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Charge density waves (CDWSs) are nonuniform distributions of (A).—~ bas ® G
electronic charge that form in the Fermi sea of metals. Along with IR XX X0
superconductivity and spin-density waves, they are one of the o e euceiy n.c;: me=> YO 4 en
fundamental broken symmetry ground states, and one or other of e 8 ¢ & Qoo 194 Coz
these competing states appears at low temperature in nearly all s ®z®; Aol
metals! The striped and checkerboard patterns of charge recently * 209 "cha, slab
observed in high-temperature superconductobeing possibly 20900 (©) G
fundamental in understanding their properties, are a form of CDW. deded
Symmetry, dimensionality, and disorder are intimately connected ° ’ ° ’ ° 8

’ . . " s @, 023
with CDWs and play a decisive role in critical phenoména. eeceo oe Gag

Therefore, understanding the underlying bonding within the CDW
itself is of fundamental interet? Solving the quantitative structure ~ Figure 1. (A) Average structure of GdCoG@e. (B) Average coordination
of CDW materials, however, is difficult due to their small amplitude around disordered Co2 and Gel/Ge2 atoms in the 3D basic structure (left);

. . ordering model for the disordered fragment (right). (C) Ordered environment
that results in very weak superlattice Bragg peaks that are not €aSYof the Co2, Gel, and Ge2 atoms in a fragment of the modulated structure.

to quantify using X-rays. Apart from a few notable succedskese Note that averaging over these two would produce a disordered picture
patterns of atomic displacements have not been widely determined.given in Figure 1B.
The square lattices formed by the late main group elements, such

as pnicogens or chalcogens, are good candidates for CDW. . .
phenomena. Tellurium square lattices, for instance, are almost'ndexed with a tetragonal cell and (b) additional vectors of much

always subject to CDW distortiohsjiving rise to polytelluride Weaker intensi_ty at positions incommensurate with the tetragonal
oligomers and anomalous electronic transport phenom8aaare Iatth_e. The lattice parameters were Ieas't-squgres réfiired the
sheets made of trielides (group 13) and tetrelides (group 14), on positions of 980 reflections and a {31)D |ndeX|*ng: a5=.4.164.8-

the other hand, are generally regarded to be stable atomic,(8) A, G = 23'774(1,4) Ag = .0'3043(123.' - The |ntens!ty
arrangements. Thus, normally intermetallics are not known to m_tegratlon and analytical absor_ptlor_1 corrections were carried out
exhibit CDW phenomena. However, new findings indicate that the with the Jana2000 prografh At first, it appeared that the crystal

germanium square lattices could also be susceptible to distortions.exmb'tecl_m(_JdUIatIon along both tre andb-directions, but the
For instance, the crystal structure of JFeGe’ shows that the true aperiodic structure actually was not of tetragonal symmetry

distortions so typical for chalcogenides may as well occur in other byt cigthorhomplc, exhibiting rgtaFlonaI pseqdpmerohedral twin-
square nets. ning!? Taking into account twinning, the original set of 91236

When studying complex intermetallics of the RE/M/Ga/Ge reflectioqs was merged according to thenfm 111) (3-+ 1)D point
system, we find plentiful examples of square nets. FOsNR¥S a- group, yielding an internaR value of 0.0678I[ = 20(1)]). The

Ge, and RECoGgGe (RE = Sm, GdJ conventional X-ray application of twin law could not unravel the disordered nature of

diffraction methods suggest the presence of ideal Ga-square nets:[he structure. The observed disorder was thus assigned to an

Electron diffraction experiments, however, show evidence for long- Incommensurate aperiodic ordering of the disordered atoms leading
range modulations which vary from compound to compound. For to vyhat appears to be a C_:DW' i

GdCoGaGe, careful X-ray diffraction experiments indicated that Figure 1 depicts Fhe dlso_rdere_d orthorhombic supstructure of
the reciprocal lattice exhibited incommensurately spaced supercellGdCQ‘XG"’b(_;'e (obtained by_lgnorlng the weak reflections due to
reflections. On the basis of these, we successfully solved the tNe modulation) and an excised fragment thereof where the Gel,

modulated structure using a superspace crystallographic approachgez' and C,OZ atgms are partially occupied (50% gagh) and located
Here we report the first example of a CDW in a square net of group at nonphysical distances to each other. Three building blocks are

13 atoms and its structural details. GdCaGa exhibits a CDW  marked out: a Gd/Ge layer, a Ga-net layer and the [GpSiab.
in the Ga square net with an unexpected pattern of short and |0ngThIS average disordered picture simply indicates that when Ge2 is
Ga—Ga distance fluctuation. present, Gel and Co2 are absent, and vice versa. As the observed

For data collection, several crystals of GdGGaGe were tested incommensurate modulation originated from an aperiodic ordering
for quality? Analyse’s of the frames revealed two sets of spots of the Co2 and Gel/Ge2 atoms and the distortion in the Ga-net,

corresponding to (a) strong intensity Bragg vectors that could be the complete_ structure solution requ!red the application of super-

space formalism® From the systematic absenc&smn{a00)00s

IMichigan State University. ) ) was identified as the probable superspace gtbipclassical model
LM.N., UMR CNRS C6502, Institut des Materiaux Jean Rouxel. with harmonic functions was employed to model the occupations

§ Institute of Physics, Academy of Sciences of the Czech Republic.
Y Northwestern University. of Co2 and Gel/Ge2 atoms.
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Figure 2. (A) Modulated, aperiodic structure of GdggGaGe viewed
down theb-axis. (B) CDW pattern in the Ga-net viewed down thaxis.

The isolated Ga atoms, zigag single-atom chains and occasional ribbons
indicated as (1), (2), and (3) respectively. A Ga3a3 distance cutoff of
2.93 A was used for the bond representation. (C) (left)-©821 and Co2

Ga3 distances (solid line) and Co2 occupancy (red line) and (right) Ge2-
Ga distances (solid line) and Ge2 occupancy (red line) as a function of the
internalt coordinate.

A fragment of incommensurately modulated structure of
GdCa-GaGe projected onto thac plane is shown in Figure 2A.
The structure is a simple ordered model for Co2(Gel) and Ge(2)
atoms, Figure 1C. Complete information on data collection and
refinement are provided in the Supporting Information Section.

A detailed consideration of the modulated structure reveals that
the layer which contains the Ga-square net shows its distortion into
sequences of isolated Ga atoms and infinite one-dimensional
polygallide entities, see Figure 2B. The distortion takes on the most
severe, bond-breaking character along dkexis direction which
is an approximately 23-fold superstructure. While in the average
substructure (Figure 2B, subcell) the -8@a interactions are of
weakly bonding to nonbonding character (2.94 A), in the super-
structure the bonding and the nonbonding interactions are clearly
distinctive. Namely, the CDW comprises a sequence of isolated
Ga atoms, zigzag single-atom chains, and occasional ribbons
indicated as (1), (2), and (3) respectively in Figure 2B. The-Ga

We seem to have discovered a new type of CDW in the
intermetallic compound GdCo@ae. To our best knowledge this
is the first example of a CDW on a Ga square net. Moreover, the
structural features revealed are unique among known CDW nets.
Such detailed information is critical to a complete understanding
of CDWs in a wide variety of chemical systems, as it is a
prerequisite to enabling and validating ab initio electronic structure
calculations on such systems. Although it is not yet clear what
causes the CDW in this case, electronic reasons are a plausible
explanation:3 In CDW systems generally the-vector is shown
to correspond to nesting features of a simplified model of the Fermi
surface. The distortion from the ideal structure leads to the so-
called CDW gap which can be probed with angle-resolved
photoemission spectroscopy and indirectly with charge-transport
measurement$.6 Whether this is also the case for GdCaGa
remains to be seen.
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Supporting Information Available: Experimental details of data
collection and refinement, tables of crystallographic data, and related
information for GdCegdGaGe. This material is available free of charge
via the Internet at http:/pubs.acs.org.
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