollow-on-facet
model; and Site C is the ridged model.,

side
The correspondingAview of (a).
Contour plot of the average of five R-factors as a function

of d; and d, for the missing-row model with g = 3.8424},

Contour plot of the average of five R-factors as a function

of 2 and d, for the A,-sawtooth model.
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(a) TOP VIEW

(b) SIDE VIEW
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(a) TOP VIEW
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