
STRUCTURAL CHEMISTRY OF SOME PHASES IN THE YC-Ni-B SYSTEM 

B. C. CHAKOUMAKOS 
Solid State Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831-6393 

ABSTRACT 

NiB, monoclinic Ni4B3, Ni2B and Ni3B were prepared by arc-melting and their room- 
temperature crystal structures were refined by Rietveld analysis of neutron powder diffraction 
data. The NiB refinement is altogether new data. Although the B atoms in NiB form 
characteristic zigzag chains, the primary coordination of each atom by atoms of the other kind is 
similar and distinctively sevenfold, with one short (2.1 17 A), two intermediate (2.152 A), and 
four long (2.163 A) bonds. Other samples with stoichiometries (YC)nNi2B2, n = 3,4, did not 
yield single-phase material, but both x-ray and neutron powder diffraction suggest that the n = 4 
structure is present in both of these samples. Phase-pure samples of these homologues may 
require non-stoichiometry and a more controlled thermal history than is attainable by arc melting. 

INTRODUCTION 

The YC-Ni-B ternary section of the Y-C-Ni-B quaternary includes the new homologous 
series1, ( L Q C ) ~ ( N ~ ~ B ~ )  n = 1, 2, and a number of well-known to poorly-characterized nickel 
borides, yttrium carbides, and yttrium borocarbides (Fig. 1). To search for other homologues 
and new structural families in this chemical system, we have begun to synthesize known and 
potential phases that occur therein, and test and refine their expected structural models. The 
atomic arrangement of (YC)Ni2B2 is simply viewed as a “stuffed” derivative of the common 
layered ThCr2Si2-type structure, by inserting C atoms in the lanthanide (actinide) layer. Given 
that the parent structure-type tolerates a rich chemical diversity2-5, the derivative structure should 
as well. In addition, these compounds are built up from distinct atomic layers, consequently, 
many other related structures can be envisioned (and are being isolated6) that are composed of 
different stacking sequences of the fundamental layer modules. That it is not possible to account 
for the chemical formulas of the borocarbides in terms of the normal valences of the metals, and 
that B and C have a propensity to concatenate, only provides further latitude for theoretical 
structures. Neutron powder diffraction is an useful tool to characterize the light atom positions 
in these materials. 

EXPERIMENTAL 

Samples weighing 5 to 8 g of the nickel borides, NiB, Ni4B3, Ni2B, Ni3B, and the 
quaternary compositions (YC)nNi2B2 (n = 1, 3,4, 00) and (YC)(Ni2B2)2 were prepared by 
standard arc melting methods using a water-cooled copper hearth in a high-purity argon 
atmosphere, using Y (99.9%, Johnson Matthey), Ni (99.999%, Johnson Matthey), 1lB (99.5%, 
Eagle-Picher Industries) and graphite C (99.9995%, Johnson Matthey). The sampies were 
remelted 3 to 4 times and turned over between each melting. For all of the samples, NiB was 
used as the starting material, a large homogeneous mass of which was initially prepared by 
induction melting twice in an argon atmosphere. The sample yields were greater than 98.5% of 
the starting material weights. X-ray powder diffraction and metallography were used to assess 
the phase purity. To screen samples for superconductivity, ac susceptibility measurements were 
made using the mutual inductance method with ac signal of 200 Hz. 
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Fig. 1. The YC-B-Ni ternary section (molar quantities) of the quaternary Y-C-B-Ni showing the 
known phases as solid circles and hypothetical phases as open circles. Two homologous 
chemical series are identified by the general formulas, (YC)nNi2B2 and (YC)(Ni2mBm+l) 

Neutron-diffraction data were collected on selected samples ilsiiig the HB4 high-i€SGlUtiOfi 
powder diffractometer at the High-Flux Isotope Reactor at ORNL. This instrument has a Ge 
(1 15) monochromator which, when 28 = 80°, selects an incident neutron beam of b 1 . 4  A. The 
neutron wavelength was determined more precisely to be 1.417 A on the basis of unit cell 
refinements for the NIST Standard Reference Material Si 640a. Soller slit collimators of 12' and 
2 0  are positioned before and after the monochromator crystal, respectively. An array of 32 
equally spaced (2.7') 3He detectors, each with a 6' mylar foil collimator, can be step-scanned 
over a range of up to 40" for scattering angles between 11' and 135". The samples were placed 
in vanadium cans for data collection at 296 K over the 28 range of 11' to 135' in steps of 0.05'. 
For these data collections, the detector array was scanned in two segments to overlap 8 detectors 
per step for the middle of the pattern. Overlapping detectors for a given step serves to average 
the counting efficiency and the 28 zero-point shift for each detector. 

Structure refinements were made by the Rietveld method7 using the GSAS softwares. The 
pseudo-Voigt peak-profile function truncated at 0.3% of the peak height as described by 
Thompson et al. was used, including 8 termsg-lO. Peak asymmetry and sample displacement 
parameters were also refined. The background was defined by a cosine Fourier series with 3 
terms. The coherent scattering lengths used were: Y (7.75 fm), Ni (10.3 fm), 1lB (6.66 fm) and 
C (6.646 fm)11. To avoid extreme absorption, boron enriched in mass number 11 is necessary. 
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lntensities were corrected for the Lorentz effect. The function minimized in the least-squares 
procedure was Zwi(Yio - Yic)2, where Yio and Yic are the observed and calculated intensities at 
each step i in the pattern. The weight wi assigned to each step intensity is the reciprocal of the 
variance oi2 at the ith step and was evaluated by W j  = l/of2 = n/Yio where n is the number of 
detectors contributing to the average step intensity. The following agreement factors were 
caIculated 

Goodness-of-fit = Cwi( Yio - Yic )2/(N - P), 

where Nand P are the number of observations and adjustable parameters, respectively. 
Starting values for the structural parameters were obtained from known data for the nickel 

borides or their isostructural analogs in the case of NiB12, and models based on 
(LnC)n(Ni2B2)m1. The least-squares refinements were continued until the sum of the squared 
errors, i.e., (parameter shiftdestimated standard deviations)2, was less than 1 %. 

RESULTS & DISCUSSION 

Good quality structural refinements were determined only for the nickel borides NiB, 
monoclinic Ni4B3, NizB, and Ni3B, and YCNi2B2. Except for the latter, which has already 
been previously describedl3, structural data are given in Tables I, 11, 111, and IV. An example 
neutron powder pattern displays the least-squares fit for NiB (Fig. 2) and illustrates the typical 
low and flat background achieved with the €334 neutron powder diffractometer. The Ni4B3 
sample contained a minor unidentified impurity, which was not consistent with the known phase 
relations in the Ni-B system14, and these peaks were excluded. The Ni2B sample contained 
about 2.5 volume % of Ni3B, which was included in the refinement. 

The refined structures of these nickel borides are not significantly different from previous 
refinements made 25 years ago for Ni4B3, Ni2B, and Ni3B using single-crystal x-ray data.12 
Neutron powder data apparently is comparable in these cases. The NiB refinement is altogether 
new stmcmai data. Althmgh the B atoms in NiB form characteristic zigzag chzir?s, the primary 
coordination of each atom by atoms of the othFr kind is similar and distinctively sevenfold, with 
one short (2.1 17 A), two intermediate (2.152 A), and four long (2.163 A) bonds. 

These nickel borides illustrate the general trend of structural arrangements of the metal 
borides and borocarbides, with increasing B content the degree of concatenation (B-B bonding) 
increases.15 The arrangements of B atoms in the nickel borides are described as follows: 

orthorhombic monoclinic 
Ni3B --> Ni2B --> NiqB3-6 --> Ni4B3 --> NiB 

isolated isolated 1/3 isolated & zigzag chains zigzag chains 
213 zigzag chains B-B=1.83,1.91 A B-B=1.78 A 

B-B-BZ114" B-B-BZ112" 

The structure-type of Ni2B is that of CuA12-8, which has a distorted fluorite atomic arrangement 
with alternate Ni layers rotated by 45" relative to one another. The B atoms are situated in the 
square antiprisms formed by two square Ni groups in adjacent layers. The NiZB structure is a 
likely model for the multiple (Ni2mBm+l) layer modules in the hypothetical homologous series 
(YC)(Ni2mBm+1). Ni2B also can be used as a flux to grow large crystals of (LnC)Ni2B2.16 



Table III. Structural parameters of Ni2B at room temperature. 

I4/mcm (No. 140), a = 4.9903( 1) A, c = 4.2472( 1) A, V = 105.774(8) A3 
Rp = 8.16%, Rwp = 10.05%, X2 = 2.16. 

Table IV. Structural parameters of Ni3B at room temperature. 
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Fig. 2. Observed, calculated, and difference neutron powder-diffraction (wavelength = 1.417 A) 
profiles for NiB. The observed data are indicated by crosses, and the calculated profile is the 
continuous solid line in the same field. The short vertical lines below the profiles mark the 
positions of all possible Bragg reflections, and the bottom curve is the difference between the 
observed and calculated intensity (plotted using the same vertical scale as the observed and 
calculated profiles). 

The YC samples react rapidly with moist aii, aid produce acetylene. X-ray powdzr 
diffraction is not possible without a controlled atmosphere chamber. The neutron powder 
diffraction pattern of YC sealed under He is complicated by the presence of several polymorphs 
produced during the non equilibrium arc melting process. This YC reference pattern can be 
recognized as a major phase in the sample of (YC)nNi2B2 with n = 4 and to a lesser extent in 
the sample with n = 3. The distinctive odor of acetylene also can be used to confirm the presence 
of YC in quaternary samples. Textured sample mounts of (YC)nNi2B2 with n = 3 and 4 exhibit 
characteristic low-angle d-spacings expected for these hypothetical structures, Le., 10.5 A (n = 3) 
and 13.3 A (n = 4), modeled by the insertion of multiple NaC1-type YC layers. The 
susceptibility screening for these samples measured to 7 K indicted no superconductivity. 

The (YC)(NizB2)2 sample also produced complicated diffraction patterns for which all the 
phases present could not be identified, however, a sharp superconducting transition occurred at 
17 K, possibly due to the present of some (YC)Ni2B2. 
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