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This review contains recommended values of the thermodynamic and transport properties
of the five and six membered ring carbohydrates and their phosphates in both the con-
densed and aqueous phases. Equilibrium data, enthalpies, heat capacities, and entropies
have been collected from the literature. The accuracy of these data have been assessed,
adjusted to 298.15 K and to a common standard state, and entered into a catalog of
thermochemical reactions. The solution of this reaction catalog yields a set of recommend-
ed values for the formation properties of these substances. The volumetric data have also
been critically evaluated. Recommended values are presented for standard state molar
volumes and the temperature and pressure derivatives of the molar volume, i. e., the
expansivity and the compressibility. The excess property data of aqueous solutions of these
substances have been correlated to yield recommended values of the parameters of the
virial expansion model used to represent the data. The transport data considered here
includes both viscosity and diffusion data of aqueous solutions of the carbohydrates. The
available phase diagram data and transition temperatures are summarized.

Key words: carbohydrates; chemical thermodynamics; diffusion; enthalpy; entropy; evaluated data;
excess properties; Gibbs energy; heat capacity; phase diagrams; viscosity; volumetric properties.
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1. Introduction

This review emerges from a research effort at the Na-
tional Institute of Standards and Technology designed to
provide fundamental data on processes in which biomass is
enzymatically converted to useful chemicals and fuels. Data
on the thermodynamic and transport propertics of the five
and six membered ring carbohydrates and their monophos-
phates in the condensed and aqueous phases play a key role
in the optimization and design of both currently used and
proposed industrial processes.

For many years, carbohydrates have been of interest to
chemists because of their prominent and significant rolesin a
variety of areas. These include metabolic reactions, indus-
trial operations yielding chemical feedstocks, and processes
encountered by researchers involved in synthesis, structural
elucidations, and separations. The stabilities of these com-
pounds and their position in chemical equilibria are dictated
largely by thermodynamic considerations. Because of this
we have assembled the available thermodynamic data from
the literature on the five and six membered ring carbohy-
drates (see Fig. 1) and their monophosphates.

Earlier reviews in the literature in this area include the
thermodynamic tables of Burton' and of Wilhoit.”> The for-
mer pioneering review dealt only with Gibbs energy data
while the latter also included enthalpy, entropy, and heat
capacity data with some attention being given to partial mo-
lar properties of solutions. The extensive review of Atkinson
and Morton® dealt primarily with phosphorylation reactions
and contained only Gibbs energy data for biochemical pro-
cesses. Barman’s Enzyme Handbook * contains extensive ref-
erences to equilibrium data for enzyme-catalyzed reactions.
Enthalpies of combustion and of formation of condensed
phases of organic compounds are dealt with in four excellent
reviews.”® Domalski, Evans, and Hearing® have compiled
the available data on the heat capacities and entropies of
organic compounds in the condensed phase. In a compre-
hensive paper, Angyal'® has reviewed the available data
dealing with the detailed anomeric composition of reducing
sugars in solution. Most recently, Cesaro'' has summarized
a substantial body of physicochemical data on carbohy-
drates. His review also contains an extensive discussion of
the physical models that have been used to rationalize some
features of the data.
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2. Phase diagram for the system D-glucose + wa-
S Y i
3. Phase diagram for the system D-fruc-
TOSE + WALET. cuveieeciiiiieiiicri e Ki
4. Deviation plot (observed minus calculated val-
ues) of the osmotic coefficient of aqueous glucose

solutions as a function of the molality. ................ K
5. The excess Gibbs energy of aqueous carbohydrate
solutions as a function of molality. .....cccccoeerennies Kt
6. The excess enthalpy of aqueous carbohydrate so-
lutions as a function of molality. ........cccccoeeinene. K
7. The excess entropy of aqueous carbohydrate solu-
tions as a function of molality. ......ccccceeirecrennne. R!

Most of the data which have been examined in this 1
view involve equilibrium and calorimetric measurements
the purc compounds and on their aqueous solutions. Insof
as possible, we have recalculated the original data from !
experimental measurements to obtain values of the therm
chemical parameters which are then entered into a catale
This catalog serves as the basis for the solution of the the
mochemical network for these processes and substanc:
The least-squares solution'*'? of the network leads to a sct
recommended values for both formation properties and !
thermochemical parameters for specific processes.

This review also includes the transport property data:
these substances and a correlation of the data leading to t:
excess Gibbs energy of aqueous solutions of these substanc
and its temperature and pressure derivatives. Informati
on solubilities, phase diagrams, and the pressure derivativ
of the Gibbs energy is also considered. The general aim h
been to provide an essentially complete coverage of the the
modynamic and transport properties of these substanct
The literature is covered through 1987.

This review identifies those areas where measuremer
are most needed. Also, the structural similarities of the
compounds can serve as a guide to estimating property du
where measurements do not currently exist.

2. Conventions
2.1. Symbols, Nomenclature, Standard States, ar
Units

The symbols used in this review are given in the Gloss
ry. With only a few exceptions, we have attempted to adhe
to the recommendations of the International Union of Pu
and Applied Chemistry (IUPAC) on symbols, nomencl
ture, and units.' The standard states used in the constru
tion of the tables are the same as those used in “The Nl
Tables of Chemical Thermodynamic Properties”.'> Thi
for a pure solid or liquid the standard state thermodynam
properties pertain to the pure substance at a pressure of (
MPa. For aqueous solutions, the standard state for the solu
is the hypothetical ideal solution at unit molality and ti
standard state for the solvent is the pure solvent. The the
mochemical reference temperature is 298.15 K. These sta
dard states and reference temperature were selected prima
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ily because of the very large existing body of thermodynamic
data which is referred to it.

The notation for physical states follows that used in
“The NBS Tables of Chemical Thermodynamic Proper-
ties.” It is also summarized in the Glossary.

2.2, Conventions Regarding Detailed Structural
Forms

The open chain structural formulas of the D-pentoses
and D-hexoses are shown in Fig. 1. The chemistry of the
carbohydrates is made both complicated and interesting by
the existence of different anomeric forms for each of these
compounds. Thus, for each substance there exists a pure D
and L form, an @ and a 3 form, the furanose and pyranose
conforiners, and the open chain aldehyde and keto forms.
Clearly any chemical sample of a carbohydrate may be a
mixture of one or more of these forms. It will be necessary in
this review to distinguish between these various forms. Also,
in many cases, we do not know the specific form of the carbo-
hydrate that was used in particular investigations. Where
the investigators have provided detailed structural informa-
tion for the condensed phase, we shall specify whether the
compound is in the & or £ form and/or in the furanose or
pyranose form. In such cases, the absence of the D or L
specification shall be taken to imply that the compound is
the pure D or L form. The equimolar mixture of the Dand L

.forms will be specified as “DL". The same conventions will

be adhered to for the aqueous solutions of carbohydrates
except that the absence of any designation will imply that
what is intended is the equilibrium mixture of the various
anomers of the pure D or L form of the carbohydrate in
solution. :

The thermodynamic properties of the pure D and L
forms are predicted by theory to be identical. The molar
entropy of a mixture of D and L forms is given by:

Spr =8p — R(xp log, xp, +x; log, x,) . ' N
Here, x;, and x, are, respectively, the mole fractions of the D
and L forms in the mixture; S, is the molar entropy of the
pure D or L form. Since the enthalpy of the DL mixture will

be same as the enthalpy of the pure D or L form, the Gibbs
energy of the DL mixture is given by the following:

Gp, =Gp + T(Sp —Sp.) - 2)

Since the temperature and pressure derivatives of the en-
tropy of mixing term in Eq. (1) are zero, all of the other
thermodynamic properties of DL mixtures are predicted to
be identical to those of the pure D or L forms.

2.3. Arrangement of Tables and of Compounds

The tables are arranged in the following general order:
melting and transition temperatures, standard state volu-
metric properties, excess properties, transport properties,
and standard state thermochemical properties. The arrange-
ment of the compounds in the thermochemical tables fol-
lows the standard order of arrangement used in “The NBS
Tables of Chemical Thermodynamic Properties.” An effort
was made to have the tables reasonably self-documenting.
Thus, as a rule, the tables contain references to the sources of

J. Phys. Chem. Ref. Data, Vol. 18, No. 2, 1989

the data, either the original or adjusted values of the data
and the recommended property values.

2.4. Treatment of Uncertainties

The uncertainties associated with the recommende
values of the physical properties or of the parameters of t
correlating equations in Tables 1-7 were obtained in tw:
different ways. The first method is purely statistical and m
sumes a normal distribution of errors with final error ¢sts
mates being made at approximately 95% confidence limits
The general procedure followed when fitting data to core
lating equations was to include all parameters until the stan
dard deviation of an additional parameter became more th
half the absolute value of that parameter. When these statn
tical methods were used the uncertainty is given to two sig
nificant figures. The other method of assignment of unces
tainties is based upon the judgment of the reviewers as to th
overall reliability of the measurements. This involves both .
consideration of random and systematic errors. Since it fie
quently involves subjective judgment, error estimates ob
tained this way are given to only one significant figure. Th.
reader should draw no conclusion about the relative supcis
ority of either of these two methods of presenting uncertain
ties.

The uncertainties given in the reaction catalogs are i
signed primarily on the basis of the evaluators initial judg
ment of the reliability of that particular measurement. Tl
initial judgment may later be modified on the basis of hov
well that measurement fits into the solution for the entit
thermochemical network. These modifications are usuall
kept to a minimum and the overall fit of the network is ac
complished primarily by the decision of whether or not t
include a particular measurement in the final network solu
tion. When there are cross links in the thermochemicu
network, the residuals (observed minus calculated values
obtained from the fit are useful in assessing both the accuri
cy of how well a particular measurement fits into th
network and, in part, the accuracy of that particular mea
surement. This device serves as a good test of the overal
accuracy of the thermochemical data and is useful in locat
ing possible errors in existing measurements. In the absenc
of either these cross links or replicate measurements on
specific process, the user should exercise caution in accept
ing the assigned uncertainties for an individual processes.

The uncertainties given in the calculated values of ther
mochemical properties at 298.15 K (Table 15) are standan
deviations and are a measure of the overall fit of the network
It is not the uncertainty to be associated with the propert
and it should not be used to calculate the uncertainty perti
nent to a given process.'>'®

2.5 References for the Tables

The form of the references in the tables follows tha
used in the “CODATA Thermodynamic Tables.” Thus, th
references are ordered chronologically and alphabetically b
author(s) within each year using a code consisting of th
final two digits of the year and the first three letters of th
first two authors’ names.
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3. Excess and Partial Molar Properties

The excess Gibbs energy of aqueous solutions of the
‘hohydrates is represented by a virial expansion in the mo-

iy of the solute: Im

G = zgim(iﬁ- |9} .
~index “i” in the above equation and in the ones below Ko = (‘”/ex ) = SkombtD,
us from unity to the total number of parameters needed to dp /s
sresent the experimental data over the molality range of o (VY Sk G+ D
wrest. The symbols are defined in the Glossary. Appropri- T ( ap )T = &kpnm ’

- derivatives of the excess Gibbs energy lead to the follow-
. working equations for the activity and osmotic coeffi-
nts, apparent molar, and excess properties:

Ksy=(Ks —miK% )/ m=Kg, + (K$/m)
=K, + Zkgm',

G = Sgmi+V = mtGY + mGS,
G;"‘:(—Q—G————) =3(i+ 1)gm',
am Jrp

T=(—=1mHZigm"*Y,

=G+ RTlog, a, = G5 + RTlog, (m/m°),

W=G] +RTlog, a, =G, — (RTm/m¥),
y=exp[ (G$/(RTY].
¢ = (m¥/m)log, a; = [m{G{/(mRT)] + 1,
g (QG") =Ssmi+h,

ar /,

S¥=S3 + Rlog, (m/m°),
S9=S3 — (Rm/m¥)

< aG“
H ¢ Gex T(
37

) — Eh-m(i“L 1 ,

P

y=(22) 1=+ Dho,
T.p ) :

om
Hizd:H;:H;r
HY=H; =HY,

L=H—-H°=H%/m’,
L,=(L—mfL¥)/m=H"/m=Zhm',

ex
Cex_(a ) :Ec,m“'F]),
P

’ aT
c?Cf,") )
== =2+ De;m',
2 ( om T.p
Cs=C,,+(C/m)=C,, + Se,mt+

g2

C, = (me,gs + Cj])(l +mM2)¥] »

m

V,=V+ (V/m) =V + Som,
p=0+mM)[(1/p*) +Zv;m“ P - mV3]7",

Kss=K g,z .
The above equations also include expressions for the ideal
Gibbs energy, entropy, enthalpy, and volume. The quanti-
ties m° and m¥, respectively, are equal to 1 and 55.5084
mol kg~ !. The former quantity is introduced to preserve the
dimensionality of units, and the latter is the amount of water
in a kilogram of water. The use of excess and apparent molar
properties offers a concise and convenient way of represent-
ing the results of a large variety of physical property data.
Note that the excess Gibbs energy is not a molar Gibbs ener-
gy; it has units of J kg~'. The excess Gibbs energy is ob-
tained primarily from both direct and relative (isopiestic)
vapor pressure measurements, the excess enthalpy from
heats of dilution, and the excess heat capacity from direct
heat capacity measurements on aqueous solutions. The ex-
cess volume and expansivity are obtained from precise den-
sity measurements, the latter quantity requiring that the
densities be determined as a function of temperature. The
isothermal compressibility is rarely measured. However, the
isentropic compressibility is conveniently determined from
measurements of the speed of sound (%) and a knowledge of
the density (p):
av

s = Vﬂ(&p

The isothermal compressibility is then calculated using the
following relationship'”:

K7, =Ks, +2(x%, — k%)
s Co,V*
X JE¥ ——22—|].
ar /, C*

4. Sources of Auxiliary Data

The sources for the values of the fundamental physical
constants and atomic masses used in this review arc. respec
tively, the 1986 Committee on Data for Scicnce and 1ech
nology (CODATA)" and the 1981 TUPAC 1ccommmenda

) =Ks/V=1/(pu?) .
S

tions.'? Auxiliary thermochemical data (sce Fable 1) were
taken primarily from the most recent set of CODATA rec-
ommended values.?’ The propertics of Ni' taq) are those
given in “The NBS Tables of Chenncal 1 hermodynamic
Properties”.'® The partial nuolar hear capacities of HPO3 ™
(aq) and of H.PO, (aq) e lrom Larson, Zeeb, and
Hepler.zz The partad molae hiear capacities of Mg“(aq)
and Ca' (aq) are liom Spatzer, Olofsson, Singh, and

J Phys. Chem. Ref. Data, Vol. 18, No. 2, 1989
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Hepler.”® Except for the entropy and the Gibbs energy and
enthalpy of formation, the properties of pure water were tak-
en from the “NBS/NRC Steam Tables”.>*

5. Contents and Descriptions of the Tables

Tables 1-3 contain data on the transition temperatures
and volumetric properties of the pure carbohydrates in con-
densed phases. Note that many of the densities were calcu-
lated using the results of crystallographic studies.>> All of
the crystalline carbohydrates considered in this review are
orthorhombic with four molecules per unit cell and fall into
space group 2,2,2,. There is a very limited amount of data
available on the cubic expansion coefficients of these carbo-
hydrates in condensed phases and no information on their
compressibilities.

The available phase diagram data are shown in Figs. 2
and 3 and are based primarily upon careful work done at the
National Bureau of Standards over 60 years ago.?*?’ Glu-
cose exists as both a monohydrate and in the anhydrous form
with the transition occurring at 323.15 K. The phase dia-
gram for fructose is more complex and shows the existence
of a gel, the anhydrous compound, a metastable crystalline
phase, a dihydrate, and a hemihydrate.

The standard state volumetric data from the literature
on aqueous carbohydrates are given in Table 4. The recom-
mended values of the standard state partial molar volumes,
expansivity, isentropic and isothermal compressibility, and
the temperature derivative of the isentropic compressibility
are given in Table 5. In computing isothermal compressibili-

380.0

360.0
:

3410.0

T/ K
3200

-

3(30.0

28[0.3

e

260.0

1 i 1 1] 1] 1 T
200 300 400 500 600 700 800 900

mass percent

T
00 100

Fi1G. 2.Phase diagram for the system D-glucose -+ water. The curves refer to
the following solid phases in equilibrium with aqueous D-glucose
solutions: {11) ice; (O) D-glucose monohydrate; ( + ) anhydrous D-
glucose; and (A) the metastable anhydrous form. The transition of
D-glucose monohydrate to the anhydrous form and water occurs at
50°C {323.15 K). The data are from Jackson and Silsbee.*
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/K
240.0 25600 280.0 270.0 280.0 2900 3000 3100 3200 330.0

T T 1 ¥ T 1] T 1
00 100 200 300 400 500 600 700 800 900
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FIG. 3.Phase diagram for the system D-fructose + water. The solid curv«
refer to the following solid phases in equilibrium with aqueous /»
fructose solutions: (O) ice; (O) D-fructose dihydrate; () a meta
stable crystalline phase; (x) gel; (A) hemihydrate; and {(77) ant
( + )} anhydrous D-fructose. All of the data are from Young an
Johnson (Ref. 28) with the exception of the points (37) of Jacks-
and Silsbee (Ref. 27) Jackson and Silsbee (Ref. 27) for the solubilinv
of anhydrous fructose. The broken lines were extrapolated from th:
experimental data. The transition of D-fructose dihydrate to the un
hydrous form and water occurs at 20 "C (293.15 K).

ties from the isentropic compressibilities, the needed values

_of C;, were taken from Table 15 of this paper. The extreme

ly precise and careful measurements of Bernal and van
Hook*® on agueous glucose and fructose are preferred over
the earlier data.

Table 6 contains values of the parameters of the corre
lating equations (see Sec. 3 above) of the excess Gibbs enct
gy, enthalpy, heat capacity, volume, expansivity, and the
isentropic compressibility and its temperature derivative. In
nearly all cases the correlations are based upon the results of
a single investigation, the exceptions being the data leadiny
to the excess Gibbs energy and enthalpy of aqueous glucose
solutions. For the excess Gibbs energy the most weight has
been given to the isopiestic data of Stokes and Robinson™
and of Miyajima, Sawada, and Nakagi.** The results of Tay
lor and Rowlinson®' are based upon direct vapor pressure
measurements. This method of measurement is more diffi
cult than the isopiestic approach, and typically yields results
that are less accurate. A deviation plot of observed minus
calculated values of the osmotic coefficient of aqueous glu
cose solutions as a function of the molality is shown in Fig. 4
The heat of dilution data of aqueous glucose solutions deter
mined by Lange and Markgraf3 and by Savage and
Wood**** are in excellent agreement with each other. Plots
of the excess Gibbs energy, enthalpy, and entropy are shown
in Figs. 5-7. Note that in all cases the excess Gibbs energics,
entropies, and enthalpies are positive and that the entropi
contributions (TS™) to the excess Gibbs cnergics serve to
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et a substantial proportion (30%-709% ) of the enthalpic
ontributions.

There is a very limited amount of transport property
ata available on aqueous carbohydrate solutions. It is sum-
-narized in Table 7.

Table 8 contains the percent composition of the ano-
xieric forms of the hexoses and pentoses taken from the thor-
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ough review of Angyal.’® Using these data and the few esti-
mates given in Table 9, the Gibbs energy changesat 298.15K
for the conversion of the various anomeric forms to the equi-
librium mixture have been calculated. The results of these
calculations are given in Table 9. In the main body of the
thermochemical tables (Tables 11-15) only the equilibrium
mixture of the anomeric forms of the carbohydrates is con-
sidered. Thus, Gibbs energy changes for processes involving
specific anomeric forms of the carbohydrates can be calcu-
lated uwsing an appropriate combination of the Gibbs energy
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changes in Table 9 with the Gibbs energy data contained in
Tables 11-15. There is also a limited amount of information
available on enthalpy, heat capacity, and volume changes
involving specific anomeric forms of the carbohydrates. It is
summarized in Table 10. Note that there is a large enthalpy
difference between the pyranose and furanose forms of fruc-
tose. However, the enthalpy differences between the & and 8
forms of the carbohydrates are relatively small and the en-
tropy differences between these forms are close to zero.

Table 11 contains the reaction catalog of Gibbs energy,
enthalpy, and entropy data pertinent to these carbohydrates
and their monophosphates; the heat capacity catalog is given
in Table 12. The indexes of compounds and their reactions in
reference to these two catalogs are given in Tables 13 and 14,
respectively. These indexes are useful in examining cross
Inks between the data for specific compounds and reactions.
Table 15 contains the calculated values of the thermochemi-
cal properties at 298.15 K with the auxiliary thermochemi-
cal data used heing given at the end of the table. The reaction
catalogs are similar in format to those given'® in the “CO-
DATA Thermodynamic Tables” and in the review by Park-
er, Evans, and Nuttall”® on rubidium compounds. Note that
compounds having the same empirical formula are distin-
guished in the Tables 12-15 by the addition of a number to
the abbreviation designating the physical state of the sub-
stance. The molar masses used in these tables are based upon
the 1981 Atomic Weights'?; the mass of the electron is con-
sidered when calculating molar masses of charged species.

The thermochemical tables have been prepared by edit-
ing the computer output of the “CATCH” system'>?° pres-
ently in use at the National Institute of Standards and Tech-
nology. A principal advantage of this system is that once a
reaction catalog is established it can be updated to include
the new and/or revised data. Also, the effects on the solution
of the thermochemical network due to changes in the rela-
tive weights given to individual results can be conveniently
investigated. '

In the thermochemical catalogs, the experimental data
reported in individual papers have been adjusted, insofar as
possible, to 298.15 K and to the thermochemical standard
state (see Sec. 2.1). These adjustments have frequently re-
quired the use of estimated enthalpies and/or heat capaci-
ties, activity coefficients, and equilibrium modeling calcula-
tions®*>* to obtain the thermochemical parameters for
appropriate reference reactions at 298.15 K and at the stan-
dard state. In the absence of direct measurements, it has
frequently been necessary to estimate activity coefficients.
This has usually been done using an extended Debye—
Hiickel expression with the B or “ion size” parameter set
equal® to 1.6 mol~1/2 kg'/2,

In constructing the thermochemical tables it was neces-
sary to make estimates of two entropies, specifically the par-
tial molar entropies of aqueous ribose and ribose 5-phos-
phate. The estimated entropy of 204 + 20 J mol~' K ! for
aqueous ribose is based upon the partial molar entropy of
aqueous xylose. In this respect, note that the values of the
partial molar entropies of the aqueous hexoses are reasona-
bly close to each other. The estimated entropy of 69
J mol~' K~ for aqueous ribose 5-phosphate is based upon

J. Phys. Chem. Ref. Data, Vol. 18, No. 2, 1989

an experimental determination of the enthalpy chang.
( —5.69 kI mol™') and an estimated equilibrium consti
of 420 for the hydrolysis of ribose 5-phosphate.?®. Since thew
two estimates substantially extend the thermochenu :

‘network, we believe that they are useful. Clearly, measur.

ments which would eliminate the need for these estinuut.:
are desirable.

6. Trends and Physical Interpretation of the
Data
6.1. Ranges of Property Values

Table 16 contains the range of values for many of tl.
properties considered in this review. Among the more usct:
of these are the values found for the quantities {C, |+
gar(ao}] — C,, [sugar-phosphate(ao) 1} and {S; (v
gar(ao)] — S5 [sugar-phosphate(ao) 1}. Thus, if either 5
or C,, is known for the sugar or its phosphate, the cor
sponding quantity can be estimated. In this regard, the rv.
ommended values to be used for the differences in these hes
capacities and entropies are, respectively, 280 and 1+
Jmol~! K. Generally, the entropies and the heat capu-
ties have proven to be the most useful thermodynamic fun
tions for estimation purposes. While in several cases it
difficult to state whether the observed ranges of values w-
real or attributable to measurement errors, an understand
ing of the detailed differences within a given range of valu:
will require a better knowledge of the variations in therm:.
dynamic property values between the various anomen
forms of the carbohydrates than is now available.

6.2. Physical Interpretation of the Data

The molecular interpretation of the physical proper.
data is a difficult problem which is presently unresolve:
While attempts at molecular calculations have been attemjr
ed (see, for example, the review of Cesaro'!') the results tha
have been obtained are far from satisfactory. Therefore, th:
current rationalization of the properties of carbohydratc:
have relied principally upon either hydration or group con
tribution effects. Some of the significant efforts in this dire
tion will be summarized briefly.

Kabayama and Patterson® have attempted to rational
ize the enthalpy and entropy changes for the mutarotatio:
data of aqueous carbohydrates in terms of changes in th
hydration of the reducing hydroxyl groups. Later, Stoke-
and Robinson®® used a successive hydration model to repre
sent the osmotic coefficients of aqueous carbohydrate solu
tions to ~7 mol kg~ . Franks, Ravenhill, and Reid*® has.
argued for the absence of solute-solute interactions u
aqueous solutions of carbohydrates and for specific hydr:
tion models as applied to understanding the aqueous volu
metric properties. Hydration effects have been extensiveh
invoked by Angyal' in rationalizing the relative stabilitic
of aqueous carbohydrates. Closely  related to rationaliza
tions involving hydration are those involving the number v
equatorial hydroxyl groups on the carbohydrates. Uedair.
and Uedaira*®*! have used this approach to understand th.
diffusion and partial molar heat capacity data. Most recen
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y Halk and Somsen*>** used both preferential solvation and

i-frophobic hydration arguments to account for enthalpies
#-1.ansfer of carbohydrates from water to N,N-dimethylfor-
wmmide solutions.

An alternative approach for the representation of the
+ s properties has been proposed by Savage and Wood.*
t«y assumed that each functional group in a molecule in-
»wts with every functional group in the other molecule
«{ that this interaction is independent of the positions of
« functional groups in the two molecules. Each interaction
+« u characteristic effect on the excess property. These in-
-wtion energies are regressed from a body of experimental
+aand can be used to predict properties of additional sys-
v which have not yet been measured. Barone and co-
tkers* have applied this approach to the excess proper-
« of aqueous carbohydrate solutions. They have also
mpted to correlate the property differences between the
mers with differences in stereochemistry.

Bernal and van Hook* have summarized several at-
apts at property data rationalization which involved
-ucture making and breaking effects. They concluded that
suments along this line had not been successful. They also
ule the useful observation that the “volumetric properties
carbohydrates are similar in sign if not in magnitude to
ose commonly associated with strong electrolytes.”

The problem of the rationalization of properties of sys-
ms of the type considered here is a particularly difficult
Jd, presently, unresolved issue. The systematic collection
|| evaluation of additional property data would signifi-
ntly aid progress in this area. This data can then be careful-
cxamined either to suggest or substantiate improved phys-
i models for these systems.

7. Needed Measurements

Examination of the data in the tables can also serve to
ide in the selection of new measurements. In certain areas,
-data is particularly sparse, e.g., transport properties and
ase diagrams. Additional data in these areas should prove
‘ful. While the equilibrium or Gibbs energy data relating
- different anomeric forms of the carbohydrates is reason-
'y good, there is relatively little information available on
halpy, heat capacity, or volume changes in this field. In
+area of excess property data the enthalpies are the most
nplete in terms of available data. Thus, we would like to

additional isopiestic measurements performed on other
leous sugar and sugar phosphate solutions. There is a real
«d for the measurements of heat capacities of solutions as a
iction of molality. This would permit the accurate calcu-
on of the virial parameters of the excess heat capacity.
amination of the heat capacity catalog (Table 12) shows
eral discrepancies which need to be resolved. Here, the
a for aqueous fructose is the prime example. Also, there
no direct heat capacity measurements on aqueous solu-
1s of the sugar phosphates.

All of the third law entropies contained in the thermo-
mical tables involved long extrapolations to the absolute
o of temperature and, therefore, have larger uncertainties
n can be obtained using modern methods. In particular,
would welcome third law entropies determined on ano-

merically well characterized samples of crystalline glucose,
fructose, ribose, and xylose. An understanding of how the
various anomeric forms differ in their third law entropies
would be extremely interesting. Similarly, the discrepancies
in several of the enthalpies of combustion, mannose and
fructose in particular, need to be resolved. In constructing
the thermochemical catalog we were able to obtain a very
tight and consistent solution of the network involving the
aqueous solute species by giving zero weight to those reac-
tions involving ATP (adenosine s'-triphosphate) coupled
processes. Therefore, the residuals in these latter processes
are larger than their assigned uncertainties. We suspect that
these discrepancies are due either to (i) unsuspected side
reactions or (ii) to the proton and metal-ion binding correc-
tions, or (iii) to the adjustment to the thermochemical stan-
dard state. In any case the uncertainties in the Gibbs energies
and enthalpies of ATP coupled processes (reactions 105-
110) are larger than initially believed. Further attention in
this area is needed. The thermochemical network also used
two estimated entropies, specifically for aqueous ribose and
ribose 5-phosphate (see Sec. 5 above). The former estimate
could be made redundant if a third law entropy were deter-
mined for ribose(cr). The preferred pathway for eliminating
the second estimate involves a determination of the equilibri-
um constant for the hydrolysis of ribose 5-phosphate to ri-
bose and inorganic phosphate. This data could then be com-
bined with the enthalpy change for this reaction and the
partial molar entropy of aqueous ribose determined from a
third law entropy of the crystal. Examination of the thermo-
chemical network also indicates the need for additional mea-
surements on other enzyme-catalyzed reactions. Specifical-
ly, we would like to see equilibrium data determined for the
hydrolyses of ribulose 5-phosphate and ribose 1-phosphate
and direct calorimetric measurements performed on the iso-
merizations of glucose 1-phosphate to glucose 6-phosphate,
of galactose 1-phosphate to glucose 1-phosphate, and of
aqueous mannose to fructose. An error in the enthalpy
change for this latter process could help to explain the dis-
crepancies in the enthalpies of combustion of crystalline
mannose and fructose.

The thermodynamic data contained in these tables is
useful both for examining efficiencies and for optimizing the
reaction conditions for industrially useful processes. For ex-
ample, the data contained in these tables can be used to cal-
culate the temperature dependency of the conversion of glu-
cose to fructose."® Similarly, there is substantial interest in
the production of ethanol from biomass.*”*® The formation
properties given in Table 15 together with those for ethanol'*
can be used to examine the efficiencies of proposed processes
in this area. In summary, the thermochemical catalog ap-
proach is useful for examining the consistency of thermody-
namic data and in expanding its predictions. We would like
to see it extended to other networks involving enzyme-cata-
lyzed reactions and to biochemical processes in general.
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10 Tables

THERMODYNAMIC AND TRANSPORT PROPERTIES OF CARBOHYDRATES

TABLE 1. Melting and transition temperatures of the pure carbohydrates.
Unless indicated otherwise, the data were taken from [42BAT]

Melting or
Carbohydrate transition temperature
°C
B-arabinose 160
lyxose:
a form 106-107
B form 117-118
ribose 87
ribulose syrup
a-xylose 145
xylulose syrup
B-allose 128
B-altrose ~106
B-fructose:
dihydrate 2008
anhydrous 102-104
a-galactose:
anhydrous 167
hydrate 118-120°
glucose:
a form 146
a monohydrate 50°
B form 148-150
gulose syrup
idose
mannose:
a form 133
B form 132
psicose syrup
sorbose 159-161
tagatose 134-135%
talose:
a form 133-134
B form 120-121

*Transition temperature of dihydrate to anhydrous [52YOU/JON].

*Data from compilation of [82BAI].

“Transition temperature of monohydrate to anhydrous [22JAC/SIL].
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TABLE 2. Densities and cubic expansion coefficients of the pure carbohydrates near 298 K obtained from the literature

Carbohydrate £ Reference
gem™
B-D-allose(cr) 1.593¢ [84KRO/SLU]
B-arabinose(cr) 1.619¢ [61HOR]
B-L-arabinose(cr) 1.626"¢ [77TAK/JEF]
B-DL-arabinose(cr) 1.636>¢ [67KIM/JEF]
1.640 [79TAK/NOR]
B-D-fructose(cr) 1.601°¢ . [7T7TKAN/ROE]
B-D-fructopyranose(cr) 1.599%¢ [7TTAK/JEF2]
a-D-galactose(cr) 1.619° [7T60HA/GIL]¢
L61° [76SHE]
B-D-galactose(cr) 1.579° [75SLON/OHAJ
. 1.595¢ [76SHE]
glucose(glass) 1.523° [28PAR/HUF]
glucuse(er) 1.540° [6SRAM/GOR]
a-D-glucose(cr) 1.566° [65BRO/LEV]
1.560° [74SWA/MUR]
1.562¢ [79BRO/LEV]
B-D-glucosc(cr) 1.528 [63FER]
1.5520¢ [68CHU/JEF]
lyxose(cr) 1.544¢ [66HOR]
B-L-lyxopyranose(cr) 1.536° [78NOR/TAK]
mannose(cr) 1.501° [31IMAR]
a-D-mannopyranose(cr) 1.564° [76LON/AVE]
D-ribose(cr) 1.59%¢ [S6FUR/HOR]
a-L-sorbopyranose(cr) 1.607°¢ [67KIM/ROS]
1.605%° . [79NOR/TAK]
a-D-tagatose(cr) 1.655° [69TAK/ROS]
a-D-talose(cr) 1.591b¢ [77THAN/HOR]
a-D-talopyranose(cr) 1.602° [770HA/AVE]
D-xylose(cr) 1.617¢ [58WOO0]
a-xylose(cr) 1.511¢ [71HOR]
a-L-xylopyranose(cr) 1.663*0 [80JEF/ROB]
1.524° [79TAK/JEF]

Cubic expansion coefficients at 298.15 K

Compound a’x10* Reference
K-1
glucose(cr) 3.1 [28PAR/HUF]
glucose(glass) 2.4 [65SRAM/GOR}®

*One set of x-ray data for a-L-xylopyranose was determined at 123 K by [80JEF/ROB].

*Determined by flotation method.

°Calculated from x-ray data.

465RAM/GOR] report the existence of a second order phase transition at =296.2 K. Below this temperature,
the cubic expansion coefficient is equal to 5.1X107* K~

J. Phys. Chem. Ref. Data, Vol. 18, No. 2, 1989
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Jasrs L. Recommended values of the densities, molar volumes, cubic expansion coefficients, and expansivities of the pure carbohydrates at
#4913 K. Unless indicated otherwise, the values pertain to the pure D or L form of the compound

E
+ shohydrate p V' x10° a’x 10 E"x10°
gom? m* mol~} K-! m*mol~' K~}
# +ilone(cr) 1.593+0.005 113.1+0.4
# srahinose(cr) 1.6247-0.01 92.44+0.6
# 111 urabinose(cr) 1.638+0.005 91.65+0.3
# huctose(er) 1.600=0.005 112.6-20.4
# tnuctopyranose(cr) 1.599+0.005 112.7+04
+ galuctose(cr) 1.619+0.005 111.3+04
# galactose(cr) 1.587+0.01 113.5+0.7
¢ » ose(glass) 1.523:£0.005 118.3::04 3.1+02 3.7+0.2
+ glucose(cr) 1.562:-0.003 115.3+0.2 2.4:+0.1 2.8:£0.1
# glucose(cr) 1.552+0.005 - 116.1+0.4 .
rraone(cr) 1.544£0.01 97.23%0.6
# Ivxopyranose(cr) 1.536:20.005 97.74+0.3
wannose(cr) 1.501+0.01 120.0+0.8
« munnopyranose(cr) 1.5641-0.01 115.2+0.8
«base(cr) 1.59+0.02 94.4+1.
+ wirbopyranose(cr) 1.606+0.005 112.2+0.3
+ ugatose(cr) 1.655+0.01 108.9+0.7
+ tnlose(cr) 1.591+0.005 113.2+04
« mlopyranose(cr) 1.602+0.005 112.5+0.4
« xylose(cr) 1.511+0.01 99.36+0.7
+ xylopyranose(cr) 1.5244-0.01 98.51+0.7
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TABLE 4. Values of standard state volumetric properties of aqueous carbohydrates at 298.15 K from the literature

Standa:d state par:ial molar volumes (¥7 = ¥3). The units are 10~° m*® mol~

Worker(s)

Compound  “Best” value  25RIB/ESP 26RIB/MIN  58SHI 69UED/UED MNEA/GOR T72FRA/RAV T6SHA/FAR 77SAV BHOI/HOL 78LOS/SHI 82JAS/AHL 83IMIY/SAW2 B84JAS/AHL  8SUED/UED 86BER/HOO

arabinose  93.7+0.3 94.0 91.9 93.2 94.0

fructose  110.7%0.1 110.7¢ 110.5 110.4 110.9 110.69
galactose 110.5+0.3 110.2* 110.7 111.9 110.2 110.6

glucose  112.0%0.1 1115 112.2 1119 .1119 112.2 1122 1117 112.04 1117 1113 1119 111.99
lyxose 95.7+0.3 95.7

mannose 111.5+0.3 v 111.2° 1117 111.3 112.0

ribose 95.24+0.1 95.3 95.2 95.21 95.6 95.2

sorbose  111.0+0.3 110.6 1115

1ylose 95.4+0.3 95.9 95.1 95.4 94.8 95.4 95.6

*Adjusted from 293.15 K using valies of E7 given in Table 4.
'Data determined at 278.15 K and adjusted to 298.15 K using estimatzd value of E;.

[44:]
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1 ABLE 4. Values of standard state volumetric properties of aqueous carbohydrates at 298.15 K from the literature — Continued

Standard state partial molar expansivities {E; = E§ = (a¥5/aT),}. The units are 107° m* mol~' K%

Worker(s)
pound “Best” value TJONEA/GOR T72FRA/RAV TISAV 83MIY/SAW?2 86BER/HOO
e 0.136+0.01 0.136
L lose 0.1540.03 0.15
one 0.0910.01 0.10 0.12 0.11 0.11 0.091
- 0.12+0.03 0.15

Standard state partial molar isentropic compressibilities {K$, = K34 = (3¥3/3T)s}. The units are 10~'* m*> mol~! Pa~'.

Workcr(s)

mpound “Best” value 58SHI 72FRA/RAV 78HOI/HOL 78LOS/SHI 86BER/HOO
- dunose —19.3+0.1 —14.5 —-193

W ose —21.37+0.02 —16.5 —21.37

lictose —20.8%+0.1 —20.8

w0Se —17.80%0.02 —13.8 —16.0 —17.8 —17.50 —17.80

nmnose —16.0x0.1 —16.0

e —12.5%0.1 —13.0 —12.5 —12.46

lose —12.9+0.1 -94 —129

Values of the temperature derivative of the standard state partial molar isentropic compressibilities {(2K3$,/27),}.
The units are 107" m® mol~! Pa~!' K~

Worker(s)
Compound “Best” valuc T2FRA/RAV 86BER/HOO
fructose 0.80+0.1 1.03 0.80
glucose 0.6420.1 1.14 0.64

J. Phys. Chem. Ref. Data, Vol. 18, No. 2, 1989
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TABLE 5. Recommended values of the standard state volumetric properties of aqueous carbohydrates at 298.15 K

—

Compound V3% 108 E5x10¢ K3, X101 K3, x 10" 0K 3/0T), X 0
m® mol 1 m’ mol~' K~! m’ mol~! Pa~! m® mol~! Pa~! mt

arabinose 93.7+0.3 —19.320.1 —152+0.2

fructose | 110.740.1 0.1360.01 —21.37+0.02 ~16.7+0.1 0.80-+0.1

galactose 110.5+0.3 0.15+0.03 —20.8£0.1 —15.6+0.2

glucose 112.0£0.1 0.091+0.01 —17.80+0.02 —14.8x0.1 0.64=0.1

lyxose 95.740.3

mannose 111.5+0.3 —16.0+0.1 —12.7+0.2

ribose 935.240.1 0.12:40.03 ~—12.54+0.1 —8.4:+0.2

sorbose 111.0:+0.3

xylose 93.40.3 —12.9%0.1 —~8.8+0.2

TABLE 6. Recommended values of the parameters of the correlating equations of the excess properties of aqueous carbohydrate solutions at 298.15 K. In ¢!
case the maximum molalities to which the parameters are valid are given in the next to last column.

Parameters of the excess Gibbs energy. The units of the parameters are J kg' mol = ¢+ 2

mmux
Compound £ 2 2 £a s mol kg™ Workers
galactose —129.678 +42.0 140.352 +47.0 —37.8844+21.0 3.693 +2.0 345 [83MIY/SAW|
glucose 63.102+210 27543+ 95 —4084+ 15 0.183 +0.081 10.00 [55TAY/ROW],
[65BON/BRE],
[66STO/ROB|.
[83MIY/SAW|
mannose — 46.678 +20.0 68.112+ 190 —18.062+ 7.3 2369 +12 —0.120 + 0.069 6.74 [83MIY/SAW]
ribose 7.501 4+ 1.6 3.66 | 8SUED/UED|
xylose 81.523 + 3.6 3.47 [69UED/UED|
Parameters of the excess enthalpy. The units of the parameters are J kg' mol~¢+"
Compound h h, Mygaz/mol kg™! Worker(s)
arabinose 177.8+20. 7.42+5.3 1.61 [82BAR/CAC]
fructose 264.2+19. -7.1514.2 4.54 [81BAR/CAS]
galactose 133.38.0 2.01 [81BAR/CAC]
glucose 342.%10. 124440 2.00 [SOLAN/MAR], [T6SAV/WOO], [T7SAV
lyxose 24277475 110739 © 169 [83BAR/CAS]
mannose 207.2+17. -14.0£5.2 2.26 [81BAR/CAC]
ribose 201.7+9.1 -5.5+57 1.41 [83BAR/CAS]
sorbose 394.9+12. -16.2::6.0 1.96 ~ [82BAR/CAC]
xylose 339,317, -18.6%3.1 4.84 [S1IBAR/CAC]

J. Phys. Chem. Ref. Data, Vol. 18, No. 2, 1989
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11 6. Recommended values of the parameters of the correlating equations of the excess properties of aqueous carbohydrate solutions at 298.15
i In cach case the maximum molalities to which the parameters are valid are given in the next to last column — Continued

Parameters of the excess heat capacity. The units of the parameters are J K~' kg' mol~¢+7,

wpound 3 Mpmaz/mol kg ™! Workers

7.70+0.15 4.07 [76BON/CER]

Parameters of the excess volume. The units of the parameters are 10~° m?® kg' mol—¢+"

mpound v, v, Mas/mol kg™! Workers
w10se 0.534+0.03 2.08 [86BER /HOO]
L n0se 0.511:0.03 1.99 [86BER /HOO]
s 0.37%0.1 0.44 [8SUED/UED]
Ao 0.7824-0.23 -0.101£0.056 3.00 [69UED/UED]

Parameters of the excess expansivity. The units of the parameters are 10~ m® K~! kg’ mol—¢+9

-mpound e Mipax/mol kg™! Workers
nctose -1.2+0.3 2.08 [86BER/HOO]
lucose -0.9+0.5 1.99 [86BER/HOO]

Parameters of the excess isentropic compressibility. The units of the parameters are 10> m*® Pa~! kg’ mol—¢+?9

* vmpound ksi Mimax/mol kg —* Workers
uctose 4.01£0.01 1.2 [86BER/HOO]
icose 2.73£0.01 0.4 [86BER/HOO]

rarameters of the temperature derivative of the excess isentropic compressibility. The units of the parameters are 107" m® Pa~' K "' kg' mol ¢'9

c'ompound (0ksi/2T), Mimax/mol kg ™! Workers

iructose -0.165+0.02 1.2 [86BER/HOO]
zlucose -0.081+0.02 N 0.4 [86BER/HOO]

J. Phys. Chem. Ref. Data, Vol. 18, No. 2, 1989
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TasLE 7. Diffusion and viscosity data for aqueous carbohydrate solutions
Limiting values of the diffusion coefficients
Carbohydrate T/K D= x10"%/m?s™! Workers

fructose 298.15 7.001:£0.01 [7TOUED/UED]

glucose 298.15 6.735+0.05 [53GLA/DOLY]; also see [SSLON;
308.15 8.401+0.05 [S3GLA/DOL]

ribose 298.15 7.795+0.01 [85UED/UED]

xylose 298.15 7.480:+0.02 [69UED/UED]

Expressions for the diffusion coefficients of aqueous carbohydrates as a function of concentration

Carbohydrate /7K Expression (D has units of 10'° m*s™") Mpax/MOL KE™' OF Car/mol L™} workers
fructose 298.15 D = 7.00149 — 1.42416m 0.14 [TOUED/UE
glucose 298.15 D = 61.3865 — 16.8107m -+ 2.60593m? — 0.250149m> 2243 [53GLA/DO

+ 0.0122802m* — 0.000226402m°
308.15 D = 84.0051 — 13.9645m + 0.897491m*> — 0.0193112m° 23.08 [53GLA/D
ribose 298.15 D = 7.79508 — 0.553466¢ 0.16 [85UED/UE.
aylosc 298.15 D = 7.48034 — 0.984835¢ 0.45 [6SUED/UL;
Expressions for the reduced viscosities of agueous carbohydrate solutions
Carbohydrate T/K Fxpression Conarn/mol T.71 Warkery
glucose 288.15 m/7n*) = 1.0 + 049¢ 0.12 [83MIY/SAW.:
298.15 (m/m*) = 1.0 + 045¢ 0.12 [RAMTY/SAW::
308.15 (n/1*) = 1.0 + 043¢ 0.12 [83MIY/SAW™
xylose 298.15 @/ = (1.0 — 0.337c)~! 0.5 [69UED/UED)

J. Phys. Chem. Ref. Data, Vol. 18, No. 2, 1989
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1anLE 8. Percent compositions of the anomeric forms of the hexoses and pentoses in D;O. The data are taken from the review of [84ANG]

A. Aldo-hexoses and pentoses

pyranose furanose
- ampound T/K a B a B aldehyde

arabinose 304.15 60. 35.5 2.5 2. 0.03
lyxose 304.15 70. 28. 1.5 0.5 0.03
nbose 304.15 21.5 58.5 6.5 13.5 0.05
wylose 304.15 36.5 63. <1 0.02
allose 304.15 14. 71.5 3.5 5. 0.01
altrose 295.15 27. 43. 17. 13. 0.04
palactose 304.15 30. 64. 2.5 35 0.02
glucose 304.15 38. 62. — 0.14 0.002
rulose 295.15 16. 81. — 3. R —
dose 304.15 38.5 36. 11.5 14. 0.2
mannose 317.15 65.5 345 0.6 0.3 0.005
ulose 295.15 42. 29. 16. 13. 0.03

B. Keto-hexoses

pyranose furanose
‘ompound /K a B a B keto form
fructose 303.15 2. 70. 5. 23. 0.7
psicose 300.15 22. : 24, . 39. 15. 0.2
sorbose 300.15 98. —_ 2. — 0.2
tagatose 300.15 79. 16. 1. 4. 0.6

J. Phys. Chem. Ref. Data, Vol. 18, No. 2, 1989
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TABLE 9. Gibbs energy changes at 298.15 K for the conversion of the various forms of the carbohydrates to the equilibrium mixture. The units are kJ mol *

Carbohydrate a-pyranose B-pyranose a-furanose B-furanose aldehgin
arabinose +0.84 —0.4 —7.34 —17.87 S
lyxosc +0.85 —1.40 —8.98 —11.7 - 1w
ribose® ~1.05 +1.45 —4.32 —2.48 ST
xylose -~0.77 +0.63 -
allose -3.03 +1.23 —6.78 N —5.86 ]
altrose —0.10 +1.04 —1.09 —-1.77 - 16
galactose —0.86 +1.05 —-7.32 —6.46 —1v
glucose® -0.74 +0.49 —14.9 -6
gulose® —3.12 +0.89 -7.1
idose +0.85 4+0.70 —2.45 . =194 -1
mannose +0.71 —0.99 , —-11.8 -13.7 -N
talose +0.99 +0.06 —1.25 -1.77 -1

Carbohydrate a-pyranose B-pyranose a-furanose B-furanose keto
fructose —7.61 +1.23 -~ 5.58 —-1.78 —10
psicose —0.38 -0.16 +0.94 —1.42 —11
sorbose® +0.23 —9.52 —15
tagatose +1.11 —2.84 —9R2 —6.38 -1

“In calculating these Gibbs energy changes it was necessary to estimate the percent compositions of a few isomers. These estimates were: 0.5% fis

both the o and 8 furanose forms of xvlose; 0.01% for the a-furanose form of glucose; 0.01% for the a-furanose and 0.005% for the aldehyde form
of gulose; and 0.01% for the B-furanose form of sorbose. Where necessary estimated enthalpies were used to adjust the data in Table & v

298.15 K.

TapLe 10. Additional thermodynamic data for anomcric conversions at 208.15 K

Process AG* AH® AS® AC; AV°Xx10*
kJ mol~ Jmol™' K™ m® mol”

a-xylose = B-xylose —1.400.2° —2.24+0.1° —2.8+0.8

a-galactose = fS-galactose —1.90:40.2* -1.30+0.1° 2.0£0.8

a-glucose = B-glucose —1.24+0.17 —1.15+0.05¢ 0.30::0.4 —9,43f 0.31:£0.02¢

a-mannose = SB-mannose 1.70-£0.2% 1.85+0.1° 0.50+0.8

B-fructopyranose = S-fructofuranose 3.014:0.2% 15.24+0.5° 41.+2.

*Calculated from data in Table 8; adjustments to 298.15 K were done using the enthalpies given in this table.
YBased on data given in [SSKAB/PAT].

“Based on data given in [73TAK/ONO].

“Based on data given in [41STU] and [SSKAB/PAT].

“Based on data given in [88BAL/SOM]; also see [65SAND/GRO] and [66GRO/AND].

Based on data given in [41STU].

EBased on data given in [86BER/HOO]; also see [25RIB).

J. Phys. Chem. Ref. Data, Vol. 18, No. 2, 1989
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No.

Reaction

Property

Observed

Unc.
kJ mol~' or J mol~! K~!

Residual

Reference

CeH; 0P’ (a0) + H,O() = CeHpO(ao) + HPOF™(ao)
Calorimetric measurement using alkaline phosphatase
Enthapy of hydrolysis of glucose-6P

C(,HanPzi(aO) + HO() = CsH120(ao) + HPO%A(aO)
Equili>rium constant for the hydrolysis of glucose-6P
Adj. to 298.15 K using AH = 0.9 kJ mol~' and

AC, =—48 J mol~! K~}; adj. from pH 7
Listed for information only

CeH,;0:P?~(20) + H,O(l) = C4H ;04200 + HPO; (ao)
Equilibrium constant for the hydrolysis of glucose-6P
Adjusted from pH 7
Listed for information only

C¢H;,04P*~(a0) + H,0(I) = CeéH;;04(a0) + HPO}(a0)
Equilibrium constant for the hydrolysis of glucose-6P
Adjusted from pH 7
Listed for information only

CeH,1OP?(a0) + H,0() = CsHpOgao) + HPOF (a0)
Equilibrium constant for the hydrolysis of glucose-6P
Adj. to 298.15 K using AH = 0.9 kJ mal~! and
AC, = —48 J mol~! K~!; adj. from pH 7

CeH ;0P (a03) + H,0() = CeH;;0¢(a02) + HPO} (ao)
Calormetric measurement using alkaline phosphatase
Enthalpy of hydrolysis of mannose-6P

C5H110;P2~(303) =+ Hzo(l) = CsHuOé(&Dz) -+ HPO%’(ao)
Equilibrium measurement using alkaline phosphatase
Equilibrium constant for the hydrolysis of mannose-6P

CeH 11 OP*~(a0d) + H,O(l) = Ce¢H,;0¢(a03) + HPOI~(a0)
Calorimetric measurement using alkaline phosphatase
Enthalpy of hydrolysis of fructose-6P

CsH, 0P (aod) + H,0() = Ce¢H;04(203) + HPO3F~(ao)
Equilibrium measurement using alkaline phosphatase
Equilibrium constant for the hydrolysis of fructose-6P

Adj. from 38 °C using AH =—7.6 kJ mol~!, AC, =—28 J mol~' K~!

Listed for information only

AH

AG

AG

AG

AG

AH

AG

AH

AG

0.91

—1C3

—9.84

—13.0

—10.80

—908

—761

—12.3

0.35

0.7

0.50

0.5

0.10

0.3

0.70

0.70

0.5

-0.162

0571

1031

-2.129

0.071

€.000

0.000

0.175

1.327

88TEW/STE

49SMEY/GRE

54GIN

61ATK/JOH

TSLAW/VEE

88TEW/STE

4SMEY/GRE

88TEW/STE

49MEY/GRE

S3ALVHAAHOEHVYO 40 S31LH3d0Hd 1HOdSNYHL ANV DINVNAQOWHIHL
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TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data — Continued

Reaction

Property

Observed v
kY mol~! or J mol~! K~!

Unc.

Residual

Reference

C6H|109P2‘(ao4) -+ Hzo(l) = C5H|206(203) + HPO%‘(BO)
Equilibrium measurement using alkaline phosphatase
Equilibrium constant for the hydrolysis of fructose-6P

CsHsOsP?~(a0) + H,O() = CsHOs(ao) + HPO;~(a0)
Calorimetric measurement using alkaline phosphatase
Enthalpy of hydrolysis of ribose-5P

CsHsOsP*~(a02) + H,0(l) = CsH¢Os(a02) + HPOF(ac)
Calorimetric measurement using alkaline phosphatase
Enthalpy of hydrolysis of ribulose-5P

CeH 0P (205) + H,0() = CgHiOs(z04) + HPOI~(ao)
Equilibrium constant for the hydrolysis of galactose-6P
Adj. from 38 °C using AH = 1.5 kJ mol~! and AC, =—40 J mol~' K!

C6H1109P2-(807) + Hzo(l) = C6H1205(803) + HPO}‘(ao)
Equilibrium constant for the hydrolysis of fructose-1P
Adj. from 38 °C using AH = —7.6 kJ mol~' and AC, = —28 J mol~' K~

CsHyOsP?*~(205) + H,0() = CsH;Os(a0) + HPOj (ao)
From cylcle calc. (two steps)
Equil. constant for the hydrolysis of ribose-1P

CGHHOQPz_ (a0) = C6H1|09P2‘(ao4)
Enthalpy of isomerization of glucose-6P to fructose-6P
Second law treatment
Listed for information only

C¢H[10sP?~(a0) = CgH; 0P~ (a04)
Calorimetric measurement using phosphoglucose isomerase
Enthalpy of isomerization of glucose-6F to fructose-6P

CsH 10sP*~(a0) = CeH1OsP?~(a04)
Equil. constant for the isomerization of glucose-6P to fructose-6P
Adj. from 30 °C using AH = 11.7 kJ mol~! and AC, = 44 J mol~' K~!
Listed for information only

CeHnOgP""(aO) = CanOng"'(aoli)
Equil. constant for the isomerization of glucose-6P to fructose-6P
Adj. from 40 °Cusing AH = 11.7 kJ mol~! and AC, = 44 J mol~! K~!
Listed for information only

AG

AG

AG

AG

AH

AH

AG

AG

—13.70

—5.69

—12.43

—1L15

—10.23

—22.0

9.5

11.7

2.21

1.48

0.30

0.50

0.50

0.70

0.70

0.5

0.8

0.2

0.20

0.20

-0.073

0.000

0.000

0.000

0.000

0.000

~2.168

0.032

-0.937

—.667

88TEW/STE

88TEW/STE

88TEW/STE

49MEY/GRE

49MEY/GRE

80CAM/GIR

60KAH/LOW

38TEW/STE

50SLE

56RAM/IR

(1124
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No. Reaction Property Observed Unc. Residual Reference
kJ mol~! or J mol~' K-!

20 CeHnOsP?~(ac) = CsH;OsP* (a04) " AG 1.44 0.20 —1.707 58NOL/BRU
Equil. constant for the isomerization of glucose-6P to fructose-6P
Adj. from 37 °C using AH = 11.7 kJ mol~' and AC, = 44 J mol~' K!
Listed for information only

2l Ce¢Hi 0P~ (a0) = CeH; 0P (a04) AG 3.17 0.05 0023 60KAH/LOW
Equil. constant for the isomerization of glucose-6P to fructose-6P

22 C¢HyiOsP?~(a0) = C¢H;;05P* (ac4) AG 3.11 0.05 -0.037 88TEW/STE
Equilibrium measurement using calorimetric data
Equil. constant for the isomerization of glucose-6P to fructose-6P

23 CeHyjiOsP?*~(a03) = CiH;10sP!~(a04) AH 8.46 0.20 0.000 88TEW/STE
Calorimetric measurement using phosphomannose isomerase
Enthalpy of isomerization of mannose-6P to fructose-6P

24 CeHyiOoP*~(a03) = Ce¢H,;04P'~(acd) AG —085 0.20 -0.875 50SLE
Equil. constant for the isomerization of mannose-6P to fructose-6P
Adj. from 30 °C using AH = 8.4 kJ mol™! and AC, = 38 J mal™' K~}
Listed for information only

25 CeH;OgP?~(a03) = CeH; 0P~ (aod) AG —1.18 0.30 —1.205 58NOL/BRU
Equil. constant for the isomerization of mannose-6P to fructose-6P
Adj. from 37 °C using AH = 8.4 kI mol~' and AC, = 38 Jmcl™' K~!
Listed for information only

25 CeHOsP?~(a03) = CsH,;O4P " (a04) AG 0.025 0.100 0.000 88TEW/STE
Equil. constant for the isomerization of mannose-6P to fructose-6P

27 C:HyOsP*~(a02) = CsHyO3P?(a0) AH —13.2 1.0 4.529 54AXE/JAN
Enthalpy of isomerization of ribulose-5P to ribose-5P
Second law treatment
Listed for information only

23 C<H;O:P*(ao2) = CsHyO5P* (ao) AH ~17. 12. €.729 60AGO/ARA

Enthalpy of isomerization of ribulose-5P to ribose-5P
Second law treatment
Listed for information only

S31VHAAHOGHVYD 40 S31143d0Hd LHOdSNVYHL ANV JINVNAQOWHIHL
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TaBLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data

— Continued

No. Reaction Property Observed Unc.
’ kJ mol~! or J mol~! K~!

Residual

Reference

29 CsHyOsP?~(a02) = CsH;0P?>(a0) AH —14.1 50
Enthalpy of isomerization of ribulose-5P to ribose-5P
Calorimetric measurement using phosphoribose isomerase
Listed for information only

30 CsHyOzP*~(a02) = CsHyOsP?~(a0) : AG —3.3 0.5
Equil. constant for the isomerization of ribulose-5P to ribose-5P
Listed for information only

31 CsHyOsP*(a02) = CsHyOsP*~(a0) AG —1.69 0.50
Equil. constant for the isomerization of ribulose-5P to ribose-SP
Adj. from 37 °C using AH =—16.1 kJ mol~! and AC, = —40 Jmol~! K~!
Listed for information only

32 CsHyOsP?~(a02) = CsHy0O3P?~(a0) AG —1.26 0.50
Equil. constant for the isomerization of ribulose-5P to ribose-5P
Adj. from 37 °C using AH —16.1 kJ mol~! and AC, =—40 J mol~! K~!
Listed for information only

33 CsHyOsP?"(a02) = C;H;0sP*~(a0) AG -2.7 0.5
Equil. constant for the isomerization of ribulose-5P to ribose-5P
Temperature not given
Listed for information only

34 CsHyOgP*~(a02) = CsHyOP*~(a0) AG —3.57 0.50
Equil. constant for the isomerization of ribulose-5P to ribose-5P
Adj. from 37 °C using AH = —16.1 kJ mol~! and AC, = ~40 J mol~' K~!
Listed for information only

35 CngOng—(B.OZ) = C5H903P2~(30) AG —4.3 0.5
Equil. constant for the isomerization of ribulose-5P to ribose-5P
Listed for information only

36 C5H905P2‘(302) = CngOng_(aO) AG »3.6 0.5
Equil. constant for the isomerization of ribulose-5P to ribose-5P
Adj. from 37 °C using AH =—16.1 kJ mol~! and AC, =—40 Jmol~' K~!
Listed for information only

37 CsHyOgP?~(a02) = CsH;0:P?~(ao) AG —1.20 0.10
Equil. constant for the isomerization of ribulose-5P to ribose-5P
Adj. from 38 °C using AH =—16.1 kJ mol~' and AC, =—40 Jmol~' K~!

3.629

—2.100

—0.490

—0.060

—1.500

-2.370

—3.100

—2.400

0.000

88TEW/STE

54AXE/JAN

56DIC/WIL

57TASH/HIC

57DIS/SHI

S8TAB/SRE

60AGO/ARA

63DOB/DEM

86CAS/VEE

cese
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No. Reaction Property Observed Unc. Residual Reference
kJ mol~! or J mol~! K~!

38 CsHyOsP?~(a02) = CsHyOzP?~(a03) AG —0.19 0.50 1.020 56DIC/WIL
Equil. constant for the isomerization of ribulose-5P to xylulose-5P
Adj. from 24 °C using AH = +10.7 kI mo!l~' and AC, = 0 ¥ mol~' K~!
Listed for information only |

39 CsHyOsP?~(a02) = C;HyOsP?(203) AG —0.19 0.50 1.020 56STU/HOR
Equil. constant for the isomerization of ribulose-5P to xylulose-5P
Adj. from 37 °C using AH = +10.7 k) mol~! and AC, = 0 Jmol~' K~!
Listed for information only

40 CsHyO3P?~(a02) = CsHyO3P?~(ao3) AG —0.51 0.50 0.700 5TASH/HIC
Equil. constant for the isomerization of ribulose-5P to xylulose-5P
Adj. from 37 °C using AH = +10.7 kY mol~! and AC, = 0 Jmol~! K~!
Listed for information only

41 CsH03P*~(a02) = CsHyO3P*~(a03) AG -0.19 0.50 1.020 58BUR/HOR
Equil. constant for the isomerization of ribulose-5P to xylulose-5P
Adj. from 37 °C using AH = +10.7 kI mol~! and AC, = 0 Jmol~' K™!
Listed for information only

42 CsH;O3P*(a02) = CsHy;03P?~(ao3) AG —2.5 0.5 -1.290 58TAB/SRE
Equil. constant for the isomerization of ribulose-5P to xylulose-5P
Adj. from 37 °C using AH = +10.7 kI mol~! and AC, = 0 Jmol~' K~!
Listed for information only

43 CsHyOsP*(a02) = CsHyOzP*~(a03) AG —-1.6 0.5 -0.390 58WOL
Equil. constant for the isomerization of ribulose-5P to xylulose-5P
Adj. from 24 °C using AH = +10.7 kJ mol~! and AC, = 0 Jmol~! K™! .
Listed for information only

44 C.H:0,P~(a02) = CsHyO3P*(a03) ‘ AG —1.0 0.5 0.210 62HUR
Equil. constant for the isomerization of ribulose-5P to xylulose-5P
Temperature not stated
Listed for information only

45 CsHyOsP ~(acl) = C:H¢OsP?~(a03) AG ~1.21 0.10 0.000 86CAS/VEE
Equil. constan: for the isomerization of ribulose-5P to xylulose-5P
Adj. from 3% °C using AH = +10.7 kJmol~! and AC, = 0 J mol~! K!

46 CsH;O3P*(aod4) = C.H.0:P*~(a02) AG 3.8 1.0 0.000 66VOL

Equil. constant for the isomerization of arabinose-5P to ribulose-5P
Adj. from 38 °C using AH = 25.0 kJ mol~! and AC, = 0 J mol~' K~!

S31VHAAHOSHVYD 40 SAILHIdOHd 1HOdSNYHL ANV JINVNAQOWHIHL
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TaBLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data — Continued

Reaction

Property

Observed Unc. Residual
kJ mol~! or J mol~! K~!

Reference

47

48

49

50

51

52

53

54

55

C5H1109P2_(802) = C6H1109P2_(30)
Equil. constant for the isomerization of glucose-1P to glucose-6P

C5H|109P2“(a02) = CsHuOng*(aO)
Equilibrium measurement
Equil. constant for the isomerization of glucose-1P to glucose-6P
Equilibrium constant determined at 310.15 K. adjusted to
298.15 K using AH = 0 kJ mol™!
Listed for information only

CeHuOng_(aOZ) = CanOng_(RO)
Equilibrium measurement
Equil. constant for the isomerization of glucose-1P to glucose-6P

C5H1|09P2_(806) = C5H1109P2<(802)
Equil. constant for the isomerization of galactose-lP to glucose-1P
Equil. measurement at 37 °C. value uncorrected.

CeH204(a0) = CeHpO4(a03)
Second law treatment
Enthalpy of isomerization of glucose to fructose
Listed for information only

CsH1206(a0) = CsH20¢(a03)
Second law treatment
Enthalpy of isomerization of glucose to fructose
Listed for information only

C¢H1;04(a0) = C¢H1yOg(203)
Second law treatment
Enthalpy of isomerization of glucose to fructose
Listed for information only

CsH1206(a0) = CsH;;06(a03)
Second law treatment
Enthalpy of isomerization of glucose to fructose
Listed for information only

CaH]an(BO) = C6H|206(BO3)
Second law treatment
Enthalpy of isomerization of glucose to fructose
Listed for information only

AG

AG

AG

AG

—-7.13 0.20 © —0.055

-7.9 0.5 —0.825

—7.02 0.20 0.055

—2.8 0.5 0.000

8.9 2.0 6.088

0.4 3.0 —2.412

6.0 2.0 3.188

1.5 4.0 —~1.312

3.1 20 0.288

42COL/SUT

61BEN/SCH

61ATK/JOH

52LEL/CAR

67TAK

T3HAV/PIT

74LAN

74SCA/SHI

76LLO/KHA

veEs
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‘No. Reaction Property Observed Unc. Residual Reference
kJ mol~! or Jmol! K~!

56 CgH1;06(a0) = C¢H(,0¢(a03) AH 7.1 1.0 4.288 76SPR/LIM
Second law treatment
Enthalpy of isomerization of glucose to fructose
Listed for information only

57 CeH;0¢(a0) = Cg¢H;;0¢(203) AH 2.9 15.0 0.088 79CLI
Second law treatment
Enthalpy of isomerization of glucose to fructose
Listed for information only

58 CeH;;O0s(a0) = CeH,20¢(a03) AH 6.3 20.0 3.488 T9MCK/TAV
Second law treatment
Enthalpy of isomerization of glucose to fructose
Listed for information only

59 C¢H;;04(a0) = CsH),06(a03) AH 2.6 0.6 -0.212 83TIL
Second law treatment
Enthalpy of isomerization of glucose to fructose
Listed for information only

60 CsH;;06(a0) = CeH204(a03) AH 2.7 0.7 —0.112 84LLO/CHA
Second law treatment
Enthalpy of isomerization of glucose to fructose
Listed for information only

61 C¢H;06(a0) = CgH,;0¢(a03) AH 2.6 0.3 - —0.212 84TEW/GOL
Enthalpy of isomerization of glucose to fructose
Second law treatment
Listed for information only

62 C¢H|;06(20) = C:H;,06(a03) AH 2.78 0.20 —0.032 84TEW/GOL
Calorimetric measurement
Enthalpy of isomerization of glucose to fructose

63 CeHi;0¢(a0) = CeH,,0¢(a03) AH 3.7 0.8 0.888 860L1/TOIX
Second law treatment
Enthalpy of isomerization of glucose tc fructose
Adjusted to 298.15 K using AC, = 76  mol~! K~!
Listed for information only

SALVHAAHOGYYD JO S31LHAJOHd LHOJSNVHL ANV DINVNAGONWHIHL
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TaBLE 1. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data — Continued

Reaction

Property

Observed

Unc.

kJ mol~! or J mol~! K~!

Residual

Reference

65

66

67

68

69

70

71

72

CgHuOs(aO) = C5H|205(303)
Equilibrium measurement
Equil. constant for the isomerization of glucose to fructose

Adjusted to 298 K using AH = 2.78 kI mol~! and AC, = 76 Jmol~! K~!

Listed for information only

CsH1206(a0) = CgH;;0¢(a03)
Equilibrium measurement
Equil. constant for the isomerization of glucose to fructose
Listed for information only

CsH]zOg(&O) == CsH|205(303)
Equilibrium measurement
Equil. constant for the isomerization of glucose to fructose
Listed for information only.

Ce¢H 20¢(a0) = CeH(;06(a03)
Equilibrium measurement
Equil. constant for the isomerization of glucose to fructose
Listed for information only

CeH;;0¢(a0) = CeH;04(a03)
Equilibrium measurement
Equil. constant for the isomerization of glucose to fructose

CsH]zOﬁ(aO) = C§H|106(303)
Equilibrium measurement
Equil. constant for the isomerization of glucose to fructose

C5H1205(ao) = C5H1105(803)
Equilibrium measurement
Equil. constant for the isomerization of glucose to fructose
Listed for information only

CeH1,06(a0) = CgH;204(a03)
Equilibrium measurement
Equil. constant for the isomerization of glucose to fructose

CaHuOs(&O) = CsHuOs(a03)
Equilibrium measurement
Equil. constant for the isomerization of glucose to fructose
Listed for information only

AG

AG

AG

AG

AG

AG

AG

AG

AG

0.50

0.71

0.14

0.55

0.32

0.41

0.58

0.37

0.97

0.30

0.20

0.60

3.00

0.70

0.20

0.10

2.00

3.00

0.110

0.320

—0.250

0.160

-0.070

0.020

0.190

—0.020

0.580

67DAN/YOS

67TAK

T3HAV/PIT

74ALAN

74SCA/SHI

76LLO/KHA

76SPR/LIM

79CLI

T9MCK/TAV

oeg
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Reaction

Property

Observed

Unc.

kJ mol~' or J nol~! X!

Residual

Reference

3

4

7

78

”

8

8t

CsH1204(a0) = CgH1,04(a03)
Equilibrium measurement
Equil. constant for the isomerization of glucose to fructose
Listed for information only

CH;06(20) = CeH;;06(a03)
Equilibrium measurement
Equil. constant for the isomerization of glucose to fructose

CeH;06(a0) == CgH120¢(a03)
Equilibrium measurement
Equil. constant for the isomerization of glucose to fructose

CcH;,04(a0) = CH;;0¢(a03)
Equilibrium measurement
Equil. constant for the isomerization of glucose to fructose
Adjusted to 298.15 K using AC, = 76 Jmol~! K~!

CeH,; 105(802) = CﬁH 1 206(303)
Second law treatment
Enthalpy of isomerization of mannose tc fructose
Listed for information only

Ce¢H206(a02) = C;H,;04(a03)
Equilibrium measurement
Equil. constant for the isomerization of mannose to fructose
Adj. from 30 °C using AH = 0.0 kJ mol™!
Listed for information only

C5H1206(a()2) = C(H(105(803)
Equilibrium measurement
Equil. constant fcr the isomerization of mannose to fructose
Listed for information only

CsH,005(20) = CsH;oOs(a05)
Second law treatment
Enthalpy of isomerization of ribose to arabinose

C5H|005(80) = CsHmOs(aoS)
Equilibrium measurement
Equil. constant for the isomerization of ribose to arabinose
Listed for information only

AG

AG

AG

AG

AG

AG

AG

0.30

0.41

0.349

0.44

0.0

—2.22

—2.72

—9.8

—3.4

0.10

0.20

0.050

0.08

2.0

0.50

0.20

3.0

0.30

—-0.090

0020

—-0.041

0.050

0725

2302

1.802

-0.017

0.000

$3TIL

$4L.LO/CHA

$4TEW/GOL

360L1/TO1

§7TAK

$6PAL/DOU

¢7TAK

§TEW/GOL

8STEW/GOL

SILYHAAHOGYHYD 40 S3ILHIdOHd LHOdSNYHL ANV JINVNAGOWHIHL
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TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data

~— Continued

Reaction

Property

Observed

Unc.

kJ mol~! or J mol~! K~!

Residual

Reference

82

83

84

85

86

87

88

89

90

C5H1005(80) = CSHmO,(ao2)
Calorimetric measurement
Enthalpy of isomerization of ribose to ribulose

CsH;oOs(a0) = CsH;c0s(a02)
Equilibrium measurement
Equil.constant for the isomerization of ribose to ribulose

C5H|005(803) = CsHloos(aO4)
Second law treatment
Enthalpy for the isomerization of xylose to xylulose
Listed for information only

C5H|005(3.03) = C5H|005(304)
Calorimetric measurement
Enthalpy of isomerization of xylose to xylulose

C5H1005(803) = C5H1005(304)
Second law treatment
Enthalpy of isomerization of xylose to xylulose
Listed for information only

C5H1005(303) = C5H1005(ao4)
Equilibrium measurement
Equil. constant for the isomerization of xylose to xylulose
Adj. from 27 °C using AH = 16.09 kJ mol~!

CsHmOs(aOB) = CSH1005(304)
Equilibrium measurement
Equil. constant for the isomerization of xylose to xylulose
Adj. from 30 °C using AH = 16.09 kJ mol~!
Listed for information only

C5H1005(303) = C5H1005(604)
Equilibrium measurement
Equil. constant for the isomerization of xylose to xylulose
Listed for information only

CsH,¢0s(a03) = CsH;00s(ao4)
Equilibrium measurement
Equil. constant for the isomerization of xylose to xylulose

AG

AH

AH

AG

AG

AG

AG

2.85

223

16.09

422

4.38

4.389

2.0

0.20

4.0

0.70

6.0

0.50

0.50

0.50

0.030

0.011

0.C00

6.210

0.000

2.710

—0.113

85TEW/GOL

85TEW/GOL

82HSI/CHI

8STEW/STE

860LI/TOI

54HOC/WAT

55SLE

82HSI/CHI

85STEW/STE

8€8

IHYM3L "8 "A ANV DH3daT10OD 'N 'H



6861 ‘C "ON ‘81 "IOA ‘BleQ "joH "wayQ "shyd °r

Reaction

Property

Observed

. Unc.
kJ mol~! or J mol~' K~!

Residual

Reference

98

CsH)oOs(aoz) = C5H1005(a04)
Equilibrium measurement .
Equil. constant for the isomerization of xylose to xylulose
Adjusted to 298.15 K using AC, = 40 J mol~! K~!
Listed for information only

CsH}oOs(aOS) = CsHmOs(aOZ)
Second law treatment
Enthalpy of isomerization of arabinose to ribulose

CsHmOs(aOS) = C5H1005(302)
Equilibrium measurement
Equil. constant for the isomerization of arabinose to ribulose
Adj. from 37 °C using AH = —20.75 kJ mol~!
Listed for information only

CsHmOj(aOS) = C5H|005(302)
Equilibrium measurement
Equil. constant for the isomerization of arabinose to ribulose

CsHigOs(a06) = CsH 0Os(207)
Second law treatment
Enthalpy of isomerization of allose to psicose
No solution for variable or data missing

CsH005(a06) = CsHO0s(a07)
Equilibrium measurement
Equil. constant for the isomerization of allose to psicose
No solution for variable or data missing

C:H¢s0s(a07) = CsH00s(a09)
Equilibrium measurement
Equil. constant for the isomerization of psicose to altrose
No solution for variable or data missing

CsHmOf(aO‘D = C5H1005(808)
Equilibrium measurement
Equil. constant for the isomerization of xylulose to lyxose
Assume K(298.15 K) = K(303.15 K)

AG

AH

AG

AG

AH

AG

AG

AG

4.99

20.75

7.42

—1.41

34

—2.33

4.00

0.50

0.40

2.00

0.10

0.1

0.50

0.657

—-0.022

—1.190

0.000

0.655

860L1/TOI

86TEW/GOL

53COH

86TEW/STE

86TEW/STE

86TEW/GOL

86TEW/GOL

S6PAL/DOU

SALVYHAAHOGHVYO 40 S311LHIdOHd LHOdSNVHL ANV DINVNAQOWYHIHL
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TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data

—  Continued

No. Reaction Property Observed Unc.
kJ mol~! or J mo/~! K-}

Residual

Reference

99 C5H1005(304) = CsHmos(aOS) AG —3.64 0.50
Equilibrium measurement
Equil. constant for the isomerization of xylulose to lyxose

100 GHpNsOy;3P*~(a0) + H,O(l) = CsHipNsOpP?~(ao) AH —22.3 3.0
+ HPO} (a0) + H*(ao0)
Calorimetric measurement
Enthalpy of hydrolysis of ATP
Adj. to 298.15 K with AH =-—21.5 kJ mol~! and
AC, =—237J mol~! K~!. Corr. to std. state is uncertain
Listed for information only

101 CgH]stouPJ_(aO) + H20(1) = CgH]stOl)Pz,_(aO) AH —22.3 3.0
+ HPO3}~(ao) + H*(ao) )
Calorimetric measurement
Enthalpy of hydrolysis of ATP
Adj. to 298.15 K with AH = —21.5 kJ mol~! and
AC, =—237J mol~! K~!. Corr. to std. state is uncertain
Listed for information only

102 CanN5013P"(ao) <+ Hzo(l) = CanNsOuPZ_(aO) AH —-19.0 3.0
+ HPO}~(ac) + H*(ao0)
Calorimetric measurement
Enthalpy of hydrolysis of ATP
Adj. to 298.15 K with AH = —21.5 kJ mol~! and
AC, =-237J mol~! K~!. Corr. to std. state is uncerfain
Listed for information only

103 C9H,2N5013P3“(a0) + H;O(l) = CgHuNsOszA(aO) AH —20.5 04
+ HPO}~(ao) + H™(ao)
Calorimetric measurement
Enthalpy of hydrolysis of ATP

104 GoH;;2NsO3P*~(a0) + H,O() = CyH;pNsOyP2~(ao) AG 3.03 0.50
+ HPO} (a0) + H*(ao)
Equilibrium Measurement
Equil. constant for the hydrolysis of ATP

105 C6H1205(8.D) + C9H12N5013P!“(30) = AH -—-238 0.7
C¢H,105P*(a0) + C9H12N5010P2(3(a0) + H*(ao)
Calorimetric measurement
Enthalpy of phosphorylation (ATP) of glucose
Listed for information only

—0.655

—1.800

—1.800

1.500

0.000

0.000

—2228

65AND/ALL

55KIT/BEN

SPOD/MOR

55POD/STU

86GAJ/STE

73GUY/VEE

75GOL

ovs
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TABLE 11. Catalog of thermochemical measurements at 2%2.13 K. equilibnum, £nthapy. and ¢nifcf: Gale  — o nilocd

No. Reaction Property Observed Unc. Residual Reference
kJ mol~! or J mol~! K~!

106 C¢H;06(30) + CoH3Ns0,3P*~(ao) = AH —234 20 —1.828 75MCG/JOR
CeH,;OsP*~(a0) + CyH;NsOP?~(aoc) + Ht(ao)
Enthaloy of phosphorylation {ATP) of glucose
Calorimetric measurement
Data adjusted using information on the magnesium
dependency of the measured enthalpy (see 76GOL)
Listed for information only

107 CsH;,06(20) + CsH;pNsO;PP~iao) = AG 19.0 0.5 5.099 57ROB/BOY
C5H1109P2‘(80) -+ CanNsOmPZP(aO) -+ H*(ao)
Equilibrium constant for the phosphorylation (ATP) of glucose
Listed for information only

108 Cd{mOs(iO) + CgH,zN5013P3”(ao) = AG 21.0 4.0 7.099 STVLA
Cd{nOng‘(ao) + CqH;stOszc(aO) + H*(BO)
Equilibrium constant for the phosphorylation (ATP) of glucose
Approzx. AG since metal conc -and ion. strength not given
Listed for information only

10 CeH;;06(202) + CsHNsO3P-(a0) = AH —219 0.7 0.000 75GOL
Ce¢H,;OsF*~(a03) + CyH;;N;OyP*~(ac) + H*(ao)
Calorimetric measurement
Enthalpy of phosphorylation (ATP) of mannose
Listed for information only

110 CeH;;06(203) + CsHppNsO 3P ~(ao) = AH —150 0.9 —2.285 75GOL
CeH 102~ (a04) + CyH;NsO P2~ (ao) + H*(ao)
Calorimetric measurement
Enthalpy of phosphorylation (ATP) of fructose
Listed ‘or information only

11

CeH;;06(204) + CoH;pNsO13P3(a0) = AG 25.8 2.0 8.993 61ATK/BUR
CeH,:0sP2(a06) + CyHy3NsO P2~ (ao) + H*(ao)

Equil. const. for the phosphorylation (ATP) of galactose to galactose-1P

Listed ‘or information only \

112 CsHyoOs(er3) S 143.5 10.0 0.000 35MIL
3rd law entropy of xylose(cr) .

11

oy

CgH,04(cr) S 211.3 10.0 0.000 29PAR/KEL
3rd law entropy of glucose(cr]. Based on data of Simon (1922)
Assumed to be a form

S31VHAAHOSHVD 40 S31L.H3d0Hd LHOdSNVYHL ANV DIWVNAQOWYHIHL
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TaBLE 11, Catalog cf thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data — Continued
No. Reaction Property Observed Unc. Residual Reference
kJ mol~! or J mol~! K~!

114 C¢Hy,O6lcr5) S 205.4 10.0 0.000 41JAC/STE
3rd law entropy of galactose

115 CeH;O6lcr7) S 2209 10.0 0.000 41JAC/STE
3rd law entropy of sorbose

116 CsHyOs(ao) s 204. 20. 0.000 88GOL/TEW
Estimated entropy for aqueous ribose

117 CsHyOsP~(ao) S 69. 20. 0.000 88GOL/TEW
Estimaled entropy for aqueous ribose-5P

118 CsHyoOs(er) + 5 Ox(g) = 5 CO(g) + 5 HO(D) AH —2345.84 1.00 3.630 70DES/WIL
Enthalpy of combastion of ribose(cr)
Listed for information only

119 CsH,00s(er) + 5 04(3) = 5 COLg) + 5 H.O(D AH —2349.47 1.00 0.000 87COL/DOM
Enthalpy of combustion of ribose(cr)
Sample was approximately 65/35 ratio of a/8 pyranose

120 CsHoOs(er2) + 5 Ofg) = 5 COy(g) + 5 KO() AH —2338.8 1.0 0.873 72DOM
Enthalpy of combustion of B-arabinose(cr)
Review article, recommended value is adopted for reaction catalog
Listed for informarion only

121 CsHyOs(er3) + 5 Oig) = 5 COAg) + 5 HO(D) AH —2338.86 2.00 0.000 72DOM
Enthalpy of combustion of a-xylose(cr)
Review article, recommended value is adopted for reaction catalog

122 CeH;O¢ler) + 6 Ox(z) = 6 CO(g) + 6 HLO(M) AH —2803.0 0.5 0.000, 72DOM
Enthalpy of combustion of a-glucose(cr)
Review article, recommended value is adopted for reaction catalog

123 CHpO6(er2) + 6 Ofg) = 6 COxg) + 6 HO® AH —2809.3 0.5 —0.102 72DOM
Enthalpy of combustion of 3-glucose(cr)
Review article, recommended value is adopted for reaction catalog
Listed for informaion only

124 CsH4Oq(cr) + 6 Oy(8) = 6 CO(g) + 7 H:0() AH —2793.0 0.5 —0.027 72DOM

Enthalpy of combustion of a-glucose monohydrate(cr)
Review article, recommended value is adopted for reaction catalog
Listed for informazion only

(4 2]
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No. Reaction Property Observed Unc. Residual Reference
kJ mol~' or J mol~! K~!

125 CeH1,04(crd) + 6 Oy(g) = 6 COx(g) + 6 HO) AH —2812.9 2.0 —3.387 72DOM
Enthalpy of combustion of mannose(cr)
Review article, recommended value is adopted for reaction catalog
Listed for information only

126 CsH;206(cr5) + 6 Oi(g) = 6 COx(g) + 6 H,O) AH —2803.7 2.0 0.000 72DOM
Enthalpy of combustion of a-galactose(cr)
Review article, recommended value is adopted for reaction catalog

127 Ce¢H,0¢(cr6) + 6 Ox(g) = 6 CO:(g) + 6 HO() AH —2811.6 2.0 —5.022 72DOM
Enthalpy of combustion of 8-fructose(cr)
Review article, recommended value is -adopted for reaction catalog
Listed for information only

128 C4H;;06(cr?) + 6 Oxg) = 6 COx(g) + 6 H,O(l) AH —2805.8 2.0 0.000 72DOM
Enthalpy of combustion of sorbose(cr)
Review article, recommended value is adopted for reaction catalog

129 CsH;00s(cr) = CsH,005(a0) AH 13.04 0.50 -0.187 82JAS/AHL
Enthalpy of solution of ribose

130 CsH1oOs(cr) = CsH;oOs(ao) AH 13.32 0.20 0.093 84STE/HUB
Enthalpy of solution of ribose

131 CsH¢0s(cr2) = CsH;0s(ao5) AH 13.24 0.50 0.000 82JAS/AHL
Enthalpy of solution of arabinose

132 CsHyOs(cr3) = CsHyoOs(ao3) AH 12.1 0.5 0.000 82JAS/AHL
Enthalpy of solution of xylose

133 C:H;O«(cr4) = CsH;005(a08) AH 10.10 0.50 82JAS/AHL
Enthalpy of solution of lyxose
No solution for variable or data missing

134 C¢H;0¢(cr) = CeH,20¢(a0) AH 8.9 1.0 —1.946 96BER
Enthalpy of solution of a-glucose
Listed for information only

135 C¢H);06(cr) = CeH/:04(a0) AH 11.1 0.3 0.254 20BAR
Enthalpy of solution of a-glucose

136 C¢H;,O¢(cr) = C¢H,;04(a0) AH 10.95 0.40 0.104 30HEN/DOR

Enthalpy of solution of a-glucose
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TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy; and entropy data — Continued

No. Reaction Property Observed Unc. Residual Reference
kJ mol~! or J mol-! K-!

137 CeH1;06(cr) = CsH1,0¢(a0) AH 10.93 0.30 0.084 34HEN/STE
Enthalpy of solution of a-glucose

138 C¢H),04(cr) = C¢H20¢(a0) AH 10.72 0.20 -0.126 41STU
Enthalpy of solution of a-glucose

139 CeH,O4(cr) = CeH ;04(a0) AH 10.63 0.20 —-0.216 46ROW/PAR
Enthalpy of solution of a-glucose

140 C¢H,06(cr) = CsHO(a0) AH 11.00 0.20 0.154 55TAY/ROW
Enthalpy of solution of a-glucose

141 C¢H;,04(cr) = CgHO4(a0) AH 10.7 0.2 —0.146 82JAS/AHL
Enthalpy of solution of a-glucose

142 CH;O4(cr) = Cg¢H;04(20) AH 10.88 0.20 0.034 82LIA/CHE
Enthalpy of solution of a-glucose

143 C¢H;04(cr) = CeH1204(a0) AH 10.73 0.20 -0.116 86BAL/SOM
Enthalpy of solution of a-glucose

144 C¢H;06(cr2) = CeH;;06(a0) AH 5.0 1.0 0.352 96BER
Enthalpy of solution of 8-glucose
Listed for information only

145 CsH,04(cr2) = Ce¢H:04(a0) AH 4.66 0.30 0.012 34HEN/STE
Enthalpy of solution of B8-glucose

146 C¢H;0¢(cr2) = CgH204(a0) AH 4.68 0.20 0.032 41STU
Enthalpy of solution of 8-glucose

147 C¢H;0¢(cr2) = CeH;06(a0) AH 4.52 0.20 -0.128 55TAY/ROW
Enthalpy of solution of B-glucose

148 CeH;04(cr2) = C¢H;,04(a0) AH 4.42 0.20 -0.228 82JAS/AHL
Enthalpy of solution of 8-glucose

149 C¢H,;0¢(cr2) = C¢H20¢(a0) AH 4.96 0.20 0.312 86BAL/SOM
Enthalpy of solution of B-glucose

150 CeH,40q(cr) = C¢HOg(a0) + HOM) AH 20.9 1.0 0.027 97BRO/PIC

Enthalpy of solution of glucose monohydrate

142

IHVA3L "g "A ANV DH3IEFA109 ‘N 'H



6861 ‘Z "ON ‘81 "IOA ‘eieq "JaH "wayD ‘sAud 'r

No. Reaction Property Observed Unc. Residual Reference
kJ mol~! or J mol~! K~!

151 C¢H4O4(cr) = C4H;06(ac) + H,O(1) AH 20.9 0.5 0.027 34HEN/STE
Enthalpy of solution of glucose monohydrate

152 C¢H4Os(cr) = CeH;06(a0) + H,O(1) AH 20.84 0.40 --0.033 55TAY/ROW
Enthalpy of solution of glucose monohydrate

153 C¢H;06(cr8) = C¢Hz04(a0) AH 4.4 0.5 0.000 46ROW/PAR
Enthalpy of solution of glucose(vit)

154 C¢H1;,06(crd) = CeH 20¢(a02) AH 6.86 0.50 —1.010 82JAS/AHL
Enthalpy of solution of mannose
Listed for information only

155 C¢H;04(crd) = CeH206(a02) AH 7.87 0.30 0.000 86BAL/SOM
Enthalpy of solution of mannose

156 CﬁHuO@(Cl’S) = C6H1206(804) AH 16.45 0.50 —0687 34HEN/STE
Enthalpy of solution of galactose
Listed for information only

157 C¢H,O6(cr5) = CgH206(a04) AH 17.20 0.50 0.063 82JAS/AHL
Enthalpy of solution of galactose

158 C¢Hy,06(cr5) = CgH,04(a04) AH 17.10 0.30 —0.037 86BAL/SOM
Enthalpy of solution of galactose

159 C4H1,04(cr6) = CeH;;0¢(a03) AH 9.4 2.0 —0.680 97BRO/PIC
Enthalpy of solution of fructose
Listed for information only

160 CeH;;04(cr6) = CeH,20¢(a03) AH 9.05 1.00 —1.030 34HEN/STE
Enthalpy of solution of fructose
Listed for information only

161 C¢H,;06(cr6) = C¢Hi,04(a03) AH 8.80 1.00 —1.280 82JAS/AHL
Enthalpy of solution of fructose
Listed for information only

162 CeH(;04(cr6) = CcH|;06(a03) AH 10.08 0.20 2.000 88BAL/SOM

Enthalpy of solution of fructose
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TaBLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data

— Continued

No. Reaction

Property

Observed

Unec.

kJ mol~! or J mol~! K~!

Residual

Reference

163 C¢H1;06(cr7) = C¢HiOe(a05)
Enthalpy of solution of sorbose

164 CGHMO'/(C!') = CanOé(aO) + Hzo(l)
Gibbs energy of solution of a-glucose monohydrate
Use solubility of 4.55 mol kg, y of 1.22, a(H,0)=0.889
Listed for information only

165 C5H|407(CI') = C(,HHO(,(H.O) + Hzo(l)
Gibbs energy of solution of a-glucose monohydrate
Use solubility of 5.89 mol kg™, ¥ of 1.295, a(H,0)=0.889

166 CeH14O5(cr) = Ce¢H;0¢(a0) + H,O()
Gibbs energy of solution of a-glucose monohydrate
Use solubility of 5.75 mol kg~4, y of 1.29, a(H,0)=0.889

167 C5H14O7(cr) = C6H1205(a0) -+ H;O(l)
Gibbs energy of solution of a-glucose monchydrate
Uses solubility of 5.63 mol kg%, y of 1.28, a(H,0)=0.889

168 C(,HuO(,(C!‘) = CﬁleOG(ao)
Gibbs energy of solution of glucose (anhydrous)
Assumed to be a form
Uses solubility of 11.27 and y of 1.56

169 C6H1105(Cf5) = C5H1206(ao4)
Gibbs energy of solution of galactose
Use solubility of 3.79 mol kg~* and ¥ of 1.17
Listed for information only

170 C5H1205(CI5) = C6H1206(304)
Gibbs energy of solution of galactose
Use solubility of 2.62 mol kg=* and y of 1.10
Assumes that solid phase is anhydrous

171 C5H1205(Cl‘5) = C6H|206(304)
Gibbs energy of solution of galactose
Use solubility of 2.62 mol kg~ and y of 1.10
Assumes that solid phase is anhydrous

172 C¢H;0¢(cr6) = CeH1206(a03)
Gibbs energy of solution of fructose
Use solubility of 22.59 mol kg~ and y of 2.3

AG

AG

AG

AG

AG

AG

AG

AG

AG

6.94

—4.0

—4.74

—4.68

—4.79

-7.11

—3.69

—2.60

—2.6

—-9.8

0.50

0.5

0.20

0.50

0.40

0.50

0.50

0.50

0.5

0.5

0.000

0.741

0.001

0.061

—0.049

0.000

-1.090

0.000

0.000

0.067

82JAS/AHL

17"DEH

22JAC/SIL

23GIL

52TAL/HUN

22JAC/SIL

17DEH

40GOU

52TAL/HUN

26JAC/SIL

ove
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No. Reaction

Property

Observed
kJ moi~! or J mol~! K™!

Unc.

Residual

Reference

173 C6H|206(cr6) = C5H1206(a03)
Gibbs energy of solution of fructose
Use solubility of 23.26 mol kg~! and vy of 2.4

174 CeHl;Oe_s(Cl‘) = C6H1206(ao3) + 0.5 H;O(l)
Gibbs energy of solution of fructose hemihydrate
Use sol. of 23.91 mol kg, a(H,0)=1.0, and 7 of 2.4

175 Clezos(CIq) = C5H1205(305)
Gibbs energy of solution of sorbose
Uses solubility of 3.08 mol kg~* and 7y of 1.13
Assumes that solid phase is anhydrous

176 C5H1206(0r4) = C6H|205(302)
Gibbs energy of solution of mannose
Use solubility of 17.3 mol kg~ and y of 2.0
Unpublished data
Assumes that solid phase is anhydrous

177 CsH1Os(er) = CsH;00s(ao)
Gibbs energy of solution of ribose
Use solubilty of 20.0 mol kg~* and y of 1.7
Unpublished data
Assumes that solid phase is anhydrous

178 C5H1505(0r3) = CgH]oOs(aL)3)
Gibbs energy of solution of xylose
Use solubility of 8.3 mol kg™* and v of 1.28
Unpublished data
Assumes that solid phase is anhydrous

179 CsH.-O«crl) = C5H1005(8.05)
Gibbs energy of solution of arabinose
Use solubility of 5.17 mol kg~* and y of 1.18
Unpublished data
Assumes that sclid phase is anhydrous

180 CsH1gOs(crd) = C:H--O«(ao8)
Gibbs energy of soluticn of lyxose
Use solubility of 17.84 mol kg~} and y of 1.6
Unpublished data
Assumes that solid phase is anhydrous

AG

AG

AG

AG -

AG

AG

AG

AG

—10.0

—10.0

—-3.1

—8.8

—8.7

—5.9

—4.5

—83

1.0

1.0

0.5

0.5

0.5

0.5

0.5

0.5

-0.133

0.000

0.000

0.000

0.000

€.000

€.000

C.000

52YOU/JOH

52YOU/JOH

00LOB/EKE

88TEW/GOL

88TEW/GOL

88TEW/GOL

88TEW/GOL

88TEW/GOL
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TABLE [1. Catalog of thermochemical mzasurements at 298.15 K: equilibrium, enthalpy, and entropy data — Continued
No. Reaction Property Observed Unc. Residual Reference
kJmol~! or J mol~!' K~!
181 CsH;00s(a0) = CsHyOs5(ao) + H™(ao) AG 69.75 0.50 0.630 661ZA/RYT
1st ionization of ribose
Listed for information only
182 CsHyOs(ao) = CsHyOs5(ac) + H'(ao) AG 69.12 0.20 0.000 T70CHR/RYT
1st ionization of ribose
183 CsH1cOs(ao) = CsHyO:(ao) + H7(ao) AH 3389 1.00 —-2210 661ZA/RYT
1st icnization of ribose
Listed for information only
184 CsH;o0s(a0) = CsHyO5(ac) + H*(ao) AH 36.1 0.5 0.000 70CHR/RYT
1st icnization of ribose
185 CsH00s(a03) = CsHyO5(ao3) + H*(ao) AG 692 0.5 —0.200 000SA
1st icnization of xylose
Adjusted to 298.15 K using AH = 37.7 kJ mol~!
The ionic strength was not specified by the authors
Listed for information only
186 CsH;cOs(a03) = CsHyO5(ao3) + HY(ao) AG 692 0.5 -0.200 13MIC
1st ionization of xylose
Adjusted to 298.15 K using AH = 37.7kJ mol~!
Adjusted to zero ionic strength using B = 1.6 kg! mol~}
Listed for information only
187 CsH00s(a03) = CsHyO5(ao3) + Ht(ao) AG 67.8 0.5 —1.600 55SCH
1st icnization of xylose
The temperature and ionic strength were not specified by the authors
Listed for information only
188 CsH;00s(203) = CsH;O5(a03) + H¥(ao0) AG 70.2 0.5 0.800 661ZA/RYT
1st icnization of xylose
Listed for information only
189 CsHjoOs(a03) = CsHyO5(ao3) + H™(ao) AG 69.4 0.2 0.000 T70CHR/RYT
1st icnization of xylose
190 CsH¢Os(a03) = CsH;O5(a03) + H¥(ao) AH 3431 1.00 —3.390 66IZA/RYT
ist icnization of xylose
Listed for information only
191 CsH00s(a03) = CsHsO5(a03) + H*(ao) AH 37.7 0.5 0.000 TOCHR/RYT

1st icnization of xylose
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No. Reaction Property Observed Reference
kJ mol~! or J mol~! K~!
192 CsHyO5(a03) = CsHzO% (a03) + H*(ac) AG 81.63 1.00 0.000 55SCH
2nd ionization of xylose
The temperature and ionic strength were not specified by the zuthors
193 CsHgOs(a05) = CsHyOs5(a05) + H*(ao) AG 69.98 0.50 —0.460 000SA
1st ionization of arabinose
Adjusted to 298.15 K using AH = 40.0 kJ mol~!
The ionic strength was not specified by the authors
Listed for information only
194 C;H;(Os(a05) = CsHyO5(ao5) + H*(ao) AG 71.20 0.50 0.760 13MIC
1st ionization of arabinose ’
Adjusted to 298.15 K using AH = 40.0kJ mol~!
Adjusted to zero ionic strength using B = 1.6 kg! mol—*
Listed for information only
195 CsH;005(205) = CsHsO5 (a05) + H*(ao) AG 7.2 0.5 €.760 13MIC/RON
1st ionization of arabinose
Adjusted to 298.15 K using AH = 40.0 kJ mol ™!
Adjusted to zero ionic strength using B = 1.6 kg* mol -}
Listed for information only
196 CsH0Os(a05) = CsHyO35(a05) + Ht(ao) AG 68.5 0.5 —1.940 55SCH
1st ionization of arabinose
The temperature and ionic strength were not specified by the authors
Listed for information only
197 CsHyoOs(a05) = CsHy05(a05) + H*(ao) AG 71.58 0.50 1.140 66I1ZA/RYT
1st ionization of arabinose
Listed for information only
198 CsH00s5(a05) = CsHsO5(ao5) + H*(ao) AG 70.44 0.20 0.000 70CHR/RYT
Ist ionization of arabinose
199 CsHyOs(a05) = CsHsO5(a05) + H*(ao) AH 34.73 1.00 —~5.270 661ZA/RYT
1st ionization of arabinose
Listed for information only
200 CsH;oOs(a0S5) = CsHyOs(ao5) + H*(ao) AH 40.0 0.5 €.000 70CHR/RYT

1st ionization of arabinose
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TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data — Continued

No. Reaction : Property Observed Unc. Residual Reference
kJ mol~! or J mol~! K~!
201 CsHyO5(ao5) = CsH;0%(ao5) + H*(ao) AG 84.02 1.00 0.000 55SCH
2nd ionization of arabinose
The temperature and ionic strength were not specified by the authors
202 CsH;Os(a08) = C;HyO5(aoc8) + H™(ao0) AG 69.12 0.50 0.000 661ZA/RYT
1st ionization of lyxose ’
Listed for information only
203 CsH,00s(a08) = CsHyOs5(ao8) + H*(ao) AG 69.12 0.20 0.000 70CHR/RYT
1st ionization of lyxose
204 CsH;Os(ao8) = C;HyOs5(a08) + H*(ao) AH 3347 1.00 661ZA/RYT
1st ionization of lyxose
For information only. also, variable not solved or data missing
205 CsH;Os(a08) = C;sHyOs5(a08) + H(ao0) . AH 335 0.5 T0CHR/RYT
Ist ionization of lyxose
No solution for variable or data missing
206 C¢H,0¢(a0) = CgH,106(a0) + H*(a0) AG 69.18 0.50 -0.920 000SA
1st ionization of glucose
Adjusted to 298.15 K using AH = 36.7 kJ mol~!
The ionic strength was not specified by the authors
Listed for information only
207 C¢H;;06(a0) = CeH;10¢ (ao) + H*(ao) AG 70.39 0.50 0.290 0IMAD
1st ionization of glucose
Adjusted to 298.15 K using AH = +36.7kJ mol~!
Listed for information only
208 C¢H;;06(a0) = CeH;07(a0) + H*(a0) AG 69.85 0.50 —0.250 13MIC
1st ionization of glucose
Adjusted to 298.15 K using AH = 36.7 kJ mol~!
Adjusted to zero ionic strength using B = 1.6 kg! mol~*
Listed for information only
209 CgH;;0¢(a0) = Cg¢H;;04(a0) + H*(ao) AG 69.85 0.50 —0.250 13MIC/RON

1st ionization of glucose

Adjusted to 298.15 K using AG = 36.7 kI mol !
Adjusted to zero ionic strength using B = 1.6 kg! mol~}
Listed for information only '

0ss
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No. Reaction Property Observed Unc. Residual Reference
“kfmol~! or ¥y mol~' K~!
210 CeH;;,04a0) = C¢H,,0¢ (a0) + H*(ao) AG 68.98 0.50 -1.120 25BRI
1st ionization of glucose
Adjusted from 18 C using AH = 36.7 k¥ mol ™!
No correction made for ionic strength
Listed for information only
211 CeH2Oi(a0) = Ce¢H;1Og(ao) + HT(ao) AG 70.75 0.50 0.650 29HIR/SCH
1st ionization of glucose
Adjusted to zero ionic strength using B = 1.6 kg! mol~}
Listed for information only
212 CeH;04a0) = CsH,,0¢(a0) + H*(a0) AG 70.72 0.50 .620 31STE
1st jonization of glucose
Adjusted to zero ionic strength using B = 1.6 kg! mol~*
Adjusted to 298.15 K using AH = 36.7 kJ mol~!
Listed for information only
213 CgH;,0a0) = CgHOi(ao) + H*(ao) AG 70.7 0.5 €.600 32URB/SHA
Ist ionization of glucose
Adjusted to zero ionic strength using B = 1.6 kg! mol ™!
Listed for information only
214 C¢H;0dao) = C¢H;Og(a0) + H*(ao) AG 68.% 0.5 —1.800 50SOU/SCH
1st ioaization of glucose
The temperature and ionic sirength wers not specified by the zuthors
Listed for information only
215 CsHi:04a0) = C¢H;;05(ao) + H*(ao) AG 71.3 0.5 1.200 52THA
Ist ionization of glucose
Adjusted to 298.15 K using AH ='36.7 kJ mol~!
Adjusted to zero ionic strength using B = 1.6 kg! mol !
Listec for information only
216 CsHj,Odao) = C¢H:O¢(ao) + H*(ao) AG 71.40 0.50 1300 S3KIL/WYN
Ist ionization of glucose
Adjusted to zero ionic strength using B = 1.6 kg! mol~*
Listed for information only
217 C¢H;0dao) = CsH,;O(ac) ~ H*(ao) AG 68.3 0.5 —1.800 55SCH

1st iosization of glucose
The temperature and ionic strength were not specified by the authors
Listed for information only
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TaBLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data — Continued

(4:1:3

No. Reaction Property Observed Unc. Residual Reference
kJ mol~! or Jmol~! K~!

218 C¢H;04(a0) = CeH;1Og(a0) + HY(ao) AG 70.3 0.5 0.200 57LOS/SIM
1st ionization of glucose
Listed for information only

219 C¢H;;04(a0) = Cg¢H;;0¢(a0) + H*(ao0) AG 74.7 0.5 4.600 61IRAM/KAT
1st ionization of glucose
Adjusted to zero ionic strength using B = 1.6 kg! mol~}
The temperature was not specified by the authors
Listed for information only

220 C¢H|;04(a0) = C¢H; 05 (a0) + H*(ao) AG 70.5 0.5 0.400 66BUN/CHA
1st ionization of glucose
Assumed to be at zero ionic strength
Listed for information only

221 C¢H;04(a0) = C¢H1 06 (a0) + H*(ao) AG 71.2 0.5 1.100 661ZA/RYT
1st ionization of glucose
Listed for information only

222 C¢H(;06(a0) = C¢H;1Og(ao0) + H*(ao) AG 70.1 0.2 0.000 TO0CHR/RYT
1st ionization of glucose

223 C¢H[;06(a0) = C¢H;;05(a0) + H*(ao) AH 30.5 3.0 —6.200 53KIL/WYN
1st ionization of glucose
Second law treatment
Listed for information only

224 C¢H;04(a0) = Ce¢H;105(ao0) + H*(ao) AH 41.8 3.0 5.100 57LOS/SIM
1st ionization of glucose '
Second law treatment
Listed for information only

225 C¢H;04(a0) = C¢H 105 (a0) + H*(a0) AH 322 1.0 —4.500 661ZA/RYT
1st ionization of glucose
Listed for information only

226 C¢H;Os(a0) = CeH;105(a0) + H*(ao) AH 36.7 0.5 0.000 70CHR/RYT
1st ionization of glucose

227 CsH; 10z (a0) = C¢H00% (a0) + H*(ac) AG 77.2 1.0 —3.850 29HIR/SCH
2nd ionization of glucose
Adjusted to zero ionic strength using B = 1.6 kg! mol—}
Listed for information only
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‘

No. Reaction

Property

Observed

Unc.
kJ mol~! or J mol~! K-!

Residual

Reference

228 CsHiO;(a0) = CeH g0 (ao) + H*(ao)
2nd ionization of glucose
Adjusted to zero ionic strength using B = 1.6 kg! mol~!
Adjusted to 298.15 K using AH = 36.7 kJ mol~!

229 CH 05 (a0) = C¢HO% (a0) + H*(ao)
2nd ionization of glucose
Adjusted to zero ionic strength using B = 1.6 kgi mol~}

230 CGHHO,;'(ao) = CsHmOg_(aO) + H+(30)
2nd ionization of glucose
The temperature and ionic strength were not specified by the authors

231 CeHiiO7 (a0) = CgH100%(a0) + H*(ao)
2nd ionization of glucose
The temperature and ionic strength were not specified by the authors

232 CeH o0l (a0) = C¢H,0i (ao) + H*(ao)
3rd ionization of glucose
Adjusted to zero ionic strength using B = 1.6 kg? mol~!
Adjusted to 298.15 K using AH = 36.7kJ mol~!

233 CsHy03 (a0) = CeHyO4(ao) + H*(a0)
4th icnization of glucose
Adjusted to zero ionic strength using B = 1.6 kg* mol~*
Adjusted to 298.15 K using AH = 36.7kJ mol™!

234 C¢HO(a02) = CeHyOs(a02) + H*(ac)
Ist ionization of mannose
Adjusted to 298.15 K using AH = 33.1kJ mol™!
Adjusted to zero ionic strength using B = 1.6 kg! mol~!
Listed for information only

235 CeH;0u(a02) = Ce¢H,;0s(a02) + H*(ac)
1st ionization of mannose
Adjusted to 298.15 K using AH = 33.1 kJ mol~!
Adjusted to zero ionic strength using B = 1.6 kg* mol ™}
Listed for information only

236 CsH;20i(a02) = C.H, 05 (a02) + H*(ag)
1st ionization of mannose
The temperature and ionic sirength were not specified by the authors
Listed for information only

AG

AG

AG

AG

AG

AG

AG

AG

AG

813

82.5

80.2

86.5

74.4

74.39

67.47

1.0

1.0

1.0

1.0

1.0

0.5

0.50

0.50

0.250

1.450

-0.850

—-0.850

0.000

0.000

5.450

5.440

—1.480

31STE

32URB/SHA

50SOU/SCH

558CH

31ISTE

31STE

13MIC

13MIC/RON

55SCH
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TasBLE .1. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data — Continued

No. Reaction Property Observed Unc. Residual Reference
kJ mol-! or Jmol~! K-!
237 C¢H1206(a02) = C¢H;10¢(a02) + Ht(a0) AG 68.95 0.20 0.000 66IZA/RYT
1st ionization of mannose
238 C¢H120¢(202) = CsH; 05 (a02) + H*(a0) AG 68.95 0.20 0.000 TOCHR/RYT
1st ionization of mannose
239 C6H1206(a02) = C5H1|06_(302) -+ H+(80) AH 3305 0.50 —0.025 66[ZA/RYT
Ist ionization of mannose
240 C¢HO(ao2) = CeHyOg(ao2) + H*(ao) AH 33.1 0.5 0.025 70CHR/RYT
1st ionization of mannose
241 CeH1O¢(a02) = Ce¢H 0% (a02) + Htiao) AG 80.8 1.0 0.000 55SCH
2nd ionization of mannose
The temperature and ionic strength were not specified by the authors
242 C¢H206(a03) = Ce¢H(O5 (a03) + H*(a0) AG 72.8 0.5 4.100 000SA
1st ionization of fructose
Adjusted to 298.15 K using AH = 39.2 kJ mol ™!
The ionic strength was not specified by the authors
Listed for information only
243 C¢H,06(a03) = CeH;105 (a03) + H*(ao) AG 69.2 0.5 0.500 0IMAD
1st ionization of fructose
Adjusted to 298.15 K using AH = +35.7 kJ mol~*
Listed for information only
244 C6H1205(a03) = Ce¢H 105 (a03) + H+(K)) AG 69.1 0.5 0.400 13MIC
1st ionization of fructose
" Adjusted to 298.15 K using AH = 39.2 kJ mol™!
Adjusted to zero ionic strength using B = 1.6 kg! mol~}
Listed for information only
245 C¢H204(a03) = C¢H1;05(a03) + H*(ao) AG 69.1 0.5 0.400 13MIC/RON
1st ionization of fructose
Adjusted to 298.15 K using AH = 39.2 kJ mol™!
Adjusted to zero ionic strength using B = 1.6 kg! mol~}
Listed for information only
246 C¢H204(a03) = Ce¢HiO¢(a03) + H7(a0) AG 68.35 0.50 —0.350 29HIR/SCH

1st ionization of fructose
Adjusted to zero ionic strength using B = 1.6 kg! mol—#
Listed for information only

vss
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No. Reaction Property Observed Unc. Residual Reference
kJ mol~! or J mol~! K~!

247 C¢H;04(a03) = CsH; Oz (a03) + H*(ao) AG 69.85 0.50 1.150 31STE
Ist ionization of fructose
Adjusted to zero ionic strength using B = 1.6 kg! mol~}
Adjusted to 298.15 K using AH = 39.2kJ mol™!
Listed for information only

248 C4H;04(a03) = Ce¢H,;1O¢ (a03) + H*(ac) AG 68.4 0.5 —0.300 32URB/SHA
1st ionization of fructose
Adjusted to zero ionic strength using B = 1.6 kg! mol~}
Listed for information only

249 C¢H;04(a03) = C¢H;10s(a03) + H*(a0) AG 67.7 0.5 —1.000 55SCH
1st ionization of fructose
The temperature and ionic strength weie not specified by the authors
Listed for information only

250 CsH;;06(a03) = C¢H; Og(a03) + H*(a0) AG 73.5 0.5 4.800 61IRAM/KAT
1st ionization of fructose :
Adjusted to zero ionic strength using B = 1.6 kg! mol~}
The temperature was not specified by the authors
Listed for information only

251 C¢H;;06a03) = C¢H; 05 (a03) + H*(ac) AG 70.0 0.5 1300 661ZA/RYT
1st ionization of fructose
Listed for information only

252 C¢H;04(a03) = C¢H,; 05 (a03) + H*(ac) AG 68.7 0.2 0.000 70CHR/RYT
1st ionization of fructose

253 C.H::04(a03) = C¢H;;0¢ (a03) + Ht(ac) AH 343 5.0 —4.900 661ZA/RYT
Ist ionization of fructose :
Listed for information only

254 C¢H,:04(203) = C¢H;;0¢(a03) + H"(ac) AH 39.2 0.5 0.000 70CHR/RYT
Ist ionization of fructose

255 C¢H, 05 (a03) = C:H;.0%"(a03) + H*(20) AG 772 1.0 —2.175 29HIR/SCH
2nd ionization of fructose
Adjusted to zero ionic strength using B = 1.6 kg! mol~*

256 C¢H ;05 (@a03) = C¢H;-0; (a03) + H7(a0) AG 81.7 1.0 2.325 31STE

2nd ionization of fructose
Adjusted to zero ionic strength using B = 1.6 kg* mol~*
Adjusted to 298.15 K using AH = 39.2 kJ mol ™!

SILVHAAHOGHVYD 40 S3I1LHIdOHd LHOJdSNVHL ANV DINVNAQONHIHL
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TaBLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and eniropy data — Continued

No. Reaction Property Observed Unc. Residual Reference
kJ mol~!or J mol~! K-!

257 CH 105 (a03) = CeH,00i~(a03) + H*(ao) AG 79.0 1.0 —0.375 32URB/SHA
2nd ionization of fructose
Adjusted to zero ionic strength using B = 1.6 kg! mol~#

258 C¢H;;06(a03) = CeH;00%~(a03) + H*(ao) AG 79.6 1.0 0.225 55SCH
2nd ionization of fructose
The temperature and ionic strength were not specified by the authors

259 C¢H;00% (a03) = CeHs0:~(a03) + H*(a0) AG 83.0 1.0 0.000 31STE
3rd jonization of fructose
Adjusted to zero ionic strength using B = 1.6 kg! mol—t
Adjusted to 298.15 K using AH = 39.2 kJ mol~'

260 CeHy0i (a03) = CsH0¢ (a03) + H*(ao) AG 90.2 1.0 0.000 31STE
4th ionization of fructose
Adjusted to zero ionic strength using B = 1.6 kg! mol—#
Adjusted to 298.15 K using AH = 39.2 kJ mol~!

261 CeH;0(a04) = C¢H10g(aocd) + H*(ao) AG 67.2 0.5 —3.300 000SA
1st ionization of galactose
Adjusted to 298.15 K using AH = 40.7 kJ mol™!
The ionic strength was not specified by the authors
Listed for information only

262 CgH;04(a04) = C¢H; 105 (a04) + Ht(ao) AG 70.3 0.5 -0.200 13MIC
1st ionization of galactose
Adjusted to 298.15 K using AH = 40.7 kJ mol™'
Adjusted to zero ionic strength using B = 1.6 kg! mol~}
Listed for information only

263 CeH;;0¢(a0d) = C¢H; Og(ao4) + H*(ao) . AG 70.3 0.5 —0.200 13MIC/RON
1st ionization of galactose
Adjusted to 298.15 K using AH = 40.7 kJ mol~'
Adjusted to zero ionic strength using B = 1.6 kg mol—#
Listed for information only

264 C4H;;04(a0d) = CeH,;0¢5(ac4) + H*(ao) AG 71.55 0.50 1.050 31STE

1st ionization of galactose

Adjusted to zero ionic strength using B = 1.6 kg! mol !
Adjusted to 298.15 K using AH = 40.7 kJ mol~’

Listed for information only

958
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No. Reaction Property Observed Une. Kesidual Relerence
kY mol~! or J mol~! K~!
265 CeH1,0(a04) = CeH; 05 (aoh + H*(ag) AG 71.24 0.50 0.740 661ZA/RYT
Ist ionization of galactose
Listed for information only
266 C¢H20(ao4) = C¢H;y;0¢(a0d) + H*(aog) AG 70.5 0.2 0.000 T0CHR/RYT
1st jonization of galactose
267 C¢H;,0(a04) = C¢H,; 05 (a04) + HT(ac) AH 377 1.0 —3.000 661ZA/RYT
1st ionization of galactose
Listed for information only
268 CeH;;0a0d) = CeHOi(aod) + H*(ac) AH 40.5 0.5 €.000 70CHR/RYT
1st ionization of galactose
269 CsH,10¢(a04) = CeH 00t (acd) + HT(z0) AG 82.4 10 €.000 31STE
2nd ionization of galactose
Adjusted to zero ionic strength using B = 1.6 kg! mol*
Adjusted to 298.15 K using AH = 40.7 kJ mol~!
270 CgHioOi~(aod) = C¢H,Oi (acd) + H*(z0) AG 85.0 1.0 €.000 31STE
3rd icnization of galactose
Adjusted to zero ionic strength using B = 1.6 kg! mol™}
Adjusted to 298.15 K using AH = 40.7 kJ mol~!
271 CeHyOi (aod) = C¢HyOi (ach) + H*(ao) AG 86.2 1.0 0.000 31STE
4th ionization of galactose
Adjusted to zero ionic strength using B = 1.6 kg! mol—*
Adjusted to 298.15 K using AH = 40.7 kJ mol~!
272 C4H;:0(a05) = CeH;1Og5(a05) + HY(a0) AG 66.2 0.5 —1.300 13MIC
Ist ionization of sorbose
Adjusted to 298.15 K using AH = 40.0kJ mol ™!
Adjusted to zero ionic strength using B = 1.6 kg! mol~*
273 CeH;:0(a05) = CeHyO¢(a05) + HY(ac) AG 68.8 0.5 1.300 55SCH
Ist ionization of sorbose
The temperature and ionic strength were not specified by the zuthors
274 C¢H1,O¢ (a05) = CeHi04 (ac5) + H*(z0) AG 81.2 1.0 0.000 55SCH
2nd ionization of sorbose
The temperature and ionic strength wers not specified by the authors
275 CsH,OP'~(a0) = CsHyOsP*"(a0) + H*(ao) AG 38.1 0.2 -0.080 62CHR/IZA

2nd ionization of ribose-5P

S3LVHOAHO8HYD 40 S311H3d0Hd LHOJSNVHL ANV DINVNAGQOWHIHL
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TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data — Continued
No. Reaction Property Observed Unc. Residual Reference
kJ mol~! or J mol~! K-!

276 CsH;OsP'~(a0) = CsHsOzP?~(a0) + H*(ao) AG 38.2 0.2 0.020 621ZA/CHR
2nd ionization of ribose-5P

277 CsH;004P'~(a0) = CsHyOzP?~(a0) + H*(ao) AG 38.3 0.5 0.120 72FRE/STU
2nd ionization of ribose-5P
Adjusted to zero ionic strength using B = 1.6 kg mol—!
Adjusted to 298.15 K using AH =—11.3 kJ mol~

278 CsH;00sP'~(a0) = CsHyO3P?*~(a0) + H*(ao) AH —-11.3 0.5 O.OOOV 62CHR/IZA
2nd ionization of ribose-5P

279 CsH;O3P*~(a0) = CsHyOgP*~(a0) + H*(ao) AG 74.5 0.2 0.000 661ZA/RYT
3rd ionization of ribose-5P

280 CsHOgP*~(ac) = CsHOsP*~(20) + H*(ao0) AH 25.5 0.5 0.000 661ZA/RYT
3rd ionization of ribose-SP

281 NiCsHyOzP(a0) = Ni**(a0) + CsH;O0:P*~(ao2) AG 16.1 0.2 0.000 T2FRE/STU
Dissociation of Ni-ribose-5P
Adjusted to zero ionic strength using B = 1.6 kg! mol—*
Adjusted to 298.15 K using AH = —11.0 kJ mol~'

282 MgCsHyOsP(a0) = Mg?*(ao) + CsHyOsP?(ao2) AG 14.9 0.2 0.000 T2FRE/STU
Dissociation of Mg-ribose-5P :
Adjusted to zero ionic strength using B = 1.6 kg! mol~#
Adjusted to 298.15 K using AH = —11.0 kJ mol~!

283 CeH;0sP(a02) = CsHyuOoP'~(a02) + H*(ac) AG 7.48 0.50 0.750 37COR/COL
1st ionization of glucose-1P
Adjusted to zero ionic strength using B = 1.6 kgt mol~}
Adjusted to 298.15 K using AH =—1.3 kJ mol~*

284 C¢H;300P(a02) = Ce¢H,;;00P'~(a02) + H*(ao0) AG 6.28 0.30 —0.450 55SNE
1st ionization of glucose-1P
Adjusted to 298.15 K using AH = —1.3 kJ mol~!

285 C¢H ;0P (a02) = C¢H;;0sP?"(202) + H7(ao) AG 38.7 0.5 1.590 52TRE/MAN

2nd ionization of glucose-1P

Adjusted to 298.15 K using AH = —1.8 kJ mol~!
Adjusted to zero ionic strength using B = 1.6 kg* mol—*
Listed for information only

8s8
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No. Reaction

Property

Observed

Unc.
kJ mol~! or T mol~! K~!

Residual

Reference

286 CsH)zOgPl_(aOZ) = CaHnOng—(aoz) + H“(ao)
2nd ionization of glucose-1P
Adjusted to zero ionic strength using B = 1.6 kg! mol~*
Adjusted to 298.15 K using AH =—1.3 kJ mol~!
Listed for information only

287 CsH]zOgPl_(aoz) = C6H|109P1‘(ao2) -+ H*(ao)
2nd ionization of glucose-1P

288 CﬁHuOgPl_(aoz) = CﬁHnOng_(aOZ) -+ H+(80)
2nd ionization of glucose-1P
Adjusted to 298.15 K using AH = —1.3 kJ mol~!
Listed for information only

289 Ce¢H;,OsP!'~(a02) = C¢H,;i0sP*~(a02) + H*(a0)
2nd ionization of glucose-1P
Second law treatment
No solution for variable or data missing

290 CaCsH;OsP(a02) = Ca’*(ao) + CeHi0sP? (ac2)
Dissociation of Ca-glucose-1P

291 CaC¢H,10sP(a02) = Ca’*(ao) + CeHi 0P (a02)
Dissociation of Ca-glucose-1P
Second law treatment
No solution for variable or data missing

292 MgC¢H10sP(a02) = Mg?*(ao) + C¢H; 0P~ (202}
Dissociation of Mg-glucose-1P
Adjusted to 298.15 K using AH = —12.2 kJ mol~!
Adjusted to zero ionic strength using B = 1.6 kg! mol—*
Listed for information only

293 MgCeH,10sP(a02) = Mg?*(a0) + CsHuOsP*~(a0)
Dissociation of Mg-glucose-1P

294 MgCeH10P(a02) = Mg?*(a0) + Ce¢H,OsP " (ao0)
Dissociation of Mg-glucose-1P
Second law treatment
No solution for variable or data missing

295 C¢H304P(a0) = CeH;;0sP'~(a0) + H7(ao)
1st ionization of glucose-6P
Temperature and ionic strength not given by authors
Listed for information only

AG

AG

AG

AH

AG

AH

AG

AG

AH

AG

37.43

37.11

35.39

—1.80

14.24

—10.05

13.36

14.15

—12.2

5.4

0.30

0.10

0.50

0.50

0.10

0.50

0.50

0.10

0.5

0.5

0.320

0.000

—1.720

0.000

—0.790

0.000

—3.383

37COR/COL

S5ASH/CLA

55SNE

55ASH/CLA

56CLA/DAT

56CLA/DAT

52TRE/MAN?2

54CLA/CUS

54CLA/CUS

26MEY/LOH
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TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data — Continued

No. Reaction

Property Observed Unc. Residual
kJ mol~! or y mol~!' K*

Reference

296 CsH;305P(a0) = C¢H;04P'~(a0) + H*(ao)
1st ionization of glucose-6P
Adjusted to 298.15 K using AH = — 1.8 kJ mol~!

297 CéHOsP(a0) = CeHiuOsP'~(a0) + H*(ao)
Ist ionization of glucose-6P
Adjusted to zero ionic strength using B = 1.6 kg! mol~*

298 C¢H;305P(a0) = C¢H;0,P'~(20) + H*(ao)
1st ionization of glucose-6P
Adjusted to zero ionic strength using B = 1.6 kg! mol~!
Adjusted to 298.15 K using AH = —1.8 kJ mol~!

299 CeHuOgPl—(aO) = C(,H”Ong‘(ao) + H‘*(ao)
2nd ionization of glucose-6P
Temperature and ionic strength not given by authors
Listed for information only

300 CsH;;O9P!'~(a0) = CsH;iOgP?*"(a0) + H*(ao)
2nd ionization of glucose-6P
Adjusted to 298.15 K using AH = —1.8 kJ mol™!
Listed for information only

301 CeH;OsP!~(a0) = C¢H;0sP*~(a0) + H*(ao)
2nd ionization of glucose-6P
Adjusted to zero ionic strength using B = 1.6 kg! mol !

302 CsHuOgPl—'(aO) = CGHnOgPl_(aO) -+ H*(ao)
2nd ionization of glucose-6P
Adjusted to zero ionic strength using B = 1.6 kg! mol ™~}
Adjusted to 298.15 K using AH = —1.8 kJ mol™~!

303 CsH1yOsP?~(a0) = CsH1eOsP*~(a0) + H*(ao)
3rd ionization of glucose-6P

304 C(,HuOng-(ao) = C6H1009P3‘(ao) + H+(B.0)
3rd ionization of glucose-6P

305 CgH, ;0P ~(ac4d) = C6H1|09P2_(304) + HY(ao)
2nd ionization of fructose-6P
Adjusted to zero ionic strength using B = 1.6 kg! mol~}
Adjusted to 298.15 K using AH = — 1.8 kJ mol~!

AG 6.85 0.50 —1.933

AG 10.4 0.5 1.617

AG 9.1 0.5 0.317

AG 34.88 0.50 —1.770

AG 354 0.5 —1.250

AG 36.8 0.2 0.150

AG 36.5 0.2 —0.150

AG 66.8 0.2 0.000

AG 35.8 0.3 0.000

S5SNE

66BUN/CHA

66DEG/HAL

26MEY/LOH

55SNE

66BUN/CHA

66DEG/HAL

661ZA/RYT

661ZA/RYT

STSCH/AND
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TaBLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy. and entropy data — Continued

No. Reaction

Property

Observed

Unc.

kJ mol~! or J mol~! K-!

Residual

Reference

306 CaCsH;;0sP(a0d) = C¢H;OsP?~(204) + Ca’*(ao)
Dissociation of Ca-fructose-6P
Adjusted to zero ionic strength using B = 1.6 kg! mol ¢
Adjusted to 298.15 K using AH =—10.0 kJ mol~!

307 MgCeH,10sP(a04) = C¢H;0sP?~(a04) + Mg**(ao)
Dissociation of Mg-fructose-6P
Adjusted to zero ionic strength using B = 1.6 kg* mol~!
Adjusted to 298.15 K using AH = —10.0 kJ mol~!

308 C¢H ;04P(a06) = C¢H;;O4P'~(a06) + H~(ao)
1st ionization of galactose-1P
Adjusted to zero ionic strength using B = 1.6 kg! mol—*
Adjusted to 298.15 K using AH = —1.8 kJ mol ™!

309 CeH;04P'~(206) = CeH;O5P*~(ac6) + H*(ao)
2nd ionization of galactose-1P
Adjusted to zero ionic strength using B = 1.6 kg! mol~*
Adjusted to 298.15 K using AH = —1.8 kJ mol™!

3

2-353 These reactions, with the property type “HGS”,
represent the constraint A/G° -AH°® + TAS® = 0
for the formation of individual substances. As an

example. reaction 310 is given below. [87IGAR/PAR]

[l

5Ciery — Prer) — 5.5Hy(g) + 4.50:(g) = CsHOsP?(20)
Constraini— solved exactly

AG

AG

AG

AG

HGS

13.4

14.1

6.96

0.000

0.3

0.3

0.50

0.3

0.000

0.000

0.000

0.000

0.000

0.000

57SCH/AND

57SCH/AND

43KO0OS

43KOS
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TasLE 12. Catalog of thermochemical measurements at 298.15 K: heat capacity data

Reaction

Property
Measured

Observed

Unc.

kJ mol~! or J mol~! K~!

Residual
Obs.-calc.

Reference

10

C5H1|O9P2‘(30) + H,0() = C¢H;0¢a0) + HPO%‘(ao)
Calorimetric measurement
AC, of hydrolysis of glucose-6P

CeH,1OoP>~(203) + H,0(l) = C¢H;06(202) + HPO} (ao)
Calorimetric measurement
AC, of hydrolysis of mannose-6P

CsH11OgP?~(a0d) + H,0(l) = C¢H;;06(203) + HPO? (ao)
Calorimetric measurement
AC, of hydrolysis of fructose-6P

CngOst_(aO) + Hzo(l) = CSHI()OS(ao) + HPO%_(QO)
Calorimetric measurement
AC, of hydrolysis of ribose-5P

C5H903P2_(302) + H;O(l) = C5H1005(a02) -+ HPO%‘(&O)
Calorimetric measurement
AC, of hydrolysis of ribulose-5P
No solution for variable or data missing.

CH10sP*~(a0) = CsHj10sP*(aod)
Calorimetric measurement
AC, of isomerization of glucose-6P to fructose-6P

CﬁH)]OpPZ‘(aO3) = CgH“Ong“(ao4)
Calorimetric measurement
AC, of isomerization of mannose-6P to fructose-6P

C5H1205(ao) = C5H1205(ao3)
Calorimetric measurement
AC, of isomerization of glucose to fructose

C5H|005(303) = C5H1005(804)
Calorimetric measurement

AC, of isomerization of xylose to xylulose

CsH 1005(3.06) = CSH IOOS(a07)

Obtained from temp. dependency of equilibrium constants.

AC, of isomerization of allose to psicose
No solution for variable or data missing.

AC,

AG,

AG,

AC,

AC,

AG,

AG,

AC,

AG,

AC,

—48.

—46.

—28.

—63.

—84.

38.

76.

40.

59.

20.

10.

40.

30.

10.

30.

30.

20.

90.

—6.681
—2.089
21.299

0.000

3.341
5.669
43.321

0.000

88TEW/STE

88TEW/STE

88TEW/STE

88TEW/STE

88TEW/STE

88TEW/STE

88TEW/STE

84TEW/GOL

8STEW/STE

36TEW/STE
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LABLE I2. Catalog Ot thermochemical measurements ai I»38. 1% K. fical capanis 2sia

s enl

No. Reaction Property Observed
Measured

kJ mal~! or J mol~! K~!

Unc.

Residual
Obs.-calc.

Reference

11 C9H11N5013P§_(60) + Hzo(l) = C9H12N5010P%—(30) + HPO%‘(ao) -+ H*(ao) ACP —237.
Calorimetric measurement ‘
AC, of hydrolysis of ATP

12 C4H;,06(a0) + CsH;uNsO3P3~(ao0) . AC, —156.
= CcHnOng_(aO) “+ CgHuNsOmP%—(ao) -+ H*(ao)
Calorimetric measurement
AC, of phosphorylation (ATP) of glucose
Listed for information only.

13 CeHpOe(a02) + CH2NsOy3P$~(a0) .
= C¢H,;,0sP*~(a03) + CyH;Ns00Pi~(a0) + H(ao)
Calorimetric measurement
AC, of phosphorylation (ATP) of mannose
Listed for information only.

AC, 10.

14 CgHqu(a03) + CgH]stOng_(aO) = ACP —41.
CgH”Ong_(ao4) -+ Cngsto\oP%—(ao) + H7*(ao)
Calorimetric measurement
AC, of phosphorylation (ATP) of fructcse
Listed for information only.

15 HPOi (ao0) C, —254.
C, of HPO{™~(a0)

16 CsH;oOs(cr3) C, 184.
C, of xylose(cr)

17 C5H1005(cr3) CF 184.
C, of xylose(cr)

18 C¢H;,O¢(cr5) o C, 222.1
C, of galactose(cr)

19 CgHO4(cr5) C, 217.
C, of galactose(cr). Also see 81KAW/NIS.

20 CgHy;O6(cr7) (o8 2314
C, of sorbose(cr)

21 CeHyO4(cr) c, 229.3
C, of a-D-glucose(cr)

30.

300.

200.

200.

1.0

1.0

5.0

0.000

39.681

203.089

146.701

0000

0.000

0.000

1280

—3.820

0000

10.155

36GAJ/STE

75GOL

75GOL

15GOL

$2LAR/ZEE

$IKAW/KUS

§2JAS/AHL

41JAC/STE

$1IKAW/KUS

41JAC/STE

22SIM

SIALVHAAHOEHVYD 40 S31143d0Hd LHOdSNVH.L ANV JINVNAGOWHIHL
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TasBLE 12. Catalog of thermochemical measurements at 298.15 K: heat capacity data — Continued
No. Reaction Property Observed Unc. Residual Reference
Measured Obs.-calc.
kJ mol~! or J mol~! K-!

22 CgHpO6(cr) C, 220.8 2.0 1.655 34PAR/THO
C, of a-D-glucose(cr)

23 C¢H,,06(cr) C, 218.1 20 —1.045 4INEL/NEW
C, of a-D-glucose(cr)

24 CgH;O4(cr) C, 218.9 0.5 —0.245 51DOU/BAL
C, of a-D-glucose(cr)

25 CeH,,04(cr) : C, 218.4 1.0 —0.745 55TAY/ROW
C, of a-D-glucose(cr)

26 CgH;;04(cr) C, 219.79 0.40 0.645 82LIA/CHE
C, of a-D-glucose(cr)

27 CgHy,04(cr) C, 224. 3. 4.855 81KAW/KUS
C, of a-D-glucose(cr). Also see 81KAW/NIS.

28 CgH;,04(vit) C, 381.9 10.0 9.467 28PAR/HUF
C, of glucose(vit)

29 CgH;,04(vit) C, 367.7 5.0 —4.733 4INEL/NEW
C, of glucose(vit)

30 C¢H,;;0¢(cr4) C, 216. 3. 0.000 81KAW/KUS
C, of mannose(cr). Also see 81KAW/NIS.

31 C¢H;;0¢(cr6) C, 232. 3. €.000 81KAW/KUS
C, of fructose(cr). Also see 81KAW/NIS.

32 CsH,(Os(er) C, 187. 2. 1.500 81IKAW/KUS
C, of ribose(cr)

33 CsH,oOs(cr) C, 184. 2. —1.500 82JAS/AHL
C, of ribose(cr)

34 C;sH,oOs(cr2) C, 184. 2. €.000 81IKAW/KUS
C, of arabinose(cr)

35 C;sHoOs(cr4) C, 184. 2. C.000 82JAS/AHL

C, of lyxose(cr)

pog
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TaBLE 2. Catalog o thermochemical measurements at 298.15 K: heat capacity data — Continued
No. Reaction Property Observed Unc. Residual Reference
Measured Obs.-calc.
kJ mol~! or J mol~! K-!

36 CeHiO¢lcr) = CgH;O(ao0) AC, 151. 20. 33.849 41STU
AC, of solution of a-D-glucose(cr)

37 GCgHiOgler) = CegH;O0¢(a0) AC, 134. 20. 16.849 82JAS/AHL
AC, of solution of a-D-glucose(cr)

38 CeHyiOdlcr) = CeH2O4(a0) AC, 128. 10. 10.849 82LIA/CHE
ACG, of solution of a-D-glucose(cr)

39 CegHiO4lcr2) = CgH;2O04(a0) AC, 134, 20. 3.000 41STU
AC, of solution of 8-D-glucose(cr)

40 CeH;pO4(cr2) = CgH;06(ac) AC, 128. 20. —3.000 82JAS/AHL
AC, of solution of B-D-glucose(cr)

4! CgHi:O4(crd) = CH,;0(a02) AC, 148. 20. 2:.968 82JAS/AHL
AC, of solution of mannose(cr)
Listed for information only.

42 CeHpO¢lerS) = C¢H;0¢(aod) AC, 139. 20. 40.820 82JAS/AHL
AC, of solution of galactose(cr)
Listed for information only.

43 CegH04(cr6) = CeH;04(a0d) AC, 242, 20. 105.025 82JAS/AHL
AC, of solution of fructose(cr)
Listed for information only.

44 CH;:O4lcr7) = C4HO4(a05) AC, 217. 20. 82JAS/AHL
AC; of solution of sorbose(cr}
Can be used to calculate C, = 448 J mol~! k™! for sorbose(ac).
This value seems low.
For information only. Also, variable not solved or data missing.

45 CsHy;oOslcr) = C:HyOs(ao) AC, 110. 20. 19.500 82JAS/AHL
AC, of solution of ribose(cr)
Listed for information only.

46 CsHyOsfer3) = CsH;:0«(ao3) AC, 102. 20. 7000 82JAS/AHL
AC, of solution of xylose(cr)
Listed for information only.

47 CHyOsfer2) = CsHyoOs(ao$) Ac, 134. 20. 39.000 82JAS/AHL

AC, of solution of arabinose{cr)
Listed for information only.

S3.1LVHAAHOSHVD 40 S31143d0Hd L1HOdSNVHL ANV JINVYNAQOWHIHL
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TasLE 12. Catalog of thermochemical measurements at 298.15 K: heat capacity data — Continved

No. Reaction Property Observed Unc. Residual Reference
Measured Obs.-calc.
kJ mol~! or J mol~! K~!

48 CsHjoO{crd) = CsH;;Os(ao8) AC, 101 20. 0.000 82JAS/AHL
AC, of solution of lyxose(cr)

49 CsH0Ofao03) C, 279 20. 0.000 81KAW/KUS
C, of xylose(ao)

50 CsHiO4ao) G, 276 20. 0.000 81KAW/KUS
C, of ribose(ao)

51 GCsH;004a05) G 279 20. 0.000 81KAW/KUS
C, of arabinose(ao)

52 CsH120dao3) C, 328. 20. -40.975 81IKAW/KUS
C, of fructose(ao). Also see $1IKAW/NIS.

53 CgHp2Odaod) C, 319. 20. 0.000 81KAW/KUS
C, of galactose(ao). Also see 81IKAW/NIS.

5¢ CgHy2Odao) C, 346. 50. 6.704 35FRE/BUR
C, of glucose(ao).
Listed for information only.

55 CgH20¢ao) C, 336. 30. —-0.296 36BEN/KRA
C, of glucose(ao). Also see 81IKAW/NIS.

56 CsH204ao) C, 318 20. —18.296° 55TAY/ROW
C, of glucose(ao).

57 CsH2Odao) C, 323, 20. —13.296 T6BON/CER
C, of glucose(ao).

58 CgH;204ao0) C, 318. 20. —18.296 81KAW/KUS
C, of glucose(ao). Also see 8IKAW/NIS.

59 CgHpOdao) C, 351, 20. 14.704 84JAS/AHL
C, of glucose(ao).

60 CgH;:0da02) C, 346. 20. 3.968 81KAW/KUS
C, of mannose(ao). Also see 81KAW/NIS.

61 CHpOP~(a02) = CsHuOgPZ’(aOZ) + H*(ao) AC, —19%6. 40. S5ASH/CLA

2nd ionization of glucose-1P

Based on 2nd derivative of equilibrium data
No sclution for variable or data missing

998
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TABLE 12.

Catalog cf thermochemical measurements at 29815 K.

heat capaaty dala

No.

Reaction

Property
Measured

Observed

Unc.

k)Y mol~! or J mol~! K-!

Residual
QObs.-calc.

Reference

62

63

64

65

66

67

68

69

70

7

MgC¢H;,0sP(a02) = Mg**(a0) + CsHi 0P (ac2)

Dissociation of Mg-glucose-1P

Based on 2nd derivative of equilibrium data

No solution for variable or data missing.

CaCeH;1OsP(a02) = Ca’*(ao) + CeH;OP?~(ac2)

Dissociation of Ca-glucose-1P

Based on 2nd derivative of equilibrium data

No solution for variable or data missing.

CsH;00s5(a0) = CsHsO5(ao) + H*(ao)
1st ionization of ribose
Based on enthalpies at two temperatures

CsH|oOs(803) = C5H90§(303) + H*(ao)
1st ionization of xylose
Based on enthalpies at two temperatures

CsHmOs(aOS) = CngOs_(aOS) + H*(ao)
1st ionization of arabinose
Based on enthalpies at two temperatures

CsHmOs(aOS) = CngO{(aOS) + H*(ao)
1st ionization of lyxose
Based on enthalpies at two temperatures

CeH,,0¢(a0) = C¢H; 05 (a0) + H*(a0)
Ist ionization of glucose
Based on enthalpies at two temperatures

CeH]zO&(aOZ) = CaHnO{(ﬂOZ) -+ H*(ao)
1st ionization of mannose
Based on enthalpies at three temperatures

CeH1;,06(a03) = Ce¢H, 104 (a03) + H*(ao)
1st ionization of fructose
Based on enthalpies at two temperatures

CeH,06(a04) = CgH;,05(aod) + H*(ao)
1st ionization of galactose
Based on enthalpies at two temperatures

AC,

AC,

AC,

AG,

AC,

AC,

AC,

AG,

AG,

AG,

—247.

—262.

—112.

—103.

—114.

—-117.

—120.

—121

—131.

70.

50.

40.

40.

40.

0.000

0,000

0.000

0.000

0.000

0.000

0.000

€.000

54CLA/CUS

56CLA/CUS

70CHR/RYT

70CHR/RYT

T0CHR/RYT

T0CHR/RYT

70CHR/RYT

70CHR/RYT

70CHR/RYT

70CHR/RYT

SIALVYHAAHOSLHVYD 40 S3ILHIdOHd 1 HOASNYHL ANY DINYNAQOWHIHL
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Table 13.

R. N. GOLDBERG AND Y. B. TEWARI

Index to the compounds and their reactions in reference to Tables 11 and 15

Compound

Reactions

Cs HgO% a (303)
xylose?~(ao)
CsH;0%~(ao5)
arabinose?~(ao)
CsHyO5 (ao)
ribose ~(a0)
CsHyO5 (ao 3)
xylose~(ao)
CsHsO5 (805)
arabinose ™ (ao)
CsHsO5 (a08)
lyxose™ (a0)
CsH,04(cr)
ribose(cr)
C5H1005(Cl'2)
B-arabinose(cr)
CsH:oOs(Cf?!)
a-xylose(cr)
CsH]oOs(CI'4)
lyxose(cr)
CsHinOs(ao)
ribose(ao)
C5H1005(8.02)
ribulose(ao)
C5H|005(303)
xylose(ao)
CsH 1005(304)
xylulose(ao)
CsH1005(3.05)
arabinose(ao)
CsHmOs(aOS)
lyxose(ao)
CsH;0¢ (ao)
glucose*~(ao)
C¢H;0¢(ao3)
fructose*~(ao)
CsH;0¢~(aod)
galactose*~(ao)
CngO% a (ao)
glucose®~(ao0)
C¢Hy0%(a03)
fructose®~(ao)
CsHy03 ™ (a04)
galactose®~(ao)
CeH,00%~(a0)
glucose?(ao)
CeH 100%™ (a02)
mannose®~(ao)
CeH 0%~ (a03)
fructose‘~(ao)
CH 100%_ (304)
galactose?(ao)
CaHmO% - (305)
sorbose?~(ao)
C¢H ;05 (a0)
glucose~(ao)
CsH,,05 (202)
mannose~ (ao)
CeH,,0¢6 (a03)
fructose ~(ao)
Ce¢H,;05 (a04)
galactose ~(ao)
C¢H, 106 (805)
sorbose~ (ao)

J. Phys. Chem. Ref. Data, Vol. 18, No. 2, 1989

192

201

340, 340, 340, 182, 184

341, 341, 341, 189, 191

342, 342, 342, 198, 200

343, 343, 343, 203

119, 129, 130, 333, 177

334, 334, 334, 131, 179

112, 121, 178, 329, 329, 329, 132

338, 338, 338, 133, 180

11. 80. 82, 129. 130. 177. 182. 184. 83, 317. 317. 317, 116
82, 92, 319, 319, 319, 12, 94, 83

87, 90, 178, 323, 323, 323, 85, 189, 191, 132
87, 90, 98, 99, 324, 324, 324, 85

80, 92, 322, 322, 322, 131, 179, 198, 200, 94
98, 99, 327, 327, 327, 133, 180, 203

233

260

271

232

259

270

228, 229, 230, 231

241

2535, 256, 257, 258

269

274

222, 228, 229, 230, 226

237, 238, 239, 240, 345, 345, 345

252, 255, 256, 257, 258, 346, 346, 346, 254
347, 347, 347, 268, 266

272,273
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Table 13. Index to the compounds and their reactions in reference to Tables 11 and 15 — Continued
Compound Reactions
CsH1,0¢(cr) 113, 122, 135, 136, 137, 138, 139, 140, 141, 142, 143, 168, 330,
a-glucose(cr) )
CsH1206(cr2) 145, 146, 147, 148, 149
B-glucose(cr)
CeH1,0¢(crd) 336, 336, 336, 155, 176
mannose(cr) :
CH120¢(cr5) 114, 126, 157, 158, 170, 171, 331, 331, 331
a-galactose(cr)
CsH206(cr6) 172, 173, 337, 337, 337, 162
B-fructose(cr)
C¢H1,06(ct7) 115, 128, 175, 332, 332, 332, 163
sorbose(cr)
CoH 1200(cr8) 153
glucose(vit)
CsH206(a0) 15, 62, 68, 69, 71, 74, 715, 76, 135, 136, 137, 138, 139, 140, 141, 142, 143,
glucose(ac) 145, 146, 147, 148, 149, 150, 151, 152, 165, 166, 167, 168, 222, 311, 311, 311, 226
CoH,,04(002) 67, 237, 238, 239, 240, 313, 313, 313, 155, 176
mannose(ao)
CeH204(a03) 8, 10, 62, 68, 69, 71, 74, 75, 76, 172, 173, 252, 315, 315, 315, 162, 254
fructose(ao)
CH;04(acd) 157, 158, 170, 171, 320, 320, 320, 268, 266
galactose(ao)
CsH1;,04(a05) 175, 272, 273, 339, 339, 339, 163
sorbose(ao)
CsH306.5(cr) 174

fructose hemihydrate(cr)
CaHuO'/(CT)

a-glucose monohydrate(cr)
CngOg}”‘(ao)

ribose 5-phosphate®~(ao)
CsHy03P*~(ac)

ribose 5-phosphate?~(a0)
CsHyOsP*~(a02)

ribulose 5-phosphate?—(ao)
C5H90§P2_(303)

xylulose 5-phosphate?~(ao)
C5H903P2_(ao4)

arabinose 5-phosphate’~(ao)
CngOng_(aos)

ribose 1-phosphate?~(ao)
CsHmOgPl_(aO)

ribose 5-phosphate™(ao0)
CeH1004P*(a0)

glucose 6-phosphate’~(ao)
CanOng“(ao)

glucose 6-phosphate?~(ao)
CeHy05P?~(202)

glucose 1-phosphate*~(ac)
C¢H1,0,P*~(203)

mannose 6-phosphate?~(ao)
CH OGP~ (a04)

fructose 6-phosphate?—(ao)
CeHy;05P* (205)

galactose 6-phosphate®~(ao)
CsH1,0,P?*~(ac6)

galactose 1-phosphate?~(ao)
CsH, 109P2_ (ao7)

fructose 1-phosphate’~(ac)
CsH204P~(a0)

glucose 6-phosphate~(ao)
C6H1209P_(302)

glucose 1-phosphate—(ao)

150, 151, 152, 165, 166, 167, 335, 335, 335

349, 349, 349, 279, 280

11, 117, 275, 276, 277, 316, 316, 316, 37, 278, 279, 280
318, 318, 318, 12, 37

45

46

15

275, 276, 277, 348

353, 353, 353, 303, 304

15, 17, 21, 22, 47, 49, 301, 302, 310, 310, 310, 303, 304‘
47, 49, 287, 321, 321, 321, 289, 290, 291, 293

67, 23, 26, 312, 312, 312

8, 10, 17, 21, 22, 23, 26, 314, 314, 314

13

50

14

296, 297, 298, 301, 302

283, 284, 287, 350, 350, 350, 289

869
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Table 13. Index to the compounds and their reactions in reference to Tables 11 and 15

R. N. GOLDBERG AND Y. B. TEWAR!

Continued

Compound

Reactions

CeH1204P~(a04)

fructose 6-phosphate™(ao)
C¢H ;0P (a06)

galactose 1-phosphate~(ao)
C¢H,305P(a0)

glucose 6-phosphate(ao)
C¢H;304P(a02)

glucose 1-phosphate(ac)
CeH130,P(ao6)

galactose 1-phosphate(ao)
NiCsHy,O4P(a0)

Ni-ribose 5-phosphate(ao)
MgCSHgOgP(ao)

Mg-ribose 5-phosphate(ao)
MgCqH,,0sP(a02)

Mg-glucose 1-phosphate(ao)
MngHl 109P(&04)

Mg-fructose 6-phosphate(ao)
CaC¢H,,0sP(a02)

Ca-glucose 1-phosphate(ao)
C8C6H1 109P(304)

Ca-fructose 6-phosphate(ao)

305

309

296, 297, 298
283, 284

308

281

282

352, 352, 352, 293
307

351, 351, 351, 290

306
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Table 14. Index to the compounds and their reactions in reference to Table 12 and theheat capacity data in Table 15

Compound

Reactions

CsHy05 (ao)
ribose ™ (ao)
CsHsO5 (a03)
xylose~(ao)
CsHs05 (ao5)
arabinose " (ao)
CsHy05 (a08)
lyxose~(ao)
C;sH;005(C)
d-ribose(cr)
C5H1005(C2)
d-arabinose(cr)
CsH,005(C3)
d-xylose(cr)
CsH005(C4)
d-lyxose(cr)
CsH1005(a0)
ribose(ao)
C5H|005(803)
xylose(ao)
CsHmO§(ao4)
xylulose(ao)
CsHmOs(aoS)
arabinose(ao)
C5H|005(8.08)
lyxose(ao)
CsH1;05 (ao)
glucose ~(ao)
C¢H;,0¢ (a02)
mannose ™ (ao)
CeH,,05 (a03)
fructose ~(ao)
CsH,,06 (304)
galactose~(ao)
CsH120¢(C)
a-D-glucose(cr)
CeH;,04(C2)
B-D-glucose(cr)
CsH,Os(C4)
D-mannose(cr)
CsH204(C5)
D-galactose(cr)
CsH1206(C6)
D-fructose(cr)
CsH206(C7)
D-sorbose(cr)
CsH206(G)
glucose(vit)
C(,HuOf,(ao)
glucose(ao)
CGH]zog(aOZ)
mannose(ao)
CsH204(a03)
fructose(ao)
CsH1205(304)
galactose(ao)
CgHgOst‘(ao)

ribose, 5-phosphate?~(a0)

CGH 1 109P2 - (ao)

glucose, 6-phosphate?~(ao)

Ce¢H,;;04P*~ (ao3)

mannose, 6-phosphate®~(ao)

C¢H, 109P2 ~(ao4)

fructose, 6-phosphate’~(ao)

65
66
67
32,33
34
16, 17
35
50
49
9
51
48
68
69
70

71

21, 22, 23, 24, 25, 26, 27, 36, 37, 38

39, 40
30
18, 19
31
20

28,29

18, 36, 37, 38, 39, 40, 55, 56, 57, 58

2, 60
38, 52
53

4

16

27

367
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Table 15. Calculated values of thermochemical properties at 298.15 K

R. N. GOLDBERG AND Y. B. TEWARI

Compound molar mass AH° AG° S° C,
g mol~ kJ mol™! Jmol~' K-7

CsH02(a03) 148 1164 —599.455+24
xylose?~(ao)

CsHz03~(ao5) 148.1166 —~587.766+6.0
arabinose?~(ao)

CsH,0x(a0) 149.1240 —997.903+0.27 - 669.666+6.0 93.304+20. 164.0-+43.
ribose(a0)

CsHyOxao3) 149.1240 —1008.040+1.6 —681.085+2.3 97.604+9.3 176.0+45.
xylose~(a0)

CsHyOx(ao5) 149.1240 —1003.787+0.39 —671.7866.0 80.682+20. 165.0+45.
arabinose™(ao)

CsHyO5(a08) 149.1240 —680:017+2.3 168.0+45.
lyxose™(a0)

CsH160s(cr) 150.1314 —1047.2300.22 —730.086+6.0 130.458+20. 185.5+1.5
ribose(cr) )

CsH\o0s(cr2) 150.1314 —1057.027+0.39 —737.726+6.0 123.2243:20. 184.04+2.0
B-arabinose(cr)

CsH;oOs(cr3) 150.1314 —1057.840:£1.4 —744.58512.1 143.500+5.4 184.020
a-xylose(cr)

CsHi00s(cr4) 150.1314 —740.837+2.4 184.0+2.0
lyxose(cr)

CsH;005(a0) 150.1314 -1034.003:+0.23 —738.786+6.0 204.000+20. 276.0x20.
ribose(ao)

CsH;00s(a02) 150.1314 —~1023.015:0.34 --735.936::6.0 231.297:£20.
ribulose(ao)

CsH,005(a03) 150.1314 —1045.740+1.5 —750.485+£2.2 203.872%8.9 279.0+20.
xylose(ao)

CsH,00s(a04) 150.1314 ~1029.650+1.7 —746.152+2.2 243.307+9.4 319.0:£28.
xylulose(ao)

CsH,005(a05) 150.1314 —1043.787+0.36 —742.226+6.0 182.72520. 279.0:20.
arabinose(ao)

CsH;00s(ao8) 150.1314 —749.137+2.3 285.020.
lyxose(ao)

CsH3O%~(ao) 176.1281 —592.952+2.4
glucose*~(ao)

CeHy08~(a03) 176.1281 ~—594.2361+2.4
fructose*~(ao)

CsH;0¢(aod) 176.1281 —584.833+0.23
galactose®~(ao)

CsHy0% ™ (ao) 177.1355 —679.452:+2.2
glucose®~(ao)

CsHyO?¢~(203) 177.1355 —~684.436=-2.2
fructose’~(ao)

CeH0~(aod) 177.1355 —671.033£0.21
galactose’(ao)

CsH 1002 (ao0) 178.1429 —764.7522.0
glucose?~(a0)

CsH 0%~ (a02) 178.1429 —761.239+-2.6
mannose?~(ac)

CsH100%(a03) 178.1429 —767.436£2.0
fructose*~ (a0)

CsH,00%~(aod) 178.1429 —756.033+0.20
galactose?~(ao)

CsH 100%™~ (ao5) 178.1429 —763.254+6.8
sorbose” " (ao)

Ce¢H,,0¢(a0) 179.1503 —1225.494+1.1 —845.802+1.9 159.555+7.5 216.3428.
glucose™(ao)

CsH;,08(a02) 179.1503 —1225.582+1.8 —842.039+2.4 146.638+9.2 221.0%32.
mannose ™~ (ao)

CsH;1,0¢(a03) 179.1503 —1220.182+1.2 —846.811£1.9 180.756 7.7 366.0+£31.
fructose™(a0) ‘

C¢H,,0i(a04) 179.1503 —1214.503+0.13 —838.433+0.18 171.704:+0.77 188.0:44.

galactose  (ao)
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Table 15. Calculated values of thermochemical properties at 298.15 K — Continued

Compound molar mass AH® AG* S° C,
g mol™! kJ mol~! J mol~' K-!

CeH,;05a05) 179.1503 —844.454-+6.3
sorbose ~(ao0)

CsH1206(cr) . 180.1577 —1273.0400.87 —908.792+1.8 211.300£5.2 219.1+2.0
a-glucose(cr)

CsHi1206(cr2) 180.1577 —1266.842+0.91 216.0£3.0
B-glucose(cr)

C¢H204(cr4) 180.1577 —1266.527+1.8 —902.189+2.5 210.998+10. 216.0%3.0
mannose(cr)

CeH1;,04(cr5) 180.1577 ~1272.340+0.11 —906.333+0.17 205.400+0.45 220.8+2.2
a-galactose(cr)

CeH2O0¢(cr6) 180.1577 —1269.462+1.1 —905.645+2.0 212.744%7.6 232.0%3.0
B-fructose(cr) '

CgH1206(C17) 180.1577 ~-1270.240 3.8 —~908.854£5.9 220.900_:15. 231.44L1.0
sorbose(cr)

CeH},06(cr8) 180.1577 —1266.594+1.1 372.4+6.6
glucose(vit)

CH,1,06(a0) 180.1577 -~ 1262.1942-0.88 —~915.902:4-1.9 271.525:5.6 " 336.3L6.5
glucose(ao)

CsH1206(a02) 180.1577 —1258.657x1.7 ~910.989:+2.4 266.909+9.0 342.0%17.
mannose(ao)

CoH,,00(a03) 180.1577 1259.3824-1.0 915.511+1.9 279.645+5.9 369.0=14.
fructose(ao)

CsH;,04(a04) 180.1577 —1255.203+0.12 —908.933+0.18 271.600£0.49 319.04-20.
galactose(ao)

CsH204(a05) 180.1577 —1263.300+4.2 —911.954+6.2 254.574+25.
sorbose(ao) :

CeH 304 5(cr) 189.1653 —1024.106+2.1
fructose hemihydrate(cr)

CsH1404(cr) 198.1730 —1568.897+0.96 —1148.350+1.9 255.567+5.9
a-glucose monohydrate(cr)

CsHyO3P*~(a0) 227.0891 --2015.983+0.37 —1508.0680.61 —95.293+2.4
ribose 5-phosphate®~(ao)

CsHyOsP?~(20) 228.0965 —2041.483+0.34 —1582.568+0.60 69.000%1.7 9.6+45.
ribose 5-phosphate?~(ao) .

CsHyOsP*~(202) 228.0965 —2023.755+0.42 —1581.368+0.61 124.437%2.5
ribulose 5-phosphate?~(ao)

CsHy03P*~(a03) 228.0965 —1582.578+0.62
xylulose 5-phosphate?~(ao)

CsH;05P*(a0d) 228.0965 —1585.168+0.64
arabinose 5-phosphate?~(ao)

CsHy03P?~(a05) 228.0965 —1575.697+£6.0
ribose 1-phosphate?~(ao)

CsHOsP "(a0) 229.1039 —2030.183£0.37 —1620.748+0.61 234.903£2.4
ribose 5-phosphate ~(ao)

CsH1605P*~(a0) 257.1154 —2241.236+14 —1697.142+2.1 22.198+8.4
glucose 6-phosphate’®~(ao)

C¢H,;10P* (a0) 258.1228 —2276.4361.2 —1763.942+2.0 128.130+6.9 48.3+17.
glucose 6-phosphate®~(ao)

CsH1OoP2 " (202) 258.1228 —1756.867+2.1
glucose 1-phosphate?~(ao) .

C¢H;;0,P*~(a03) 258.1228 —2273.227+13 —1760.820+2.1 128.420+7.3 56.61-19.
mannose 6-phosphate’~(ao) :

CeH,:00P2~(ao4) 258.1228 —2264.767+£1.2 —1760.795+2.0 156.711£6.9 88.9+17.
fructose 6-phosphate?~(ao)

CsH110,P? (a05) 258.1228 —1756.694+-0.21
galactose 6-phosphate?~(ao)

CsH1105P2~ (206) 258.1228 —1754.067+2.1
galactose 1-phosphate?*~(ao)

CsH,100P*~(a07) 258.1228 —1764.192+2.2
fructose 1-phosphate?~(ao) ‘

CeH1205P~(a0) 259.1302 —1800.592+2.1

glucose 6-phosphate~(ao)
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Table 15. Calculated values of thermochemical properties at 298.15 K — Continued
Compound molar mass AH° AG® S° C,
g mol ™! kJ mol—! J mol~! KT

C:H120oP~(a02) 259.1302 — 1793977421

glucose 1-phosphate™(ao)
CeH1,04P(a04) 259.1302 —1796.595+2.1

fructose 6-phosphate~(ao)
CsH1204P ~(a06) 259.1302 —1791.767+22

galactose 1-phosphate~(ao)
CeH;:00P(a0) 260.1376 —1809.375+2.1

glucose 6-phosphate(ao)
CsH,1304P(a02) 260.1376 —1800.707%2.2

glucose 1-phosphate(ao)
CsH1305P(ao6) 260.1376 —1798.727+2.3

galactose 1-phosphate(ao)
NiCsHy03P(a0) 286.7854 —1643.068+0.64

Ni-ribose 5-phosphate(ao)
MgCsHyO3P(ao) 252.4004 —2051.568+0.63

Mg-ribose 5-phosphate(ao)
MgCsH;,05P(a02) 282.4267 —2226.317%2.2

Mg-glucose 1-phosphate(ao)
MgCeH,,0yP(aod) 282.4267 —2230.195+2.2

Mg-fructose 6-phosphate(ao)
CaCeH,;0,P(a02) 298.2017 —2323.907x2.3

Ca-glucose 1-phosphate(ao)
CaCqH,;,0oP(a04) 298.2017 ~2326.995+2.2

Ca-fructose 6-phosphate(ao)

Aauxiliary Data

C(cr) 12.0110 0 0 5.74 +0.10
COy(g) 44.0098 —393.51 + 0.13 --394,37 + 0.13 213.676 % 0.01
Oa(g) 31.9988 0 0 205.043 = 0.005
H*(ao) 1.0074 0 0 0 0
Ha(g) 2.0159 0 0 130.571 =+ 0.003
H,O() 18.0153 —285.830 =+ 0.040 —237.189 = 0.04 69.95 =+ 0.03 75.359
NaAg) 28.0134 0 0 191.500 =+ 0.004
P(cr) 30.9738 0 0 41.09 =+ 0.25
HPO3 (a0) 95.9804 —1299.0 + 1.5 —1096.1 £ 1.5 —33.5+ 15 —254.
H,PO; (ao) 96.9878 —1302.6 + 1.5 —~1137.3 = 1.5 925 + 1.5 —34.
Ni**(ao) 38.688Y — 5.0 —45.6 —1289
Mg(cr) 24.3050 0 0 32,67 +0.10
Mg+ (ao) 24.3039 —467.0 £+ 0.6 —455.30 = 14 —137 = 4 —16.0
Ca(cr) 40.0800 0 0 41.59 =+ 0.40
Ca**(ao) 40.0789 —543.0 + 1.0 —552.8 + 1.0 —56.2+ 1.0 -27.0
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TABLE 16. Ranges of property values

Quantity Range of values
V' (pentose(cr)) (91.7 to 99.4)X 10~¢ m* mol !
V" (hexose(cr)) (108.9 to 118.3)X 10~* m* mol~!
Vi(pentose(ao)) (93.7 to 95.7)X10~% m® mol~!
Vi(hexose(ao)) (110.5 to 112.0) X 10~¢ m* mol~!

{Vi(pentose(ao)) - V" (pentose(cr))}
{Vs(hexose(ao)) - V" (hexose(cr))}

E‘(hexose(cr))
Ej(hexose(ao))

K7a(pentose(ao))
K7t ,(hexose(ao))

(2K1,/9T),(hexose(a0))

C,(pentose(cr))

C;(hexose(cr))

Cpa(pentose(ao))

C,2(hexose(ao))

{C;pentose(ao)) - C,(pentose(cr))}
{Cp(hexose(ao)) - C,(hexose(cr))}
{C;a(sugar(ao)) - C;x(sugar-phosphate(ao))}

S'(pentose(cr))

S°(hexose(cr))

Si(pentose(ao))

S;(hexose(ao))

{SXpentose(ao)) - S°(pentose(cr))}
{Shexose(ao)) - S (hexose(cr))}
{S5(sugar(ao)) - Si(sugar-phosphate(ac))}

AcH *(pentose(cr))

A¢H °(hexose(cr))

A¢H °(pentose(ao))

AcH°(hexose(ao))

{AH *(pentose(ao). - AcH °(pentose(cr))}
{AH"(hexose(ao) - AcH °(hexose(cr))}

{AH " (sugar(ao)) - AH °(sugar-phosphate(ao))}

A¢G*(pentose(cr)

A¢G°(hexose(cr))

A¢G°(pentosc(an))

AiG°(hexose(ao))

{A«G"(pentose(ao) - A«G°(pentose(cr))}
{A«G"(hexose(ao) - AG°(hexose(cr))}
AyG°(sugar(ao)) - A¢G °(sugar-phosphatc(ao))

(—3.5to 1.7)X107¢ m* mol~!
(—2.7 to 0.8) X 10~® m* mol~!

~0.028%10~° m® mol~! K!
(0.09 to 0.15)X 10~¢ m® mol—! K~!

(—8.4 to —15.2)x 10" m* moi~! Pa~!
(—12.7 to —16.7)x10~"* m*® mol~! Pa~!

(0.64 to 0.80)X10~** m* mol~! Pa~! K~

(184 to 186) J mol~' K~}
(205 t0 232) J mol~' K!
(276 to 319) J mol—' K~!
(319 to 369) J mol~! K~!
(98 to 137) J mol~! K-!

(90 to 101) J mol~! K-!

(266 to 288) J mol~! K~!

(123 to 144) J mol~! K-
(205 to 221) ¥ mol~! K~!
(204 to 231) J mol~' K~}
(255 to 280) J mol~! K!
(60 to 108) J mol~! K-!
(34 to 67) I mol~! K-!
(107 to 144) Y mol~' K-!

(—1047 to —1058) kJ mol~!
(—1266 to —1272) kJ mol~!
(—1023 to —1046) kJ mol~!
(—1255 to —1263) kJ mol~"!
(—13 to +14) kJ mot~!

(4.6 to 17.1) kJ mol~"!

(1001 to 1015) kJ mol~"!

(—730 to —745) kJ mol~!
(—902 to —909) kJ mol !
(—739 10 —751) kI mol '
(-909 to —916) kJ mol ™!
(—4.5 to —8.7) kJ mol~!
(—2.6 to —9.9) kJ mol~!
(836 (v 850) kJ mol !
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11. Reference Codes and References in the
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12. Glossary of Symbols and Terminology®

Roman

4

x>~ >0 0

¥ e RS Xy

SR E TR

concentration/mol L™!; or parameter in expression
for the excess heat capacity; or specific heat capac-
ity/ Jkg~!

parameter in expression for the excess expansivity
parameter in expression for the excess Gibbs energy
parameter in expression for the excess enthalpy
parameter in expression for the excess compressibili-
ty

molality/ mol kg
amount of substance
pressure/ Pa

speed of sound/ m s~
parameter in expression for the excess volume
mole fraction

-1

1

heat capacity

diffusion coefficient

expansivity: (aV /dT),

Gibbs energy

enthalpy

equilibrium constant

isentropic compressibility: (JV /dp)s
isothermal compressibility: (8V /dp) 1
relative enthalpy (H — H°®)

molar mass/ kg mol !
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R gas constant (8.314 51 Jmol~! K1)
S entropy
T thermodynamic temperature
V volume
Greek
a cubic expansion coefficient: ¥ ~'(3V /dT),
4 activity coefficient
7 viscosity
Ks cubic isentropic = compressibility  coefficient
V=YV /dp)s
Kt cubic isothermal compressibility coefficient:
VY3V /dp)
P (mass) density/ kg m™—>
é osmotic coeficient
A change in a property
superscripts
° standard state quantity
* the property of the pure substance
0 the limit of a property as the concentration of
solute approaches zero
ex excess
id ideal
subscripts
f formation property
1,2 designate solvent and solute, respectively; the
subscript 2 is frequently omitted for the solute
L,2,.. subscripts for virial parameters
[/ apparent molar quantity
physical states
am amorphous solid
ao aqueous, standard state of the indicated spe-
cies
aq aqueous solution, concentration not specified
cr crystalline solid
g gaseous
) liquid
vit vitreous (glassy)liquid

“When more than one meaning is attached to a given
symbol, the context will serve to clarify the meaning of
the symbol at that point in the text.



