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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 thermodynam.ic and transport prope::rlie:::s uf lhe:: five:: 

and six membered ring carbohydrates and their monophos­
phates in the condensed and aqueous phases playa 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 roles in 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 1 and of Wilhoit. 2 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 Morton3 dealt primarily with phosphorylation reactions 
and contained only Gibbs energy data for biochemical pro­
cesses. Barman's Enzyme Handbook 4 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.5

-
8 Domalski, Evans, and Hearing9 have compiled 

the available data on the heat capacities and entropies of 
organic compounds in the condensed phase. In a compre­
hensive paper, Angyal 10 has reviewed the available data 
dealing with the detailed anomeric composition of reducing 
sugars in solution. Most rec~ntly, Cesaro1l 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-
ter. ........................................................................ j(i 

3. Phase diagram for the system D-fruc-
tose + water. ........................................................ j(i 

4. Deviation plot (observed minus calculated val­
ues) of the osmotic coefficient of aqueous glucose 
solutions as a function of the molality. ................ Ie 

5. The excess Gibbs energy of aqueous carbohydrate 
solutions as a function of molality. ...................... Ii: 

6. The excess enthalpy of aqueous carbohydrate so-
lutions as a function of molality. .......................... Ii: 

7. The excess entropy of aqueous carbohydrate solu-
tions as a function of molality. ............................. Ii : 

Most of the data which have been examined in this I 

view involve equilibrium and calorimetric measurements I 
the pure compounds and on their aqueous solutions. Insof 
as possible, we have recalculated the original data from II 
experimental measurements to obtain values of the therlll 
chemical parameters which are then entered into a catalll 
This catalog serves as the basis for the solution of the thr 
mochemical network for these processes and substanl'l 
The least-squares solution12

,13 of the network leads to a scI 
recommended values for both formation properties and I 
thermochemical parameters for specific processes. 

This review also includes the transport property data I 
these substances and a correlation of the data leading to I· 
excess Gibbs energy of aqueous solutions ofthese substalll' 
and its temperature and pressure derivatives. Informatil 
on solubilities, phase diagrams, and the pressure derivati, 
of the Gibbs energy is also considered. The general aim II 
been to provide an essentially complete coverage of the the 
modynamic and transport properties of these substam'( 
The literature is covered through 1987. 

This review identifies those areas where measuremcr 
are most needed. Also, the structural similarities of th" 
compounds can serve as a guide to estimating property da 

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 adhc 
to the recommendations of the International Union of Pu 
and Applied Chemistry (lUPAC) on symbols, nomencl 
ture, and units. 14 The standard states used in the constru 
tion of the tables are the same as those used in "The N 1 
Tables of Chemical Thermodynamic Properties".15 Thl 
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 t1 
standard state for the solvent is the pure solvent. The tht: 
mochemical reference temperature is 298.15 K. These sta 
dard states and reference temperature were selected prim<l 



~ 
~ 
~ 
~ 

~ 

CHO 
I 

HCOH 
I 

HCOH 
I 

HCOH 
I 
CH~OH 

o-Ribose 

/ \ 
CHO CHO 
I I 

HCOH HOCH 
I I 

HCOH HCOH 
I I 

HCOH HCOH 
I I 

HCOH HCOH 
I I 
CHIOH CH20H 

D-f.llose o-Altrose 

CHO CHO 
I I 

HOCH HCOH 
I I 

HCOH HOCH 
I I 

HCOH HCOH 
I I 
CH:OH CHzOH 

o-Arabinose o-Xylose 

/ 
\ 

/ \ \ 
CHO CHO CHO CHO 
I I I I 

HCOH HOCH HCOH HOCH 
I I I I 

HOCH BOCH HCOH HCOH 
I I I I 

HCOH HCOH HOCH HOCH 
I I I I 

HCOH HCOH HCOH HCOH 
I I I I 
CH~OH CHzOH CHIOH CH~OH 

o-Glucose o-Mannose o-Gubse o-Idose 

g D-aldoses 
ro 
? 
~ 
~ FIe .. l,Orcl~ ,'L., :, --t,llctural formulas of the D-pentose~ and D-hexoses. 

C m 
~ 
< 
~ 
..... 
~ 
z 
? 
~I\) 

..... 
(C 
Q:) 
(C 

CHO 
I 

HOCH 
I 

HOCH 
I 

H?OH 
CHzOH 

o-Lyxose 

/ \ 
CHO CHO 
I I 

HCOH HOCH 
I I 

HOCH HOCH 
I I 

HOCH HOCH 
I I 

HCOH HCOH 
I I 
ClitOH CHtOH 

o-Galactose o-Talose 

CHzOH CH,OH 
I I y=O C=O 

I 
HCOH HOCH 

I I 
HCOH HCOH 

I 
tHzOH CHIOH 

D·Ribulose o-Xylulose 

/ \ / \ 
CHaOH CH,OH CHzOH CHzOH 
I I I I 
C=O C=O C=O ?==O 
I I I 

HCOH HOCH HCOH ~IOTH 
I I I 

HCOH HCOH HOCH HOCH 
I I I I 

HCOH HCOH HCOH HCOH 
I I I I 
CH,OH CHIOH CH:OH CHI 01 .. 

v-Pslcose o-Fructose v-Sorbose o-Tagatose 

D-ketoses 

-f 
:I: 
m 
lJ 
s:: 
0 
C 
-< 
Z 
l> 
s:: 
0 
l> z 
C 
-f 
lJ 
l> 
Z 
(J) 

" 0 
lJ 
-f 
"tJ 
lJ 
0 
"tJ 
m 
::tJ 
-f 
iii 
(J) 

0 
." 
(') 
l> 
lJ 
m 
0 
:I: 
-< 
C 
:0 
l> 
-f m 
(J) 

00 
""'" ""'" 



812 R. N. GOLDBERG AND Y. B. TEWARI 

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 a and a fJ form, the furanose and pyranose 
cOnfOflm:IS, . amI tht: upt:n 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 hetween 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 a or fJ 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 D and 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: 

SDL = SD - R(xD loge X D + XL loge XL) . (1) 

Here,xD andxL are, respectively, themolefractionsoftheD 
and L forms in the mixture; S D 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: 

(2) 

Since the temperature and pressure derivatives of the en­
trupy uf 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 
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the data, either the original or adjusted values of the dilla 
and the recommended property values. 

2.4. Treatment of Uncertainties 

The uncertainties associated with the recommendr. 
values of the physical properties or of the parameters of ,t.1 
correlating equations in Tables 1-7 were obtained in ,,,, 
different ways. The first method is purely statistical and "l 
sumes a normal distribution of errors with final error esh 
mates being made at approximately 95 % confidence limih 
The general procedure followed when fitting data to COJ'lr 

lating equations was to include all parameters until the stall 
dard deviation of an additional parameter became more thlll 
half the absolute value of that parameter. When these stall­
ticalmt:thuus wt:rt: ust:u the uncertainty is given to two Sl~ 
nificant figures. The other method of assignment of unCt" 
tainties is based upon the judgment of the reviewers as to t h, 
overall reliahility of the rne:umrernents. This involves both. 
consideration of random and systematic errors. Since it 1'1 r 

quently involves subjective judgment, error estimates oh 
tained this way are given to only one significant figure. Th, 
reader should draw no conclusion about the relative supell 
ority of either of these two methods of presenting uncertaill 
ties. 

The uncertainties given in the reaction catalogs are ii' 
signed primarily on the basis of the evaluators initial judf, 
ment of the reliability of that particular measurement. Till 
initial judgment may later be modified on the basis of ho\' 
well that measurement fits into the solution for the entil 
thermochemical network. These modifications are usuall' 
kept to a minimum and the overall fit of the network is til 

complished primarily by the decision of whether or not II 

include a particular measurement in the final network solu 
tion. When there are cross links in the thermochemica 
network, the residuals (observed minus calculated value~ 
obtained from the fit are useful in assessing both the accura 
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 over;1i 
accuracy of the thermochemical data and is useful in local 
ing possible errors in existing measurements. In the absenl' 
uf 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 thcl 
mochemical properties at 298.15 K (Table 15) are standal'l 
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. 13,16 

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 
Ill)hydrates is represented by a vi rial expansion in the mo­

lly of the solute: 

G ex = ~gjm(i+ I) . 

II' index "i" in the above equation and in the ones below 
11\ from unity to the total number of parameters needed to 
i'lcsent the experimental data over the molality range of 
I,'rest. The symbols are defined in the Glossary. Appropri-
derivatives of the excess Gibbs energy lead to the follow­

.'. working equations for the activity and osmotic coeffi­
Ilts, apparent molar, and excess properties: 

Gex = ~gjm(i+ I) = mfG~x + mG~x, 

(8G'''') 
am T,p 

G~x = ( _ l/mf)~igim(i+ I) , 

G~d G; + RTlog" a2 G; + RTloge (m/mO) , 

Gild = G~ + RTlog" a1 G~ (RTm/mi) , 

r exp [ ( a ;x I ( R T)] , 

cp = (mi/m)log" a l = [miG~x/(mRT)] + 1 , 

sex = _ (aGeX) = "2.s jm(i+ I) , 

aT p 

S~d = s; + R log" (m/mO) , 

S;d = S~ - (Rm/mi) , 

Hex = Gex + T( aG ex

) = ~hjm(i+ I) , 

aT p 

H~X = (aHeX) = L2 ="2.(i + 1 )hjm j, 
am T,p 

H~d=H; =Hf, 

Hild=H~ =Hi, 

L = H - HO = Hex /mo , 

LdJ = (L - miL f)/m Hex/m = 2-him
i , 

c;x = ( a:;X) p = ~c{m(i+ I) , 

( ac ex
) C~~2 --p- ~(i + 1 )cimi , 

am T,p 

cp,,,, = C;,2 + (C;x/m) = C;,2 + ~cim(i+ I) , 

cp = (mCp,,p + C;'I) (1 + mM2 ) -I , 

vex = (aGeX) = "2.v jm(i+ I) , 

ap T 

V ex (aV
ex

) ~(' 1) i 2 = -- = "'" I + vim, 
am T,p 

V i
1
d = v~ = Vi , 

V~d = v; = Vf, 

v'" = v; + (Vex/m) = v; + ~ujmi, 
p = (1 + mM2) [(1/p*) + "2.uim(i+ I) + mV;] -I, 

Eex = (av
ex

) = "2.e,m(i + I) 

aT pi' 

E ex ( aE ex ) ~ ( . 1) j 
2 = -- = "'" 1+ ejm, 

am T,p 

K~' = (a~" t = :£ks;m(i+ I) , 

K'; = (a;' t = :£knm(i+ II, 

Ks.", = (Ks - miK~,1 )/m = K~,2 + (K~x/m) 

= K~,2 + 2-kSi m
i

, 

K~,cb =K~,2' 

The above equations also include expressions for the ideal 
Gibbs energy, entropy, enthalpy, and volume. The quanti­
ties mO and mi, respectively, are equal to 1 and 55.5084 
mol kg - I. 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-I. 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 (u) and a knowledge of 
the density (p): 

Ks = v-1(av) =Ks/V= 1/(pu2). 
ap s 

The isothermal compressibilIty is then calculated using the 
following relationship l7: 

K~,2 K~,2 + 2(Kt.l K~.I ) 

4. Sources of Auxiliary Data 
The sources for the values of the fundamental ph\'sic;t1 

constants and atomic masses used in this review :trl', 1l'''llI', 

tively, the 1986 Committee on Data for SciclICt, ;11111 1(·,'11 
nology (CODATA) IX and the 1981 IlJPA(' 1('('liII11lt'11(h 
tions. 19 Auxiliary thermochemical cla!;l (S('(' I ;dd,' I',) \\('1(' 
taken primarily from the most H't'('111 '-,('1 ,,j ( II >\ 1:\ rec­
ommended values. 21 The propl'rlil's ,ll!\..;1 (.1'1) ;lrc those 
given in "The NBS Tahles Ill' ( '11('IIII,.1i Illl'llllodynamic 
Properties", 15 The parti:d 1111d.11 11".11 (;IP:IL'ities ofHPO~­
(aq) and of H,)lO, (;1'1) .11" 11(1/11 Larson, Zeeb, and 
Hepler. 22 The P;IIILd 111,d.11 11t'.11 l'apacities of Mg2+(aq) 
and Ca~1 (:Iq) ;II( 1111111 "'pll/,cr, Olofsson, Singh, and 

,J I'llys. Chern. Ref. Data, Vol. 18, No.2, 1989 



814 R. N. GOLDBERG AND Y. B. TEWARI 

Hepler.23 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". 24 

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.25 All of 
the crystalline carbohydrates considered in this review are 
orthorhombic with four molecules per unit cell and fall into 
space group 212121, 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.26,27 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 vulurm:tric data frum 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 comprpssibility, and 
the temperature derivative of the isentropic compressibility 
are given in Table 5. In computing isothermal compressibili-

o 

g,-------------------------------------~ C'? 

o 
ci 
o 
to:) 

o 
g 
N~--~--_r--~--~----~--~--~--~--~ 

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 

mass percent 

FIG. 2.Phase diagram for the system D-glucose + water. The curves refer to 
the following solid phases in equilibrium with aqueous D-glucose 
solutions: (0) ice; (0) D-glucosemonohydrate; ( + ) anhydrousD­
glucose; and (D.) the metastable anhydrous form. The transition of 
D-glucose monohydrate to the anhydrous form and water occurs at 
'O"C (323.1' K). The data are from Jackson and Silsbee.26 
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FIG. 3.Phase diagram for the system D-fructose + water. The solid CUJ'\H 

refer to the following solid phases in equilibrium with aqueom /1 
fructose solutions: (D) ice; (0) D-fructose dihydrate; (0) a nIl'I •• 

stable crystalline phase; (x) gel; (li.) hemihydrate; and {(\7) all. t 

( + )} anhydrous D-fructose, All of the data are from Young an,l: 
Johnson (Ref. 28) with the exception of the points (\7) ofJack~11t 
and Silsbee (Ref. 27) Jackson and Silsbee (Ref. 27) for the solubihll 
of anhydrous fructose. The broken lines were extrapolated from I I" 
experimental data. The transition of D-fructose dihydrate to the all 
hydrous form and water occurs at ZO·C (293.15 K). 

ties from the isentropic compressibilities, the needed valun 
of C ;.2 were taken from Table 15 of this paper. The extren1l' 
ly precise and careful measurements of Bernal and VillI 

Hook45 on aqueous glucose and fructose are preferred OVrl 

the earlier data. 
Table 6 contains values of the parameters of the corn' 

lating equations (see Sec. 3 above) of the excess Gibbs enel 
gy, enthalpy, heat capacIty, volume, expansivity, and thr 
isentropic compressibility and its temperature derivative. J 1\ 

nearly all cases the correlations are based upon the results 01 

a single investigation, the exceptions being the data leadillF 
to the excess Gibbs energy and enthalpy of aqueous gluco~(' 
solutions. For the excess Gibbs energy the most weight ha\ 
been given to the isopiestic data of Stokes and Robinson ,", 
and of Miyajima, Sawada, and Nakagi.30 The results ofTay 
lor and Rowlinson3l are based upon direct vapor pressurr 
measurements. This method of measurement is more dim 
cult than the isopiestic approach, and typically yields result \ 
that are less accurate. A. deviation plot of observed mimi' 
calculated values of the osmotic coefficierit of aqueous gill 
cose solutions as a function ofthe molality is shown in Fig. 4 
The heat of dilution data of aqueous glucose solutions deter 
mined by Lange and Markgraf 32 and by Savage and 
Wood33,34 are in excellent agreement with each other. Plo" 
of the excess Gibbs energy, enthalpy, and entropy are showll 
in Figs. 5-7. Note that in all cases the excess Gibbs energic~. 
entropies, and enthalpies are positive and that the entropil 
I..:UlllIibutiuIlS (TS"Y) to the excess Gibbs energies serve til 
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Iinson (Ref. 31), (D) Bonner and Breazeale (Ref. 29a), (0) Stokes 
and Robinson (Ref. 29), ( + ) Miyajima et al. (Ref. 30), NaCI 
reference solution and (x) Miyajima et al. (Ref. 30), CaCI2 refer­
ence solution. 

·t["et a substantial proportion (30%~70%) of the enthalpic 
'llltributions. 

There is a very limited amount of transport property 
lata available on aqueous carbohydrate solutions. It is sum­
:l1arized in Table 7. 

Table 8 contains the percent composition of the ano­
:lIcric forms of the hexoses and pentoses taken from the thor-
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IG. 5.The excess Gibbs energy of aqueous carbohydrate solutions as a 
function of molality. 
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FIG. 6.The excess enthalpy of aqueous carbohydrate solutions as a function 
of molality. 

ough review of Angyal. 10 USing these data and the few estt­
mates given in Table 9, the Gibbs energy changes at 298.15 K 
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 using an appropriate combination of the Gibbs energy 
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FIG. 7.The excess entropy of aqm'Oll~ carhohydrate solutions as a function 
ofmolaliry. 
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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 a and f3 
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 b~tw~~n 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 rlata ns~rl b~lng given at the end of the table. The reaction 
catalogs are similar in format to those givenI6 in the "CO­
DATA Thermodynamic Tables" and in the review by Park­
er, Evans, and Nuttall 13 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 19; 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 12,20 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 eqmlIbnum modehng calcula­
tions35,36 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
Huckel expression with the B or "ion size" parameter set 
equal37 to 1.6 mol- l /2 kgl/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- I K - I 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- I K - I for aqueous ribose 5-phosphate is based upon 
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an experimental determination of the enthalpy chant' 

( - 5.69 kJ mol-I) and an estimated equilibrium const;p 
of 420 for the hydrolysis of ribose 5-phosphate.36. Since t hI ~., 
two estimates substantially extend the thermocheOlh j 

network, we believe that they are useful. Clearly, meaSlll. 
ments which would eliminate the need for these estiOlal.' 
are desirable. 

6. Trends and Physical I nterpretation of th. 
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 usch 
of these are the values found for the quantities {C ;,2 1\1. 
gar(ao)] - C;,2 [sugar-phosphate(ao)]} and {S; 1\1 
gar(ao)] S~ [sugar-phosphate (ao) n. Thus, if either.\ 
or C ;,2 is known for the sugar or its phosphate, the carr· 
sponding quantity can be estimated. In this regard, the 1'\'. 

ommended values to be used for the differences in these hr .• 
capacities and entropies are, respectively, 280 and 1 i' 

J mol-I K- 1
• Generally, the entropies and the heat capa\ 

ties have proven to be the most useful thermodynamic fUth 
tions for estimation purposes. While in several cases it I' 

difficult to state whether the observed ranges of values aI, 

real or attributable to measurement errors, an understalll\ 
ing of the detailed differences within a given range of vall II , 
will require a better knowledge of the variations in thernh· 
dynamic property values between the various anomer I 
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 unresolvl'\! 
While attempts at molecular calculations have been attempt 
ed (see, for example, the review of Cesaro II) the results t}\;1 

have been obtained are far from satisfactory. Therefore, tho 
current rationalization of the properties of carbohydrate­
have relied principally upon either hydration or group COIl 

tribution effects. Some of the significant efforts in this din'( 
tion will be summarized briefly. 

Kabayama and Patterson38 have attempted to rational 
ize the enthalpy and entropy changes for the mutarotatiol 
data of aqueous carbohydrates in terms of changes in til. 
hydration of the reducing hydroxyl groups. Later, Stokt-­
and Robinson29 used a successive hydration model to reprr 
sent the osmotic coefficients of aqueous carbohydrate solli 
tions to ;:::;7 mol kg-I. Franks, Ravenhill, and Reid39 hm. 
argued for the absence of solute-solute interactions il 
aqueous solutions of carbohydrates and for specific hydra 
tion models as applied to understanding the aqueous valli 
metric properties. Hydration effects have been extensivrh 
invoked by Angyal lO in rationalizing the relative stabilitir' 
of aqueous carbohydrates. Closely related to rationaliz;1 
tions involving hydration are those involving the number (I 
equatorial hydroxyl groups on the carbohydrates. Uedair, 
and Uedaira40

,41 have used this approach to understand til, 
diffusion and partial molar heat capacity data. Most recent 
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~ lI.tlk and Somsen42
,43 used both preferential solvation and 

1;y,lrllphobic hydration arguments to account for enthalpies 
r :1.1I1sfer of carbohydrates from water to N,N-dimethylfor­
t •• lIlilie solutions. 

An alternative approach for the representation of the 
1 r ... s properties has been proposed by Savage and Wood.33 

!·,"v assumed that each functional group in a molecule in­
•.. I\'IS with every functional group in the other molecule 
,·.1 that this interaction is independent of the positions of 
I.i functional groups in the two molecules. Each interaction 
I, a characteristic effect on the excess property. These in­
.' H't ion energies are regressed from a body of experimental 
.t.t and can be used to predict properties of additional sys­
'II'" which have not yet been measured. Barone and co-

'1 kcrs44 have applied this approach to the excess proper­
i', of aqueous carbohydrate solutions. They have also 
'rrllpted to correlate the property differences between the 
·rtlcrs with differences in stereochemistry. 

Bernal and van Hook4s have summarized several at-
'llpts at property data rationalization which involved 
lIcture making and breaking effects. They concluded that 
.·lIments along this line had not heen sllccessful. They also 
"Ie the useful observation that the "volumetric properties 
l'arbohydrates are similar in sign if not in magnitude to 
,' ... c commonly associated with strong electrolytes." 

The problem of the rationalization of properties of sys­
IllS of the type considered here is a particularly difficult 
d, presently, unresolved issue. The systematic collection 
d evaluation of additional property data wOl,lld signifi­
II t I y aid progress in this area. This data can then be careful­
examined either to suggest or substantiate improved phys­
Ii 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. 
llmination 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 
~ 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 I-phosphate 
and direct calorimetric measurements performed on the iso­
merizations of glucose I-phosphate to glucose 6-phosphate, 
of galactose I-phosphate to glucose I-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. 46 Similarly, there is substantial interest in 
the production of ethanol from biomass.47

,48 The formation 
properties given in Table 15 together with those for ethallol' ') 
can be used to examine the efficiencies of proposed pn )CL'sses 
in this area. In summary, the thermochemical catalog ap­
proach is useful for examining the consistency 1)1' t hermody­
namic data and in expanding its predictions. We would like 
to see it extended to other networks involving l'nzymL'-cata­
lyzed reactions and to biochemical pron·ssl.:s ill gl·Ill.:ral. 
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10 Tables 

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

Carbohydrate 

J3-arabinose 
lyxose: 

a form 
J3 form 

ribose 

ribulose 
a-xylose 
xylulose 

J3-allose 
J3-altrose 
J3-fructose: 

dihydrSlte 

anhydrous 
a-galactose: 

anhydrous 
hydrate 

glucose: 
a form 
a monohydrate 
J3 form 

gulose 
idose 
mannose: 

a form 
J3 form 

psicose 
sorbose 
tagatose 
talose: 

a form 
J3 form 

Melting or 
transition temperature 

·C 

160 

106-107 
117-118 
87 

syrup 
145 
syrup 

128 
:::;:106 

1.0 oa 
102-104 

167 
118-120b 

146 
50C 

148-150 
syrup 

133 
132 
syrup 
159-161 
134-135b 

133-134 
120-121 

8Transition temperature of dihydrate to anhydrous [52YOU/JON]. 
bData from compilation of [82BAI]. 
~ransition 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 

/3-D-allose( cr) 

/3-arabinose(cr) 
/3-L-arabinose( cr) 
/3-DL-arabinose( cr) 

/3-D-fructose( cr) 
/3-D·fructopyranose( cr) 

a-D-galactose( cr) 

{j-D-galactose( cr) 

glucose(glass) 
glu,-,usc::('-'r) 
a-D-glucose(cr) 

P-D-glucose(cr) 

lyxose(cr) 
/3-L-Iyxopyranose( cr) 

mannose(cr) 
a-D-mannopyranose(cr) 

D-ribose( cr) 

a-L-sorbopyranose( cr) 

a-D-tagatose(cr) 

a-D-talose(cr) 
a-D-talopyranose(cr) 

D-xylose(cr) 
£l-xylose(cr) 

a-L-xylopyranose(cr) 

Cubic expansion coefficients at 298.15 K 

Compound 

glucose(cr) 

glucose(glass) 

p 
gcm-3 

1.593c 

1.619c 

1. 626b,c 

1.636b,c 

1. 640b,c 

1.601b,c 

1.599b,c 

1.619c 

1.61c 

1.:579~ 

1.595c 

1.523b 

1.~40° 

1.566c 

1.560c 

1. 562c 

1. 52Sb,,. 

l.552b,c 

l.544C 

1.536c 

1.501b 

1.564c 

1. 59b,c 

1.607b,c 

1.605b,c. 

1.655c 

1.591b,c 

1.602c 

1.617c 

L511 C 

1.663S,b 
1. 524c 

3.1 

2.4 

Reference 

[S4KRO/SLU] 

[61HOR] 
[77T AK/JEF] 
[67KIM/JEF] 
[79TAKINOR] 

[77KAN/ROE] 
[77T AK/JEF2] 

[760HA/GIL]d 
[76SHE] 
[75LON/OHA]') 

[76SHE] 

[28PARlHUF] 
[6~RAM/GOR.] 

[65BROILEV] 
[74SW A/MUR] 
[79BROILEV] 
[63PER] 

[68CHU/JEF] 

[66HOR] 
[7SNORIT AK] 

[31MAR] 
[76LONI AVE] 

[56FURIHOR] 

[67KIM/ROS] 
[79NORIT AK] 

[69TAK/ROS] 

[77HANIHOR] 
[770HAI AVE] 

[5SWOO] 
[71 HOR] 
[SOJEF /ROB] 
[79TAK/JEF] 

Reference 

[28PARIHUF] 

[65RAM/GOR]d 

"()ne set of x-ray data for a-L-xylopyranose was determined at 123 K by [80JEF/ROB]. 
bDetermined by flotation method. 
cCalculated from x-ray data. 
d[65RAM/GOR] report the existence of a second order phase transition at :::::296.2 K. Below this temperature, 
the cubic expansion coefficient is equal to 5.1 X 10-4 K -1. 
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THERMODYNAMIC AND TRANSPORT PROPERTIES OF CARBOHYDRATES 821 

J,., I I. Recommended values of the densities, molar volumes, cubic expansion coefficients, and expansivities of the pure carbohydrates at 
.... I' K. Unless indicated otherwise, the values pertain to the pure D or L form of the compound 
,. 

• ., htlhydrate 

;.:10 ,~("(cr) 

". tlahlllose(cr) 
till IIrabinose(cr) 

11 iflHlose(cr) 
II J, u<"lopyranose(cr) 

• .alndose(cr) 
~ ."Indose(cr) 

.: o. IIsc(glass) 
• .Iucose(cr) 
~ IIlucose(cr) 

rJ '''~l~(cr) 

.~ hwpyranose(cr) 

... "nllose(cr) 
· III111lnopyranose(cr) 

· .• 1 .. Isc(cr) 

• ,orbopyranose(cr) 

• IItRatose(cr) 

• Ililose(cr) 
• IlIlopyranose(cr) 

.\ylose(cr) 

• ~ylopyranose(cr) 

p 
g cm-3 

l.S93±O.OOS 

1.624±O.Ol 
1.638±O.OOS 

1.600±O.OOS 
l.S99±O.OOS 

1.619±O.OOS 
l.S87±O.Ol 

l.S23±O.OOS 
l.S62±O.OO3 
l.SS2±O.OO5 

l.S44±O.Ol 
1.536±O.OO5 

l.S01±O.Ol 
l.S64±O.Ol 

1.S9±O.02 

1.606±O.OOS 

1.6SS±O.Ol 

1.S91±O.OOS 
1.602±O.OOS 

l.Sl1±O.Ol 

l.S24±O.Ol 

V-x 106 

m3 mol-1 

113.1±O.4 

92.44±O.6 
91.6S±O.3 

112.6±O.4 
112.7±O.4 

111.3±O.4 
113.S±O.7 

118.3±O.4 
11S.3±O.2 
116.1±O.4 

97.23±O.6 
97.74±O.3 

120.0±O.8 
11S.2±O.8 

94.4±1. 

112.2±O.3 

108.9±O.7 

113.2±O.4 
112.S±O.4 

99.36±O.7 

98.S1±O.7 

3.1±O.2 
2.4±O.1 

3.7±O.2 
2.8±O.1 
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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 padal molar volumes (Vi= V$). The units are 10-6 m3 mol- i 

Worker(s) 

Compound "Best" value 25RIB/ESP 26RIB/MIN 58SHI 69UED/UED 70NEA/GOR 72FRA/RAV 76SHA/FAR 77SAV 18HOI/HOL 78LOS/SHI 82JAS/AHL 83MIY/SAW2 84JAS/AHL 

arabinose 93.7±0.3 94.0 91.9 93.2 94.0 

fructose 110.7±0.1 110.78 110.5 110.4 110.9 

!alactose l1O.5±0.3 110.28 110.7 111.9 110.2 110.6 

!lucose 112.0±0.1 111.58 112.2 111.9 111.9 112.2 112.2 111.7 112.04 111.7 111.3 111.9 

1yxose 95.7±0.3 95.7 

nannose 111.5±0.3 1l1.2b 111.7 111.3 112.0 

ribose 95.2±.0.1 95.3 95.2 95.21 95.6 

wrbose 111.0±0.3 110.6 111.5 

xylose 95.4±0.3 95.9 95.1 95.4 94.8 95.4 95.6 

SAdjusted fIOm 293.15 K using valles of E2' given in Table·4. 
~Data determined at 278.15 Kand adjusted to 298.15 K using estimated value of E;. 

85UED/UED 86BER/HOO 

110.69 

111.99 

95.2 

Q) 
I\) 
I\) 

:0 
:z 
G) 
o 
r 
C 
to 
m 
:u 
C) 

l> 
Z 
C 
:< 
PI 
-I m 

~ 
:!! 



THERMODYNAMIC AND TRANSPORT PROPERTIES OF CARBOHYDRATES 823 

I ABLE 4. Values of standard state volumetric properties of aqueous carbohydrates at 298.15 K from the literature - Continued 

'l"lImd 

l'I',t; 

, 'Ilse 
,1\C 

IIlpound 

,I"nose 
" lose 
i.ldose 
I.\lse 
1II!lOSe 

'I1 .... e 

I"sc 

Standard state partial molar expansivities {E; = E; = (ilV;/ilDp }' The units are 10-6 m3 mol-I K-!. 

"Best" value 

0.136±0.01 
0.15±0.03 
0.O91±0.01 
0.12±0.03 

70NEA/GOR 

0.10 

72FRA/RAV 

0.15 
0.12 
0.15 

Worker(s) 

77SAV 83MIY/SAW2 86BER/HOO 

0.136 

0.11 0.11 0.091 

Standard state partial molar isentropic compressibilities {KS,2 = Ks.<f> = (0 Vi'/oTh}. The units are 10- 15 m3 mol-I Pa-I. 

Wockcc(~) 

"Best" value 58SHI 72FRA/RAV 78HOI/HOL 78LOS/SHI 86BER/HOO 

-19.3±0.1 -14.5 -19.3 
-21.37±0.02 -16.5 -21.37 
-20.8±0.1 -20.8 
-17.80±0.02 -13.8 -16.0 -17.8 -17.50 -17.80 
-16.0±0.1 -16.0 
-12.5±0.1 -13.0 -12.5 -12.46 
-12.9±0.1 -9.4 -12.9 

Values of the temperature derivative of the standard state partial molar isentropic compressibilities {(oKs.z/oDp }. 

Compound 

fructose 
glucose 

The units are 10- 15 m3 mol-I Pa- I K- 1• 

"Dest" value 

0.80±0.1 
0.64±0.1 

72FRA/RAV 

1.03 
1.14 

Worker(s) 

86BER/HOO 

0.80 
0.64 
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Compound 

arabinose 

fructose 

galactose 

glucose 

lyxose 

mannose 

ribose 

sorbose 

xylose 

R. N. GOLDBERG AND Y. B. TEWARI 

TABLE 5. Recommended values of the standard state volumetric properties of aqueous carbohydrates at 298.15 K 

93.7±0.3 

llO.7±O.1 O.136±O.OI 

llO.5±0.3 O.15±O.03 

112.0±O.1 O.091±O.OI 

95.7±O.3 

111.5±O.3 

95.Z:!:U.I U.12±U.U3 

111.0±O.3 

9:>.4±O.3 

KS.2XIOI5 

m3 mol-I Pa- I 

-19.3±O.1 

-21.37±O.02 

-20.8±O.1 

-17.80±O.02 

-16.0±O.1 

-12.S±0.1 

-12.9±O.1 

K'bX101S 

m3 mol-I Pa- I 

-15.2±O.2 

-16.7±O.1 

-15.6±O.2 

-14.8±O.1 

-12.7±O.2 

-S.4±0.2 

(aKs.~oneX IU'" 
m3 mol I Pa' I R I, 

O.80±O.1 

O.64±O.1 

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

Compound 

galactose 

glucose 

mannose 

ribose 

xylose 

Compound 

arabinose 

fructose 

gl:di:l\,;tu~c:: 

glucose 

lyxose 

mannose 

ribose 

sorbose 

xylose 

Parameters of the excess Gibbs energy. The units of the parameters are J kg; mol- (i + I) 

R'. R'? 

129.678 ± 42.0 140.352 ± 47.0 

63.102 ± 21.0 27.543 ± 9.5 

- 46.678 ± 20.0 68.112 ± 19.0 

7.501 1.6 

81.523 ± 3.6 

R', R' .. 

- 37.884 ± 21.0 3.693 ± 2.0 

-4.084 ± 1.5 0.183 ± 0.081 

18.062 7:3 2.369 ± 1.2 

R'5 

0.120 0.069 

mmax 

mol kg-I 

3.45 

10.00 

6.74 

3.66 

3.47 

Parameters of the excess enthalpy. The units of the parameters are J kgi mol-(i+l) 

hI h2 mm!lll/mol kg- 1 Worker(s) 

177.8±20. 7.42±5.3 1.61 [82BARICAC] 

264.2±19. -7.15±4.2 4.54 [81BAR/CAS] 

133.3±8.0 2.01 [81DAR/CAC] 

Workers 

[83MIY ISA WI 

[55TAY/ROWI, 
[65BON/BREI. 
[ 66STO/ROB I. 
[83MIY ISA WI 

[83MIY ISA WI 

L !$SUElJ/UEU I 

[69UED/UED I 

342.±1O. -12.4±4.0 2.00 [50LANIMAR], [76SA V /WOO], [77SA \ 

242.7±7.5 -10.7±3.9 1.69 [83BAR/CAS] 

207.2±17. -14.0±S.2 2.26 [81BARICAC] 

201.7±9.1 -5.5±5.7 1.41 [83BAR/CAS] 

394.9±12. -16.2±6.0 1.96 [82BAR/CAC] 

339.3±17. -18.6±3.1 4.84 [8IBAR/CAC] 
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THERMODYNAMIC AND TRANSPORT PROPERTIES OF CARBOHYDRATES 826 

I I 6. Recommended values of the parameters of the correlating equations of the excess properties of aqueous carbohydrate solutions at 298.15 
I III each case the maximum molalities to which the parameters are valid are given in the next to last column - Continued 

"IHlUnd 

I lise 

Illpound 

" lose 

! II lIse 

o,,\e 

'!'):iC 

"lIIpound 

Iidose 

,llIcose 

, Ilmpound 

Ilictose 

,llIeose 

Parameters of the excess heat capacity. The units of the parameters are J K- 1 kgi mol-(i+I). 

Workers 

7.70±0.15 4.07 [76BON/CER] 

Parameters of the excess volume. The units of the parameters are 10-6 m3 kgi mol -(i+ J) 

VI 

0.534±0.03 

0.511±0.03 

0.37±0.1 

0.782±0.23 -0.101 ±0.056 

2.08 

1.99 

0.44 

3.00 

Workers 

[86BERIHOO] 

(86BERIHOO] 

[85UEDIVED] 

[69UED/uED] 

Parameters of the excess expansivity. The units of the parameters are 10-8 m3 K -I kgi mol -(i+ I) 

-1.2±0.3 

-0.9±0.5 

2.08 

1.99 

Workers 

[86BER/HOO] 

[86BER/HOO] 

Parameters of the excess isentropic compressibility. The units of the parameters are 10- 15 m3 Pa- I kgi mol-(i+l) 

kSI 

4.01±0.01 

2.73±0.01 

1.2 

0.4 

Workers 

[86BERIHOO] 

[86BERIHOO] 

I'arameters of the temperature derivative of the excess isentropic compressibility. The units of the parameters are 10- 15 m3 Pa - J K I kg' mol (I II) 

I 'ompound 

Iructose -0.165 ±0.02 

ducose -0.081 ±0.02 

1.2 

0.4 

Workers 

[86BERIHOO] 

[86BER/HOO] 
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Carbohydrate 

fructose 

glucose 

ribose 

xylose 

Carbohydrate 

glucose 

xylose 

R. N. GOLDBERG AND V. B. TEWARI 

TABLE 7. Diffusion and viscosity data for aqueous carbohydrate solutions 

Limiting values of the diffusion coefficients 

Carbohydrate T/K. D'" X lOJO/rn2 S-I Workers 

fructose 298.15 7.001±0.01 [70UED/UED] 

glucose 298.15 6.735±0.05 [53GLAIDOL]; also see [55LON:: 
308.15 8.401±0.05 [53GLAIDOL] 

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 

T/K 

298.15 

298.15 

308.1.5 

298.15 

298.15 

Expression (D has units of 1010 rn2. S-I) 

D = 7.00149 1.42416m 

D = 67.3865 - 16.8107m + 2.60593m2 - 0.250149m 3 

+ 0.0122802m 4 
- 0.OOO226402m s 

mmax/rno1 kg-lor cmax/mol L -1 

0.14 

22.43 

D = 84.00051 - 13.96405m + 0.897491m l 
- 0.0193112m J 23.08 

D = 7.79508 - 0.553466c 0.16 

D 7:48034 0.984835<: 0.4.5 

Expressions for the reduced viscosities of aqueous carbohydrate solutions 

TIK P.yprp~~ion c",,,,./mol L-I 

288.15 (TJ/'1]*) = 1.0 + 0.49c 0.12 
298.15 ("1/"1*) = 1.0 + 0.45c 0.12 
308.15 ('1]/'1]*) = 1.0 + 0.43c 0.12 

298.15 ('1]/'1]*) = (1.0 - 0.337c)-1 0.5 

WorkerN 

(70UEDlUrl l 

[53GLAIDCH 

[85UED/uFIl 

[69UEDIUFII 

WorJ..:".n 

[83MIY /SA W:: 
[R1MTY ISA W : 
[83MIY /SA W:: 

[69UEDIVEI>J 
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I ~IILE 8. Percent compositions of the anomeric forms of the hexoses and pentoses in D 20. The data are taken from the review of [84ANG] 

A. Aldo-hexoses and pentoses 

pyranose furanose 
. <Impound T/K a f3 a f3 aldehyde 

arabinose 304.15 60. 35.5 2.5 2. 0.03 
Iyxose 304.15 70. 28. 1.5 0.5 0.03 
rthose 304.15 21.5 58.5 6.5 13.5 0.05 
\ylose 304.15 36.5 63. <1 0.02 

IIl10se 304.15 14. 77.5 3.5 5. 0.01 
1I1trose 295.15 27. 43. 17. 13. 0.04 
j(ulactose 304.15 30. 64. 2.5 3.5 0.02 
/(lucose 304.15 38. 62. 0.14 0.002 
Itulose 295.15 16. 81. 3. 
Idose 304.15 38.5 36. 11.5 14. 0.2 
rnannose 317.15 65.5 34.5 0.6 0.3 0.005 
tillose 295.15 42. 29. 16. 13. 0.03 

B. Keto-hexoses 

pyranose furanose 
('ompound T/K a f3 a f3 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 
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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 mnl 

Carbohydrate a-pyranose l3-pyranose 

arabinose +0.84 -0.44 
lyxolSc +0.85 -1.40 

ribose" -1.05 +1.45 
xylose -0.77 +0.63 

allose -3.03 +1.23 
altrose -0.10 +1.04 
galactose -0.86 +1.05 
glucose" -0.74 +0.49 
gulose" -3.12 +0.89 
idose +0.85 +0.70 
mannose +0.71 -0.99 
talose +0.99 +0.06 

Carbohydrate a-pyranose l3-pyranose 

fructose -7.61 +1.23 
psicose -0.38 -0.16 
sorbose" +0.23 
tagatose +1.11 -2.R4 

a-furanose l3-furanose 

-7.34 -7.87 
-8.98 -11.7 

-4.32 -2.48 

-6.78 -5.86 
-1.09 

\ 
-1.77 

-7.32 -6.46 
-14.9 
-7.1 

-2.45 -1.94 
-11.8 -13.7 
-1.25 -1.77 

a-furanose l3-furanose 

-5.58 -1.78 
+0.94 -1.42 
-9.52 
-QR'. -6.~8 

. " 
1'1 

- It> 
- lu 

- 21 
- If. 

-I" 
-2,. 

-11 
-2. 

17 

kelt' 

10 
II 

-1~ 

-11 

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

both the a and 8 furanose forms of xylose: 0.01 % for the a-furanose fonn of glucose; 0.01 % for the a.furanose and OJl05% fOT the alrlehyde fill ... 
of gulose; and 0.01 % for the l3-furanose form of sorbose. Where necessary estimated enthalpies were used to adjust the data in Table K \ •. 

298.15 K. 

TADLD 10. Additional thermodynamic data for nnomcric conversions at 298.15 K 

Process /;)'G" 1::Jr /:1S0 

k:J mol j moi- i K 

a-xylose = l3-xylose -1.4D±0.2B -2.24±0.1b -2.8±0.8 

a-galactose l3-galactose -1.90±0.2a -1.30±0.lc 2.0±0.8 

a-glucose l3-glucose -1.24±0.la -1.l5±0.05d 0.30±0.4 

a-mannose = l3-mannose 1.70±0.2a 1.85±O.1c 0.50±O.8 

l3-fructopyranose = l3-fructofuranose 3.01±0.2a 15.2±0.5e 41.±2. 

"Calculated from data in Table 8; adjustments to 298.15 K were done using the enthalpies given in this table. 
bBnscd on data given in [58KAB/PAT]. 

cBased on data given in [73TAKJONO]. 
dBased on data given in [41STU] and [58KABIPAT]. 
eBased on data given in [88BAL/SOM]; also see [65AND/GRO] and [66GRO/ AND]. 
fBased on data given in [41STU]. 
gBased on data given in [86BERIHOO]; also see [25RIB]. 
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No. Reaction Property Observed Vnc. Residual Reference 
kJ mol-lor J mol- 1 K-' 

C6HII09p2-(ao) + H20(I) = C6H I20 6(ao) + HPOa-(ao) MJ 0.91 0.35 -0.162 88TEW/STE 
Calorimetric measurement using alkaline phosphatase 

-f Entha:py of hydrolysis of glucose-6P :I: 
m 

2 C6H II0 9p2-(ao) + H20(l) = C6HI206(ao) + HPO~-(ao) aG -10.3 0.7 0.571 49MEY/GRE :tJ 

Equilbrium constant for the hydrolysis of glucose-6P s:: 
0 

Adj. t'J 298.15 K using aH = 0.9 kJ mol-I and C 
aCF = -48 J mol-' K-'; adj. from pH 7 -< 

Z 
Listed for information only l> 

s:: 
4HlI09p2-(ao) + H20(l) = C6H I20 6(ao) + HPO~-(ao) aG -9.B4 0.50 1031 54GIN (; 

Equilibrium constant for the hydrolysis of glucose-6P l> 
Adjusted from pH 7 Z 
Listed for information only C 

-f 
:IJ 

4 C6H II0 9p2-(ao) + H20(l) = C6HI206(ao~ + HPOa-(ao) aG -13.0 0.5 -2.129 61ATK/JOH l> 
Equilibrium constant for the hydrolysis of glucose-6P Z 

CJ) 

Adjusted from pH 7 "tJ 

Listed for information only 0 
:IJ 
-f 

C6H II0 9p2-(ao) + H20(l) = C6H 120 6(ao) + HPOl-(ao) aG -10.80 0.10 0.071 79LAW/VEE "tJ 

Equilibrium constant for the hydrolysis of glucose-6P :tJ 
0 

Adj. to 298.15 K using aH = 0.9 kJ mol- 1 and "tJ 
acp = -48 J mol- 1 K- 1; adj. from pH 7 m 

:IJ 
-f 

6 C6HIIO~2-(ao3) + H20(l) = C6H 120 6(a::>2) + HPO~-(ao) aH 1.4 0.3 C.OOO 88TEW/S'IE iii 
Calor:metric measurement using alkaline phosphatase 

CJ) 

0 Enthalpy of hydrolysis of mannose-6P "T'\ 
!=o- 0 
." 7 C6HIIO~p2-(ao3) + H20(I) = C6H I20 6(ao2) + HPOa-(ao) aG -908 0.70 0.000 49MEY/GRE l> =r :IJ '< Equilibrium measurement using alkaline phosphatase !II aJ 
0 Equilibrium constant for the hydrolysis ::>f mannose-6P 0 
=r :I: 
CD -< ? C6H llO\p2-(ao4) + H20(I) = C6H 120 6(ao3) + HPOa-(ao) aH -7.61 0.70 0.175 88TEW/STE C 
::u Calorimetric measurement using alkaline phosphatase :tJ 
~ Enthalpy of hydrolysis of fructose-6P l> 
C -f 
a m 
JI> C6HIIO~p2-(ao4) + H20(l) = C6H 1206(ao3) + HPO~-(ao) aG -12.3 0.5 :.327 49MEY/GRE 

CJ) 

< Equihbrium measurement usmg alkaline phosphatase 
~ .... Equilibrium constant for the hydrolysis of fructose-6P 
!fJ Adj. from 38 ·C using MJ = -7.6 kJ mol-I, acp = -28 J mol- 1 K- 1 

Z Listed for information only p 
j') 

cD CD 
co I\) 

<D CD 



~ TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalp)', and entropy data - Continued CIa 

" 
CN 

':S 0 
'< 

No. Reaction Property Observed Unc. Residual Reference ~ 
(') kJ mol- I orJ nol- I K- 1 
':S 
CD 

? 
::D 

10 ~Hl109p2-(a04) + H20(l) = C6H I206(a03) + HPO~-(ao) flG -13.70 0.30 -0.073 88TEW/STE !. 
a Equilibrium measurement using alkaline phosphatase 
a Equilibrium constant for the hydrolysis of fructose-6P 
~ 
< 11 CSH90sp2-(ao) + H 20(I) = CSHIOOS(ao) + HPO~-(ao) I:Jl -5.69 0.50 ~ 0.000 88TEW/STE .. Calorimetric measurement using alkaline phosphatase 
!1' Enthalpy of hydrolysis of ribose-SP 
Z 
p 
,!') 12 CSH90sp2-(a02) + H20(l) = CSHIOOS(ao2) + HPO~-(ao) I:Jl -12.43 0.50 0.000 88TEW/STE .. Calorimetric measurement using alkaline phosphatase U) 
CXJ Enthalpy of hydrolysis of ribulose-SP U) 

~ 
13 C6H l109p2-(aoS) + H20(l) = C6H 120 6(a04) + HP01-(ao) flG -11.15 0.70 0.000 49M,EY/GRE :z: 

Equilibrium constant for the hydrolysis of galactose-6P C) 
Adj. from 38°C using flH = 1.5 kJ mol- I and flCp = -40 J mol- I K- 1 0 

r 
14 C6H l109p2-(a07) + H20(I) = C6H I206(a03) + HPOl-(ao) flG -10.23 0.70 0.000 49MEY/GRE 

C 
OJ 

Equilibrium constant for the hydrolysis of fructose-1P m 
::tI Adj. from 38°C using Jlif = -7.6 kJ mol-I and flCp = -28 J mol- I K-I C') 

» 
IS CSH90spl-(aoS) + H 20(I) = CSHIOOS(ao) + HP01-(ao) flG -22.0 0.5 0.000 80CAM/GIR Z 

From cylcIe calc. (two steps) C 

Equil. constant for the hydrolysis of ribose-IP :< 
!lJ 

16 C6H Jl09p2-(ao) = C6H IlO9p2-(a04) flH 9.5 0.8 -2.168 60KAH/LOW -I 
Enthalpy of isomerization of glucose-6P to fructose-6P m 

:e Second law treatment » 
Listed for information only :!! 

17 C6H l109p2-(ao) = C6H IlO9p2-(a04) flH 11.7 0.2 0.032 B8TEW/STE 
Calorimetric measurement using phosphoglucose isomerase 
Enthalpy of isomerization of glucose-6P to fructose-6P 

18 C6H Il09p1-(ao) = C6H l10 9p2-(a04) flG 2.21 0.20 -0.937 50SLE 
Equil. constant for the isomerization of glucose-6P to fructose-6P 
Adj. from 30°C using flH = 11.7 kJ mDI- 1 and flCp = 44 J 0101- 1 K- 1 

Listed for information only 

19 C6HII09pl-(ao) = C6H IlO9p 2-(a04) flG 1.48 0.20 -.667 56RAM/IR 
Equil. constant for the isomerization of glucose-6P to fructose-6P 
Adj. from 40 °C using flH = 11.7 kJ mol- I and flCp = 44 J 0101- 1 K- 1 

Listed for information only 



1'0. Reaction Property Observed Vnc. Residual Reference 
kJ mol-lor J mol- 1 K- 1 

20 C6H l10 9p2-(ao) = C6H lI0 9p2-(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- 1 and ACp = 44 J mol-I K- 1 ~ 

Listed for information only ::I: m 
JJ 

2l C6H II0 9p2-(ao) = C6H II0 9p 2-(a04) AG 3.17 0.05 0023 60KAH/LOW :s:: 
Equil. constant for the isomerization of glucose-6P to fructose-6P 0 

C 
-< 

22 C6H lI0 9p2-(ao) = C6H l10 9p 2-(a04) AG 3.11 0.05 -0.037 88TEW/STE Z » 
Equilibrium measurement using calorimetric data :s:: 
Equil. constant for the isomerization of glucose-6P to fructose-6P (; 

» 
C6H l10 9p2-(a03) = C6H l10 9p 1-(a04) 23 AH 8.46 0.20 0.000 88TEW/STE Z 

Calorimetric measurement using phosphomannose isomerase C 

Enthalpy of isomerization of mannose-6P to fructose-6P ~ 
JJ » 

2+ C6H II0 9p2-(a03) = C6H1I09pl-(a04) AG -0.85 0.20 -0.875 SOSLE Z 
en 

Equil. constant for the isomerization of mannose-6P to fructose-6P " Adj. from 30'C using AH = 8.4 kJ mo]-l and ACp = 38 J mol- 1 K- 1 0 
:0 

Listed for information only ~ 

" 25 C6H l10 9p2-(a03) = C6H l10 9p 1-(a04) AG -1.18 0.30 -1.205 58NOL/BRV :0 
0 

Equil. constant for the isomerization of mannose-6P to fructose-6P " Adj. from 37°C using AH = 8.4 kJ mo]-l and ACp = 38 J mcl- 1 K- 1 m 
JJ 

Listed for information only ~ 
m 

25 C6H l10 9p2-(a03) = C6H IlO9P'-(a04) AG 0.025 0.100 0.000 88TEW/STE en 
Equil. constant for the isomerization of mannose-6P to fructose-6P 0 

" ~ (') 
"0 27 C5H90 gp2-(a02) = CSH90gp2-(ao) AH -13.2 1.0 4.529 54AXE/JAN l> :T 
'< Enthalpy of isomerization of ribulose-SP to ribose-SP :0 
~ 

Second law treatment 
OJ 

0 0 
:T Listed for information only ::I: (D 

? -< 
C 

::0 23 C5H,O,P>(ao2) = CSH90Sp2-(ao) AN -11. 12. C.729 60AGO/ARA JJ 
~ Enthalpy of isomerization ofribulose-SP to ribose-SP » 
C ~ 
D) Second law treatment m 
-F Listed for information only en 
< 
~ 
.-
50 
z 
P 
~..., 

..... 
0) CD 

C» W 
CD ~ 



~ TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entro)JY data - Continued (II) 

'a W 
:::T N 
'c No. Reaction Property Observed Unc. Residual Reference fI' 
n kJ mol-lor J mol-I K- 1 
:::T 
ID 

~ 
:D 

29 CSH90sp2-(a02) = CSH90Sp2-(ao) All -14.1 S.O 3.629 88TEW/STE II 
:"" 

Enthalpy of isomerization of ribulose-SP to ribose-5P C 
I» Calorimetric measurement using phosphoribose isomerase 
.~ Listed for information only < 
~ 

CSH90Sp2-(a02) = CSH9Osp2-(ao) .... 30 AG -3.3 O.S -2.100 S4AXE/JAN 
JD Equil. constant for the isomerization of ribulose-SP to ribose-SP 
Z 
~ Listed for information only 
.~ 

iD 31 CSH90Sp2-(a02) = CSH90gp2-(ao) AG -1.69 O.SO -0.490 56DIC/WIL 
QC) 

Equil. constant for the isomerization of ribulose-SP to ribose-SP IQ 

Adj. from 37 ·C using AH = -16.1 kJ rnol- 1 and ACp = -40 J mol-I K- 1 ;U 
Listed for information only ~ 

CSH90 Sp2-(a02) = CSH9Osp2-(ao) 
C) 

32 AG -1.26 O.SO -0.060 S7ASHIHIC 0 
Equil. constant for the isomerization of ribulose-SP to ribose-5P r 

C 
Adj. from 37 ·C using AH -16.1 kJ mol-I and ACp = -40 J mol-I K-I m 
Listed for information only m 

:D 
C) 

33 CSH90 Sp2-(a02) = CSH9Osp2-(ao) AG -2.7 0.5 -1.500 S7DIS/SHI l> 
Equil. constant for the isomerization of ribulose-SP to ribose-5P Z 
Temperature not given C 

Listed for information only :< 
~ 

34 CSH90Sp2-(a02) = CSH9Osp2-(ao) AG -3.57 0.50 -2.370 58TAB/SRE .of 
Equil. constant for the isomerization of ribulose-SP to ribose-SP m :e Adj. from 37 ·C using AH = -16.1 kJ mol-I and ACp = -40 J mol-I K- 1 

l> 
Listed for information only ~ 

35 CSH90Sp2-(a02) = CSH90 gp2-(ao) AG -4.3 0.5 -3.100 6OAGO/ARA 
Equil. constant for the isomerization of ribulose-SP to ribose-SP 
Listed for information only 

36 CSH90gp2-(a02) = CSH9Ogp2-(ao) IlG >3.6 0.5 -2.400 63DOBIDEM 
Equil. constant for the isomerization of ribulose-SP to ribose-SP 
Adj. from 37 ·C using AH = -16.1 kJ mol-I and ACp = -40 J mol-I K- 1 

Listed for information only 

37 CSH90Sp2-(a02) = CSH90Sp2-(ao) AG -1.20 0.10 0.000 86CASIVEE 
Equil. constant for the isomerization of ribulose-SP to ribose-5P 
Adj. from 38 ·C using AH = -16.1 kJ mol-I and ACp = -40 J mol-I K- ' 



'-4~ .... ")~.:: ::-.-C-:~_" .... --';:':-.~_.h:...L =.Jt""~~~_~_-:.~ .a:: ..:. ... '! .; k ':'~-~_~~"'=":'~-==. r-:=' __ ~~';'. a.=:=.":' '="'-=~;- '-;'1 

No. Reaction Property Observed Unc. Residual Reference 
kJ mol-lor J nol- ' K- 1 

38 CSH90Sp2-(a02) = CSH90Sp2-(a03) aG -0.19 O.SO 1.020 S6DIC/WIL 
Equil. constant for the isomerization of ribulose-5P to xylulose-SP 
Adj. from 24 ·C using t::Jl = + 10.7 kJ mol-1 and ACp = 0 J mol-I K- 1 -t 

::t 
Listed for information only rn 

::tJ 

39 CSH90spZ-(a02) = CSH9Osp2-(a03) aG -0.19 0.50 1.020 S6STU/HOR 3: 
0 

Equil. constant for the isomerization of ribulose-SP to xylulose-SP C 
Adj. from 37 ·C using t::Jl = + 10.7 kJ mol-I and acp = 0 J mol-I K- 1 -< 
Listed for information only 

Z » 
3: 

40 CSH90Sp2-(a02) = CSH90SpZ-(a03) aG -0.S1 0.50 0.700 57ASH/HIC 0 
Equil. constant for the isomerization of ribulose-5P to xylulose-SP » 
Adj. from 37 ·C using aH = + 10.7 kJ mol-I and acp = 0 J mol-I K- 1 Z 
Listed for infol111ation only 

C 
-t 
:::D 

41 CSH90sp2-(a02) = CSH90Sp2-(a03) aG -0.19 0.50 1.020 58BUR/HOR » 
Equil. constant for the isomerization of ribulose-5P to xylulose-5P 

Z 
CJl 

Adj. from 37 ·C using t::Jl = + 10.7 kJ mol- 1 and acp = 0 J mol-I K- 1 "tI 

Listed for information only 0 
:xl 
~ 

42 CSH90SpZ-(a02) = CSH9Osp2-(a03) aG -2.S 0.5 -1.290 58TAB/SRE "tI 

Equil constant for the isomerization of ribulose-5P to xylulose-5P 
:xl 
0 

Adj. from 37 ·C using t::Jl = + 10.7 kJ mol- 1 and ACp ~ 0 J mol- 1 K- 1 "tI 
Listed for information only m 

:xl 
~ 

43 CSH90Sp2-(a02) = CSH90Sp2-(a03) aG -1.6 0.5 -0.390 58WOL m 
Equil. constant for the isomerization of ribulose-5P to xylulose-5P 

tJ) 

Adj. from 24 ·C using t::Jl = + 10.7 kJ mol-I and acp = 0 J mol-I K- 1 0 
." 

!=- Listed for information only (") 
." » ::r 
'< 44 C~H:O!P:-(a02) = CSH90Sp2-(a03) aG -1.0 0.5 0.210 62HUR l:l 
!IJ OJ 
0 Equil. constant for the isomerization ofribulose-SP to xylulose-5P 0 
::r Temperature not stated ::t CD 

? Listed for information only -< 
C 

::D ~ 
~ 45 CSH90sP:-(ac: I = C~H90SpZ-(a03) aG -1.21 0.10 0.000 86CAS/VEE » 
C ~ 
Q) Equil. COn5ta.'1: for the isomerization ofribulose-5P to xylulose-5P m 
~ Adj. from 38 'C wing ill = + 10.7 kJ mol-I and acp = 0 J mol-I K- 1 tJ) 

< 
~ 46 CSH90sp2-(a04) = C~H.o.P:-(a02) aG 3.8 1.0 0.000 66VOL ...... . = Equil. constant for the isomerization of arabinose-5P to ribulose-5P 
Z Adj. from 38 ·C using :J/ = 25.0 kJ mol-I and acp = 0 J mol-I K- 1 
~ 
~ 
...... CO CD = W 
CD W 



~ TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data - Continued CO 
"'D ~ 
:r ~ 
'< 

No. Reaction Property Observed Vnc. Residual Reference 9' 
0 kJ mol-lor J mol-I K- 1 
:r 
C1» 

~ 
:D 

47 C6H 110 9p2-(a02) = C6H 110 9p2-(ao) dG -7.13 0.20 -0.055 42COL/SVT ~ 
0 Equil. constant for the isomerization of glucose-IP to glucose-6P 
A» 

if 48 C6HII09p2-(a02) = C6H 110 9p 2-(ao) !:l.G -7.9 0.5 -0.825 61BEN/SCH < 
~ Equilibrium measurement 
.... Equil. constant for the isomerization of glucose-IP to glucose-6P 
!R Equilibrium constant determined at 310.15 K. adjusted to Z 
P 298.15 K using till = 0 k.J mol-I 
j') Listed for information only 
co 
0:» 

49 C6H 110 9p2-(a02) = C6H 110 9p2-(ao) !:l.G -7.02 0.20 0.055 61ATK/JOH CD 

Equilibrium measurement ;U 
Equil. constant for the isomerization of glucose-IP to glucose-6P :z 

G') 
50 C6H 110 9p2-(a06) = C6H 110 9p2-(a02) dG -2.8 0.5 0.000 52LEL/CAR 0 

Equil. constant for the isomerization of galactose-lP to glucose-lP r 
C 

Equil. measurement at 37°C. value uncorrected. IJJ 
m 

51 C6H I20 6(ao) = C6HI206(a03) tlH 8.9 2.0 6.088 67TAK 
:0 
G') 

Second law treatment l> 
Enthalpy of isomerization of glucose to fructose Z 
Listed for information only C 

:< 
52 C6H 120 6(ao) = C6HI20 6(a03) tlH 0.4 3.0 -2.412 73HAV/PIT !lJ 

Second law treatment -f 
Enthalpy of isomerization of glucose to fructose m 

:e Listed for information only l> 
!! 

53 C6HI206(ao) = C6H I206(a03) till 6.0 2.0 3.188 74LAN 
Second law treatment 
Enthalpy of isomerization of glucose to fructose 
Listed for information only 

54 C~1206(ao) = C6HI206(a03) tlH 1.5 4.0 -1.312 74SCA/SHI 
Second law treatment 
Enthalpy of isomerization of glucose to fructose 
Listed for information only 

55 C6H I20 6(ao) = C6H I206(a03) tlH 3.1 2.0 0.288 76LLO/KHA 
Second law treatment 
Enthalpy of isomerization of glucose to fructose 
Listed for information only 



No. Reaction Property Observed Unc. Residual Reference 
kJ mol-lor J mol-I K- 1 

56 C6H I20 6(ao) = C6HI20 6(ao3) t::Jl 7.1 1.0 4.288 76SPR/LIM 
Second law treatment 
Enthalpy of isomerization of glucose to fructose -f 

:t 
Listed for information only m 

::D 

57 C6H I206(ao) = C6H I206(a03) t::Jl 2.9 15.0 0.088 79CLI s: 
0 

Second law treatment C 
Enthalpy of isomerization of glucose to fructose -( 

Listed for information only Z » 
3: 

58 C6H 120 6(ao) = C6H I20 6(a03) I3.H 6.3 20.0 3.488 79MCK/TAV (; 
Second law treatment » 
Enthalpy of isomerization of glucose to fructose Z 
Listed for information only C 

-t 
::D 

59 C6H I206(ao) = C6H J206(ao3) I3.H 2.6 0.6 -0.212 83TIL » 
Second law treatment Z 

(h 

Enthalpy of isomerization of glucose to fructose "0 

Listed for information only 0 
JJ 
-f 

60 C6H I20 6(ao) = C6HI20 6(ao3) I3.H 2.7 0.7 -0.112 84LLO/CHA "0 

Second law treatment JJ 
0 

Enthalpy of isomerization of glucose to fructose "0 
Listed for information only m 

::D 
-t 

61 C6H I20 6(ao) = C6HJ20 6(a03) I3.H 2.6 0.3 -0.212 84TEW/GOL m 
Enthalpy of isomerization of glucose to fructose 

(h 

Second law treatment 0 
." 

!o- Listed for information only 0 

" » 
:T 
'< 62 C6H 120 6(ao) = C6H120 6(a03) I3.H 2.78 0.20 -0.032 84TEW/GOL lJ 
!II OJ 
0 Calorimetric measurement 0 
:T Enthalpy of isomerization of glucose to fructose :t (I) 

? 
-( 
c 

::a 63 C6H 120 6(ao) = C6H 120 6(a03) t::Jl 3.7 0.8 0.888 860LI/TOI ::D 
~ Second law treatment » 
C Enthalpy of isomerization of glucose to fructose 

-t 
CI) rn 
}T Adjusted to 298.15 K using I3.Cp = 761 mol- J K-' 

(h 

< Listed for infonnation only 
~ .... 
,!» 
z 
!l 
,!') 

cD 0) 

co (,) 
(Q U1 



!- TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data - Continued CI) 

." ~ 
'::J' O'l 
'< 
9' No. Reaction Property Observed Unc. Residual Reference 
0 kJ mol-lor J mol-I K- 1 
'::J' 
CD 

? 
::D 

~ 64 CJlI206(ao) = CJlI206(a03) I:J..G 0.50 0.30 0.110 67DAN/YOS 

c Equilibrium measurement 
a Equil. constant for the isomerization of glucose to fructose 
JJ Adjusted to 298 K using An = 2.78 kJ mol-I and ~Cp = 76 J mol-I K- 1 

< 
~ Listed for information only 

~ 65 C6H1206(ao) = C6H I206(a03) I:J..G 0.71 0.20 0.320 67TAK Z 
P Equilibrium measurement 
,!') Equil. constant for the isomerization of glucose to fructose 
cD Listed for information only 
0) 
CD 

66 C6H I20 6(ao) = C6H I206(a03) I:J..G 0.14 0.60 -0.250 73HAV/PIT ~ 
Equilibrium measurement ~ 
Equil. constant for the isomerization of glucose to fructose G') 
Listed for information only. 0 

r 
67 C6H1206(ao) = CJlI20 6(a03) I:J..G 0.55 3.00 0.160 

C 
74LAN Dl 

Equilibrium measurement rn 
:xl 

Equil. constant for the isomerization of glucose to fructose G') 
Listed for information only » 

Z 
68 CJlJ206(ao) = CJlI206(a03) I:J..G 0.32 0.70 -0.070 74SCA/SHI C 

Equilibrium measurement :< 
Equil. constant for the isomerization of glucose to fructose !Jl 

~ 

69 C6H I206(ao) = C6H I206(a03) I:J..G 0.41 0.20 0.020 76LLO/KHA rn 
:E 

Equilibrium measurement » 
Equil. constant for the isomerization of glucose to fructose ! 

70 C6H I20 6(ao) = C6HI20 6(a03) I:J..G 0.58 0.10 0.190 76SPR/LIM 
Equilibrium measurement 
Equil. constant for the isomerization of glucose to fructose 
Listed for information only 

71 C6HJ206(ao) = C6HI206(a03) I:J..G 0.37 2.00 -0.020 79CLI 
Equilibrium measurement 
Equil. constant for the isomerization of glucose to fructose 

72 C6H 120 6(ao) = CJlI20 6(a03) I:J..G 0.97 3.00 0.580 79MCK/TAV 
Equilibrium measurement 
Equil. constant for the isomerization of glucose to fructose 
Listed for information only 



~o. Reaction Property Observed Vnc. Residual Reference 
kJ mol-lor J nol- ' K- ' 

73 C6H I20 6(ao) = CIII206(a03) tJ.G 0.30 0.10 -0.090 83TIL 
Equilibrium measurement 

-t Equil. constant for the isomerization of glucose to fructose :I: 
Listed for information only m 

::0 

74 C6H I20 6(ao) = C6HI20 6(a03) tJ.G 0.41 0.20 0.020 84LLOICHA 
;: 
0 

Equilibrium measurement C 
Equil. constant for the isomerization of glucose to fructose -< 

Z 
l> 

75 C6HI206(ao) = C6HI206(a03) tJ.G 0.349 0.0.50 -0.041 S4TEW/GOL 3: 
Equilibrium measurement 0 
Equil. constant for the isomerization of glucose to fructose l> 

Z 

76 C6H I20 6(ao) = C6HI20 6(a03) tJ.G 0.44 0.08 0.050 860LI/TOI 
C 
-t 

Equilibrium measurement ::0 
Equil. constant for the isomerization of glucose to fructose l> 
Adjusted to 298.15 K using tJ.Cp = 76 J mol-I K- 1 Z en 

." 

77 C6H I20 6(a02) = 4H1z06(a03) 1lH 0.0 2.0 0.725 67TAK 0 
::0 

Second law treatment -t 
Enthalpy of isomerization of mannose to fructose ." 

Listed for information only 
::0 
0 
." 

78 C6H I20 6(a02) = C5H 1Z06(a03) tJ.G -2.22 0.50 2.302 56PALIDOV m 
::0 

Equilibrium measurement -t 
Equil. constant for the isomerization of mannose to fructose iii 
Adj. from 30°C using tJ.H = 0.0 kJ mo]-I 

en 
0 

Listed for information only ." 

!=0- n 
." 79 C6H I20 6(a02) = C,HI20 6(a03) tJ.G -2.72 0..20. 1.80.2 lJ7TAK » 
:T ::0 
'< Equilibrium measurement 
~ OJ 
0 Equil. constant fer the isomerization of mannose to fructose 0 
:T Listed for information only :I: 
CD -< ? c 
:D 80 CsHIOOs(ao) = CsHIOOs(a05) 1lH -9.8 3.0 -0.017 ~5TEW/GOL ::0 
~ Second law treatment l> 

-t c Enthalpy of isomerization of ribose to arabinose m 
Dl 
jr en 
< 8l CsHIOOs(ao) = CsHIOOs(aoS) tJ.G -3.44 0..30 0.000 aSTEW/GOL 
~ Equilibrium measurement 
~ 

50 Equil. constant for the isomerization of ribose to arabinose 
Z Listed for information only 
~ 
~ 

cD Q) 
w 

CD ..... 
CD 



~ TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entrop}l data - Continued CO 
." W 
'::t' CO 
'< 

No. Reaction Property Observed Residual ~ Unc. Reference 
0 kJ mol- i or J mol- t K- 1 
'::t' 
CD 

~ 
::XJ 

82 CsHIOOs(ao) = CsHIOOs(a02) !liI 11.0 2.0 0.011 CD 85TEW/GOL 
:+-

Calorimetric measurement 0 a Enthalpy of isomerization of ribose to ribulose 
~ 
< 
~ 83 CsHIOOs(ao) = CsHIOOs(a02) I1G 2.85 0.20 O.COO 85TEW/GOL 
..... Equilibrium measurement 
!» Equil.constant for the isomerization of ribose to ribulose 
Z 
!l 
,!') 84 CsHIOOs(a03) = CsHIOOs(a04) !liI 22.3 4.0 6.210 82HSI/CHI 

cD Second law treatment 
0) 

Enthalpy for the isomerization of xylose to xylulose (0 

Listed for information only :0 
;Z 

85 CsHIOOs(a03) = CsHIOOs(a04) I1H 16.09 0.70 0.000 85TEW/STE C) 
Calorimetric measurement 0 
Enthalpy of isomerization of xylose to xylulose r 

C 
aJ 

86 CsHIOOs(a03) = CsHIOOs(a04) I1H 18.8 6.0 2.710 860LI/TOI m 
lJ 

Second law treatment C) 
Enthalpy of isomerization of xylose to xylulose » 
Listed for information only Z 

C 

87 CsHIOOs(a03) = CsHIOOs(a04) I1G 4.22 0.50 -0.113 54HOC/WAT :< 
Equilibrium measurement !ll 
Equil. constant for the isomerization of xylose to xylulose -I 
Adj. from 27°C using I1H = 16.09 kJ mol-I m :e » 

88 CsHIOOs(a03) = CsHIOOs(a04) I1G 4.38 0.50 0.047 55SLE :2 
Equilibrium measurement 
Equil. constant for the isomerization of xylose to xylulose 
Adj. from 30°C using I1H = 16.09 kJ mol-I 
Listed for information only 

89 CsHIOOs(a03) = CsHIOOs(a04) I1G 5.37 0.50 1.037 82HSI/CHI 
Equilibrium measurement 
Equil. constant for the isomerization of xylose-to xylulose 
Listed for information only 

90 CsHIOOs(a03) = CsHIOOs(a04) I1G 4.389 0.030 0.056 85TEW/STE 
Equilibrium measurement 
Equil. constant for the isomerization of xylose to xylulose 



No. Reaction Property Observed Vnc. Residual Reference 
kJ mol-lor J ~ol·-1 K- 1 

91 CSHIOOS(a03) = CsH IOOS( a04) AG 4.99 0.55 0.657 860LI/TOI 
Equilibrium measurement 

-I Equil. constant for the isomerization of xylose to xyllIlose ::J: 
Adjusted to 298.15 K using ACp = 40 J mol- 1 K- 1 m 
Listed for information only :D 

!: 
0 

92 CSHIOOS(a05) = CSHIOOS(a02) AH 20.75 4.00 -~.022 86TEW/GOL C 
Second law treatment -< 

Z 
Enthalpy of isomerization of arabinose to ribulose » 

!: 
93 CSHIOOS(a05) = CSHIOOS(a02) AG 5.10 0.50 -1.190 53COH n 

Equilibrium measurement » 
Equil. constant for the isomerization of arabinose to ribulose Z 

C 
Adj. from 37 "c using AH = -20.75 kJ 801- 1 

-I 
Listed for information only :D » 

94 CSHIOOS(a05) = CSHIOOS(a02) AG 6.29 0.40 0.000 86TEW/STE 
Z 
CJ) 

Equilibrium measurement "'C 
0 

Equil. constant for the isomerization of arabinose to dbulose :D 
-I 

95 CSHIOOS(a06) = CSHIOOS(a07) AH 7.42 2.00 86TEW/STE "'C 
:D 

Second law treatment 0 
Enthalpy of isomerization of allose to psicose "'C 

No solution for variable or data missing 
m 
:D 
-I 

96 CSHIOOS(a06) = CSHIOOS(a07) AG -1.41 0.10 86TEW/GOL iii 
Equilibrium measurement 

CJ) 

0 
Equil. constant for the isomerization of allose to psicose ." 

~ No solution for variable or data missing n 
"'C » 
:::J" :D '< 97 C,H100S(a07) = CSH IOOS(a09) AG 3.4 0.1 86TEW/GOL 
!'J m 
0 Equilibrium measurement 0 
:::J" Equil. constant for the isomerization of psicose to altrose ::J: 
(1) -< 
~ No solution for variable or data missing C 
::c :D 
~ 98 CSH 100,(a04) = C,H1OOS(a08) AG -2.33 0.50 0.655 56PAL/DOU » 

-I 
C Equilibrium measurement m 
~ CJ) 

.P» Equil. constant for the isomerization of xylulose to l}xose 
< Assume K(298.15 K) = K(303.1S K) 
~ 
...... 
!'l 
z 
P 
!'l 

cD 0) 

C» 
W 

co CO 



~ TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data - Continued CO 
." 0l:Io 
::T 0 
'< 

No. !II Reaction Property Observed Unc. Residual Reference 
0 kJ mol-lor J mo1- 1 K- 1 
::T 
CD 

? 
:D 

99 CSHIOOS(ao4) = CSHIOOS(ao8) aG CD -3.64 0.50 -0.655 65AND/ALL ;-to 

C Equilibrium measurement 
m Equil. constant for the isomerization of xylulose to lyxose §I 
< 

100 ~HI2NsOI3p3-(ao) + H20(I) = C9H12NsOmP2-(ao) ~ Ml -22.3 3.0 -1.800 55KIT/BEN 
.... + HPO~-(ao) + H+(ao) 
CD 

w Calorimetric measurement Z 
!=» Enthalpy of hydrolysis of A TP 
~ Adj. to 298.15 K with Ml = -21.5 kJ mol-I and 
cD acp =-237 J mol-I K-I. Corr. to std. state is uncertain 
CD 
CD Listed for information only 

;0 
101 ~HI2Ns0l3p3-(ao) + H20(I) = C9HI2NsOlJp2-:-(ao) Ml -22.3 3.0 -1.800 5POD/MOR :z 

+ HPO~-(ao) + H+(ao) G') 
Calorimetric measurement 0 
Enthalpy of hydrolysis of A TP r-

C 
Adj. to 298.15 K with aH = -21.5 kJ mol- 1 and OJ 
acp = -237 J mol-I K- 1• Corr. to std. state is uncertain rn 

:JJ 
Listed for information only G') 

» 
102 ~HI2Ns0l3p3-(ao) + H20(I) = C9H12NsOBp2-(ao) Ml -19.0 3.0 1.500 55POD/STU Z 

+ HPO~-(ao) + H+(ao) C 

Calorimetric measurement :< 
Enthalpy of hydrolysis of A TP Pl 
Adj. to 298.15 K with Ml = -21.5 kJ mol- 1 and -I 
acp = -237 J mol- 1 K- 1• Corr. to std. state is uncerlain rn :e 
Listed for information only » 

:!! 
103 ~HI2Ns0l3p3-(ao) + H20(I) = C9HI2NsOI'lp2-(ao) Ml -20.5 0.4 O.OCO 86GAJ/STE 

+ HPO~-(ao) + H+(ao) 
Calorimetric measurement 
Enthalpy of hydrolysis of A TP 

104 ~HI2NsOI3p3-(ao) + H20(I) = C9H 12NsO\IJp2-(ao) aG 3.03 0.50 O.OCO 73GUYIVEE 
+ HPO~-(ao) + H+(ao) 

Equilibrium Measurement 
Equil. constant for the hydrolysis of A TP 

105 C6H I20 6(ao) + ~HI2Ns0l3p3-(ao) = Ml -23.8 0.7 -2.228 75GOL 
C6Hl109p2«ao) + C9HI2N501OP2(3(ao) + H+(ao) 

Calorimetric measurement 
Enthalpy of phosphorylation (A TP) of glucose 
Listed for information only 



TABLE 11. Catalog of thermochemical measurements at :~o. i 5 K. egulilbnu;-r,. ;;:;-;,n".p" . ..,.:-.-l ,,;-.:~~;:; - '--', ~. :.~._C"': 

N:>. Reaction Property Observed Vnc. Residual Reference 
kJ mol-lor J mol- l K- l 

106 C6H 1Z0 6(lO) + C9H12Ns013p3-(ao) = AH -214 2.0 -1.828 75MCG/JOR 
C6HII09pZ-(ao) + C9HI2NsOlOpZ-(ao) + H+(ao) 

Enthal?y of phosphorylation (A TP) of glucose .... 
::J: 

Calorimetric measurement m 
Data adjusted using information on the magnesium :IJ 

dependency of the measured enthalpy (see 76GOL) 3: 
0 

Listed for information only C 
-< 

107 C6H I20 6(ao) + C9H 12Ns0\3p3-(ao) = AG 19.0 O.S 5.099 57ROB/BOY Z » 
C 6H l10 9p2-(ao) + C9HI2NsOlOpZ-(ao) + H+(ao) s: 

Equilibrium constant for the phosphorylation (A TP) of glucose 0 
Listed for information only » 

Z 
lOB C6H I20 6(ao) + C9H12Ns013p3-(ao) = AG 21.0 4.0 7.099 57VLA C 

.... 
C 6H II0 9p2-(ao) + C9HI2NsOlOpZ-(ao) + H+(ao) :IJ 

Equilibrium constant for the phosphorylation (A TP) of glucose » 
ApproI. AG since metal conc 'and ion. strength not given Z en 
Listed for information only "'0 

0 
IO~ C6H I20 6(a02) + C9HI2Ns013pJ-(ao) = 

:rJ 
AH -21.9 0.7 0.000 75GOL .... 

C6H II0 9p2-(a03) + C9HI2NsOIOp2-(ao) + H+(ao) "'0 

Calorimetric measurement :IJ 
0 

Enthalpy of phosphorylation (A TP) of mannose "'0 
Listed for information only m 

:IJ .... 
110 C6H I206(a03) + C9HI2Ns0l3p3-(ao) = AH -15.0 0.9 -2.285 75GOL iii 

C6H 110 9p2-(a04) + C9HI2NsOIOp2-(ao) + H+(ao) en 
Calorimetric measurement 0 

"T'I 
r- Enthalpy of phosphorylation (A TP) of fructose 0 
"tI Listed :Or information only » ::r 
'< :IJ 
~ OJ 
(') III C6H I20 6(a04) + C9HI2Ns013p3-(ao) = AG 25.8 2.0 8.993 61ATK/BVR 0 ::r C6H 110 9P-(a06) + C9H12NsOlOp2-(ao) + H+(ao) ::J: (1) 

~ Equil. const. for the phosphorylation (ATP) of galactose to galactose-IP -< 
C 

:0 Listed :'or information only :IJ 
~ » 
c .... 
I» 112 CsHIOOs(,;r3) S 143.5 10.0 0.000 35MIL m 
.Pt 3rd la~ entropy of xylose(cr) en 
< 
~ 

113 C6H 1Z0 6(cr) S 211.3 10.0 0.000 29PAR/KEL ... 
5» 3rd la~ entropy of glucose(crj. Based on data of Simon (1922) 
Z 
? Assumed to be a form 

.!'l 

cD CO 
CD 0l=Io 
CD ~ 



~ TABLE 11. Catalog cf thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data - Continued 00 
." 0l:Io 
~ N 
'< sn No. Reaction Property Observed Unc. Residual Reference 
0 kJ mol-lor J mol- 1 K- 1 
~ 
~ 

~ 
:D 

114 C6H 1Z0 6(cr5) ~ S 205.4 to.O 0.000 4IJAC/STE 

C 3rd law entropy of galactose 
D) 

or 
~ 115 C6H\206(cr7) S 220.9 to.O 0.000 4IJAC/STE < 
~ 3rd law entropy of sorbose 

0; 
~ 116 CsHIOOs(ao) S 204. 20. 0.000 88GOL/TEW z 
P Estimated entropy for aqueous ribose 
.!" 
co 117 CSH9OsP-(ao) S 69. 20. 0.000 88GOL/TEW 
Q) 
<0 Estimated entropy for aqueous ribose-SP 

:0 
118 CSHlOOS(cr) + 5 02(g) = 5 CO;(g) + 5 HzO(l) !:Jl -2345.84 1.00 3.630 70DES/WIL :z: 

Enthalpy of combustion of ribose(cr) C) 
Listed for information only 0 

r-
II'} CSHlOOS(cr) + 502(g) = 5 CO,(g) + 5 H2O(l) !:1H -2349.47 1.00 0.000 87COL/DOM 

C 
OJ 

Enthalpy of combustion of ribose(cr) m 
::rJ 

Sample was approximately 65/35 ratio of al/3 pyranose C) 

» 
12[) CSHlOOS(cr2) + 50,(g) = 5 CO2(g) + 5 H2O(I) !:Jl -2338.8 1.0 0.873 72DOM Z 

Enthalpy of combustion of p-arabinose(cI) C 

Review article, recommended value is adopted for reaction catalog :< 
Listed for information only PJ 

-I 
121 CSHlOOS(cr3) + 50,(g) = 5 CO2(g) + 5 HzO(I) !:Jl -2338.86 2.00 0.000 72DOM m :e 

Enthalpy of combustion of a-xylose(cr) » 
Review article, recommended value is adopted for reaction catalog ~ 

122 C6H 1206(cr) + 602(g) = 6 CO;(g) + 6 HzO(l) !:1H -2803.0 0.5 0.000 72DOM 
Enthalpy of combustion of a-glucose(cr) 
Review article, recommended value is adopted for reaction catalog 

123 4HI206(cr2) + 60,(g) = 6 CO2(g) + 6 HzO(1) !:Jl -2809.3 0.5 -0.to2 72DOM 
Enthalpy of combustion of /3-g1ucose(cr) 
Review article, recommended value is adopted for reaction catalog 
Listed for information only 

124 ~H1407(cr) + 6 02(g) = 6 CO,(g) + 7 HzO(l) !:Jl -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 informa,ion only 



No. Reaction Property Observed Vnc. Residual Reference 
kJ mol-lor J mDl- 1 K- 1 

125 C6H I20 6(cr4) + 602(g) = 6 CO2(g) + 6 H2O(1) !:ill -2812.9 2.0 -3.387 72DOM 
Enthalpy of combustion of mannose(cr) 
Review article, recommended value is adopted for reaction catalog ~ 

X 
Listed for information only m 

:::0 

126 C6H I20 6(cr5) + 602(g) = 6 CO2 (g) + 6 H2O(1) aH -2803.7 2.0 0.000 72DOM 3: 
0 

Enthalpy of combustion of a-galactose(cr) C 
Review article, recommended value is adopted for reaction catalog -< 

Z » 
127 C6H I20 6(cr6) + 602(g) = 6 CO2(g) + 6 H2O(I) aH -2811.6 2.0 -5.022 72DOM s:: 

Enthalpy of combustion of ,8-fructose(cr) 0 
Review article, recommended value is -adopted for reaction catalog » 
Listed for information only Z 

C 

128 C6H 120 6(cr7) + 602(g) = 6 CO2(g) + 6 H2O(1) aH -2805.8 2.0 0.000 72DOM 
~ 
:::0 

Enthalpy of combustion of sorbose(cr) » 
Review article, recommended value is adopted for reaction catalog 

Z 
en 
"tJ 

129 CSHIOOS(cr) = CSHIOOS(ao) aH 13.04 0.50 -0.187 82JAS/AHL 0 
:::0 

Enthalpy of solution of ribose ~ 
"tJ 

130 CSHIOOS(cr) = CSHIOOS(ao) !:ill 13.32 0.20 0.093 84STE/HUB :::0 
0 

Enthalpy of solution of ribose "tJ 
m 
:::0 

131 CSHIOOS(cr2) = CSHIOOS(ao5) aH 13.24 0.50 0.000 82JAS/AHL :::! 
Enthalpy of solution of arabinose m 

en 
132 CSHIOOS(cr3) = CSHIOOS(ao3) aH 12.1 0.5 0.000 82JAS/AHL 0 

." 
!"- Enthalpy of solution of xylose 0 
." » ::T 
'< 133 C5H iO0 5(cr4) = CSHIOOS(ao8) !:ill to. to 0.50 82JAS/AHL :::0 
!'l OJ 
(') Enthalpy of solution of lyxose 0 
::T 

No solution for variable or data missing ::I: CD 

~ -< 
C 

:::c 134 C6H I20 6(cr) = C6H 120 6(ao) aH 8.9 1.0 -1.946 96BER :::0 
~ Enthalpy of solution of a-glucose » 
C ~ 
Q) Listed for information only m 
~ en 
< 135 C6H I20 6(cr) = C6H 120 6(ao) aH 11.1 0.3 0.254 20BAR ~ 
-" Enthalpy of solution of a-glucose 
!¥J 
Z 

136 C6H I20 6(cr) = C6H 120 6(ao) aH to.95 0.40 0.104 30HENIDOR ~ 
~N Enthalpy of solution of a-glucose 
-" C) 
(0 
00 ,J:Io. 
(0 W 



~ TABLE 11. Catalog of thermochemical measurements at 298.15 K: eqUilibrium, enthalpy, and entropy data - Continued CO 
"'D ~ 
=s- ~ 
'< 

No. Reaction ~ Property Observed Unc. Residual Reference 
(') kJ mol-lor J !Ilol-' K-J 
=s-
CD 

? 
::D 

137 CJIJZ06(cr) = CJIlz06(ao) /:J{ 10.93 0.30 ~ 0.084 34HEN/STE 

C Enthalpy of solution of a-glucose 
m .... p 

138 CJI1206(cr) = C6H1Z0 6(ao) /:J{ 10.72 0.20 -0.126 41STU < 
~ Enthalpy of solution of a-glucose 
-a. 
CD 
~ 139 CJIlz06(cr) = CJIJ206(ao) /:J{ 10.63 0.20 -0.216 46ROW/PAR z 
P Enthalpy of solution of a-glucose 
,!') 

cD 140 C6H J20 6(cr) = C6H I20 6(ao) /:J{ 11.00 0.20 0.154 55TAY/ROW 
CD 
CD Enthalpy of solution of a-glucose 

~ 
141 CJII206(cr) = CJIt206(ao) /:J{ 10.7 0.2 -0.146 82JAS/AHL ~ 

Enthalpy of solution of a-glucose G) 
0 

142 C6H tz0 6(cr) = C6H t20 6(ao) /:J{ 10.88 0.20 0.034 82LIA/CHE r 
C 

Enthalpy of solution of a-glucose til 
m 

143 C6H Jz0 6(cr) = C6HJ20 6(ao) /:J{ 10.73 0.20 -0.116 86BAL/SOM 
;:x, 
Q 

Enthalpy of solution of a-glucose » 
Z 

144 C6H Jz0 6(cr2) = C6Ht206(ao) /:J{ 5.0 1.0 0.352 96BER C 

Enthalpy of solution of p-glucose :< 
Listed for information only !'3 

~ 

145 C6H tz0 6(cr2) = C6HI206(ao) /:J{ 4.66 0.30 0.012 34HEN/STE m 
~ 

Enthalpy of solution of p-glucose » 
~ 

146 C6H I20 6(cr2) = C6H I20 6(ao) /:J{ 4.68 0.20 0.032 41STU 
Enthalpy of solution of p-glucose 

147 C6H Jz0 6(cr2) = C6H Jz0 6(ao) /:J{ 4.52 0.20 -0.128 55TAY/ROW 
Enthalpy of solution of p-glucose 

148 C6HtZ06(cr2) = C6HJ206(ao) /:J{ 4.42 0.20 -0.228 82JAS/AHL 
Enthalpy of solution of ,a-glucose 

149 C6HJZ06(cr2) = CJII206(ao) /:J{ 4.96 0.20 0.312 86BAL/SOM 
Enthalpy of solution of ,a-glucose 

150 CJIJ407(cr) = C6H t20 6(ao) + HzO(I) /:J{ 20.9 1.0 0.027 97BRO/PIC 
Enthalpy of solution of glucose monohydrate 



No. Reaction Property Observed Vnc. Residual Reference 
kJ mol-lor J mol-I K- 1 

lSI C6H I40 7(cr) = C 6H I20 6(ao) + H2O(1) !lil 20.9 0.5 0.027 34HEN/STE 
Enthalpy of solution of glucose monohydrate 

-t 
152 C6H I40 7(cr) = C6H I20 6(ao) + H2O(1) flH 20.84 0.40 -0.033 55TAY/ROW 

:t 
m 

Enthalpy of solution of glucose monohydrate :u 
i: 

153 C6H I20 6(cr8) = C6H I20 6(ao) flH 4.4 0.5 0.000 46ROW/PAR 
0 
0 

Enthalpy of solution of glucose(vit) -< 
Z 
:t-

154 C6H I20 6(cr4) = C 6H I20 6(ao2) flH 6.86 0.50 -1.010 82JAS/AHL i: 
Enthalpy of solution of mannose (5 
Listed for information only :t-

Z 
155 C6H 120 6(cr4) = C6H 120 6(ao2) flH 7.87 0.30 0.000 86BAL/SOM 0 

-t 
Enthalpy of solution of mannose :u 

:t-
156 C6H I20 6(cr5) = C6H I20 6(ao4) flH 16.45 0.50 -0.687 34HEN/STE Z 

CJ) 

Enthalpy of solution of galactose ." 

Listed for information only 0 :u 
-t 

157 C6H I20 6(cr5) = C6H I20 6(ao4) flH 17.20 0.50 0.063 82JAS/AHL ." 

Enthalpy of solution of galactose 
:u 
0 
." 

158 C6H I20 6(cr5) = C6H 120 6(ao4) flH 17.10 0.30 -0.037 86BAL/SOM m 
:u 

Enthalpy of solution of galactose -t 
ffi 

159 C6H 120 6(cr6) = C6HI206(ao3) flH 9.4 2.0 -0.680 97BRO/PIC 
CJ) 

Enthalpy of solution of fructose 0 
." 

~ Listed for information only 0 
"tJ :t-::T 
'< 160 C6H 120 6(cr6) = C6H 120 6(ao3) flH 9.05 1.00 -1.030 34HEN/STE :u 
~ m 
() Enthalpy of solution of fructose 0 
::T 

Listed for information only J: CD 
3 -< 

0 
JJ 

~ 
161 C6H 120 6(cr6) = C6H 120 6(ao3) !lil 8.80 1.00 -1.280 82JAS/AHL JJ 

Enthalpy of solution of fructose :t-
O -t 
II) Listed for information only m 
~S" en 
< 162 C6H 120 6(cr6) = C6H 120 6(ao3) flH 10.08 0.20 '1000 88BAL/SOM 
~ 
..... Enthalpy of solution of fructose 
~(» 

Z 
!=> 
~I\) 

..... CD <0 
(» ~ 
<0 en 



~ TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalp:y, and entropy data - Continued 0) 

"tI .I:a 
J 0) 

'< 
!I' No. Reaction Property Observed Unc. Residual Reference 
(") kJ mol-lor J mol-I K- 1 
J 
~ 

~ 
::D 

163 C6H1206(cr7) = C6H1206(ao5) ~ Ml 6.94 0.50 0.000 82JAS/AHL 

C Enthalpy of solution of sorbose 
! 
I» 
~ 164 C6H 140,(cr) = C6H 120 6(ao) + H2O(I) llG -4.0 0.5 0.741 17DEH < 
~ Gibbs energy of solution of a-glucose monohydrate 
~ Use solubility of 4.55 mol kg-I, 'Y of 1.22., a(H2O)=0.889 co 
~ Listed for information only Z 
p 
j') 165 C6H I40,(cr) = C6H 1206(ao) + H2O(I) llG -4.74 0.20 0.001 22JAC/SIL 
co Gibbs energy of solution of a-glucose monohydrate 
co 

Use solubility of 5.89 mol kg-I, 'Y of 1.295, a(H2O)=0.889 co 
~ 

166 C6H I40,(cr) = C6HIZ06(ao) + HzO(I) llG -4.68 0.50 0.061 23GIL ~ 
Gibbs energy of solution of a-glucose monohydrate G') 
Use solubility of 5.75 mol kg-I, 'Y of 1.29, a(H2O)=0.889 0 

r-
167 C6H I40 7(cr) = C6H 120 6(ao) + H2O(1) llG -4.79 0.40 -0.049 52TAL/HUN 

C 
OJ 

Gibbs energy of solution of a-glucose monohydrate m 
Uses solubility of 5.63 mol kg-I, 'Y of 1.28, a(H2O)=0.889 

lJ 
G') 

» 
168 C6H I20 6(cr) = C6H1Z06(ao) llG -7.11 0.50 0.000 22JAC/SIL Z 

Gibbs energy of solution of glucose (anhydrous) C 

Assumed to be a form :< 
Uses solubility of 11.27 and 'Y of 1.56 ~ 

-I 
169 C6H 120 6(cr5) = C6H 120 6(a04) llG -3.69 0.50 -1.090 17DEH m 

:E Gibbs energy of solution of galactose » 
Use solubility of 3.79 mol kg-! and 'Y of 1.17 ~ 
Listed for information only 

170 C6H 120 6(cr5) = C6H 120 6(ao4) llG -2.60 0.50 0.000 4OGOU 
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 C6H 120 6(cr5) = C6H 120 6(a04) llG -2.6 0.5 0.000 52TAL/HUN 
Gibbs energy of solution of galactose 
Use solubility of 2.62 mol kg- l and 'Y of 1.10 
Assumes that solid phase is anhydrous 

172 C6H 120 6(cr6) = C6H 1206(a03) llG -9.8 0.5 0.067 26JAC/SIL 
Gibbs energy of solution of fructose 
Use solubility of 22.59 mol kg-I and 'Y of 2.3 



No. Reaction Property Observed Unc. Residual Reference 
kJ mol-lor J nol- 1 K-1 

173 C6HIZ06(cr6) = C6HIZ06(a03) AG -10.0 1.0 -0.133 52YOU/JOH 
Gibbs energy of solution of fructose 

-t Use solubility of 23.26 mol kg-! and y of 2.4 ::I 
m 

174 C6Hh06.S(cr) = C6H 1Z0 6(a03) + 0.5 HzO(I) AG -10.0 1.0 0.000 52YOU/JOH :0 
s: 

Gibbs energy of solution of fructose henihydrate 0 
Use sol. of 23.91 mol kg-I, a(HzO)= 1.0, and y of 2.4 C 

-< 
175 C6H 1Z0 6(cr7) = C6Hlz06(a05) AG -3.1 0.5 0.000 OOLOB/EKE 

Z 
l> 

Gibbs energy of solution of sorbose s: 
Uses solubility of 3.08 mol kg-! and y of 1.13 0 
Assumes that solid phase is anhydrous l> 

Z 

176 C6H120 6(cr4) = C6H 120 6(a02) AG - -8.8 0.5 0.000 88TEW/GOL 
C 
-I 

Gibbs energy of solution of mannose :0 
Use solubility of 17.3 mol kg-! and y of 2.0 l> 

Z 
Unpublished data en 
Assumes that solid phase is anhydrous "'tI 

0 
:0 

177 CSHlOOS(cr) = CSHIOOS(ao) AG -8.7 0.5 0.000 88TEW/GOL -I 
Gibbs energy of solution of ribose "'tI 

Use solubilty of 20.0 mol kg-! and y of 1.7 
:0 
0 

Unpublished data "'tI 

Assumes that solid phase is anhydrous 
m 
:0 
-I 

1-5 CHlOOS(cr3) = CSHlOOS(au3) AG -5.9 0.5 0.000 88TEW/GOL iii 
Gibbs energy of solution of xylose 

en 
0 

Cse solubility of 8.3 mol kg-! and y of l.28 ." 
~ Cnpublished data 0 
"'tI Assumes that solid phase is anhydrous l> 
~ :0 '< 
~ OJ 
('") 179 C~H:O,lcr:) = CsHIOOs(a05) AG -4.5 0.5 c.ooo 88TEW/GOL 0 
~ Gibbs energy of solution of arabinose ::I 
(t) -< ? Use solubility of 5.17 mol kg-! and y of 1.18 C 
:c Unpublished data :0 
~ Assumes that solid phase is anhydrous 

l> 
C -I 
Q) m 
~ 180 CsHIOOs(cr4) = C~.H:O,(a08) AG -8.3 0.5 c.ooo 88TEW/GOL en 
< Gibbs energy of solution of lyxose 
~ .... Use solubility of 17.S~ :1101 kg-I and y of 1.6 
~ Unpublished data 
Z Assumes that solid phase is anhydrous !' 
~ .... CO co 
()I) ~ 
co -...J 



~ TABLE 11. Catalog of thermo:!hemical measurements at 298.15 K: equilibrillm, enthalpy, and entropy data - Continued 0) 

" ~ 
:::r GO 
'< 
£I' No. Reaction Property Observed Unc. Residual Reference 
n kJ mol-lor J mol-I K-J :::r 
C1I 

~ 
:II 

l81 CsHIOOs(ao) = CSH90s-(ao) + H+(ao) AG 69.75 0.50 0.630 661ZAIRYT ~ 
c 1st ionization of ribose 
II» Listed for information only p 
< 
~ 182 CsH\oOs(ao) = CSH90s(ao) + H+(ao) AG 69.12 0.20 0.000 7OCHR/RYT 
~ 1st ionization of ribose 
~ 
Z 
P 183 CsHIOOs(ao) = CSH90s(ao) + H+(ao) I:Jl 33.89 1.00 -2.210 661ZAIRYT 
~ 1st ionization of ribose 
cD Listed for information only 
C» 
CI) 

184 CsHJoOs(ao) = CSH90S-(ao).+ H+(ao) All 36.1 0.5 0.000 70CHRIRYT :0 
1st ionization of ribose ~ 

G> 
185 CsHI00s(ao3) = CSH90S(a03) + H+(ao) AG 692 0.5 -0.200 OOOSA 0 

1st ionization of xylose r 
C 

Adjusted to 298.15 K using AH = 37.7 kJ mol-I m 
The ionic strength was not specified b}l the authors m 

l:J 
Listed for information only G> 

l> 
186 CsHIOOs(a03) = CSH90S(ao3) + H+(ao) AG 692 0.5 -0.200 13MIC Z 

1st ionization of xylose C 

Adjusted to 298.15 K usingAH = 37.7kJ mol-I :< 
Adjusted to zero ionic strength using B = 1.6 kg' mol- l !JJ 
Listed for information only -I m 

187 CsHI00s(ao3) = CSH90s(a03) + H+(ao) t:.G 67.8 0.5 -1.600 55SCH =e 
:a:-

1st ionization of xylose :!! 
The temperature and ionic strength were not specified by the iluthors 
Listed for information only 

188 CsHI00s(a03) = CSH90s-(a03) + H+(ao) AG 70.2 0.5 0.800 66IZA/RYT 
1st ionization of xylose 
Listed for information only 

189 CsHI00s(a03) = CSH90s(a03) + H+(ao) t:.G 69.4 0.2 0.000 7OCHR/RYT 
1st ionization of xylose 

190 CsHI00s(a03) = CSH90s(a03) + H+(ao) t:.D 34.31 1.00 -3.390 66IZA/RYT 
1st icnization of xylose 
Liste:} for information only 

191 CsHIOOs(a03) = CSH90S(a03) + H+(ao) AH 37.7 0.5 0.000 -rOCHRIRYT 

1st ionization of xylose 



No. Reaction Property Observed Unc. Residual ReierCT,;::e 
kJ mol-lor J mol-I K- 1 

192 CSH90s-(a03) = CSH80~-(a03) + H+(ao) AG 81.63 1.00 0.000 SSSCH 
2nd ionization of xylose 

-t The temperature and ionic strength were not specified by the authors :x 
m 

193 CsHIOOs(aoS) = CSH90s-(aoS) + H+(ao) AG 69.98 O.SO -0.460 000 SA ::JJ 
3: 1st ionization of arabinose 0 

Adjusted to 298.IS K using All = 40.0 kJ mol- 1 C 
The ionic strength was not specified by the authors -< 

Z 
Listed for information only )t 

3: 
194 CsHIOOs(aoS) = CSH90s-(aoS) + H+(ao) AG 71.20 O.SO 0.760 13MIC Ci 

1st ionization of arabinose )t 

Adjusted to 298.IS K using All = 40.0 kJ mol-I Z 

Adju~ted to zero ionic strength using B = 1.6 kgl mol-! 
C 
-t 

Listed for information only ::JJ 
)t 

195 CsHIOOs(aoS) = CSH90s-(aoS) + H+(ao) AG 71.2 O.S C.760 13MIC/RON 
Z 
(J) 

1st ionization of arabinose "'C 

Adjusted to 298.1S K using AH = 40.0 kJ mol-I 0 
::JJ 

Adjusted to zero ionic strength using B = 1.6 kg' mol-! -t 
Listed for information only "'C 

::JJ 
0 

196 CsHIOOs(aoS) = CSH90s-(a05) + H+(ao) AG 68.S O.S -1.940 SSSCH "'C 
1 st ionization of arabinose m 

::JJ 
The temperature and ionic strength were not specified by the authors -t 
Listed for information only iii 

(J) 

197 CsHIOOs(aoS) = CSH90s-(aoS) + H+(ao) AG 71.S8 O.SO 1.140 66IZA/RYT 0 
'TI 

~ 1st ionization of arabinose 0 
'tI Listed for information only )t 
:r ::lI '< 
YI m 
0 198 CsHIOOs(a05) = CSH90s-(aoS) + H+(ao) AG 70.44 0.20 0.000 70CHR/RYT 0 
:r 1 st ionization of arabinose ::I 
C1) -< ~ C 
:D 199 CsHIOOs(a05) = CSH90s-(a05) + H+(ao) All 34.73 1.00 -5.270 66IZA/RYT :0 
~ )t 

1st ionization of arabinose -t C Listed for information only m I» 

1 CJ) 

< 
~ 200 CSHlOOS(a05) = CSH90S(a05) + H+(ao) All 40.0 O.S 0.000 70CHR/RYT 
~ 1 st ionization of arabinose 
z 
p 
,!') 

U) co 
~ co CD CD 



~ TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data - Continued CO 
." U1 
':s' 0 
'< 
!I' No. Reaction Property Observed Unc. Residual Reference 
n kJ mol-lor J mol- t K- 1 
::r 
eD 

~ 
::D 

201 CsH90~(a05) = CsH80~-(a05) + H+(ao) !J&G ~ 84.02 1.00 0.000 55SCH 
C 2nd ionization of arabinose 
I» The temperature and ionic strength were not specified by the authors if 
< 
~ 202 CsHIOOs(a08) = CSH90~(a08) + H+(ao) !J&G 69.12 0.50 0.000 66IZA/RYT ... 1st ionization of lyxose 
CD 

w Listed for information only Z 
!=> 

w
N 203 CsHIOOs(a08) = CSH90~(a08) + H+(ao) !J&G 69.12 0.20 0.000 7OCHR/RYT ..... 

1st ionization of lyxose CD 
CD 
CD 

204 CsHIOOs(a08) = CSH90~(a08) + H+(ao) tili 33.47 1.00 66IZA/RYT :0 
1st ionization of lyxose :z 
For information only. also, variable not solved or data missing G') 

0 
205 CsHIOOs(a08) = CSH90~(a08) + H+(ao) tili 33.5 0.5 70CHR/RYT r 

C 
lst ionization of lyxose m 
No solution for variable or data missing In 

::IJ 
G') 

206 C6H I206(ao) = C6H II0 6(ao) + H+(ao) !J&G 69.18 0.50 -[).920 OOOSA ~ 
1st ionization of glucose Z 
Adjusted to 298.15 K using tili = 36.7 kJ mol- t C 
The ionic strength was not specified by the authors :< 
Listed for information only ~ 

-t 
207 C~1206(ao) = C~1I06(ao) + H+(ao) !J&G 70.39 0.50 0.290 01MAD In 

=e lst ionization of glucose ~ 
Adjusted to 298.15 K using tili = +36.7 kJ mol-I ~ 
Listed for information only 

208 C6H I20 6(ao) = C~1I06(ao) + H+(ao) !J&G 69.85 0.50 -0.250 13MIC 
lst ionization of glucose 
Adjusted to 298.15 K using !J&B = 36.7 kJ mol-I 
Adjusted to zero ionic strength using B = 1.6 kgi mol-. 
Listed for information only 

209 ~1206(ao) = C~1I06(ao) + H+(ao) !J&G 69.85 0.50 -0.250 13MIC/RON 
1st ionization of glucose 
Adjusted to 298.15 K using !J&G = 36.7 kJ mol-I 
Adjusted to zero ionic strength using B = 1.6 kgi m:>l-' 
Listed for information only 



No. Reaction Property Obse~ved Unc. Residual Reference 
kJ mol- i or J mol-I K- 1 

210 C6H 120,(ao) = C6H l10 6 (ao) + H+(ao) t:.G 68.98 0.50 -1.120 25BRI 
1st ionization of glucose 
Adjusted from 18 C using MI = 36.7 kJ mol- 1 -I 

:J: 
No correction made for ionic strength m 
Listed for information only ::0 

s:: 
~11 C6H I20;(ao) = C6HII06(ao) + H+(ao) t:.G 70.75 0.50 0.650 29HIR/SCH 

0 
C 

1st ionization of glucose -< 
Z 

Adjusted to zero ionic strength using B = 1.6 kg! mo)-! » 
Listed for information only s:: 

(; 
212 C6H I20,(ao) = C6H 11 06(ao) + H+(ao) t:.G 70.72 0.50 C620 31STE » 

1st iOtlization of glucose Z 
Adjusted to zero ionic strength using B = 1.6 kg! mol- i C 

-I 
Adjusted to 298.15 K using !l.H = 36.7 kJ mol-I ::0 
Listed for information only » 

Z 
CJ) 

213 C6H1206(ao) = C6HIl06(ao) + H+(ao) t:.G 70.: 0.5 0.600 32URB/SHA ." 

1st iOtlization of glucose 0 
::0 

Adjusted to zero ionic strength using B = 1.6 kg~ mol--! -I 
Listed for information only ." 

::0 

214 C6H120~(ao) = C6HlI06(ao) + H+(ao) 
0 

aG 68.3 0.5 -1.800 50S0U/SCH "0 
1st imization of glucose m 

::0 
The t~mperature and ionic strength were not specified by the authors -I 
Listed for inf!?rmation only ffi 

CJ) 

215 C6H 120 f(ao) = C6H1106(ao) + H+(ao) aG 71.~ 0.5 1.200 52THA 0 
"T1 

~ 1st ionization of glucose 0 

" Adjusted to 298.15 K using liH ='36.7 kJ mol- t » =r ::0 '< Adjusted to zero ionic strength using B = 1.6 kg! mol-! Y' OJ 
(') Listec for information only 0 
=r :J: (I) -< ~ 216 C6H J20c(ao) = C6H!106(ao) + H+(ao) aG 71.40 0.50 1.300 53KIL/WYN C 
:x:J 1st ionization of glucose ::0 
~ Adjusted to zero ionic strength using B = 1.6 kg! mol-! l> 
C -I 
~ Listed for information only m 
!» 

CJ) 

< 217 C6H 120t;(ao) = C6H 11 0 b(ao) - H+(ao) aG 68.3 0.5 -1.800 55SCH 
~ 
~c» 

1st ioaization of glucose 
The temperature and ionic strength were not specified by the authors 

Z Listed for information only !l 
~ 
..... ()I) 
<0 co C11 
<0 ..I. 



~ TABLE 11. Catalog of thermochemical measurements at 298.15 K: eqUilibrium, enthalpy, and entropy data - Continued CD 

" 
01 

:r ~ 
'< 
!II No. Reaction Property Observed Unc. Residual Reference 
0 kJ mol-lor J mol-I K- 1 
:r 
CD 

l3 
::a 

218 C6H I20 6(ao) = C~1I06(ao) + H+(ao) ll.G 70.3 ~ 0.5 0.200 57LOS/SIM 

C 1st ionization of glucose 
Do) Listed for information only ; 
< 
~ 219 C~1206(ao) = C~1I06(ao) + H+(ao) ll.G 74.7 0.5 4.600 61RAM/KAT 
.... 1st ionization of glucose 
5'J Adjusted to zero ionic strength using B = 1.6 kg' mol- i 
Z 
!l The temperature was not specified by the authors 
.!'> Listed for information only .... 
CD 
Q) 

220 C6H I20 6(ao) = C6H II0 6 (ao) + H+(ao) ll.G 70.5 0.5 0.400 66BUN/CHA CD 

1st ionization of glucose ;C 
Assumed to be at zero ionic strength ;Z 
Listed for information only 0 

0 
221 C6H I20 6(ao) = C6H II0 6 (ao) + H+(ao) ll.G 71.2 0.5 1.100 66IZA/RYT r-

C 
1st ionization of glucose m 
Listed for information only In 

::0 
G) 

222 C6H I20 6(ao) = C6H II0 6 (ao) + H+(ao) ll.G 70.1 0.2 0.000 70CHR/RYT > 
1st ionization of glucose Z 

C 

223 C6H I20 6(ao) = C6H II0 6 (ao) + H+(ao) !:JI 30.5 3.0 -6.200 53KIL/WYN :< 
1st ionization of glucose !D 
Second law treatment -t 
Listed for information only 

In 
~ 
> 

224 C6H I20 6(ao) = C6H II0 6(ao) + H+(ao) !:JI 41.8 3.0 5.100 57LOS/SIM :2 
1st ionization of glucose 
Second law treatment 
Listed for information only 

225 C6H I20 6(ao) = C~1I06(ao) + H+(ao) !:JI 32.2 1.0 -4.500 66IZA/RYT 

1st ionization of glucose 
Listed for information only 

226 C6H I20 6(ao) = C6H II0 6(ao) + H+(ao) !:JI 36.7 0.5 0.000 70CHR/RYT 
1st ionization of glucose 

227 C6H II0 6(ao) = C6HIOO~-(ao) + H+(ao) ll.G 77.2 1.0 -3.850 29HIR/SCH 
2nd ionization of glucose 
Adjusted to zero ionic strength using E = 1.6 kgl mol- i 

Listed for information only 



No. Reaction Property Obse:ved Unc. R.esidual Reference 
kJ mol-lor J mol-I K- 1 

228 C6HIIOf(ao) = C6HlOO~-(ao) + H+(ao) ~G 81.3 1.0 0.250 31STE 
2nd ionization of glucose 

-I Adjusted to zero ionic strength using B = 1.6 kgl mol- l 
::t 

Adjusted to 298.15 K using!!H = 36.7 kJ mol-I m 
::D 

229 C6H IlOf(ao) = C~lOO~-(ao) + H+(ao) aG 82.5 1.0 1.450 32URB/SHA 3C 
0 

2nd ionization of glucose C 
Adjusted to zero ionic strength using B = 1.6 kg! mol-! -< 

Z » 
230 C6H IlOf(ao) = C~100~-(ao) + H+(aoJ aG 80.2 1.0 -0.850 50S0U/Srn 3C 

2nd ionization of glucose 0 
The temperature and ionic strength were not specified by the authors » 

Z 

231 C6H IIOf(ao) = C~loO~-(ao) + H+(ao) aG SO.2 1.0 -0.S50 55SCH 
C 
-I 

2nd ionization of glucose ::D 
The temperature and ionic strength were not specified by the authors » 

Z 
en 

232 C6H IOO;-(ao) = C6H90~-(ao) + H+(ao) aG 85.3 1.0 0.000 3lSTE "tJ 
0 3rd ionization of glucose ::D 

Adjusted to zero ionic strength using B = 1.6 kg' mol- j -I 
Adjusted to 29S.15 K using t:Jl = 36.7 kJ mol-I "tJ 

::D 
0 

233 C6H90~-(ao) = C6H80~-(ao) + H+(ao) aG 86.5 1.0 0.000 31STE "tJ 

4th ionization of glucose m 
::D 

Adjusted to zero ionic strength using B = 1.6 kg' mol-1 ..... 
Adjusted to 298.15 K using!!H = 36.7 kJ mol- 1 iii 

en 
234 C~120i(a02) = C6H\106(a02) + H+(ao) aG 74.4- 0.5 5.450 13MIC 0 

." 
~ 1st ionization of mannose 0 

" Adjusted to 29S.15 K using t:Jl = 33.1 kJ mol- 1 » ::r ::0 '< Adjusted to zero ionic strength using B = 1.6 kg' mol- l 
!II a:J 
0 Listed for information only 0 
::r :J: CD -< ~ 235 C~120i(a02) = C~1I06(a02) + H+(ao) aG 74.39 0.50 5.440 13MICIRON C 
::D 1st ionization of mannose ::0 
~ Adjusted to 298.15 K using ill = 33.1 kJ mol-I » 
c -I 
l» Adjusted to zero ionic strength using B =: 1.6 kg! mol-1 m 
:pr Listed for information only 

en 
< 
~ 236 C6H I20 6(a02) = C6H l106"(a02) + H+(ao) aG 67.47 0.50 -1.480 55SCH -0. 

JIO 1st ionization of mannose 
Z The temperature and ionic s:rength were not specified by the authors !=' 
~ Listed for information only 

cD 00 
CD U'1 
(D W 



~ TABLE ~ 1. Catalog of thermochemical measurements at 298.15 lC: equilibrium, enthalpy, and entropy data - Continued C) 

~ en 
::r oIlIo 
'< 
~ No. Reaction Property Observed Unc. Residual Reference 
0 kJ mol-lor J mol-I K- 1 
::r 
CD 

~ 
:D 

237 C6H 120 6(a02) = C6H II0 6 (a02) + H+(ao) flG 68.95 0.20 66IZA/RYT ~ 0.000 

C 1st ionization of mannose 
I» .. 
P 238 C6H 120 6(a02) = C6H II0 6(a02) + H+(ao) flG 68.95 0.20 0.000 7OCHR/RYT < 
~ 1st ionization of mannose -!fJ 239 C6H I206(a02) = C6H II0 6 (a02) + H+(ao) I::Jl 33.05 0.50 -0.025 66IZA/RYT 
Z 1st ionization of mannose !l 
jIo) - 240 C6H I20 6(a02) = C6H II0 6(a02) + H+(ao) I::Jl 33.1 0.5 0.025 70CHR/RYT CD 
CD 1st ionization of mannose CD 

::tJ 
241 C6HII0 6 (a02) = C6HI00~-(a02) + H+(ao) flO 80.8 1.0 0.000 55SCH :z 2nd ionization of mannose 

The temperature and ionic strength were not specified by the authors n 
0 ... 

242 C6H I206(a03) = C6HII06(a03) + H+(ao) flO 12.8 0.5 4.100 OOOSA C 
1st ionization of fructose m 

m 
Adjusted to 298.15 K using I::Jl = 39.2 kJ mol-I ::tJ 
The ionic strength was not specified by the authors n 
Listed for information only > 

Z 
C 

243 C6H I206(a03) = C6H II06(a03) + H+(ao) flO 69.2 0.5 0.500 01MAD :< 
1st ionization of fructose 

!D Adjusted to 298.15 K using I::Jl = + 35.7 kJ mol-I 
-I Listed for information only m 
~ 

244 C6H I206(a03) = C6HII06(a03) + H+(ao) flO 69.1 0.5 0.400 13MIC > 
1st ionization of fructose !! 
Adjusted to 298.15 K using flH = 39.2 kJ mol-I 
Adjusted to zero ionic strength using B = 1.6 kg6 mol- 6 

Listed for information only 

245 C6H1206(a03) = C6HII06(a03) + H+(ao) flO 69.1 0.5 0.400 13MIC/RON 
1st ionization of fructose 
Adjusted to 298.15 K using I::Jl = 39.2 kJ mol-I 
Adjusted to zero ionic strength using B = 1.6 kg6 mol-1 

Listed for information only 

246 C6H I206(a03) = C6H II0 6(a03) + H+(ao) flO 68.35 0.50 -0.350 29HIRISCH 
1 st ionization of fructose 
Adjusted to zero ionic strength using B = 1.6 kg6 mol-' 
Listed for information only 



No. Reaction Property Observed Unc. Residual Reierence 
kJ mol-lor J mol-1 K- 1 

247 C6H1206(a03) = C6HJ106(a03) + H+(ao) tJ.G 69.85 0.50 1.150 31STE 

1st ionization of fructose 
Adjusted to zero ionic strength using B = 1.6 kg~ mol-~ -I 

J: 
Adjusted to 298.15 K using liB = 39.2 kJ mol- 1 rn 
Listed for information only ::D 

3: 
0 

248 C6H 120 6(a03) = C6H 1106'(a03) + H+(ao) tJ.G 68.4 0.5 -0.300 32URB/SHA C 
1st ionization of fructose -< 
Adjusted to zero ionic strength using B = 1.6 kg! mol- ~ 

Z » 
Listed for information only 3: 

0 
249 C6H 120 6(a03) = C6H1106(a03) + H+(ao) tJ.G 67.7 0.5 -1.000 55SCH » 

1st ionization of fructose Z 
C 

The temperature and ionic strength were not specified by the authors -I 
Listed for information only ::D » 

250 C6H1206(a03) = C6HJ106(a03) + H+(ao) tJ.G 73.5 0.5 4.800 61RAM/KAT 
Z 
Ch 

1st ionization of fructose ." 

Adjusted to zero ionic strength using B = 1.6 kg! mol-! 
0 
:n 

The temperature was not specified by the authors -I 
Listed for information only ." 

:n 
0 

251 C6H 1206(a03) = C6HJ106(a03) + H+(ao) tJ.G 70.0 0.5 :.300 66IZA/RYT ." 

1st ionization of fructose 
m 
:n 

Listed for information only -f 
m 

252 C6H1206(a03) = C6H 1106(a03) + H+(ao) tJ.G 68.7 0.2 0.000 70CHR/RYT Ch 
0 

1 st ionization of fructose " ~ 0 
"tI 253 CH ::06(a03) = C6HJ106(a03) + H+(ao) tJ.H 34.3 5.0 -4.900 66IZA/RYT » 
;;r 
'< 1 st ionization of fructose 

:n 
!" m 
0 Listed for information only 0 
;;r ::t: 
CD 

~ 254 C6H 1:06(a03) = C6H 11 06(a03) + H+(ao) liB 39.2 0.5 0.000 70CHR/RYT -< 
C 

::r:J 1st ionization of fructose :n 
~ » 
c -I 
a 255 C6H 110 6 (a03) = C;HiCO~-(a03) + H+(ao) tJ.G 77.2 1.0 -2.175 29HIR/SCH rn 
J» 2nd ionization of fructose 

Ch 

< Adjusted to zero ionic strength using B = ·1.6 kg! mol-! 
~ 
..... 
~ 256 C6HJ106(a03) = C6Hi:0~-(a03) + H+(ao) tJ.G 81.7 1.0 2.325 31STE 
z 2nd ionization of fructose p 
J'l Adjusted to zero ionic strength using B = 1.6 kg! mol- i 

~ Adjusted to 298.15 K using t::.H = 39.2 kJ mol-I 0) 

co U1 
<0 U1 



~ TABLE 11. CataJog 01 thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data - Continued CD 
." U'I 
::r CD 
'< No. Reaction Property Observed Unc. Residual Reference " 0 kJ mol-I-or J mol- I K-I 
::r 
CD 

? 
::D 

257 C6H llOi(a03) = C~lOO~-(a03) + H+(ao) !::..G 79.0 1.0 -0.375 32URB/SHA 11 
0 2nd ionization of fructose 
CI) Adjusted to zero ionic strength using B = 1.6 kg' mol-I 1 
< 

258 C6H llOi(a03) = C6HlOO~-(a03) + H+(ao) ~ !::..G 79.6 1.0 0.225 55SCH 

~ 2nd ionization of fructose 

Z The temperature and ionic strength were not specified by the authors 
p 
,!') 259 C6HlOO~-(a03) = C~90i-(a03) + H+(ao) !::..G 83.0 1.0 0.000 31STE 
cD 3rd ionization of fructose 
co 

Adjusted to zero ionic strength using B = 1.6 kg' mol-I co 
Adjusted to 298.15 K using!::..H = 39.2 kJ mol- 1 ?l 

~ 
260 C6H90~-(a03) = C6HsOa-(a03) + H+(ao) !::..G 90.2 1.0 0.000 31STE C) 

4th ionization of fructose 0 
Adjusted to zero ionic strength using B = 1.6 kg' mol- i r-

C 
Adjusted to 298.15 K using !::..H = 39.2 kJ mol- 1 OJ 

m 
261 C6H 1206(a04) = C~1l06(a04) + H+(ao) !::..G 67.2 0.5 -3.300 OOOSA 

:0 
C) 

1st ionization of galactose » 
Adjusted to 298.15 K using !::..H = 4<l.7 kJ mol- I Z 
The ionic strength was not specified by the authors C 

Listed for information only :< 
PI 

262 C6H I206(a04) = C6H I10i(a04) + H+(ao) !::..G 70.3 0.5 -0.200 13MIC -t 
1st ionization of galactose m 

~ Adjusted to 298.15 K using !::..H = 4<l.7 kJ mol- 1 » 
Adjusted to zero ionic strength using B = 1.6 kg' mol- i ~ 
Listed for information only 

263 C6H I20 6(a04) = C6HllOi(a04) + H+(ao) !::..G 70.3 0.5 -0.200 13MIC/RON 
1st ionization of galactose 
Adjusted to 298.15 K using !::..H = 4<l.7 kJ mol- 1 

Adjusted to zero ionic strength using B = 1.6 kg. mol-I 
Listed for information only 

264 C6H I206(a04) = C~1106(a04) + H+(ao) !::..G 71.55 0.50 1.050 31STE 
1 st ionization of galactose 
Adjusted to zero ionic strength using B = 1.6 kg' mol-' 
Adjusted to 298.15 K using !::..H = 4<l.7 kJ mol- 1 

Listed for information only 



No. Reaction Property ObseIved Une. Residual Re:-::::::::-.~~ 

kJ mo)-I or J mo)-I K- i 

265 C6H i20 t(a04) = C6H llOi(a04) + H+(ao) AG 71.24 0.50 0.740 66IZA/RYT 
1 st ionization of galactose 
Listed for information only -I 

:J: 
m 

266 C6H 120 t(a04) = C6H IlOi(a04) + H+(ao) AG 70.~ 0.2 0.000 70CHR/RYT ::D 
1 st imization of galactose 3: 

0 
C 

267 C6H 120 I(a04) = C6H IlOi(a04) + H+(ac) AH 37.1 1.0 -3.000 66IZA/RYT -< 
1 st ionization of galactose Z » 
Listed for information only 3: 

(; 
268 C6H I20 I(a04) = C6HIlO6"(a04) + H+(ac) AH 40.1 0.5 C.OOO 70CHR/RYT » 

1st imization of galactose Z 
C 

269 C6H IlO/(a04) = C6HIOO~-(ac4) + H+(w) AG 82.4 1.0 C.OOO 31STE 
-I 
::D 

2nd ionization of galactose » 
Adjusted to zero ionic strength using B = 1.6 kg~ mol-~ Z en 
Adjusted to 298.15 K using ~H = 40.7 kJ mol- 1 "C 

0 
270 C6H IOOi-(a04) = C6H90~-(ac4) + H+(w) AG 85.0 1.0 

::D 
COOO 3lSTE -I 

3rd icnization of galactose "C 
Adjusted to zero ionic strength using B = 1.6 kg~ mol- 1 ::D 

0 
Adjusted to 298.15 K using ~H = 40.7 kJ mol- i "C m 

271 C6H90~-(a04) = C6H80~-(a04) + H+(ao) 1.0 
::D 

AG 86.~ 0.000 31STE -I 
4th ionization of galactose iii 
Adjusted to zero ionic strength using B = 1.6 kg! mol-~ en 
Adjusted to 298.15 K using ~H = 40.7 kJ mol-I 0 

"T1 
~ 0 
"'0 272 C6H I20 I(aoS) = C6H IlO6"(a05) + H+(ao) AG 66.2 0.5 -1.300 13MIC » =r ::D '< 1 st ionization of sorbose 
~ OJ 
0 Adjusted to 298.15 K using ~H = 40.0 kJ mol- 1 0 
:T Adjusted to zero ionic strength using B = 1.6 kg! mol- i :J: <D -< ~ C 
::0 273 C6H 1:Oia05) = C6H II06"(a05) + H+(ao) IlG 68.8 0.5 1.300 55SCH ::D 
~ 1st imization of sorbose » 
c -I 
Q) The temperature and ionic strength were not specified by the 2uthors rn 
~S' en 
< 274 C6H 11 0;(ao5) = C6Hl00~-(ac5) + H+(w) AG 8l.1 1.0 0.000 55SCH 
~ ..... 2nd ionization of sorbose 
SD The temperature and ionic strength were not specified by the authors 
Z 
? 

275 CSHIOO!pl-(ao) = CSH90gp2-(ao) + R"(ao) ,!') AG 38.1 0.2 -0.080 62CHR/IZA 

(Q 2nd ionization of ribose-SP 0) 
CQ c.n 
U) ..... 



r- TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data - Continued (X) 

"U (J1 

:r (X) 

'< No. Reaction Property Observed Dnc. Residual Reference ~ 
C') kJ mol-lor J mol-I K- 1 
:::T 
('l) 

? 
:::0 276 CsHloOspl-(ao) = CSH90Sp2-(ao) + H+(ao) !:::..G 38.2 0.2 0.020 62IZA/CHR ~ 
C 2nd ionization of ribose-5P 
I» 

~ 277 CSHIOOSpl-(ao) = CSH90sp2-(ao) + 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 kgl mol- 6 
.!» Adjusted to 298.15 K using All = - 11.3 kJ mo1-
Z 
!' 
~N 278 CSHIOOSpl-(ao) = CSH90 8p2-(ao) + H+(ao) {)'H -11.3 0.5 0.000 62CHR/IZA 
co 2nd ionization of ribose-5P 
CD 
CD 

279 CSH90Sp2-(ao) = CSHS08p3-(ao) + H+(ao) {)'G 74.5 0.2 0.000 66IZA/RYT ;D 
3rd ionization of ribose-5P ~ 

280 CSH90Sp2-(ao) = CsHsOsp3-(ao) + H+(ao) 
G) 

AH 25.5 0.5 0.000 66IZA/RYT 0 
3rd ionization of ribose-5P r 

C 
Il'J 

281 NiCsH90gP(ao) = Nj2+(ao) + CSH90 9p2-(a02) {)'G 16.1 0.2 0.000 72FRE/STU rn 
::D 

Dissociation of Ni-ribose-5P G) 
Adjusted to zero ionic strength using B = 1.6 kg' mol- i » 
Adjusted to 298.15 K using All = -11.0 kJmol- 1 Z 

C 

282 MgCsH908P(ao) = Mg2+(ao) + CSH90sp2-(a02) {)'G 14.9 0.2 0.000 72FRE/STU ~ 
Dissociation of Mg-ribose~5P ~ 
Adjusted to zero ionic strength using B = 1.6 kg' m01- i -4 
Adjusted to 298.15 K using {)'H = - 11.0 kJ mol-I rn 

:E 
283 C6HI309P(a02) = C6HI209pl-(a02) + H+(ao) AG 7.48 0.50 

» 
0.750 37COR/COL ~ 

1st ionization of glucose-1P 
Adjusted to zero ionic strength using B = 1.6 kg' mol- i 

Adjusted to 298.15 K using {)'H = - J.g kJ mol-I 

284 C6H I30 9P(a02) = C6H 120 9p l -(a02) + H+(ao) AG 6.28 0.30 -0.450 55SNE 
1st ionization of glucose~lP 
Adjusted to 298.15 K using All = - 1.3 kJ mol-I 

285 C6HI209pl-(a02) = C6H II0 9p2-(a02) + H+(ao) {)'G 38.7 0.5 1.590 52TRE/MAN 
2nd ionization of glucose-lP 
Adjusted to 298.15 K using All = - 1.3 kJ mol-I 
Adjusted to zero ionic strength using B = 1.6 kg' mol- i 

Listed for information only 



No. Reaction Property Observed Vnc. Residual Reference 
kJ mol-lor J mol-I K-1 

286 CJ11209pl-(a02) = C6HI\09p2-(a02) + H+(ao) 6.G 37.43 0.30 0.320 37COR/COL 
2nd ionization of glucose-IP 
Adjusted to zero ionic strength using B = 1.6 kg' mol-~ -I 
Adjusted to 298.15 K using dB = -1.8 kJ mol-I 

:t 
m 

Listed for information only :c 
s: 

287 C6H 120 9p l-(a02) = C6HI\09p2-(a02) + H+(ao) 6.G 37.11 0.10 0.000 55ASH/CLA 0 
C 

2nd ionization of glucose-lP < 
Z 

288 C6HI209pl-(a02) = C6HI\09p2-(a02) + H+(ao) 6.G 35.39 0.50 -1.720 55SNE > s: 
2nd ionization of glucose-IP 0 
Adjusted to 298.15 K using dB = -1.8 kJ mol-I > 
Listed for information only Z 

C 

289 C6HI209pl-(a02) = C6HI\09p2-(a02) + H+(ao) 6.B -1.&0 0.50 55ASH/CLA -I :c 
2nd ionization of glucose-lP > 
Second law treatment Z 

UJ 
No solution for variable or data missing "tJ 

0 
290 CaC6HI\09P(a02) = Ca2+(ao) + C6HII09p2-(a02) 6.0 14.24 0.10 0.000 56CLA/DAT 

:c 
-I 

Dissociation of Ca-glucose-IP "tJ :c 
291 CaC6HI\09P(a02) = Ca2+(ao) + C6HII09p2-(a02) 6.B -10.05 0.50 56CLA/DAT 

0 
"tJ 

Dissociation of Ca-glucose-IP m :c 
Second law treatment -I 
No solution for variable or data missing in 

UJ 

292 MgC~II09P(a02) = Mg2+(ao) + C6H n0 9p2-(a02) 6.0 13.36 0.50 -0.790 52TRE/MAN2 0 
"T1 

~ Dissociation of Mg-glucose-IP 0 
." Adjusted to 298.15 K using dB =-122 kJ mol-I > :::r 
'< Adjusted to zero ionic strength using B = 1.6 kg! mol-~ :c 
~ m 
0 Listed for information only 0 
:::r :t <D 

? 293 MgC6H 11 0 9P(ao2) = Mg2+(ao) + C6H n0 9p 2-(ao) 6.0 14.15 0.10 0.000 54CLA/CUS < 
C 

:II Dissociation of Mg-glucose-IP :c 
~ > 
C 294 MgC~1109P(ao2) = Mg2+(ao) + C6Hn09P2-(ao) 6.B -12.2 0.5 54CLA/CUS 

-I 
a m 
,p» Dissociation of Mg-glucose-l P 

tJ) 

< Second law treatment 
~ No solution for variable or data missing .-
~= 
Z 295 C6H 130 9P(ao) = C~1209pl-(ao) + H+(ao) 6.G 5.4 0.5 -3.383 26MEY/LOH 
? 
!'l 1st ionization of glucose-6P 

co Temperature and ionic strength not given by authors CO 
Q:) Listed for information only en 
co CO 



~ TABLE 11. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data - Continued Q) 

." en 
::r 0 
'< 
9' No. Reaction Property Observed Unc. Residual Reference 
0 kJ mol- t or J mol- t K-! 
::J' 
(II 

~ 
::D 

296 C6H1309P(ao) = C6H 120 9p t-(ao) + H+(ao) IlG 6.85 ~ 0.50 -1.933 55SNE 

c 1st ionization of glucose-6P 
Q) Adjusted to 298.15 K using t:JI = -1.8 kJ mol-I JI 
< 

297 C6HI309P(ao) = C6H 120 9p t-(ao) + H+(ao) ~ IlG 10.4 0.5 1.617 66BUN/CHA 
.... 1st ionization of glucose-6P 
!'J Adjusted to zero ionic strength using B = 1.6 kg! mol-I Z 
9 
,!') 298 C6H1309P(ao) = C6HI209pl-(ao) + H+(ao) IlG 9.1 0.5 0.317 66DEGIHAL 
cD 1st ionization of glucose-6P 
CD 

Adjusted to zero ionic strength using B = 1.6 kg! mol-' CD 

Adjusted to 298.15 K using t:JI = -1.8 kJ mol- t ;0 

299 C6H 120 9p l-(ao) = C~l109p2-(ao) + H+(ao) 
~ 

IlG 34.88 0.50 -1.770 26MEY/LOH C') 
2nd ionization of glucose-6P 0 
Temperature and ionic strength not given by authors r-

C 
Listed for information only tD 

m 
300 C6Ht209pt-(ao) = C6H l10 9p2-(ao) + H+(ao) IlG 35.4 0.5 -1.250 55SNE 

::0 
C') 

2nd ionization of glucose-6P » 
Adjusted to 298.15 K using t:JI = -1.8 kJ mol- t Z 
Listed for information only C 

:< 
301 C6Ht209pt-(ao) = C6H l10 9p2-(ao) + H+(ao) IlG 36.8 0.2 0.150 66BUN/CHA PI 

2nd ionization of glucose-6P -t 
Adjusted to zero ionic strength using B = 1.6 kg! mol-I m :e » 

302 C6H 120 9p t-(ao) = C6H l10 9p2-(ao) + H+(ao) IlG 36.5 0.2 -0.150 66DEGIHAL :!! 
2nd ionization of glucose-6P 
Adjusted to zero ionic strength using B = 1.6 kg! mol-I 
Adjusted to 298.15 K using t:JI = - 1.8 kJ mol- t 

303 C6H l10 9p2-(ao) = C6H IO0 9p3-(ao) + H+(ao) IlG 66.8 0.2 0.000 66IZA/RYT 
3rd ionization of glucose-6P 

304 C6H l10 9p2-(ao) = C6H IO0 9p3 -(ao) + H+(ao) IlH 35.2 0.5 0.000 66IZA/RYT 
3rd ionization of glucose-6P 

305 C6Ht209pl-(a04) = C6H l10 9p2 -(a04) + H+(ao) IlG 35.8 0.3 0.000 57SCH/AND 
2nd ionization of fructose-6P 
Adjusted to zero ionic strength using B = 1.6 kg! mol-I 
Adjusted to 298.15 K using IlH =-1.8 kJ mol- t 
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TABLE II. Catalog of thermochemical measurements at 298.15 K: equilibrium, enthalpy, and entropy data - Continued 

No. Reaction 

306 CaC6H lI0 9P(a04) = C~1109p2-(a04) + Ca2+(ao) 
Dissociation of Ca-fructose-6P 
Adjusted to zero ionic strength using B = 1.6 kg! mol- i 

Adjusted to 298.15 K using ill = -10.0 kJ mol- 1 

307 MgC6HIl09P(a04) = C6H ll0 9p 2-(a04) + Mg2+(ao) 
Dissociation of Mg-fructose-6P 
Adjusted to zero ionic strength using B = 1.6 kg! mol- i 

Adjusted to 298.15 K using AH = -10.0 kJ mo]-l 

308 C6H1309P(a06) = C6HI209pl-(a06) + H+-(ao) 
1st ionization of galactose-lP 
Adjusted to zero ionic strength using B = 1.6 kg! mol- i 

Adjusted to 298.15 K using ill =-1.8 kJ mol-I 

309 C6H 120 9p1-(a06) = C6HII09p2-(a06) + H+(ao) 
2nd ionization of galactose-IP 
Adjusted to zero ionic strength using B = 1.6 kg! mol- i 

Adjusted to 298.15 K using ill =-1.8 kJ mol-I 

.3 El . .3 ~.3 These reactions, with the property type "HGS", 
represent the constraint Il.rG° -ll.rHo + TApo = 0 
for the formation of individual substances. As an 
e:~ample. reaction 310 is given below. [87GAR/PAR] 

310 Se'er! - PIer) - 5.5H2(g) + 4.502(g) = C6H IlO gp 2-(ao) 
Cons:~aint - soh·ed exactly 

Property 

Il.G 

Il.G 

Il.G 

Il.G 

HGS 

Observed Unc. Residual 
kJ mol-lor J mol-I K- 1 

13.4 0.3 0.000 

14.1 0.3 0.000 

6.96 0.50 0.000 

37.7 0.3 0.000 

0.000 0.000 0.000 

Reference 

57SCH/AND 

57SCH/AND 

43KOS 

43KOS 

-t 
::t: 
IT! 
lJ s: 
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c 
-< z » s: 
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~ TABLE 12. Catalog of thermochemical measurements at 298.15 K: lleat capacity data CD 

" 
(7) 

:T I\) 

'< 
!II No. Reaction Property Observed Unc. Residual Reference 
n Measured Obs.-calc. :T 
CD kJ mol-' or J mol-' K-' 
~ 
:D 

~ 
C6H ll0 9p2-(ao) + H20(I) = C6H'206(ao) + HPO~-(ao) C ACp -48. 20. -6.681 88TEW/STE 

AI Calorimetric measurement Jir 
< ACp of hydrolysis of glucose-6P 

~ .... 2 C6H ll0 9p2-(a03) + H20(1) = C6H'206(a02) + HPO~-(ao) ACp -46. 10. -2.089 88TEW/STE 
STJ 
z Calorimetric measurement 
!=> ACp of hydrolysis of mannose-6P 
,!') 
.... 

3 C6H l10 9p2-(a04) + H20(1) = C6H'206(a03) + HPO~-(ao) ACp -28. 40. 21.299 88TSW/STE co 
CI) 
co Calorimetric measurement 

ACp of hydrolysis of fructose-6P ;U 
~ 

4 CSH90sp2-(ao) + H20(I) = CSHIOOS(ao) + HPO~-(ao) ACp -63. 40. 0.000 88TEW/STE G) 
Calorimetric measurement 0 
ACp of hydrolysis of ribose-5P r 

C 
OJ 

5 CSH90Sp2-(a02) + H20(I) = CSHIOOS(ao2) + HPOi-(ao) ACp -84. 30. 88TEW/STE m 
::0 

Calorimetric measurement G) 
ACp of hydrolysis of ribulose-5P » 
No solution for variable or data missing. Z 

C 

6 C6H ll0 9p2-(ao) = C6H ll0 9p2-(a04) ACp 44. 10. 3.341 88TEW/STE :< 
Calorimetric measurement !D 
ACp of isomerization of glucose-6P to fructose-6P -t m 

7 C6H,,09p2-(a03) = C6H,,09p2-(a04) ACp 38. 30. 5.669 88TEW/STE 
:e » 

Calorimetric measurement ~ 
ACp of isomerization of mannose-6P to fructose-6P 

8 C6H,206(ao) = C6H 1206(a03) ACp 76. 30. 43.321 84TEW/GOL 
Calorimetric measurement 
ACp of isomerization of glucose to fructose 

9 CSHIOOS(a03) = CSHIOOS(a04) ACp 40. 20. 0.000 85TEW/STE 
Calorimetric measurement 
ACp of isomerization of xylose to xylulose 

10 CSHIOOS(a06) = CSHIOOS(a07) ACp 59. 90. 86TEW/STE 
Obtained from temp. dependency of equilibrium constants. 
A Cp of isomerization of allose to psicose 
No solution for variable or data missing. 



tABLE 1.l. catalog 01 thennOChemlcal measurc:nJ.ent.s a: .:"'~.;~ K. r-.~: ":~;::..Jb;...:._:: • ..!...I.:..a "-..,_c.:.-=-~':' 

No. Reaction Property Observed Vnc. Residual Reference 
Measured Obs.-calc. 

kJ mol-lor J mol-I K- 1 

11 ~HI2Ns0I3P1-(ao) + H20(l) = C9HI2NsOIOP~-(ao) + HPO~-(ao) + . H+(ao) ll.Cp -237. 30.. 0.,000 86GAJ/STE 
Calorimetric measurement -I 

::J: 
ll.Cp of hydrolysis of A TP rn 

lJ 

12 C6H I20 6(ao) + C9H12Ns0 13P1-(ao) ll.Cp -156. 300. 39.681 75GOL s:: 
0 

= C6H lI0 9p2-(ao) + C9HI2NsOIOP~-(ao) + H+(ao) C 
Calorimetric measurement -< 
ll.Cp of phosphorylation (A TP) of glucose 

Z 
l> 

Listed for information only. s:: 
0 

13 C6H I20 6(ao2) + CgH12Ns0 13P1-(ao) ll.Cp 10. 200. 203.0.89 75GOL l> 
= C6HlI09p2-(ao3) + C9HI2NsOIOP~-(ao) + H+(ao) Z 

Calorimetric measurement 
C 
-I 

ll.Cp of phosphorylation (ATP) of mannose lJ 
Listed for information only. l> 

Z 
(J) 

14 C6H I206(ao3) + CgH12Ns0 13P1-(ao) = ll.Cp -41. 200. 146.70.1 75GOL ""C 

C6H lI0 9p2-(ao4) + C9HI2NsOIOP~-(ao) + H+(ao) 0 
lJ 

Calorimetric measurement -I 
ll.Cp of phosphorylation (A TP) of fructose ""C 

Listed for information only. 
lJ 
0 
""C 

15 HP01-(ao) Cp -254. 4. 0.,000 82LAR/ZEE rn 
lJ 

Cp of HPO~-(ao) -I 
iTi 

16 CsHIOOs(cr3) Cp 184. 2. 0..000 81KAW/KVS 
(J) 

Cp of xylose(cr) 0 
"T1 

~ 0 
." 17 CsHIOOs(cr3) Cp 184. 2. 0.,000 82JAS/AHL l> 
::T 
'< Cp of xylose(cr) lJ 
!II m 
0 0 
::T 18 C6H I206( cr5) Cp 222.1 1.0. 1.280. 4lJAC/STE :t CD 

~ Cp of galactose(cr) -< 
C 

::D lJ 
~ 19 C~1206(cr5) Cp 217. 3. -3.820. 8lKAW/KUS l> 
c -I 
~ Cp of galactose(cr). Also see 81KAW /NIS. rn 
!-' (J) 

< 20 C6H I20 6(cr7) Cp 231.4 1.0. 0.000 4lJAC/STE 
~ 
~ 

Cp of sorbose(cr) 

z 21 C6H 1206( cr) Cp 229.3 5.0. 10.155 22SIM ? 
j'o) Cp of a-D-glucose(cr) 
..... Q) CD 
Q) en 
CD w 



~ TABLE 12. Catalog of thermochemical measurements at 298.15 K: heat capacity data - Continued ()) 
(1) -a oIloo ':j 

'< No. Reaction Property Observed Unc. Residual Reference !II 
0 Measured Obs.-calc. 
':j 

kJ mol-lor J mol- 1 K- 1 (D 

~ 
::EJ 

11 
c 
I» 22 C6H 120 6(cr) Cp 220.8 2.0 1.655 34PAR/THO 
iT Cp of a-D-glucose(cr) < 
~ .... 23 C6H 120 6(cr) Cp 218.1 2.0 -1.045 41NEL/NEW 
1» Cp of a-D-glucose(cr) 
Z 
~ 
,!') 24 C6H 120 6(cr) Cp 218.9 0.5 -0.245 51DOU/BAL .... Cp of a-D-glucose(cr) CD 
0) 
CD 

25 C6H 120 6(cr) Cp 218.4 1.0 -0.745 55TAY/ROW ;U 
Cp of a-D-glucose(cr) ~ 

Q 
26 C6H I20 6(cr) Cp 219.79 0.40 0.645 82LIA/CHE 0 

Cp of a-D-glucose(cr) r 
C 
m 

27 C6H 120 6(cr) Cp 224. 3. 4.855 81KAW/KUS m 
::D 

Cp of a-D-glucose(cr). Also see 81KAW/NIS. Q 
l> 

28 C6H 1206(vit) Cp 381.9 10.0 9.467 28PAR/HUF Z 
Cp of glucose(vit) C 

:< 
29 C6H 120 6(vit) Cp 367.7 5.0 -4.733 41NEL/NEW !I 

Cp of glucose(vit) -I m 
30 C6H I20 6(cr4) Cp 216. 3. 0.000 81KAW/KUS 

:e 
l> 

Cp of mannose(cr). Also see 81KAW/N]S. ! 

31 C6H 1Z0 6(cr6) Cp 232. 3. 0.000 81KAW/KUS 
Cp offructose(cr). Also see 81KAW/NIS. 

32 CsHIOOs(cr) Cp 187. 2. 1.500 81KAW/KUS 
Cp of ribose(cr) 

33 CsHIOOs(cr) Cp 184. 2. -1.500 82JAS/AHL 
Cp of ribose(cr) 

34 CsHIOOs(cr2) Cp 184. 2. 0.000 81KAW/KUS 
Cp of arabinose(cr) 

35 CsHIOOs(cr4) Cp 184. 2. 0.000 82JAS/AHL 
Cp of lyxose(cr) 



TABLE 12. Catalog 0: thermochemIcal measurements at 29~.15 K: heat capaclty data - Cuntlnue;:i 

No. Reaction Property Observed Unc. Residual Reference 
Measured Obs.-calc. 

kJ mol-lor J mol- 1 K- 1 

36 C6HI206~cr) = C6H 120 6(ao) ll.Cp 151. 20. 33.849 41STU 
ll.Cp of solution of a-D-glucme(cr) -f 

:I: 
rn 

37 C6H I20 6(cr) = C6H I20 6(ao) ll.Cp 134. 20. 16.849 82JAS/AHL ::D 
ll.Cp of solution of a-D-glucme(cr) s::: 

0 
C 

38 C6H 120 6(cr) = C6H I20 6(ao) ll.Cp 128. 10. 10.849 82LIA/CHE -< 
Z 

ll.Cp of solution of a-D-glucose(cr) » 
s::: 

39 C6HI20 6(cr2) = C6H 1Z0 6(ao) ll.Cp 134. 20. 3.000 41STU 0 
ll.Cp of solution of P-D-glucme(cr) » z 

40 O;H\206(cr2) = C6H 120 6(ao) ll.Cp 128. 20. -3.000 82JAS/AHL 
C 
-t 

ACp of solution of P-D-glucme(cr) ::D » 
4: C6H I206(cr4) = O;H1206(a02) ll.Cp 148. 20. 2:.968 82JAS/AHL Z 

CJ) 
ACp of solution of mannose(cr) -0 

Listed for information only. 0 
::D 
-t 

42 C6HI20 6(cr5) = C6H 120 6(a04) ll.Cp 139. 20. 40.820 82JAS/AHL -0 
ll.Cp of solution of galactose(cr) ::D 

0 
Listed for information only. -0 

rn 
::D 

43 C~1206(cr6) = C6H I206(ao3) ACp 242. 20. 105.025 82JAS/AHL -f 
6.Cp of solution of fructose(cr) iii 
Listed for information only. en 

0 
." 

~ 44 ~1:06(cr7) = C6H 1z0 6(a05) ll.Cp 217. 20. 82JAS/AHL 0 
." ~C; of solution of sorbose(cr) l> 
~ ::D '< Can be used to calculate Cp = 448 J mo]-I k- I for sorbose(ao). ~ m 
0 This value seems low. 0 
~ For information only. Also, \iariable not solved or data missing. :I: (I) 

? -< 
C 

:D 45 C,HIOOS(cr) = C~H1005(ao) ACp 110. 20. 19.500 82JAS/AHL ::D 
~ ACp of solution of ribose(cr) l> 
C -t 
a» Listed for information only. rn ; en 
< 46 CsHIOOs(cr3) = CsH::O!(a03) ll.Cp 102. 20. 7.000 82JAS/AHL ~ 
..... 6.Cp of solution of xylose(cr) 
!" Listed for information only. 
Z 
? 
,!') 4; CsHIOOs(cr2) = CsHIOOs(aoSj ll.Cp 134. 20. 39.000 82JAS/AHL 
..... ll.Cp of solution of arabinose{cr) ('X) co co Listed for information only. 0) 
co U1 



!- TABLE 12. Catalog of thermochemical measurements at 298.15 K: heat capacity data - Continued CC) 

"0 Q) 
=r CI) 
'< 

No. Reaction Property {n Observed Unc. Residual Reference 
0 Measured Obs.-calc. :r 
CD kJ mol-lor J mol- 1 K- 1 

~ 
:rJ 

~ 
48 CSHlOOs(cr4) = CSHlOOS(ao8) ~.cp C 101 20. 0.000 82JAS/ A Ill-

a ACp of solution of lyxose(cr) 
.PJ 
< 
~ 49 CsHIOOs(ao3) Cp 279 20. 0.000 81KAW/KUS 

~ Cp ofxylose(ao) 

z 
~ 50 CsHIOOs(ao) Cp 276 20. 0.000 81KAW/KUS 
j') Cp of ribose(ao) 
cD 
CD 

51 CsHIOOs(ao5) Cp 279 20. 0.000 81KAW/KUS (Q 

Cp of arabinose(ao) ;tJ 

CiH120t(ao3) 328, 
~ 

52 Cp 20. -40.975 81KAW/KUS G) 
Cp of fructose(ao). Also see UKAW INIS. 0 

r-
53 C6H120t(ao4) Cp 319, 20. 0.000 81KAW/KUS 

C m 
Cp of galactose(ao). Also see 81KAW /l\IS. m 

:0 
G) 

54 C6HI20t(ao) Cp 346, 50. 9.704 35FRE/BUR » 
Cp of glucose(ao). Z 
Listed for information only. C 

;< 
55 C6H I20t(ao) Cp 336, 30. -0.296 36BEN/KRA !lJ 

Cp of glucose(ao). Also see 81K.A W /NIS. -t m 
56 C6H I20t(ao) Cp 318, 20. -18.296 55TAY/ROW ~ » 

Cp of glucose(ao). :!! 
57 C6HI20t(ao) Cp 321 20. -13.296 76BON/CER 

Cp of glucose(ao). 

58 C6HI20~ao) Cp 318, 20. -18.296 81KAW/KUS 
Cp of glucose(ao). Also see 81K.A W INIS. 

59 C6H 120t(ao) Cp 351. 20. 14.704 84JAS/AHL 
Cp ofglucose(ao). 

(0 C6H I20t<:ao2) Cp 346, 20. 3.968 81KAW/KUS 
Cp ofmannose(ao). Also see 81KAW/N[S. 

61 C6H120J»-(ao2) = C~1I09p2-(ao2) + H+(ao) ACp -1?6. 40. 55ASH/CLA 
2nd ionization of glucose-lP 
Based on 2nd derivative of equilibrium data 
So sclution for .... :ariable or c:hu oUssinjr 



TABLE 12. Catalog cf thermochemlcai mea5urements at 2~~. i~ K. heat ..:.apa .... l:) C~~..1 - c~;::: •. ..;.<:'...: 

No. Reaction Property Observed Unc. Residual Reference 
Measured Obs.-calc. 

kJ mol-lor J mol-I K- ' 

62 MgC6HlI09P(a02) = Mg2+(ao) + C6H lI0 9p 2-(a02) tlCp -247. 70. 54CLA/CUS 
Dissociation of Mg-glucose-lP -t 

::I: 
Based on 2nd derivative of equilibrium data m 
No solution for variable or data missing. ::II 

s:: 
63 CaC6HII09P(a02) = Ca2+(ao) + C6H II0 9p 2-(a02) tlCp -262. 50. 56CLA/CUS 

0 
C 

Dissociation of Ca-glucose-lP -< 
Z Based on 2nd derivative of equilibrium data » 

No solution for variable or data missing. s:: n 
64 CsHIOOs(ao) = CSH90S(ao) + H+(ao) tlCp -112. 40. 0.000 70CHR/RYT » 

1st ionization of ribose Z 
Based on enthalpies at two temperatures C 

-t 
:lJ 

65 CsHtoOs(a03) = CSH90s(a03) + H+(ao) tlCp -103. 40. 0.000 70CHR/RYT » 
Z 1st ionization of xylose tJJ 

Based on enthalpies at two temperatures "C 
0 
::II 

66 CsHtoOs(a05) = CSH90s(a05) + H+(ao) tlCp -114. 40. 0.000 70CHR/RYT -t 
1st ionization of arabinose "C 

Based on enthalpies at two temperatures :lJ 
0 
"C 

67 CsHtoOs(a08) = CSH90s(a08) + H+(ao) tlCp -117. 40. 0.000 70CHR/RYT m 
:lJ 

1st ionization of lyxose -t 
Based on enthalpies at two temperatures iTi 

tJJ 

68 C~1206(ao) = C6H lI06"(ao) + H+(ao) tlCp -120. 40. 0.000 70CHR/RYT 0 
." 

~ 1st ionization of glucose n 
"'tI Based on enthalpies at two temperatures » :T :lJ '< 
!II OJ 
0 69 C6H I20 6(a02) = C6H lI06"(a02) + H+(ao) tlCp -121. 40. 0.000 70CHR/RYT 0 ::r 1st ionization of mannose ::I: CD 

? Based on enthalpies at three temperatures -< 
C 

::rJ lJ 
~ 70 C6H I20 6(a03) = C~II06"(a03) + H+(ao) tlCp -3. 40. 0.000 70CHR/RYT » 
c -t 
I» 1st ionization of fructose m :pr Based on enthalpies at two temperatures tJJ 
< 
~ 

71 C6H I206(a04) = C6H 1106"(a04) + H+(ao) tlCp -131. 40. 0.000 70CHR/RYT -"" 
!fJ 1st ionization of galactose 
Z Based on enthalpies at two temperatures p 
.!'> 
cD CXI 
CD m 
fD 

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

Compound 

CsHsO~-(a03) 
xylose2-(ao) 

CsHsO~-(a05) 
arabinose2-(ao) 

CSH90s(ao) 
ribose-(ao) 

CSH90s(a03) 
xylose-(ao) 

CsH90s(a05) 
arabinose - (ao) 

CSH90s(a08) 
lyxose-(ao) 

CSH100S(cr) 
ribose(cr) 

CSHIOOS(cr2) 
p-arabinose( cr) 

CSH100S(cr3) 
a-xylose(cr) 

CsHIOOs(cr4) 
lyxose(cr) 

C~H1nO~(ao) 

ribose(ao) 
CsHIOOs(a02) 

ribulose(ao) 
CsHIOOs(a03) 

xylose(ao) 
CsHIOOs(a04) 

xylulose(ao) 
CsHIOOs(a05) 

arabinose(ao) 
CsHIOOs(a08) 

lyxose(ao) 
C6HsO:-(ao) 

glucose4-(ao) 
C~sO:-(a03) 

fructose4 - (ao) 
C6HsO~-(a04) 

galactose4-(ao) 
C6H90~-(ao) 

glucose3- (ao) 
C6H90~-(a03) 

fructose3- (ao) 
C6H90~-(a04) 

galactose3- (ao) 
C6HIOOg-(ao) 

glucoseZ-(ao) 
C~IOOg-(a02) 

mannose2-(ao) 
C~100g-(a03) 

fructose.l- (ao) 
C~100g-(a04) 

galactose2-(ao) 
C~100~-(a05) 

sorbose2-(ao) 
C~1106(ao) 

glucose-(ao) 
C~1I06(a02) 

mannose-(ao) 
C6H\\06(a03) 

fructose -(ao) 
C6H\\06(a04) 

galactose -(ao) 
C~l\06(a05) 

sorbose-(ao) 

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

Reactions 

192 

201 

340, 340, 340, 182, 184 

341, 341, 341, 189, 191 

342, 342, 342, 198, 200 

343, 343, 343, 203 

119, 129, 130, JJJ, 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 

255, 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 

C~1206(cr) 

a-glucose(cr) 
C~'206(cr2) 

,8-glucose( cr) 
CJI'20 6(cr4) 

mannose(cr) 
CJI1206( cr5) 

a-galactose( cr) 
C~1206(cr6) 

,8-fructose(cr) 
C6H'206( cr7) 

sorbose(cr) 
C~120b(cr8) 

glucose(vit) 
C6H,20 6(ao) 

glucose(ao) 
C oHIZO o(ao2) 

mannose(ao) 
C~'206(a03) 

fructose(ao) 
C~1206(ao4) 

galactose(ao) 
CJI1206(a05) 

sorbose(ao) 
C~'306.S(cr) 

fructose hemihydrate(cr) 
C6H,407(cr) 

a-glucose monohydrate(cr) 
CSHgOgp3-(ao) 

ribose 5-phosphate3-(ao) 
CSH90gp2-(ao) 

ribose 5-phosphate2-(ao) 
CSH90 gp2-(a02) 

ribulose 5-phosphate2-(ao) 
CSH90Sp2-(ao3) 

xylulose 5-phosphate2-(ao) 
CSH90Sp2-(a04) 

arabinose 5-phosphate2- (ao) 
CSH90sp2-(a05) 

ribose I-phosphate2-(ao) 
CSHIOOSP'-(ao) 

ribose 5-phosphate-(ao) 
C~IO09p3-(ao ) 

glucose 6-phosphate3-(ao) 
C6H,,09p2-(ao) 

glucose 6-phosphate2-(ao) 
C~,,09p2-(a02) 

glucose I-phosphate2-(ao) 
C6H I10 9p2-(a03) 

mannose 6-phosphate2-(ao) 
C~,,09p2-(a04) 

fructose 6-phosphate2-(ao) 
C~1109p2-(a05) 

galactose 6-phosphate2-(ao) 
CJI,,09p2-(a06) 

galactose I-phosphate2- (ao) 
~l109p2-(a07) 

fructose I-phosphate2-(ao) 
C~'209P-(ao) 

glucose 6-phosphate-(ao) 
CJI'20 9P-(a02) 

glucose I-phosphate-(ao) 

Reactions 

113, 122, 135, 136, 137, 138, 139, 140, 141, 142, 143, 168, 330, 

145, 146, 147, 148, 149 

336, 336, 336, 155, 176 

114, 126, 157, 158, 170, 171,331, 331, 331 

172, 173, 337, 337, 337, 162 

115, 128, 175, 332, 332, 332, 163 

153 

15, 62, 68, 69, 71, 74, 75, 76, 135, 136, 137, 138, 139, 140, 141, 142, 143, 
145, 146, 147, 148, 149, 150, 151, 152, 165, 166, 167, 168,222, 311,311,311,226 
67, 237, 238, 239, 240, 313, 313, 313, ISS, 176 

8, 10,62,68, 69, 71, 74, 75, 76, 172, 173,252,315, 315, 315, 162,254 

157, 158, 170, 171, 320, 320, 320, 268,266 

175,272, 273, 339, 339, 339, 163 

174 

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 - Continued 

Compound 

C6H 120 9P-(a04) 
fructose 6-phosphate-(ao) 

C~J209P-(a06) 

galactose I-phosphate-(ao) 
C6HJ30 9P(ao) 

glucose 6-phosphate(ao) 
C~J309P(a02) 

glucose I-phosphate(ao) 
C6HJ30 9P(a06) 

galactose I-phosphate(ao) 
NiCsH 90 8P(ao) 

Ni-ribose 5-phosphate(ao) 
MgCsH90gP(ao) 

Mg-ribose 5-phosphate(ao) 
MgC~J109P(a02) 

Mg-glucose I-phosphate( ao) 
MgC~JJ09P(a04) 

Mg-fructose 6-phosphate(ao) 
CaC~Jl09P(a02) 

Ca-glucose I-phosphate(ao) 
CaC6H 110 9P(a04) 

Ca-fructose 6-phosphate(ao) 

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

Reactions 

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 

CSH90S(ao) 
ribose-(ao) 

CSH90s(a03) 
xylose-(ao) 

CSH90s(ao5) 
arabinose - (ao) 

CSH90S(a08) 
lyxose-(ao) 

CSHIOOS(C) 
d-ribose(cr) 

CSHIOOS(C2) 
d-arabinose(cr) 

CSH IOOS(C3) 
d-xylose(cr) 

CSHIOOS(C4) 
d-Iyxose(cr) 

CsH lOOSe ao) 
ribose(ao) 

CSHIOOS(a03) 
xylose(ao) 

CSHIOOS(ao4) 
xylulose(ao) 

CSHIOOS(a05) 
arabinose( ao) 

CSHIOOS(a08) 
lyxose(ao) 

C6H 1106 (ao) 
glucose-(ao) 

C6H ll0 6 (a02) 
mannose-(ao) 

C6H l10 6 (a03) 
fructose - (ao ) 

C6H 110 6 (a04) 
galactose - (ao) 

C6H I20 6(C) 
a-D-glucose(cr) 

C6H I20 6(C2) 
J3-D-glucose(cr) 

C 6H 120 6(C4) 
D-mannose(cr) 

C6H 120 6(C5) 
D-galactose( cr) 

C6H 120 6(C6) 
D-fructose(cr) 

C6HI20 6(C7) 
D-sorbose( or) 

C6H I20 6(GI) 
glucose(vit) 

C6H 120 6(ao) 
glucose(ao) 

C 6H 120 6(a02) 
mannose(ao) 

~H1206(a03) 

fructose( ao) 
C6H 120 6(a04) 

galactose(ao) 
CSH 90 gp2-(ao) 

ribose, 5-phosphate2-(ao) 
C6H 110 9p2-(ao) 

glucose, 6-phosphate2-(ao) 
C6H lI0 9p2-(a03) 

mannose, 6-phosphate2-(ao) 
C6H 110 9p2-(a04) 

fructose, 6-phosphate2-(ao) 

Reactions 

64 

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 

871 
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Table 15. Calculated values of thermochemical properties at 298.15 K 

Compound molar mass Il.rlr Il.,<r S· C· p 

g mol-I kJ mo}-l Jmol I K-1 

C sH IIOi-(l101) 14Stl1nn -S9Q.455-f-2.4 
xylose2-(ao) 

CsH80~-(ao5) 148.1166 -587.766±6.0 
arabinose2-(ao) 

CsH905(ao) 149.1240 - 997.903 ±0.27 -669.666±6.0 93.304±20. 164.0±4S. 
ribose-(ao) 

CsH905(ao3) 149.1240 -100S.040± 1.6 -681.085±2.3 97.604±9.3 176.0±4S. 
xylose-(ao) 

CsH 90 5(ao5) 149.1240 -1003.787±0.39 -671.786±6.0 80.682 ± 20. 165.0±4S. 
arabinose-(ao) 

CsH905(ao8) 149.1240 -680;017±2.3 168.0±4S. 
lyxose-(ao) 

CsHIOOs(cr) 150.1314 -1047.230±O.22 -730.086±6.0 130.458±20. 18S.5±U 
ribose(cr) 

CsHIOOs(cr2) 150.1314 -10S7.027±O.39 -737.726±6.0 123.224±20 . 184.0±2.0 
.B-arabinose( cr) 

CsHIOOs(cr3) 150.1314 -1057.840± 1.4 -744.585±2.1 143.500±5.4 184.0±2.0 
a-xylose(cr) 

CsHIOOs(cr4) 150.1314 -740.837±2.4 184.0±2.0 
lyxose(cr) 

CSH1OOS(ao) 150.1314 -1034.003±0.23 -73S.786±6.0 204.000±20. 276.0±20. 
ribose(ao) 

CsHIOOs(ao2) 150.1314 -1023.015±0.34 -735.936±6.0 231.297±20. 
ribulose(ao) 

CsHIOOs(ao3) 150.1314 -1045.740±1.5 -750.485±2.2 203.872±8.9 279.0±20. 
xylose(ao) 

CsHIOOs(ao4) 150.1314 -1029.650± 1.7 -746.1S2±2.2 243.307±9.4 319.0±28. 
xylulose(ao) 

CsHIOOs(aoS) 150.1314 -1043.787±0.36 - 742.226±6.0 182.725±20. 279.0±20. 
arabinose(ao) 

CsHIOOs(ao8) 150.1314 - 749. 137±2.3 28S.0±20. 
lyxose(ao) 

C~80~-(ao) 176.1281 -592.952±2.4 
glucose4-(ao) 

C6H80~-(ao3) 176.1281 -594.236±2.4 
fructose4-(ao) 

C~80~-(a04) 176.1281 - 584.833±0.23 
galactose4 -(ao) 

C~90~-(ao) 177.1355 -679.452±2.2 
glucose3-(ao) 

C~90~-(ao3) 177.1355 -684.436±2.2 
ttuctoseJ-(ao) 

C~90~-(a04) 177.1355 - 671.033 ±0.21 
galactoseJ-(ao) 

C~100~-(ao) 178.1429 -764.752±2.0 
glucosez- (ao) 

C~100~-(ao2) 178.1429 - 761.239±2.6 
mannose2-(ao) 

C~100~-(ao3) 178.1429 -767.436±2.0 
fructoseZ- (ao) 

C~loOi-(a04) 178.1429 -756.033±0.20 
galactose1-(ao) 

C~100i-(ao5) 178.1429 - 763.254±6.8 
sorbose2 

- (ao) 
C~1I06(ao) 179.1503 -1225.494±1.1 - 845.802± 1.9 159.555±7.5 216.3±28. 

glucose-(ao) 
C~1l06(ao2) 179.1503 -122S.582± 1.8 -842.039±2.4 146.638±9.2 221.0±32. 

mannose-(ao) 
C~1106(ao3) 179.1503 -1220.182± 1.2 -846.811 ± 1.9 180.756±7.7 366.0±31. 

fructose - (ao) 
C~II06(a04) 179.1503 -1214.503±O.13 -83S.433±0.18 171.704±O.77 18S.0±44. 

galaclOse-(ao) 

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



THERMODYNAMIC AND TRANSPORT PROPERTIES OF CARBOHYDRATES 873 

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

Compound molar mass ilrHo ilrG° So Co e 
g mol- l kJ mol-I J mol-I K- 1 

C6HIlO6(ao5) 179.1503 -844.454±6.3 
sorbose-(ao) 

C6H I20 6(cr) 180.1577 -1273.040±0.87 -908.792±1.8 211.300±5.2 219.1±2.0 
a-glucose(cr) 

C6H120 6(cr2) 180.1577 -1266.842±0.91 216.0±3.0 
J3-glucose(cr) 

C6H I20 6(cr4) 180.1577 -1266.527 ± 1.8 -902.189±2.5 21O.998± 10. 216.0±3.0 
mannose(cr) 

C6H 120 6(cr5) 180.1577 - 1272.340±0.11 - 906.333 ±0.17 205.400±0.45 220.8±2.2 
a-galactose(cr) 

C6H I20 6(cr6) 180.1577 - 1269.462± 1.1 -905.645±2.0 212.744±7.6 232.0±3.0 
J3-fructose(cr) 

C6H IZ0 6(cr7) 180.1577 -1270.240...1:.3.8 -908.854±5.9 220.900...1:.15. 231.4J..1.0 

sorbose( cr) 
C6H I20 6(cr8) 180.1577 -1266.594± 1.1 372.4±6.6 

glucose(v!t) 
C6H I206(i:lO) 180.1577 1262. 194::L0.88 -915.902..1.. 1.9 271.525::L5.6 336.3±.6.5 

glucose(ao) 
C6H I20 6(ao2) 180.1577 -1258.657± 1.7 - 91O.989±2.4 266.909±9.0 342.0±17. 

mannose(ao) 
C!>H12O!>(no3) 180.1S77 12S9.382± 1.0 91S.S11±1.9 279.645±5.9 369.0±14. 

fructose( ao ) 
C6H I206(ao4) 180.1577 -1255.203±0.12 -908.933±0.18 271.600±0.49 319.0±20. 

galactose( ao ) 
C6H 1206(ao5) 180.1577 -1263.300±4.2 ~911.954±6.2 254.574±25. 

sorbose(ao) 
C6H I30 6.S(cr) 189.1653 -1024.1O6±2.1 

fructose hemihydrate( cr) 
C6H 140 7(cr) 198.1730 -1568.897±0.96 -1148.350± 1.9 255.567±5.9 

a-glucose monohydrate(cr) 
CSHgOgp 3-(ao) 227.0891 -2015.983±0.37 -1508.068±0.61 -95.293±2.4 

ribose 5-phosphate3-(ao) 
CSH90 gp2-(ao) 228.0965 -2041.483±0.34 -1582.568±0.60 69.000± 1.7 9.6±45. 

ribose 5-phosphate2-(ao) 
CSH90 gp2- (ao2) 228.0965 -2023.755±0.42 -1581.368±0.61 124.437±2.5 

ribulose 5-phosphate2-(ao) 
CSH9Ogp2-(ao3) 228.0965 -1582.57S±0.62 

xylulose 5-phosphate2- (ao) 
C5H90 gp2-(ao4) 228.0965 -1585.168±0.64 

arabinose 5-phosphate2-(ao) 
C5H90 gp2-(ao5) 228.0965 -1575.697±6.0 

ribose I-phosphate2-(ao) 
CsHIOOgP-(ao) 229.1039 -2030. 183±O.37 l620.748±O.61 234.903±2.4 

ribose 5-phosphate-(ao) 
C6HIOO9p3-(ao) 257.1154 -2241.236± 1.4 -1697.142±2.1 22.198±8.4 

glucose 6-phosphate3-(ao) 
C6H 110 9p2-(ao) 258.1228 -2276.436± 1.2 -1763.942±2.0 128.130±6.9 48.3± 17. 

glucose 6-phosphate2-(ao) 
C6HII09p2-(ao2) 258.1228 1756.867±2.1 

glucose I-phosphate2-(ao) 
C6H 110 9p2-(ao3) 258.1228 -2273.227±1.3 -1760.820±2.1 128.420±7.3 56.6±19. 

mannose 6-phosphate2-(ao) 
C6HII09p2-(ao4) 258.1228 -2264.767±1.2 -1760.795±2.0 156.711 ±6.9 88.9±17. 

fructose 6-phosphate2-(ao) 
C6H11 09p2-(ao5) 258.1228 -1756.694±0.21 

galactose 6-phosphate2-(ao) 
C6HII09P2- (ao6) 258.1228 -1754.067±2.1 

galactose I-phosphate2-(ao) 
C6HII09p2-(ao7) 258.1228 -1764.192±2.2 

fructose I-phosphate2-(ao) 
C6H 120 9P-(ao) 259.1302 -lSOO.592±2.1 

glucose 6-phosphate-(ao) 
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Table 15. Calculated values of thermochemical properties at 298.15 K 

Compound molar mass t1rH
o t1tG° 

g mol- 1 kJ mol- 1 

CJl11OoP-(ao2) 259.1302 -179~.977+2.1 

glucose I-phosphate-(ao) 
C6H 1209P -(ao4) 259.1302 -1796.595±2.1 

fructose 6-phosphate-(ao) 
C6H 120 9P-(ao6) 259.1302 -1791.767±2.2 

galactose I-phosphate - (ao) 
C6H 1309P(ao) 260.1376 -1809.375±2.1 

glucose 6-phosphate(ao) 
C6H 130 9P(ao2) 260.1376 -18oo.707±2.2 

glucose I-phosphate(ao) 
C6H1309P(ao6) 260.1376 -1798.727±2.3 

galactose I-phosphate(ao) 
NiCsH90SP(ao) 286.7854 -1643.068±0.64 

Ni-ribose 5-phosphate(ao) 
MgCsH90 gP(ao) 252.4004 - 2051.568±0.63 

Mg-ribose 5-phosphate(ao) 
MgC~1l09P(ao2) 282.4267 -2226.317±2.2 

Mg-glucose I-phosphate(ao) 
MgC6H 1109P(ao4) 282.4267 -2230.195±2.2 

Mg-fructose 6-phosphate(ao) 
CaC6H 110 9P(ao2) 298.2017 -2323.907±2.3 

Ca-glucose I-phosphate(ao) 
CaC~II09P(a04) 298.2017 - 2326.995 ± 2.2 

Ca-fructose 6-phosphate(ao) 

Auxiliary Data 

C(cr) 12.0110 0 0 
COz(g) 44.0098 -393.51 ± 0.13 -394.37 ± 0.13 
Oz(g) 31.9988 0 0 
H+(ao) 1.0074 0 0 
H2(g) 2.0159 0 0 
H20(1) 18.0153 - 285.830 ± 0.040 -237.189 ± 0.04 
N2(g) 2lW134 0 0 
P(cr) 30.9738 0 0 
HPO~-(ao) 95.9804 -1299.0 ± 1.5 - 1096.1 ± 1.5 
H2POi(ao) 96.9878 1302.6 ± 1.5 '-1137.3 ± 1.5 
NiO:-t-(ao) :>8.6lHS';I -:>4.U -4:).6 
Mg(cr) 24.3050 0 0 
Mg2+(ao) 24.3039 -467.0 ± 0.6 -455.30 ± 1.4 
Ca(cr) 40.0800 0 0 
Ca2+(ao) 40.0789 -543.0 ± 1.0 -552.8 ± 1.0 

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

Continued 

so 
Jmol I K 

5.74 ± 0.10 
213.676 ± 0.01 
205.043 ± 0.005 

0 
130.571 ± 0.003 
69.95 ± 0.03 
191.500 ± 0.004 
41.09 ± 0.25 
-33.5± 1.5 
92.5 ± 1.5 
-12lS.Y 

32.67 ± 0.10 
-137 ± 4 
41.59 ± 0.40 
-56.2± 1.0 

co 
p 

0 

75.359 

-254. 
-34. 

-16.0 

-27.0 
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TABLE 16. Ranges of property values 

V(pentose( cr» 
V(hexose(cr» 
V2\pentose(ao » 
V2'(hexose(ao » 

Quantity 

{V2\pentose(ao» - V(pentose(cr»} 
{V2'(hexose(ao» - V(hexose(cr»} 

E·(hexose(cr» 
E2,(hexose(ao » 

Ki,2(pentose(ao » 
Ki.z(hexose(ao » 

(OKT,zloT)p(hexose(ao» 

C;(pentose( cr» 
C;(hexose(cr» 
C;'2(pentose(ao » 
C;'2(hexose(ao» 
{C;'2(pentose(ao» - C;(pentose(cr»} 
{C;'2(hexose(ao» - C;(hexose(cr»} 
{C;'2(sugar(ao» - C;'2(sugar-phosphate(ao»} 

S· (pentose( cr» 
S·(hexose(cr» 
S2\pentose(ao» 
S2'(hexose(ao » 
{S2(pentose(ao» - S·(pentose(cr»} 
{S2'(hexose(ao» - S·(hexose(cr»} 
{S2'(sugar(ao» - S2'(sugar-phosphate(ao»} 

ArHO (pentose( cr» 
ArHO(hexose( cr» 
ArH°(pentose(ao » 
ArHO(hexose(ao» 
{ArH°(pentose(ao). - ArH°(pentose(cr»} 
{ArHO(hexose(ao) - ArHO(hexose(cr»} 
{ArHO(sugar(ao» - ArHO(sugar-phosphate(ao»} 

A~°(pentose(cr) 

A~O(hexose(cr» 

!:i.t.<J ° (pcntol)c( ao» 
A~·(hexose(ao» 

{A~°(pentose(ao) - A~°(pentose(cr»} 
{A~O(hexose(ao) - A~O(hexose(cr»} 
!:i.,CO(sugar(ao» - !:i.tCO(sugar-phosphatc(ao» 

Range of values 

(91.7 to 99.4) X 10-6 m3 mol- 1 

(10S.9 to 11S.3)X 10-6 m3 mol- 1 

(93.7 to 95.7)X 10-6 m3 mol- 1 

(110.5 to 112.0) X 10-6 m3 mol- 1 

(-3.5 to 1.7) X 10-6 m3 mol- 1 

(-2.7 to O.S)X 10-6 m3 mol- 1 

::::;0.02SX 10-6 m3 mol- 1 K- I 

(0.09 to 0.15)X 10-6 m3 mol-I K- I 

(-S.4 to -15.2)X 10- 15 m3 mol-I Pa- I 

(-12.7 to -16.7)X 10-15 m3 mol-I Pa- I 

(0.64 to O.SO) X 10-15 m3 mol-I Pa- I K- I 

(1S4 to 186) J mol-I K- I 

(205 to 232) J mol-I K-I 
(276 to 319) J mol- 1 K- 1 

(319 to 369) J mol- 1 K- 1 

(98 to 137) J mol- 1 K-I 

(90 to 101) J mol-I K- 1 

(266 to 28S) J mol-I K- 1 

(123 to 144) J mol- 1 K- 1 

(205 to 221) J mol- 1 K- 1 

(204 to 231) J mol-I K--'l 
(255 to 2S0) J mol-I K- I 

(60 to 108) J mol- 1 K- 1 

(34 to 67) J mol-I K- 1 

(107 to 144) J mol- 1 K- 1 

(-1047 to -1058) kJ mol-I 
(-1266 to -1272) 'kJ mol-I 
(-1023 to -1046) kJ mol- 1 

(-1255 to -1263) kJ mol-I 
(-13 to + 14) kJ mol-I 
(4.6 to 17.1) kJ mol-I 
(1001 to 1015) kJ mol- 1 

(-730 to -745) kJ mol-I 
(-902 to -909) kJ mol-I 
(-739 to -1::51) kJ mol I 

(-909 to -916) kJ mol-I 
(-4.5 to -S.7) kJ mol- I 

(-2.6 to -9.9) kJ mol- I 

(836 Lu 850) kJ mul···· I 

875 

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



876 R. N. GOLDBERG AND Y. B. TEWARI 

11. Reference Codes and References in the 

96BER 

97BRO/PIC 

OOLOB/EKE 

OOOSA 

01MAD 

01MAG 
13MIC 

13MIC/RON 

17DEH 

18PRA 

20BAR 

22JAC/SIL 

22SIM 
23GIL 

25BRI 

25PAR/KEL 

25RIB/ESP 
26JAC/SIL 

26MEY/LOH 

26RIB/MIN 

27MEY/LOH 

28PAR/HUF 

29HIR/SCH 

29PAR/HUF 

30HEN/DOR 

31MAR 

31STE 

32URB/SHA 

34HEN/STE 
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Dehn, W. M.; J. Am. Chern. Soc.; 39, 1399 
(1917) 

Pratt, F. R.; J. Franklin Inst.; 185, 663 
(1918) 
Barry, P.; J. Am. Chern. Soc.; 42, 1911 
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Jackson, R. F.; Silsbee, C. G.; Sci. Pap Bur. 
Stand.; 17, 715 (1922) 
Simon, F.; Ann. Phys.; 68, 241 (1922) 
Gillis, J.; Rec. Trav. Chirn.; 42, 1077 
(1923 ) 
Britton, H. T. S.; J. Chern. Soc.; 127, 1896 
(1925) 
Parks, G. S.; Kelley, K. K.; J. Am. Chern. 
Soc.; 47, 2089 (1925) 
Riiber, C. N.; Esp, V.; Ber.; 58, 737 (1925) 
Jackson, R. F.; Silsbee, C. G.; Proffitt, M. 
J.; Sci. Pap Bur. Stand.; 20, 587 (1926) 
Meyerhof, 0.; Lohmann, K.; Naturwiss.; 
14, 1277 (1926) 
Riiber, C. N.; Minsaas, J.; Ber.; 59, 2266 
(1926) 

Meyerhof, 0.; Lohmann, K.; Biochem. Z.; 
185, 113 (1927) 
Parks, G. S.; Huffman, H. H.; Cattoir, F. 
R.; J. Phys. Chern.; 32, 1366(1928) 
Hirsch, P.; Schlags, R.; Z. Phys. Chern. 
(Leipzig); 141, 387 (1929) 
Parks, G. S.; Kelley, K. K.; Huffman, H. 
M.; J. Am. Chern. Soc.; 51,1969 (1929) 
Hendricks, B. C.; Dorsey, J. H.; LeRoy, 
R.; Moseley, A. G.,Jr.; J.Phys. Chern.; 34, 
418 (1930) 
Marwick, T. C.; Proc. Roy. Soc. A; 131, 
621 (1931) 
Stearn, A. E.; J. Phys. Chern.; 35, 2226 
(1931 ) 
Urban, F.; Shaffer, P. A.; J. BioI. Chern.; 
94, 697 (1932) 
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34PAR/THO 

35FRE/BUR 

35MIL 

36BEN/KRA 

37COR/COL 

38HUF/FOX 

40GOU 
40GRE/RED 

4IJAC/STE 

41NEL/NEW 

41STU 

Parks, G. S.; Thomas, S. B.; J. Am. Chem. 
Soc.; 56, 1423 (1934) 
Frenzel, c.; Burian, R.; Haas, 0.; Z. Elek 
trochern.; 41, 419 (1935) 
Miller, P.; Iowa State ColI. J. Sci.; 10, 91 
(1935) 
Bennewitz, K.; Kratz, L.; Physik. Z.; 37, 
496 (1936) 
Cori, C. F.; Colowick, S. P.; Cori, G. T.; J. 
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(1941 ) 
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dards Circular 440; U. S. Government 
Printing Office, Washington,DC; (1942) 

42COL/SUT Colowick, S. P.; Sutherland, E. W.; J. Bio!. 
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43KOS Kosterlitz, H. W.; Biochern J.; 37, 321 
(1943 ) 
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12. Glossary of Symbols and Terminology8 
Roman 
c 

e 
g 
h 
k 

m 
n 
p 
u 
v 
x 

C 
D 
E 
G 
H 
K 
Ks 
KT 
L 
M 

concentration/mol L -I; or parameter in expression 
for the excess heat capacity; or specific heat capac­
ity/ J kg- I 

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- l 

amount of substance 
pressure/ Pa 
speed of sound/ m s - 1 

parameter in expression for the excess volume 
mole fraction 

heat capacity 
diffusion coefficient 
expansivity: (a v / aT) p 

Gibbs energy 
enthalpy 
equilibrium constant 
isentropic compressibility: (a v / ap ) s 
isothermal compressibility: (aV lap)T 
relative enthalpy (H - HO) 
molar mass/ kg mol- 1 
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R gas constant (8.31451 J mol- l K- 1
) 

S entropy 
T thermodynamic temperature 
V volume 

Greek 
a cubic expansion coefficient: V-1(aV lan p 

r activity coefficient 
17 viscosity 
Ks cubic isentropic compressibility coefficient. 

V-1(aV /ap)s 
K T cubic isothermal compressibili ty coefficien t • 

V-1(aV /ap)T 
p (mass) density/ kg m- 3 

tP osmotic coefficient 
a change in a property 

superscripts 
° 

* 
00 

ex 
id 

subscripts 

f 
1,2 

1,2, ... ' 
¢> 

physical states 

standard state quantity 
the property of the pure substance 
the limit of a property as the concentration of 
solute approaches zero 
excess 
ideal 

formation property 
designate solvent and solute, respectively; the 
SUbscript 2 is frequently omitted for the solute 
subscripts for virial parameters 
apparent molar quantity 

am amorphous solid 
ao aqueous, standard state of the indicated spe· 

cies 
aq aqueous solution. concentration not specified 
cr crystalline solid 
g gaseous 
I liquid 
vit VItreous (glassy)liquid 

a 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. 


