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The Crystal Structure of
with Danburite

Introduction

Hurlbutite, CaBezPzOe, is a rare pegmatitic min-
eral which was first described by Mrose (1952). She
reported that the space group was Pmmm with a ,=
8.29,  b:  8.80,  and c = 7.81 A.  The fo l lowingyear
Machatschki and Stradner ( 1953 ) compared Mrose's
hurlbutite data with that of danburite and concluded
that the two minerals were isostructural. However,
Bakakin and Belov (1959) determined the strucrure
of hurlbutite and showed that despite similarities the
two minerals are not strictly isostructural. Both have
topologically identical frameworks, but pOa and
BeOa tetrahedra are in perfect alternation in hurl-
butite whereas Si2O7 and B2O7 tetrahedral groups
alternate in danburite. Furthermore, hurlbutite is
monoclinic (P21/a, € - 90') whereas danburite is
orthorhombic (Pnam). It was apparent to us upon
reviewing the structure analysis of hurlbutite that
better data were needed to provide the precise bond
lengths and angles required in an analysis of chemi-
cal bonding in this mineral.

Experimental Procedure

The hurlbutite studied is from Smith Mine, New-
port, New Hampshire, and was donated by J. E.
Arem and J. S. White. Jr. of the Smithsonian In-
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stitution. A single crystal, distinguished by its char-
acteristic pale yellow color, was picked from a matrix
of pale smoky qtartz, as was the sample studied by
Mrose (1952). A chemical analysis of hurlbutite
from Smith Mine is given by Mrose (Table 3,1952).
Precession and Weissenberg X-ray photographs were
used to verify the P21/a space group determined by
Bakakin and Belov (1959). Lattice parameters (a
=  8 . 2 9 9 ( l ) ,  b  : 8 . 7 8 2 ( 2 ) ,  c  : 7 . 7 9 8 ( 3 )  A ,  F  =

90.5") were obtained by least-squares refinement of
Picker single-crystal diffractometer data. The in-
tensity data, recorded with the diffractometer using
Nb-filtered Mo radiation, were corrected for Lorentz-
polarization effects using a program prepared by
C. T. Prewitt. However, no absorption corrections
were made because of the small size of the crystal
(0.1 x 0.1 x 0.2 mm). The resulting 980 structural
amplitudes were then submitted to the least-squares
program of Busing, Martin, and Levy (1962), using
the positional parameters reported by Bakakin and
Belov (1960) as a trial structure, atomic scattering
curves from Doyle and Turner ( 1968 ) , and a weight-
ing scheme similar to that devised by Hanson (1965).
The refinement failed to converge, but a close corre-
spondence found between 1F1171o1'"yl and 1F7,7,i1"'1"11
suggested that the z-coordinates of hurlbutite were of

J. T. LrNosrooM, G. V. Gmts, aNo P. H. RrssB

D e'partment ol G eolo gical Sciences,
Virginia Polytechnic Institute and State Uniuersity,

Blacksbur g, V irginia 2 40 6 I

Abstract

The crystal structure of hurlbutite, CaBe,P"Oe (a - 8.299 A; b - 8.782 A; c - 7.798 A;
p - 90.5'; space group P2'/a) has been refined to an R factor of 0.062. The refinement
converged only when the signs of the z-coordinates reported by Bakakin and Belov (1959)
were interchanged.

Hurlbutite is a framework of alternating BeOr and POn tetrahedra with Ca in an irregular
coordination polyhedron, which may be considered either 7- or 9-coordinated: (cavll - o)
- 2.469 A, (Carx -O) = 2.620 A. The mean Be-O distances are 1.620 and 1.629 A, and the
mean P-O distances are 1.527 and 1.533 A.

The trends observed between ?-O bond lengths, oxygen coordination number, and Mulliken
bond overlap populations for Be-O-+P and P-O+Be bonds in hurlbutite are similar to those
in anorthite and danburite. It is also demonstrated that the overlap populations account for
part of the extrinsic effects of the Ca atoms, even thoueh Ca was not included in the ex-
tended Hi.ickel molecular orbital calculations.
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the wrong sign and that Bakakin and Belov (1959)

had chosen an incorrect set of reciprocal lattice basis
vectors, probably because they did not detect the
small departure of B from 90'. To test this pos-

sibility, the z-coordinates of the atoms in the
asymmetric unit were changed to -z and the result-
ing parameters were submitted to least-squares re-
finement, yielding a final R-factor of 0.062. The
refined positional and thermal parameters are given
in Table 1. Using the Busing, Martin, and Levy
(1964) function and error program, the interatomic
distances, selected angles, and their associated e.s.d.'s
were computed and are presented in Table 2. The
Mulliken bond overlap populations listed in Table 2
were computed for the Z-O bonds in (?sOro)- ions
by the EHMO method summarized by Gibbs, Louis-
nathan, Ribbe, and Phillips (197 4), using the valence
orbital ionization potentials and orbital exponents
given in Table 3, clamping all Be-O bonds at 1..62 A,
all P-O bonds at 7.54 L, and using the observed
O-?-O and 7-O"7 angles.

Discussion of the Structure

The structure of hurlbutite (Fig. L ) consists of

alternating BeO+ and PO+ tetrahedra forming a
framework of 4-, 6-, and 8-membered rings analo-
gous to danburite, CaB2Si2Os, which was described
in detail and compared with the feldspar structures
by Phillips, Gibbs, and Ribbe (1974). The primary

difference between hurlbutite and danburite was
discerned by Bakakin, Kravchenko, and Belov
(1959): BeO+ and PO+ tetrahedra are ordered in
hurlbutite whereas BzOz and Si2O7 groups are ordered
in danburite (see Fig. 2).

Tesrn 1. Positional Parameters and Isotropic Temperature
Factors (B) for Hurlbutite
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There is also a difference in Ca coordination' In

danburite there are seven Ca-O distances shorter

than2.5O A and two at -3.02A; in hurlbutite there

are seven Ca-O distances shorter than 2.50 A, an

eighth at 3.087 A and a ninth ar 3.2I1A (Table 2) '

But intermediate between the eighth and ninth oxy-

gens are two Ca-? distances. The question thus arises

as to the coordination number of Ca. A 7-fold co-

ordination model is more consistent with structurally

similar danburite, anorthite, reedmergnerite and

albite, as indicated by the strong correlation between

Tesrs 3. Valence Orbital Ionization Potentials (VOIP)

and Orbital Exponents (3) for Be, P, and O
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mean Ca-O and Na-O bond lengths and the isotropic
temperature factors for the 7-coordinated Ca and Na
atoms in these structures (Fig. 3). If nothing more,
this correlation indicates that the nearest-neighbor
oxygens control the magnitude of the apparent
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"thermal" vibration parameter. On the other hand,
just as the 9-fold coordination model was more satis-
fying in terms of explaining mean Si-O and B-O
bondJength variations in danburite as a function of
coordination number and bond overlap population

CRYSTAL STRUCTURE OF HURLBUTITE

FIc. 1. A portion of the hurlbutite structure viewed down c* showing the framework of
4- and 8-membered rings formed by alternating Be- and P-containing tetrahedra. The open
circles represent Ca atoms in 9-fold coordinaiton.
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Fro. 2. Schematic drawings of (a)
and their contrasting ordering schemes

.)

(b

hurlbutite and (b) danburite viewed down a*, showing their similar topologies
(modified after Craig, I-ouisnathan, and Gibbs, in preparation).
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Frc. 3. A plot of mean Ca-O distances for hurlbutite,

danburite, and anorthite and mean Na-O distances for

reedmergrrerite and low albite vs the individual isotropic
temperature factors for 7-coordinated Ca and Na. Cl

Phil l ips et aI (1974, Fig. 1, p.82)'

(Phillips et al, 1974,Fig. 4, p. 84), an 8- or 9-fold
coordination model for hurlbutite also gives better
correlation with these parameters (Fig. a). Further-
more, when the Oz0 and O2m atoms are considered
to be 4-coordinated (i.e., C.N.(Ca) = 9), the
longest T-O bond in three of the four tetrahedra
involves one or the other of these atoms. As ex-
pected, the shortest P-O bond in the Tz0 tetrahedron
and the shortest Be-O bond in the Tzm tetrahedron
are to the 2-coordinated O+ atom (Table 2).

In a comparison of the structures of danburite
and the feldspars, Phillips et aI (1974) found that
Mulliken bond-overlap populations, n(?-O), are
strongly correlated with mean observed T-O dis-
tances and the coordination number of the oxygens
involved in the ?-O bond. Figure 4 shows that the
same trends are observed for the tse-O + P and
P-O + Be bonds in hurlbutite, regardless of whether
the Ca atom is assumed to be 7- or 9-coordinated.
Here the bond-overlap parameter is normalized by
subtracting the mean overlap populations for T-O
bonds involving 4-coordinated oxygen atoms from
those involving 4-,3- and 2-coordinated oxygens:

A n  :  ( n ( T  -  O I r ' I I I ' I v ) )  -  ( n e  -  o t " ) ) .

In order to taken into account the eftects of both
the coordination number of oxygen and the indi-
vidual Ca-O distances on tetrahedral bond lengths,
Phillips et al (1973) introduced the parameter l[1/

(Ca-O)'l and found it to be strongly correlated with
the individual Al-O (r = 0.84) and Si-O (r : 0.90)
distances in anorthite, where r is the correlation
coefficient. When mean values of l[1/(Ca-O)'z] for
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t 5 4
t
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An=(n (T -ou ' I t r ' -  t )  -  ( n ( r - oE ) )
Frc. 4. The differences in the mean Mulliken bond overlap
populations for ?-O bonds involving 4-coordinated oxygen
atoms and those involving 4-,3- and 2-coordinated oxygens
plotted against mean ?-O distances for Al-O"+Si and
Si-O+Al bonds in anorthite, for Si-G+B and B-O'+Si
bonds in danburite, and for Be-O+P and P-O-+Be bonds
in hurlbutite. The tips of the arrows indicate data points

for a 7-coordinated Ca atom in hurlbutite, whereas the
solid dots repres€nt data points for the 9-coordinated
model. The Roman numerals indicate the coordination
number of oxygen.
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Frc.5. A plot of An versus the mean values of >tl/(Ca_
O)"1 for 4, 3- and, 2-coordinated oxygens involved in
Be-O+P and P-G>Be bonds in hurlbutite and Si_O_>Al
and Al-O+Si bonds in anorthite.

4-, 3- and 2-coordinated oxygens in anorthite are
plotted against An, we find the expected relation-
ship: larger an values are associated with smaller
coordination number and f t l/(Ca_O)rl values.
These relationships hold as well for the p_O .+ Be

and O-T-O angles, it is evident that the molecular
orbital calculations retain part of the extrinsic effects
of the Ca atoms, even though they were not included
in the computations.
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