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Introduction:  The need to model and understand 

reactions among aqueous organic compounds and 
biomolecules has led to a number of experimental 
studies to determine the thermodynamic properties of 
these compounds.  Unfortunately, there is a paucity of 
data for important compounds at elevated temperatures 
and pressures (including the current known tempera-
ture limits for biological activity, 122°C [1]). The im-
mediate goal of this research is to develop an experi-
mentally-determined database of the thermodynamic 
properties of important organic molecules and bio-
molecules. Experimentally determined volumetric 
properties of aqueous solutions at elevated conditions 
will provide direct tests of current estimation methods 
and aid in the refinement of these methods. The ulti-
mate goal of this research is to develop a thermody-
namic database of aqueous organic mixtures at high 
temperature and pressure in order to understand the 
metabolic processes of thermophilic organisms and aid 
development of more accurate geochemical models for 
the origin of life in aqueous environments.   

Glucose is a monosaccharide important in biology 
as an energy source (product of photosynthesis), meta-
bolic intermediary, and important step in cellular respi-
ration (in prokaryotes and eukaryotes).  

Experimental Methods:  The volumetric proper-
ties of aqueous solutions of D-glucose were obtained 
using Anton Paar DMA 5000 and DMA HP densime-
ters.  The DMA 5000 can measure fluid densities at 
conditions up to 363.150 K and 1.00 MPa and the 
DMA HP external cell is capable of achieving condi-
tions as high as 473.15 K and 70.0 MPa.  An isother-
mal stepped-flow method was employed in all of our 
experiments; the vibrating tube was evacuated and 
dried between fluids.  The fundamental equation for 
calculating densities of fluids by vibrating-tube den-
simetry is  

€ 

ρ−ρο = Κ τ 2 − το
2( ) 

where ρ is the density of the unknown solution, ρο is 
the density of a known (standard) fluid, Κ is a propor-
tionality constant parameter that depends on the physi-
cal properties of the vibrating tube, τ is the period of 
vibration for the unknown solution and το is the period 
of vibration for the known (standard) fluid.  The value 
of K was evaluated at each P-T point using three stan-
dard fluids.  Standard fluids were measured at the be-
ginning and end of a run to check for instrumental 
drift; the periods of the vibrating tubes were remarka-
bly stable.  Standard fluids used in this study included 

pure water, methanol (for T ≤ 333.15 K), and 1.5 m 
and 3.0 m (mol·kg-1) NaCl aqueous solutions.  The 
densities of water and methanol were calculated using 
the NIST REFPROP (version 8.0) program [2] and the 
densities of the NaCl solutions were obtained from the 
equation and program of Archer [3].  Water and 
methanol were research grade purity (Fisher Optima); 
the water was degassed by boiling and then drawing a 
vacuum for at least 24 hours.  Solutions of D-glucose 
(Sigma, 99.5% pure) and NaCl (Fisher, 99.7% pure) 
were prepared by mass and stored in 50 ml glass bot-
tles equipped with PTFE butyl septa.  Solutions were 
extracted with a syringe to prevent solvent loss.   

The fluid pressure in the densimeters was con-
trolled using a piston screw pump. Pressure was moni-
tored with Stellar Technology pressure transducers 
with a maximum uncertainty of ±0.07 bars.  Tempera-
ture was measured with integrated platinum thermome-
ters with accuracies (as determined by the manufac-
turer) of ±0.001 K and ±0.05 K in the DMA 500 and 
DMA HP, respectively. Scatter on density measure-
ments was generally ±0.00005 g·cm-3 for the DMA 
5000 and ±0.0001  g·cm-3 for the DMA HP.  As the 
major source of random error during analyses, these 
values for density reproducibility/repeatability exceed 
propagated errors associated with uncertainty in the 
measurement of temperature, pressure and fluid con-
centration.   

Data and Comparison of Results with Previous 
Studies:  Previous studies report experimentally de-
termined volumetric parameters for glucose solutions 
up to 368.15 K and 0.35 MPa; this study extends the 
database up to 433.15 K and 50.00 MPa.  
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Figure 1 shows a comparison of measured densities 
at 0.10 MPa from this study at three different tempera-
tures (filled symbols) with those of Kishore et al. [4] at 
298.15 K (◯), 307.30 K (▢), 318.71 K (◇), and 
327.01 K (△).  The lines represent simple linear re-
gression fits to the data. Direct comparison and inter-
polation of fluid densities indicates good agreement 
between these two different data sets.   
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Figure 2 shows the apparent molar volumes of glu-

cose (Vφ) determined from experimentally measured 
fluid densities (data in figure 1) at three temperatures 
and 0.10 MPa as a function of molality (filled sym-
bols).  In addition, the data of Origlia et al. [5] at 0.35 
MPa and 288.15 K (▲), 298.15 K (▼), 308.15 K (▲), 
318.15 K (▼), 328.15 K (△), and 348.15 K (▽) are 
plotted for comparison.  The determination of the par-
tial molar volumes at infinite dilution are calculated 
from the linear extrapolation of these data to zero mo-
lality.  Comparisons of Vφ’s from this study and [5] 
indicate good agreement.   

110

112

114

116

118

120

122

280 300 320 340 360 380 400 420 440

this study, 0.10 MPa
this study, 1.00 MPa
this study, 10.00 MPa
this study, 50.00 MPa
Høiland & Holvik, 0.10 MPa
Shahidi et al., 0.10 MPa
Franks et al., 0.10 MPa
Neal and Goring, 0.10 MPa

V∞
 (c

m
3 ·m

ol
-1

)

Temperature (K)  
Figure 3 shows partial molar volumes at infinite di-

lution (V∞) for glucose at 0.10-50.00 MPa and 293.15-

433.15 K determined in this study.  Error bars repre-
sent an approximate uncertainty in the determination of 
V∞ of ±1.0 cm3·mol-1. In addition, the data from previ-
ously published studies [6, 7, 8, 9] at 298.15 K and 
0.10 MPa are plotted for comparison.  Comparisons of 
these data indicate a high degree of agreement between 
the different studies.  The data from this study signifi-
cantly extend the available volumetric data for dilute 
glucose solutions to elevated pressures and tempera-
tures.   
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