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Quasi-ice-like CP behavior of molecular H2O in hemimorphite Zn4Si2O7(OH)2·H2O: CP and 
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abstraCt

Hemimorphite, Zn4Si2O7(OH)2·H2O, and its dehydrated analog Zn4Si2O7(OH)2 were studied by low-
temperature relaxation microcalorimetry and their heat capacity determined to analyze the behavior of 
the confined H2O between 5 and 300 K. An analysis of the data, which are corrected for the presence 
of a phase transition, shows that the CP of H2O in hemimorphite behaves more similar to the CP of ice 
than to liquid water or steam. The H2O molecule, with its four planar hydrogen bonds in hemimorphite, 
as well as its tetrahedral coordination in ice, is more rigidly hydrogen bonded in both than in liquid 
water. This is reflected in their respective CP behavior. The heat capacity and entropy for the dehydration 
reaction at 298 K are ∆CP

rxn = –2.1 ± 3.6 J/(mol·K) and ∆Srxn = 134.7 ± 4.0 J/(mol·K). CP behavior at 0 
< T < 300 K and entropy values at 298 K for confined H2O in hemimorphite and hydrous Mg cordierite 
are compared to those in several zeolites. The entropy for confined H2O in hemimorphite, analcime, 
and mordenite is around 54 J/(mol·K) at 298 K. The strength of the interactions (e.g., H bonding) 
between an H2O molecule and its surroundings increases approximately from steam > cordierite > 
analcime > hemimorphite ≥ mordenite > heulandite > natrolite ≈ scolecite > liquid H2O > ice and, in 
the case of microporous silicates, is inversely proportional to the S of the confined H2O.
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introduCtion

The H2O molecule and hydrogen bonding play a key role in 
many geologic processes. Certain micro/nanoporous silicates 
offer the possibility for one to investigate the nature of confined 
H2O and hydrogen bonding at a relatively simple, yet fundamen-
tal level. One such silicate, hemimorphite, Zn4Si2O7(OH)2·H2O, 
has been studied in terms of its crystal structure several times 
at different temperatures using both single-crystal X-ray and 
neutron diffraction (see Taylor 1962; Hill et al. 1977; Cooper 
et al. 1981;  Libowitzky et al. 1998). Its structure has a single, 
confined H2O molecule that is held in place only through hydro-
gen bonding. Complementary single-crystal IR absorption and 
Raman spectroscopic studies have provided vibrational proper-
ties of the H2O molecule and information on the strength of the 
hydrogen bonding to the framework (Libowitzky and Rossman 
1997; Kolesov 2006). Hemimorphite shares certain similarities 
with zeolites, because they also have H2O molecules located 
in channel ways that are hydrogen bonded with their crystal 
frameworks and/or with each other, but differ in that their H2O 
molecules are also bonded to extra-framework cations. In addi-
tion, the H2O in hemimorphite can be removed without disruption 
of the framework structure, but it is not reversibly reabsorbed 
as in the zeolites. 

To study confined H2O and hydrogen bonding in hemimor-
phite, thermodynamic behavior, especially heat capacity at 0 
< T < 300 K, is of special interest. Because hydrogen bonding 
associated with confined H2O is a relatively weak force in most 
silicates, it will express itself in CP at low temperatures. Calo-
rimetric work has been undertaken for several natural zeolites 

(e.g., Johnson et al. 1982, 1983, 1985, 1992; Paukov et al. 2002) 
and these studies show that the CP contribution and the entropy, 
S, at 298 K of H2O in zeolites are variable. In spite of this re-
ported variability, thermodynamic studies (e.g., Helgeson et al. 
1978; Robinson and Haas 1983; Van Hinsberg et al. 2005) have 
proposed “standard values” of S for confined H2O in a variety of 
microporous silicates for use in calculations and databases. 

Few heat capacity studies at low temperatures have been 
reported for non-zeolitic hydrous microporous silicates (see 
Paukov et al. 2007 for work on cordierite). More calorimetric 
work needs to be undertaken on a greater variety of phases to 
fully understand the thermodynamic properties of their confined 
H2O. The new data reported here on hemimorphite, together with 
previously published calorimetric results on related phases, per-
mit an analysis of CP and S behavior of confined H2O and their 
relationship to hydrogen bonding in microporous silicates. 

experimentaL methods

Sample, characterization, and calorimetry
The hemimorphite investigated is from the Ojuela Mine, Mapimi, Durango, 

Mexico (University of Kiel mineral collection). Two euhedral, colorless and 
transparent, crystals 5–10 mm in size were separated from their underlying matrix. 
Electron microprobe analysis showed only the presence of Zn and Si. The crystals 
were ground in an agate mortar to obtain roughly 400 mg of sample. X-ray powder 
diffraction measurements using a Siemens D-5000 diffractometer with 0.1° step 
scans every 10 s between 10 and 60 °2θ showed only reflections that could be 
indexed to hemimorphite. A 100 mg fraction was used for heating experiments to 
expel the confined H2O. It was placed in an open Au capsule, heated in air at 50 
K/h to 748 K, and held for 6 h using a tube furnace with a temperature control of 
±1 K, which was also checked by an external Cr-CrNi thermocouple. Following 
heating, the sample was removed from the furnace, cooled, and characterized by 
X-ray powder diffraction. The X-ray powder diffraction pattern of the dehydrated 
hemimorphite also matches well that calculated from the single-crystal data of * E-mail: chg@min.uni-kiel.de


