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ABSTRACT

The crystal structure of deuterated topaz [topaz-OD; Al2SiO4(OD)2], synthesized at 10 GPa and 
800 °C, has been determined using neutron powder diffraction at pressures up to 7.5 GPa. The linear 
axial compressibilities obtained from regressions of the lattice constants vs. pressure are a = 1.87(1) 
× 10–3 GPa–1, b = 1.71(1) × 10–3 GPa–1, and c = 2.73(1) × 10–3 GPa–1. The occupancy of the D1 site 
was found to be greater than that of D2, as shown independently using neutron diffraction and infrared 
spectra at ambient conditions. A bifurcated hydrogen bond involving the D1 site, O4-D1···O2 and O4-
D1···O3, and a trifurcated hydrogen bond involving D2 site, O4-D2···O1, O4-D2···O2, and O4-D2···O4 
are proposed for hydrogen-bond donor and acceptor pairs in addition to those reported previously. 
The observed pressure dependences of the hydrogen-bonding geometry show that these donor and 
acceptor pairs are classifiable into two types of interaction: (1) those that strengthen as a function 
of pressure (O4-D1···O3, O4-D2···O2, and O4-D2···O4) and (2) those that weaken (O4-D1···O1 and 
O4-D2···O1). These results also demonstrate that the reason for the contrasting behavior of the (OH) 
between F-rich natural topaz and topaz-OH are both the cooperative effect, O4-D2···O4-D1···O3, and 
the increasing Al-O4 distance.
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INTRODUCTION

Hydrogen bonding is a donor-acceptor interaction involving 
hydrogen atoms in the moiety X-H···Y. The donor X-H covalent 
bond, which is such as to withdraw electrons and leave the proton 
partially unshielded, interacts with the acceptor anion Y, which 
must have lone-pair electrons or polarizable  electrons (Jeffrey 
1997). The strength of hydrogen bonds is governed by both the 
donor strength and the acceptor capability, which can be char-
acterized thermodynamically or from theoretically determined 
hydrogen bond energies (Lutz 2003). However, the hydrogen 
bond energies are not always capable of being determined by 
experimental methods. For hydroxides, the details of hydrogen 
bond geometry, such as O···O distances, along with OH stretch-
ing frequencies, and 1H NMR chemical shifts have been used to 
evaluate the strength of the hydrogen bonding interaction (e.g., 
Emsley 1980). These experimentally determinable values cor-
relate with each other (e.g., Nakamoto et al. 1955; Novak 1974; 

Mikenda 1986; Libowitzky 1999; Eckert et al. 1988; Xue and 
Kanzaki 2004). 

Although the correlations between spectroscopic data, 
geometry, and strength of hydrogen bonds look simple, the 
physical interpretation of these correlations are complicated by 
the different sensitivities of the methods and their respective 
observational time-scales, which effectively provide different 
descriptions for the hydrogen bond in question. For instance, 
H···Y distances and O-H···Y angles may be used as a measure 
of the strength of the donor-acceptor interaction. On the other 
hand, the O-H distance and OH stretching frequency reflect the 
whole potential field surrounding the hydrogen atom. In the case 
of bent, bifurcated, or trifurcated hydrogen bond interactions, 
the differences between the conclusions drawn from geometric 
and spectroscopic observations may become obvious. To further 
complicate matters, many of the correlations relating hydrogen 
bond strength to geometric and spectroscopic observables are 
derived from data measured at ambient conditions. Such cor-
relations are then often used to interpret results obtained under 
non-ambient conditions. In this case, it is important to specify 
the limits of validity of such correlations and to know which 
factors affect to the deviation.

At ambient conditions, an empirical relationship showing a 
decrease in OH stretching frequency [ (OH)] with decreasing 


