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Recommended thennochemical property values, AfHo, ArGo, and So for the aqueous 
ions of iron, F~+ and Fe3 +, are given at 298.15 Kin SI units. They are consistent with 
the CODATA Key Values for Thennodynamics. The values are: AfHo = -90.0:!::O.5 kJ· 
mol-I, ArGO = -90.53:!::1.0 kJ·mol- I, So = -101.6:!::3.7 J·mol-I·K- 1 for 
Fe2+(ao) and IlfHo = -49.0±1.5 kJ·mol- 1, D..rG° = -16.28:!::l.l kJ·mol- 1, SO 

= -278.4:!:7.7 J ·mol- 1 
• K- 1 for Fe3+(ao). The evaluation involves the analysis of the 

enthalpy changes, Gibbs energy changes, and the entropy measurements for all key 
substances in the key network. A consistent set of thennochemical property values is 
given for FeOOH(cr, Goethite), FeCI2(cr), FeCI3(cr), FeBr2(cr), FeBr3(cr), FeI2(cr), and 
FeS04·7H20(cr), as· well as "reconstituted" recommended process values with 
uncertainties involving these substances. All recommended values are also given for a 
standard state of pO= 1 atm. A computer based reaction catalog of measurements 
accompanies the text analysis. © 1995 American 1nstitute of Physics and American 
Chemical Society. 

Key words: data evaluation; aqueous Fe2+; aqueous Fe3+; CODATA; enthalpy; entropy; Gibbs energy; iron 
compounds; key values; reaction catalog; thermochemical measurements. 
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1. Introduction 

1.1. General 

This paper is concerned with the evaluation and selection 
of the thermochemical properties of the aqueous ions Fe2 + 
and Fe3 + and with those related key compounds that are in 
the "key network." The properties studied are Il fHo , 
~fGo, and So at 298.15 K; all recommended values are 
given in SI units. All values are consistent with the CODATA 
Key Values [89COXlWAG].a 

Values are also given for a standard state pressure of 1 atm 
since the CODATA recommended thermochemical values 
[89COXlWAG] for So and AlJo used here are given in 
joules with the 1 atm standard state. 

The evaluation of the above mentioned species is part of a 
study of the thermochemical properties of iron and some of 
its compounds, undertaken as part of a larger international 
project of thermodynamic tables under the auspices of the 
CODATA Task Group on Chemical Thermodynamic Tables. 
The concept and scope of this project are described in 
87GARlPAR, which contains the study of calcium and some 
of its compounds. 

Although all sections of 87GARIPAR . are consistent, the 
contribution of each participating group was distinct. In the 
endeavor on the thermochemistry of some Fe compounds, 
closer cooperation occurred. The analysis of the thermo­
chemical behavior, the accompanying reaction catalog, and 
the evaluation and selection of the property values for these 
species were achieved in close cooperation and consultation 
by the participating organizations: National Institute of Stan­
dards and Technology (NIST) , Institute of High Tempera­
tures (IVTAN), and Vernadsky Institute of Geochemistry and 
Analytical Chemistry (VIGAC). 

There are three major aspects to this paper. 

(1) The key network reactions and compounds related to the 
aqueous ions Fe2 + and Fe3 + are discussed in the heart of 
the text and used to define the key values. By a "key" 
compound we mean a species whose thennochemical 
properties are of strategic importance because many 
other compounds are dependent upon its thermochemical 
propP-rtlP-s. The properties of this compound may, in tum, 
be dependent upon those of other compounds (from vari­
ous reaction paths). This group of compounds and its 
interconnections comprise the "key network." These re­
actions are also contained in the Reaction Catalogs (Ap­
pendix I). For ease of location in the catalog, the number 
of the reaction in the catalog is given. Unless otherwise 
specified, all reactions are in ALb (Reaction Catalog) 
and, unless otherwise specified, reaction energies are to 
be assumed to be at 298.15 K and are given as 
kJ . mol-I; the energy value is for the reaction as written. 
For convenience to the users, E values and A G values 
given in Secs. 4 and 5 are as originally obtained using 
pO = 1 atm, unless otherwise stated; calculation to 

aThis is a reference code used in the text and in the accompanying reaction 
catalog. It is keyed to the bibliographic references given in Sec. 7. A de­
scription of the reference code is given in 1.2.5 and AI.a. 

ArG°(Fe+2, ao) and ArGO (Fe+3, ao) is also made at 
pO = 1 atm. Final conversion is made to pO = 1 bar in Sec. 
6. 

(2) Other pertinent reactions contributing to, but not consid­
ered definitive for, the key compounds' values are given. 

(3) A reaction catalog which includes all reactions available 
or considered on many compounds of interest with de­
tailed commentary on the specifics of the reactions is 
given. Each reaction is numbered. 

1.2. Conventions and Auxiliary Data 
1.2.1. Definitions and Symbols 

The recommendations of the Division of Physical Chem­
istry of the International Union of Pure and Applied Chem­
ilStry [82IUP] i:U~ fulluw~u fur th~luluuyllaIIlk: I,;UIlV~llLiuIlS, 
standard states, terminology, nomenclature, symbols, and 
units. The symbols used here are also given in 89COXI 
WAG. 

In addition, in order to maintain the same symbols base in 
the text as is given in the database reaction catalog (Al.b) , 
the following are used: 

ai = hypothetical staridardstate, m = 1 mol· kg - I for an 
electrolyte in aqueous solution (the sum of the values for the 
ions) 

ao = hypothetical standard state, undissociated 
aq = aqueous, unspecified concentration, usually dilute 
250 H20, etc. = solution af specified composition 
D = differential (partial molar property). 
For aqueous solutions the following are used: 
<I>L = the relative apparent molal enthalpy = the integral 

enthalpy of dilution of the solute to infinite dilution 
[2 = the relative partial molal enthalpy of the solute in the 

given solution 

= <I>L + ~m1/2(d<I>L/dmll2) 
<I>L(D_H)=the Debye-Hiickel (see 58HARIOWE) limiting 

law contribution to <P L . 
One of us (I.K.) in 75KHO proposed an ·equation for cal­

culating the thermal effects to infinite dilution derived from 
the Debye-Hiickel relation which was modified in 1986 to: 

<t>L(D-H) = az2
[ :; Y J + (;~2 Y2], 

where 

2 2 In (1 +4B11/2
) 

Y I = I - 4 B 1112 + ( 4 B) 2 I ' 

4 2 [ 1 
Y2= 1- 4BIlI2 + (4B)2I 1 +4BIII2 

+3 In (1 +4BI112)-I], 

AZ2 = k (Z2 ions, products-z2 ions, reactants), 
z=charge on the ion, 
at 298.15 K B=O.3285, 
SH= 1.4703 kJ ·mol- 1

, 

WH =-.54183 kJ·mol- 1 

So that 

J. Phvs. Chern. Ref. Data. Vol. 24. No.5. 1995 
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<l>L (D_H)=Az2(267.428Yl-75.003Y2)· 

This equation is used where applicable. 

1.2.2. Reference States 

The reference states used are as given in 89COXIWAG. 

1.2.3. Molar Masses 

The molar masses used are consistent with the relative 
atomic masses recommended by 86IUP and given in 88MILI 
CVI. 

1.2.4. Units, Fundamental Constants, and Thermochemical 
Property Values for Auxiliary Data 

All recommended values in the tables are given in SI units 
as recommended by 82IUP. Values for the fundamental con­
stants are taken from 86COHITAY (see 88MIL/CVI for con­
solidated IUPAC Physical Chemistry units, etc.). 

The primary source for all thermochemical property val­
ues is 89COXIWAG which gives the CODATA Key Values 
for thermodynamics; those used here will not be repeated. 
Citation to readily available literature values consistent with 
CODATA selections will be made. Those values not readily 
available will be given here. 

1.2.5. Description of Bibliographic References 

In order to use the same reference citation in the text as in 
the computer based reaction catalog, a reference code is 
used. The citation is given as follows: 

The final two digits of the year (nineteenth century cita­
tions carry the four digits) precede the first three letters of 
the first two authors' last names (separated by a slash) in 
upper case letters. A number at the end of the code indi­
cates that there is more than one reference having the same 
first two authors' codes and year of publication. 

The Bibliography in Sec. 7 is arranged chronologically by 
this reference code and alphabetically by the first author 
within each year. A full reference, including all authors, jour­
nal volume, page, and year of publication accompanies each 
reference code. Protocols for the computer format for enter­
ing references into the bibliography have been prepared by 
83NEU. 

1.2.6. Content and Description of the Reaction Catalog 

The reaction catalog (Appendix I) is setup as a databank in 
a format developed for input of the information into a form 
more suitable for storage and calculation [83NEU]. This for­
mat was used as input for the calcium reaction catalog output 
published in 87GARIPAR. A description follows: 
Z: the reference code as described in Sec. 1.2.5 
R: the reaction studied or the substance studied. If it is for 

a substance studied, the substance formula will be pre­
ceded by an = sign. This is primarily used for the en­
tropy. of a substance. 

DV: the thermodynamic property measured for the reaction 
listed, the temperature, the value and uncertainty, and 
the units. The uncertainties in the values for reactions 
listed in the reaction catalog and used in the text are 
initial uncertainties assumed by the evaluator as dis­
cussed in 87PARIEVA and may not agree with the ex­
perimentalist's appraisal. 

F: a flag to indicate special features such as a subcatalog. 

W: 

C: 

*. 
s: 

Here it is used with TN to indicate that the reaction 
was used in the 69WAGIEVA (Technical Note Series) 
evaluation. However, the absence of this flag does not 
indicate that it was not considered for the 1969 evalu­
ation. 
this is a weighting code. If it is followed by - 1, it is a 
constraint to accept the value with no modification; if 
it is followed by 99, it is for information only (i.e., the 
measurement is not given any V{eight in the· evalua-
tion). . 
(and CC:) comments pertaining to the reaction or other 
pertinent information 
pri vate comments and working notes· 
Name or initials of the evaluator and the date of the 
preparation or modification of the entries. 

The thermochemistry property designation for rea~tions is 

H for I1H; . G for I1G; S for I1S; and S for So 

(if the R: entry is for· a substance, 

the formula is preceded by an =). 

The temperature is given in degrees Kelvin or Celsius. If 
the temperature is not specified, the measurement is assumed 
to refer to 298.15 K. The pressure can be assumed to be 
either one bar or one atmosphere. For AG's (where needed) 
or So's of gases, the pressure is stated in the comments. The 
thermochemical value and uncertainty are given as decimal 
numbers. The currency symbol (in the U.S., the "$") is used 
to separate the value and its uncertainty and represents :±. 

The shorthand abbreviations for the units used in the cata­
log are dependent on the property so that: 

kJ=kJ'mol- 1 forH,G, andkJ·mol-1·K-1 for S, Cp 

kC=kcal.mo1- 1 for H,G, and kca1.mo1- 1.K-1 for S, Cp 

J=J·mol-1·K-1 for S, C~ 

C=caI·mol-1·K-1 for S. Cp 

K, °c = degrees. Kelvin, Celsius temperature. 

All values are for the reaction as given. 

1.2.7. Uncertainties 

The uncertainties in the values for real:tiulls listed in the 

reaction catalog (Appendix I) and used in the text are initial 
uncertainties assumed by the evaluator, as discussed in 
87PARIEVA and mayor may not agree with the experimen­
talist's appraisal. In the course of the evaluation and in ratio­
nalizing the property values of a substance from the various 
measurement paths and from replicate measurements of the 
same path, this initial judgment may prove to be unrealistic. 
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The uncertainties listed in the tables of recommended prop­
erty values for the substances are the evaluator's final esti­
mate of the reliability of the predicted value. l!se of these 
uncertainties, however, to calculate the uncertainty of a pro­
cess value (as the square root of the sum of the squares of all 
the uncertainties in the properties of the substances in the 
process) may result in too high a value since (1) the assigned 
uncertainty on the property value incorporates the uncertain­
ties on the process values from whieh it is derived and (2) the 

property values of the substances in the process could be 
highly correlated. In order to avoid this, the recommended 
reconstituted process values for the processes of interest are 
tabulated with the evaluator's estimated reliability (assumed 
to have a level of confidence of 95%). 

1.3. Acknowledgments 

We wish to acknowledge the early contributions of V. 
Medvedev (IVTAN) and O. Devina (VIGAC) towards the 
evaluation, to M. Efimov (IVTAN) for releasing his experi­
mental results to us before publication, and to L. Gurvich 
(IVTAN) for thermal function data. We wish to thank the 
Standard Reference Data Program (NIST) for their financial 
support and M. W. Chase and his staff for their editorial 
assistance. 

1.4. Method of Approach 

1.4.1. General 

The sequential method, as described by 76GARIPAR and 
77GARlPAR, is used. In this method all data on the com­
pounds of interest in the network of the element are as­
sembled and the properties, ~fHo, ~rG 0, and So are calcu­
lated and evaluated compound by compound, starting with 
the compounds whose properties can be determined indepen­
dently, that is, they depend only on known auxiliary data (in 
this case, CODATA KEY VALUES [89COXlWAG] and CO­
DATA Compatible Values), and not on any other compounds 
of the same element. Then the properties of other compounds 
dependent on these first selections are set. If several mea­
surement paths involve the same compound, a confirmation 
of the choice may be obtained. If confirmation of the choice 
(within the stated uncertainty) is not obtained, a "reworking" 
of the previous selections may be made and revised values 
selected in order to obtain a reasonable over-all fit. This 
manual sequential method is iterative. More than one pass is 
involved in establishing the final values for the key com­
pounds in the key network. In order to show the evolution to 
final recommended values in the evaluation we indicate in 
each section our initial selection, that is, our tentative or 
working value, and its modification as we proceed in our 
evaluation to test, rationalize or modify, and finalize onr rec­
ommendations. So that the user will understand this, we will 
also indicate in each section what the final resolved recom­
mendations will be. 

1.4.2. The Systematic Analysis 

The major compounds in the key network for the deter­
mination of the properties of Fe2+(ao) and Fe3+(ao) are: 

Fe3 0 4 (cr) , FeOOH(cr, Goethite), FeCI2(cr), 
FeCI2·4H20(cr), FeCI3(cr), FeBr2(cr), FeBr3(cr), FeI2(cr), 
FeS04·7H20(cr), and (NH4hFe(S04)2 ·6H20(cr). 

The following chapter descriptions show the approach. 
The relevant information also is repeated at the beginning of 
each chapter. 

Section 2-Here we evaluate the measurements leading to 
~fHO(Fe2+, ao) beginning with: . 

(1) the determinations of ~fHO(FeCI2' cr), independent of 
other Fe compounds, and the ~solHo of FeCI2( cr) in 
H20(1); an initial selection is made for 
AfHo (FeCI2 , cr)~ 

(2) the determinations of ~fHO(FeBr2' cr), independent of 
other Fe compounds, and the ~solHo of FeBr2(cr) in 
H20 (1) ; this also requires an initial selection for 
~fHO(FeBr2' cr); 

(3) the measurements of ~fHO(FeI2' cr); those independent 
of other Fe compounds, and then that dependent upon 
~fHO(FeBr2' cr); an initial selection is also made for 
~fHo (FeI2, cr), as well as ~solHo; 

(4) the independently d~tennined afHO(FeS04' 7HzO, cr) 

and the ~solHo in H20(l); 
(5) the independently arrived at ~fHO«NH4hFe(S04h, cr) 

and its ~solHo in H20(l). 

In Sec. 2.5 we tabulate the various values obtained for 
~fHO(Fe2+, ao) from our initial selections for the AfHo,s of 
the ferrous halides and sulfates and make our tentative selec 
tion for ~fHO(Fe2+, ao) and also make adjustments to our 
initial selections for the salts. 

Section 3-The ~fHO(Fe3+, ao) is evaluated. We begin 
with: 

(1) the determinations for ~fHO(FeC13' cr), those indepen­
dent of other Fe compounds as well as those linked to 

FeCI2(cr), combined with a selection for 
~solHO(FeCI3' cr) which in itself requires a working 
value; 

(2) the direct determination of ~fHO(Fe3+, ao) through oxi­
dation of Fe(cr); 

(3) the enthalpy relationship between Fe3+(ao) and 
Fe2+(ao). 

In Sec. 3.4 we summarize the various possibilities and 
select a value for I1fHO(Fe3+. ao). modify Ollr initial selec­
tion for ~fHO(FeCI3' cr), and also select a value for 
~fHo (FeBr3, cr). These selections will eventually become 
our final recommended values. 

Section 4-The ~rG°(Fe2+, ao) is evaluated from: 

(1) e.m.f. (Sec. 4.1) and some equilibrium constant measure­
ments (Sec. 4.2.1) that result in values for ~rG 0 indepen­
dent of other Fe species; 

(2) equilibrium measurements involving solubilities of 
Fe304(cr, magnetite) (Sec. 4.2.2) and FeS04' 7H20(cr) 
(Sec. 4.2.3) and FeC12 ·4H20(cr) (Sec. 4.2.4) which also 
invol ves its vapor pressure. 

Tn Sec_ 4_~ a tentative selection is made (po = 1 atm). 
Section 5-The ~tG°(Fe3+, ao) is evaluated by: 
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(1) establishing the thermochemical property values of 
FeOOH(cr, Goethite) and its AsolGo (Sec. 5.1.3) to ob­
tain a value for AIJ ° and 

(2) by obtaining values for AIJO(Fe3+, aof-AIJ0(Fe2+, 
ao) (Sec. 5.1.4) that are independent of the properties of 
other iron compounds, from cell measurements and other 
equilibrium measurements and using our tentative value 
for AIJO(Fe2+, ao) to obtain other values for 
AIJO(Fe3+, ao). 

In Secs. 5.1.5 and 5.2 we finalize the selections for the 
A(AIJo)'s and for AlJo (Fe3+, ao) (po = 1 atm), rationalis­
ing our selections by reviewing the effect on values for 
ArHo and AsoIHo of substances in the key network. 

Section 6-All final recommended property values and 
uncertainties are tabulated (pO = 1 atm and pO = 1 bar). Pre­
dicted (calculated) process values and uncertainties for many 
of the reactions used in this evaluation are also tabulated. In 
addition, a list of reactions(contained in the reaction cata­
logs) pertinent to this evaluation but not definitive are given 
(Sec. 6.2). 

2. The Evaluation of the Enthalpy of 
Formation of Aqueous Fe2 +, 

.dfHO(Fe2+, ao) 

Here we evaluate the measurements leading to 
ArHO(Fe2+, ao) beginning with: 

(1) the determinations of ArHO(FeCI2, cr), independent of 
other Fe compounds, and the AsoIHo of FeCI2(cr) in 
H20(l); . an initial selection is made for 
ArHO(FeCI2, cr); 

(2) the determinations of ArHO(FeBr2' cr), independent of 
other Fe compounds, and the AsoIHo of FeBr2(cr) in 
H20(l); this also requires an initial selection for 
ArHO(FeBr2' cr); 

(3) the measurements of ArHO(FeI2' cr); those values inde­
pendent of other Fe compounds, and then that dependent 
upon ArHO(FeBr2' cr); an initial selection is also made 
for ArHO(FeI2' cr), as well as AsolHo; 

(4) the independently determined AfHO(FeS04' 7H20, cr) 
and the AsolHo in H20(l); 

(5) the independently arrived at ArHO«NH4hFe(S04h, cr) 
and its AsolHo in H20(l). 

In Sec. 2.5 we tabulate the various values obtained for 
AfHO(Fe2+, ao) from our initial selections for the ArHo 's of 
the ferrous halides and sulfates and make our tentative selec­
tion for ArHO(Fe2+, ao) and also make adjustments to our 
initial selections for the salts. 

2.1. The Chloride System 

2.1.1. afHO(FeCI2, cr) 

2.1.1.1. Calorimetric measurements of the enthalpies of 
the reaction of Fe(cr) and FeCllcr) in HCI solutions 

There are two determinations for the enthalpy of the reac­
tion: 

ArH=-17.04±0.21 kJ·mol- 1 (n=12.731)[59KOE/COU 
(No. 90)] 

and 

ArH=-12.85±2.0 kJ·mol- 1 (n=200)[1882THO(No.89)]. 

Correction to the standard state of HCI(aq), using ¢L from 
65PAR, results in ArHo= 7.50±0.21 and 
- 11.08 ± 2 .0 kJ· mol- 1 , respectively, for 

Fe( cr) + 2HCI(ai) = FeCI2( cr) + H2(g) 

and ArHO(FeCI2, cr)= 341.66±0.25 and 
- 345.24±2.0 kJ mol-I, respectively. 

2.1.1.2. Calorimetric measurements of the enthalpies of 
the reaction of Fe(cr), FeRrier) and FeClicr) in aqueous 
(KBr, Br2) solutions. 

Recently, 89EFIlEVD and 89EVDlEFI (Nos. 115 and 166) 
measured the enthalpies of reaction of Fe(cr), FeBr2(cr), and 
PeCl2(cr) in (KBr, Br2) solutions, ~s well as the enthalpies of 
solution of KCl(cr) and KBr(cr) in the same medium to re­
sult in the following summations: 

ArHO= -24~.737±0.22 kJ ·mol- 1 

2. FeB r2 (cr) +2KCI(cr) = FeCI2(cr) +2KBr(cr); 

'A rHo = -10.032±0.21 kJ ·mol-1 

Using the following: 

3a. KCI(cr)=K+(ao)+CI-(ao); 

ArHo= 17.245±0.045 kJ·mol- 1[87GARlPAR] 

and 

3b. KBr(cr)=K+(ao)+ Br-(ao); 

we obtain 

4. FeBr2(cr) +2CI-(ao) = FeCI2(cr) +2Br-(ao); 

Apo=-5.032±0.22 kJ·mol- l . 

Thus, ArHO(FeCI2, cr)-ArHO(FeBr2' cr) =-96.372 
±0.24 kJ·mol- 1, and using ArH°(1), AfHO(FeCI2, cr) 
=-341.109±0.22 kJ·mol- 1

, in support of 59KOE/COU 
(Sec. 2.1.1.1). Similar measurements were made by 34HIEI 
WOE (No. 167) at 273.15 K for Fe(cr), Br2(1) and 
FeBr2(cr) to obtain (corrected to 298.15 K) 
ArHO(FeBr2' cr) or ArHo (1) = - 251.44 ± 5.0 kJ· mo]-l . 
Since 34HIE/APP (No. 168) measured the enthalpies of so­
lution of FeCI2(cr) and FeBr2(cr) in 2 mol ·dm-::I HCI (see 
8.2 for all details) we have, in place of the ahove reaction 
(2): 

bSelected from sources cited and used by 89COX/W;\(; i II developing the 
key values for the thermodynamic property values oj" the iOlls. 
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TABLE 1. The enthalpy of formation of FeCl2 (cr) from the reaction, 
FeCI2(cr)+ H2(g) = Fe(cr)+2HCl(g) 

f!./r, kJ·mol- 1 -f!.fHo, "kJ ·mol- I 

IT III IT 
27BAG 164.6±12 156.93±3.0 349.2±12 
(No. 82) 

38SAN 158±4.0 154.84± 1.7 342.7±4.0 
(No. 86) 

43WAG/STE 157.1O±1.0 
(No. 88) 

50KANIPET 155.8±5.2 159.87±1.5 340.4±5.2 
(No. 83) 

52NOV/ORA 137±1O 155.02±1.6 321.6± 10 
(No. 84) 

60NOVIMAK 134.6±4.3 158.01±1.8 319.2±4.3 
(No. 85) 

Thi:s :SlUUy 157.1..!..1.0 

5. F~C12(cf)+F~Bf2(D'HCl+27H20) 

=FeBr2(cr)+FeCI2(D·HCI+27H20); 

ArH..,-4.99±1.6 kJ-mol- i . 

An estimate for 

6. FeCI2(D·HCI+27H20)+2HBr(ai) 

III 
341.55±3.0 

339.46±1.7 

341.72± 1.0 

344.49±1.5 

339.64±1.6 

342.63±1.8 

341.72..!..1.0 

= FeBr2(D· HCI +27H20)+2HCI(ai); 

~Ji=-1.96±0.4 kJ·mol- I 

based on the [2 values for HCI (in 27H20) and HBr 
(in 27H20) from 65PAR results in ~rHO(4)=-3.03±1.6 
kJ·mol- 1

, ~fHO(FeCI2' cr) -~fHO(FeBr2' cr) 
=-94.37±1.6 kJ·mol- 1 and ~fHO(FeCI2' cr) =-345.81 
±5.3 kJ 'mol- I , in support of 1882THO. It should be 
pointed out that the ~(~fHo)'s from 89EFIlEVD and 
89EVDlEFI and the measurements of 34HIEIWOE and 
34HIEI APP are in closer agreement than the enthalpies of 
formation indicate. 

2.1.1.3. The high-temperature reduction of FeClicr) by 
Hig) 

For the reaction: FeCI2(cr)+H2(g) = Fe (cr) +2HCI(g), we 
tabulate (Table 1) the second (II) and third (III) law results 
from six studies considered in this analysis (see Sec. 8.2 
entries for details) and the weighted average of the third law 
values. 

2.1.1.4. Summary 
The considered values for ~fHO(FeCI2' cr)/kJ·mol- 1 are 

-341.66±0.25 [59KOE/COU], -341.11±0.22 [89EFIlEVD 
and 89EVDIEFI] and -341.72±1.0 {see Sec. 2.1.1.3] (we 
reject from consideration the early 1882THO value of 
-345.24±2.0 kJ 'mol- I

) from which we initially select 
- 341.66±0.25 kJ·mol- I and which we will use in Sec. 
2.1.2. 

2.1.2. The Standard Enthalpy of Solution of FeCI2(cr) in H20(I), 
and 4 fHO(Fe2+, ao) 

For the process: FeCI2(cr)=Fe2+(ao)+2CI-(ao),the mea­
surements lead to the following: 

52LIIGRE (No. 97) 
77CERIHEP (No. 96) 
82COBIMUR (No. 93) 
90EFIlFUR (No. 94) 

-82.70 ± 0.84 
-83.05 ± 0.42 
-82.906 ± 0.32 
-83.11 ± 0.42 

These values were obtained using ¢L obtained from the 
82COB/MUR measurements of ~solH of FeCh(cr) as a func­
tion of molality in the range 0.0002 to 0.011 mol·kg- 1 (total 
ionic strength 0.01155 to 0.03713 mol·kg- l

) and the direct 
enthalpies of dilution of a FeCl2 solution by· 79BERIMOR 
(No. 116) (m =4.43 mol· kg -1) to final solutions in the range 
0.0016 to 0.0052 mol·kg- l (total ionic strength 0.0049 to 
0.0157 mol·kg- l ). 

We accept for a "tentative" or working value, 
~soIHo= -83.00±0.10 kJ ·mol- l . With the initial value 
~fHO(FeCI2' cr)= -341.66±0.25 kJ ·mol- 1 and ~solHo 
=-83.00±0.10 kJ·mol- 1 we obtain ~fHO(FeCI2' ai) 
=-424.66::!:O.15 kJ·mol- 1 and afIfO(Fe2 +, ao) 
= -90.50±0.25 kJ ·mol- I . It is obvious, however, from the 
spread in values for ~fHO(FeCI2' cr): -340.4±2.0 to 
-34S.24±2.0 kJ .mol- I ,. that the range of values for 
~fHO(Fe2+, aq) is -89.4 to -94.08 kJ ·mol- I . 

In addition, the combination of 89EFIlEVD and 89EVDI 
EFI for ~fHO(FeCI2' cr)( -341.11 ±0.22 kJ 'mol- I ) and 
~soIHO(-83.11±0.10 kJ·mol- 1

) from 90EFIlFUR results in 
a direct path to ~fHO(Fe2+, ao)= -90.06±0.25 kJ ·mol- I . 

2.2. The Bromide Syste.m 

2.2.1. 4fHo (FeBr 2' cr) 
2.2.1.1. Calorimetric measurements of the enthalpies of 

reaction of Fe(cr) and FeBricr) in aqueous (KBr, Br2) solu­
tions 

In Sec. 2.1.1.2 we obtain two values for 
~fHO(FeBr2' cr), -244.74±0.22 kJ ·mol- 1 [89EFIlEVD] 
and -251.44±5.2 kJ·mol- I [34HIEIWOE], although the 
~fHO(FeCI2' cr)-~fHO(FeBr2' cr)'s are in closer agree­
ment, -96.37::!:O.24 [89EVVlbJ:ll] and -94.37±1.6 
kJ 'mol- I

, respectively.c We initially select 
~fHO(FeBr2' cr) = -245.00±0.25 kJ ·mol- I . 

2.2.2. The Standard Enthalpy of Solution of FeBr2(cr) In H20(I) 
and 4 fHO(Fe2+, ao) 

From ALb, we have ~soIHO(FeBr2' cr)1kJ 'mol- 1 = -86.85 
±0.12 [90EFIlFUR (No. 178)], -86.53±2.0 [52GREILI 
(No. 186)], -85.75±0.6 [65PAO (No. 174)]d, and -88.3 
±4.0 [34HIE/APP (No. 170)].d 

We take for our initial selection 
~soIHo= -86.85±0.12kJ 'mol- 1

, resulting in 
~fHO(Fe2+, ao)=-89.03±0.28 kJ·mol- l . However, com-

COne can also obtain f!.fHO(FeC12, cr)-f!.fHO(FeBr2, cr)=-95.08±0.5 
kJ· mol-I from the difference in the standard enthalpies of solution of both 
salts in H20 (-83.11 and -86.85 kJ·mol- l , respectively) [90EFIlFUR 
(Nos. 94 and 178)] and the difference in the f!.fHos of the CI-(ao) and 
Br-(ao). 

dUsing estimated -<PL values based on cPL(D-H) and the behavior of other 
bivalent-univalent halides [82WAGIEVA]. 
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plete consistency with the 89EFIlEVD and 90EFIlFUR val­
ues for ~fHO(FeBr2' cr) and !1so1Ho [90EFIlFUR] results in 
-88.77±0.30 kJ·mol- I for !1fHO(Fe2+, ao). 

2.3. The Iodide System 

2.3.1.1. Calorimetric measurements of the enthalpies of 
reactions of Fe(cr), Fellcr), and llcr) in aqueous (KBr, 
Br2) solutions. 

The measurements of 90EFIlEVD and 89EFIlEVD (No. 
194) on the Aso\H of all three components in aqueous KBr, 
Br2 solutions lead to: 

From the results of 34HIEIWOE (No. 198), we obtain 
!1 fHo= 125.9±5.0 kJ ·mol- I . 

2.3.1.2. Decomposition of Fellcr) 
The measurements of 66ZAIIGRE (No. 196) on the de­

composition pressure of FeI2(cr) lead to a third law 
~Ho= 166.1 ±5.0 kJ ·mol- 1 for 

and !1 fHo= -103.7±5.1 kJ ·mol- I. 
The measurements of 56SCHIORA (No. 197) on the de­

composition of FeI2 (1) yield widely different values, a sec­
ond law !1Ho = 193.9±20 kJ ·mol- I and a third law 
!1Ho= 149.4 kJ ·mol- l which result in !1fHo= -131 and 
- 87 kJ· mol-I, respectively. 

We reject the values obtained from the decomposition of 
FeI2 (cr) and FeI2(l). 

2.3.1.3. I:l.f HO (Feh, cr)-!1fHO(FeBr2, crY and !1f Ho 
(FeI2' crY 

The measurements of 89EFIlEVD (Nos. 165 and 194) and 
90hl-'I/EVD (No. 195) on the AsoJH of all components in 
aqueous KBr, Br2, lead to: 

1. FeB r:z(cr)+I:z(cr)= FeIz(cr)+ Brz(I); 

and 

2. FeBr2(cr) +2KI(cr) = FeI2(cr) +2KBr(cr); 

Reaction (1) yields !1fHO(FeI2' cr)-!1fHO(FeBr2' cr) 
=126.658±O.24 kJ·mol- l

. Since ~soIHO(KBr, cr)=19.75 
±0.05 kJ·mol- 1 e and !1so1HO(KI, cr)=20.28±0.10 
kJ ·mol-I.e we can obtain from reaction (2) 

eSelected from sources cited and used by 89COXIWAG in developing the 
key values of thermodynamic property values of the ions. 

3. FeBr2( cr) + 21-(ao) = Fel2( cr) + 2Br-(ao); 

!1Ho= -2.74±0.30 kJ·mol- 1 and!1(!1fHO) 

= 126.52±0.30 kJ ·mol- I .r 

Earlier, we obtained from 34HIEIWOE's similar measure-
ments in (KBr,Br2) solutions !1rHO(FeBr2' cr) 
= -251.44 kJ ·mor I so that !1(!1rHO) = 125.54 kJ ·mol- I . 

We can also obtain from the results of 34HIEI APP on the 
!1so1HO(FeBr2' cr) and !1so1HO(FeI2, cr) in 2 mol·dm- 3 Hel 
(see AI.b, Nos. 168 and 199 for details) 
I:l.Ho= 1.49 kJ ·mol- I for reaction (3) leading to 
~(l:l.fHO)= 130.75 kJ ·mol- I . 

The measurements on the !1so1H of FeBr2(cr) in 
2000H20(1) [65PAO (No. 174)] and on FeI2(cr) in 
4000H20(I) [65PAO/SAB (No. 201)] may be combined such 
that: 

4. FeB r2 (cr) + FeI2(4000H20) 

=FeI2(cr)+FeBr2(2000H20); 

!1H=-2.93±0.56 kJ·moI- 1. 

Estimating (AI.b, No. 176) 

5. FeBr2(2000H20)=FeBr2(4000H20); 

!1H=-0.20±0.20 kJ·mol- 1, 

and assuming correction to standard conditions is essentially 
the same for FeBr2(4000H20) and FeI2, we obt~ain 
!1HO(3) =-3.13±0.6 kJ'mol- 1 and 1:l.(~rHO)=126.13 
±0.6 kJ ·mol- I . 

The !1(!1rHo)'s are in good agreement, and using 
!1(!1fHO) = 126.5±0.3 kJ ·mol- I and our tentative 
!1fHO(FeBr2' cr)= -245.00±0.25 kJ 'mol- 1, we obtain 
-118.5±0.4 kJ·mol- 1 for !1rHO(FeI2' cr), in agreement 
with the direct determination -118.08±0.27 kJ ·mol- 1 from 
90EFIlEVD and 89EFIlEVD. We tentatively select -118.5 
±O.4 kJ ·mol- I

. 

2.3.2. The Standard Enthalpy of Solution of FeI2(cr) in H20(I) 
and a,HO(Fe2+, ao) 

The enthalpy of solution has been measnred by 65PAOI 
SAB (No. 201) (in 4000H20) as -81.42±0.25 kJ ·mol- I

. 

With an estimate for ¢>L = 1.2±0.5 kJ 'mo}-l, ~solHo 
becomes -82.62±0.6 kJ·mol- 1 and with our 
"tentative" ~rHO(FeI2' cr)= -118.5±0.40 kJ 'mol- 1

, we 
obtain !1fHO(FeI2' ai)= -201.12±0.72 kJ ·moI- 1 and 
~fHO(Fe2+, ao) = - 87.56 ± 0.8 kJ·mo)-I. (If we use 
!1fHO(FeI2' cr)=-118.08±0.27 with the above !1so]Ho, 
!1rH O(Fe2+, ao)=-87.l4±0.7 kJ·m01- 1

.) 

These values are tabulated (Table 2) in Sec. 2.5. 

fFrom their LlfHO(FeBr2' cr) - LlrHO(FeCI:2' cr)=<J6.37::!:O.24 kJ·mol- 1 

one can obtain LlrHO(FeJ 2 , crl·Il IIl"(FcCI2 • cr)=222.97 

:!:O.31 kJ·mol- 1• This relationship is equally important in the final 
smoothing process. 
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2.4. The Sulfate System 

The catalog entry in AI.b from 85VASIDMI2 (No. 221) 
lists the following composite reaction from oxidation by 
H20 2 in HCI04 solutions: 

Fe(cr)+H202(3.5H20)g+5H20(l)+H2S0iO.3H20)h 

= FeS04' 7H20(cr); 

ilH=-569.96±O.28 kJ·mol- 1
• 

TP-e resultant /lfHo is -3013.66±O.5 kJ ·mol- 1
• 

63ADAIKEL (No. 211) measured the enthalpy of reaction of 
Fe(cr) and the ilsolH of the heptahydrate in 
H2S04·7.068H20 such that 

Fe( cr) + H2S04' 7 .068H20
h + 7H20(I) 

=FeS04' 7H20(cr)+ H2(g) 

ilH= -137.09±OAO kJ ·mol- I . 

The resultant afHo is -3014.47±U.4S kJ -mol 1 

The measurements are in excellent agreement with one an­
other; an average value of -3014.06±OAO kJ ·mol- 1 shall 
be used for ~fllO(FcS04 -7H20, cr) in the following section. 

2.4.1.1. Enthalpy of solution of the heptahydrate and 
I::..f HO(Fe2+, ao) 

2.4.1.1.1. Enthalpy of solution in H20 
The process of interest is: 

FeS04' 7H20(cr)= FeS04(ai) + 7H20(I) 

The early measurements of 68LARlCER (No. 229) and 
68LAR are given as ilpo=11.80±0.42 kJ·mol- I (see cata­
log entry for details). This value includes estimates for <PL' 
based on ¢L(NiS04). The recent measurements of 83DMI 
(No. 227) on !.lsoIH, as a function of m enable one to obtain 
<PL in FeS04(aq) and to recorrect; although the ¢L(FeS04) 
values differ from those contained in 68LARICER, the aver­
age value for I::.. s01Ho remains essentially the same. The re­
sultant value for tlfHO(Fe2+, ao)=-92.11:±:0.50 kJ·mol- l . 

The more recent measurements of 83DMI (No. 227) have 
been extrapolated by us to obtain at 1=.0 
aHo = 12.90±0.10 kJ ·mol- 1 for the solution process. 
Dependence on ionic strength is described by the equation: 
(ArH(I)-dHo(D_H»)IkJ.mol- 1=(12.90±O.10)+(35.57±2.37) 
(II mol·kg-\ 

The calculated ilfHO(Fe2+, ao)= -91.01 :±:O.20 kJ ·mol- 1 

using our working value for ~fHO(FeS04' 7H20, cr) 
= -3014.06±OAO kJ ·mol l

. However the measurements by 
83DMI are meant to be part of a cycle; hence, they may be 
uscd directly to obtain ArHO(Fe2+, ao)=-90.61±O.20 
kJ·mol- 1 from LlfHO(FeS04·7H20, cr)= -3013.66±0.5 
and tlsolHo= 12.90 ±O.lO kJ ·mol- I . 

gdfHO(H20 2 • 3.5H20) from 82WAGIEVA. 

R89PAR calculations provide afHO(H2S04 ·O.3 H20) and 
d fHO(H2S04 ·7.068 H20)=-823.752 and -876.568 kJ·mol- 1, respec­
tively, as values compatible with CODATA Key Values. 

2.4.1.1.2. Measurements in RCI04 

Measurements were also made of the solution of 
FeS04·7H20(cr) in 2, 3, and 4 mol·dm- 3 HCI04 solutions 
[83DMI (No. 223), 85VASIDMI (No. 222)]. In these acidic 
solutions the reaction is predominantly: 

Correction for residual SO~-(ao) at each concentration has 
been made using 89COXIWAG: 

SO~- (ao) + H+ (ao) =HS04 (au); 

The data contained in 83DMI are sufficiently detailed, in 
giving the varying concentrations of FeS04(aq) at each con­
centration of HCI04 , to enable extrapolation to be carried 
out in two ways: (1) extrapolation to 1=0 depending on total 
ionic strength of the solution, (2) a two-stage extrapolation 
i.e. first to infinite dilution against m 112 at fixed concentra­
tions of HCI04 and after that calculation of the enthalpy of 
solution at 1=0 of the solution. The values obtained by the 
two different ways are in good accord with each other: 

(llrR (I) - llRO (D-H))lkJ . mo}-l 

=(35.50±0.10)+(2.29±0.02)(Ifrnol.kg- 1), 

(tlP(I)- llHo(D-H))lkJ ·mol-1 

= (35.30±0.55)+ (2.42±O.15)(Ilmol· kg-I). 

We accept the first equation. We then obtain with 
tlfHO(FeS04·7H.,O, cr)= -3014.06±OAO kJ 'mol-1, tlrHo 
(Fe2+, ao)=-90.85±0.41 kJ·mol- 1. Alternatively, using 
only 83DMI's value for consistency with his cycle, 
tlfHo (Fe2 + , ao)=-90.45±O.30 kJ·mol- l . (From the sec­
ondequation, LlfH

U (J:-'e2 
I, ao)= - 91.05:::!: 0.68 and -90.65 

:±:0.62 kJ/mor 1> respectively.) 

The value for LlfHo is obtained from a series of measure­
ments by 83DMI (No. 228), 78VASNAS (No. 225) of all 
components in 1,2,3,4 mol·dm- 3 HCI04 solutions contain­
ing 1 % or 1.5% H20 2 • The composite reaction is: 

Fe(cr)+H20 2(4.95H20)+ (NH4hS04(cr)i+ H2S04(O.2H20)i 

~4Hl0(1)-(NH4hFe(S04h6H20(cr). 

The individual values are: 

i89PAR calculations provide 6.fHO(H2S04• 0.20H20)= -820.668 kJ ·mol- 1 

and dfHO«(NH4hS04' cr)=-1182_30 kJ·mol- 1 as values compatible with 
the CODATA Key Values [89COXIWAG]. 
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AH 

2 
3 
4 

-578.75:tO.65 
-S79.96:tO.89 
-580.58:tO.92 

-579.49:tO.56 
-579.72:tO.78 
-580.72:t0.96 

The average value, ~H:::::-579.68±0.44 kJ·mol- 1
, ex~ 

eludes the values in 1 mol· dm - 3 HCI04 • The calculated 
tlfHo = -3920.00± 1.0 kJ ·mol- I , 

2.4.2.1. The standard enthalpy of solution of 
(NH4hFe(S04)Z·6H20(cr) and AtHO(Fe2+, ao) 

2.4.2.1.1. Measurements in HCI04 

Measurements were also made by 83DMI (No. 226) on 

the enthalpy of solution of (N~hFe(S04h' 6H20(cr) in 2, 3 
and 4 mol·dm- 3 HCI04 . As for the measurements on 
FeS04·7H20(cr) the process is primarily: 

(NH4)2FeS04·6H20(cr)+2H+(ao) 

==2NHt (ao) + Fe2+(ao)+2HSOi (ao)+6H20(l). 

Correction for the residual SO~- (ao) at each concentration 
has been made using CODATA Key Values. 83DMI contains 
the experimental details that also allow extrapolation of 
f.H to 1:::::0 in two different ways: (1) extrapolation to 1=0 
depending on total ionic strength on the solution, and (2) a 
two-stnge extrapolation, i.e., first to infinite dilution against 

m I12 at fixed concentrations of HCI04 and after that the cal­
culation of the enthalpy of solution at 1=0 of the solution. 

Calculations using the first method give: 

(I.l.rH(I)-ArHO(D-li))/(kJ .mol- l ) 

::::: (69.47 ±0.18)+(0.31 ±O.05)(I/mol· kg-I). 

The second method gives 

(ArR (I) - Apo (D-H»)/(kJ . mol-I) 

=(68.4± 1.1)+ (O.2±O.3)(I1mol·kg-1). 

Auupling 69.40::!:..O.20 k.J 'Ulul- 1 fur tht:: .sulutiuH uf Muhr's 

salt results in AfHO(Fe2+, ao)=-95.30±LO kJ·mol- 1. 

2.5. The Tentative Selected Parameters 

Table 2. Summarizes the values for AfHO(Fe2 +, ao). 

TABLE 2. The values for Ar8Q (Fe2+, ao) 

Section 2.1.2 

AfHO(FeCI2,cr)= -341.66:t0.25 kJ ·mol-J 

and Aso1Ho=-83.00::!::0.1O kJ·mol-1 

Consist.ent CYCle, 

~fHO(FeC12,cr)= -341.1l±O.22 kJ ·mol-1 

and tlsoIHo=-83.11::!::O.lOkJ·mol-l 

Section 2.2.2 

AfHO(FeBr2,cr)= -245.00::!::0.25kJ 'mol- J 

and Aso/Ho=-86.85::!:::O.l2 kJ·mor) 

Consistent cycle, 

~flf9(FeBr2,cr)= -244. 74:!:O.ZZ kJ ·mol- 1 

and Aso/Ho= -86.85:t0.12 kJ ·mol- 1 

Section 2.3.2 

From AfHO(Felz,cr)- ArHO(FeBr'2"cr) 
= 126.5::!::0.30 kJ·mor

L

), the "tentative" 

AtHO(FeBrl,cr)= -21\S.OO±O.2S kJ .1l\ol-J, and 

~tH°(Fe2;- ,ao) 
kJ'mol- J 

-90.50:tO.25 

-90.06::!::0.25 

-89.03:t0.32 

-88.77:t0.30 

ilso#= -82. 62::!:::O.6 kJ.mor J -87.56:t:0.7Z 

tlfH° (FeI2,cr)= -118.08::!:O.27 kJ ·mol-1 

and Aso1Ho= -82.62:tO.6 kJ .mor l -87.14::!::0.66 

Sections 2.4.1.1.1 and 2.4.1.1.2 

AfHO(FeS04' 7H20,cr)=-3014.06:tOAO kJ ·moC! 
and -91.01::!::0.20 

Aso,H°= + 12.90:t0.1O kJ ·mor l (to S042-(ao» 

or Aso1Ho=35.50±O.lO kJ ·mol-J (to HS04-(ao)) -90.85±0.41 

ArH°(FeS04' 7H20,cr)= -3013.66±0.50 kJ ·mol- I 

~nrl l'.vIRo=+12.QO±O_lOkJ.morJ (toSO~-(ao)) -90.61:tO.20 
or 35.50:t0.10 kJ ·mo}-J (to HSOi(ao)) -90.45:t0.30 

Section 2.4.2.1 

AfHO«NH4hFe(S04h·6H'2,O,cr) 

= 3920.0:t 1.0 kJ ·mo}-I and /)'so,Ho 

=69.40:tO.20 kJ ·mol-J (to HSO;(ao)) 

Tentative Selected Value 

-95.30±l.O 

-90.00:t0.5 

The tabulated values indicate good agreement from the 
FeClz(cr), FeBrz(cr), and FeS047H20(cr) systems for 
~fHO(Fe2+, ao). We select ~fHO(Fe2+, ao)= -90.00±O.S 
kJ ·mol- 1 as our "tentative" value A~ a result of this. some 
modifications must be made in the previous selections for 
tlfHO(FeCh, cr), AfHO(FeBr2, cr), L\fHO(Fe12' cr); -and 
AfHO(FeS04·7H20, cr). These changes from the initialse-



THE THERMODYNAMIC PROPERTIES OF THE AQUEOUS IONS OF IRON 1709 

lections are given below. With the exception of the 
LlfHO(FeS04·7H20 ,cr) and its aso1Ho, these adjusted values 
will become our final recommended values. 

/1fH° (Fe2+, ao) 

/1so#O(FeCI2 , cr) 

Initial 
Selections 

/1 fHo 

kJ·mol- 1 

-90.00±0.5 

-83.00±0.14 
(Sec. 2.1.2) 

-341.66±0.60 
(Sec. 2.1.1.4) 

+ 12.90±0.l0 
(Sec. 2.4.1.1.1) 

- 3014.06±0.40 
(Sec. 2.4.1) 

-245.0±0.25 
(Sec. 2.2.1) 

-118.5±0.4 
(Sec. 2.3.1.3) 

Adjusted 
Tentative 
Values 

/1 fHo 

kJ'mol- 1 

-341.16±0.60 

+ 12.90::0.l0 

-3013.05±0.65 

-245.7::0.7 

-118.7±0.8 

3. The Evaluation of the Enthalpy of 
Formation of the Aqueous Ion Fe3 + , 

afHO(Fe3+, ao) 

The AfHo (Fe3+, ao) is evaluated. We begin with: 

(1) the determinations for AfHO(FeCI3, cr), those indepen­
dent of other Fe compounds as well as those linked to 
FeCI2(cr), combined with a selection for 
AsoIHO(FeCI3, cr) which in itself requires a working 
value. 

(2) the direct determination of AfHO(Fe3+, ao) through oxi­
dation of Fe(cr). 

(3) the enthalpy of formation relationship between 
Fe3+(ao) and Fe2+(ao). 

In Sec. 3.4 we summarize the various possibilities and 
select a value for AfHO(Fe3+. ao). modify our initial selec­
tion for afHO(FeCI3 , cr), and also select a value for 
LlfHO(FeBr3, cr). These selections will eventually become 
our final recommended values. 

3.1. The Chloride System 

3.1.1. 4 fHO(FeCI3 , cr) 

3.1.1.1. Solution calorimetry with aqueous H20 2 
59KOE/COU (No. 124) have also measured the enthalpy 

of oxidation of the FeCl2 solution formed from the reaction 
of Fe(cr) with 4.36 mol·kg- 1 HCI by H20 2 (see reaction No. 
90 and Sec. 2.1.1) and also the enthalpy of solution of 
-FeCI3(cr) in the same molality of HCI (see catalog entry). 

The composite reaction and its .ArH are: 

Fe(cr)+3HCI(12.731H20Y+O.5H20 2(12.58H20)k 

= FeCI3(cr)+ H2(g) + H20(1); 

LlP=-102.59±0.30 kJ'mol- 1 

from which LlfHO(FeCI3 , cr)=-399.24±0.35 kJ·mol- l . 

3.1.1.2. Solution calorimetry with aqueous (KBr, Br2) 
89EVDlEFI (No. 127) -have measured the enthalpy of re­

action of FeCI3(cr) with aqueous (KBr, Br2) solutions. Rear­
ranging the reaction listed in ALb: 

FeCI2(cr)+ !B r2 (1) + KCI(cr)= FeCI3(cr)+ KBr(cr); 

LlHo=-11.386±0.18 kJ·mol- 1 

with those cited in Sec. 2.1.1.2, (reactions (1), (3a and 3b), 
and .(4)) we obtain 

Fe( cr) + 3/2Br2(l) + 3CI-(ao) = FeCI3( cr) + 3Br - (ao); 

aHo= -258.65±0.40 kJ ·mol-1 

and LlfHO(FeCh. cr)=-395.66±0.40 kJ·mol- l . 

3.1.1.3 Bomb combustion 
The direct Cl2 (g) 'bomb combustion enthalpy measure-

ments of 82LAVITIM (No. 125) led to 
AHo=-396.02±O.14 kJ'mol- 1 for: 

Fe (cr)+ 1.5CI2(g) = FeC13(cr). 

3.1.2. The Relationship Between 4,Ho (FeCI3 , cr) and 
4 fHO(FeCI2 , cr) 

The measurements of 59KOE/COU leading to 
afHO(FeC12, cr) (No. 90) and a fHO(FeCI3 , cr) (No. 124) 
may also be rearranged so that: 

FeCI2(cr)+HCI(12.731H20Y+0.5H202(12.58H20)k 

=FeCI3(cr)+H2°(l); 

AH= -85.55±0.21 kJ ·mol-1 

resulting in afHO(FeCI3 , cr)-afHO(FeCI2, cr)=-57.58 
±0.25 kJ ·mol- l and AfHO(FeCI3 , cr)= -399.30 
±0.35 kJ·mol- l . 

For the reaction given in 3.1.1.2 [89EVDIEFI] and the 
ASOIHo,s for KCl(cr) and KBr(cr), cited in 2.1.1.2, we have: 

FeC12( cr) + !Br2(1) + Cl-(ao) = FeC13( cr) + Br-(ao); 

LlHo= -8.881 ±O.19 kJ ·mol- 1 

from which we obtain a fHO(FeCI3 , cr)-afHO(FeCI2, cr) 
= -S4.SS±O.20 kJ ·mol- 1 

The high-temperature decomposition measurements (third 
law) for FeCI3(cr)=FeCI2(cr)+!C12(g) are tabulated. 

25MAI (No. 129) 
50KANIPET (No. 130) 
53SCHIOEN (No. 131) 
58WIL/GRE (No. 132) 

!J,.Ho, kJ·mol- t 

53.51±1.8 
52.49::1.2 
54.27±0.75 
54.38::0.75 

It is obvious that the mean enthalpy of decomposition, 
~53.9±0.70 kJ ·mol- 1 from the vapor pressure measure-

j¢L from 65PAR. 

k/1fHo from 82WAGIEVA. 
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ments (all in good agreement with one another) disagrees 
with the calorimetrically determined d(dfHO) =57.58±0.25 
kJ ·mol- 1 from 59KOE/COU but agrees with that derived 
from 89EVDIEFI, 54.55 ± 0.20 kJ . mol-I. From the 
d(dflfO) =53.9 kJ 'mol- 1 we obtain d fHO(FeCI3, cr) 
=-395.16±0.75 kJ·mol- l

; from the 89EVDlEFI 
A(AfHO) =54.55±0.20 kJ 'mol- I

, dfHO(FeCI3, cr) 
=-395.71±0.54 kJ·mol- 1 (-395.66±0.40 kJ·mol- 1 from 
89EVDIEFI's consistent cycle) which supports the direct 
chlorination enthalpy measured by 82LAVITIM, 84LAVI 
TIM, as -396.02±0.14-kJ·mol- 1 which is our initial work­
ing value that we shall use in the following section. 

3.1.3. The Standard Enthalpy of Solution of FeCI3(cr) and the 
Derived .tl.fHO(Fe3+, ao) 

There are some measurements of the enthalpy of solution 
of FeCI3(cr) in various concentrations of HCI (35KANIFLU, 
76CORfOUW, 80STUIFER, and 59KOE/COU) (Nos. 134-
140, 146-149) that allow us, using the Khodakovskii correc­
tions (see Sec. 1.2.1), to extrapolate to /=0. 

In addition, 52LIIGRE and 85S0L/MON have measured 
the enthalpy of solution in H20 (No. 133). The values have 
been corrected for the formation of complexes, FeOH2+ (ao) 
and FeCI2+ (ao). 

The two approaches lead to: 

FeCI3(cr) = FeCI3(ai) , dHo= -146.5±3.0 kJ ·mol- I 

from the measurements in HCI and 

FeC13(cr) = FeCI3(ai) , dHo= 158.99±0.84 kJ ·mol- I 

from the measurements in H20. The resultant 
.!lfHO(FeCl3, ai) values are -542.52±3.1 und -555.01 
±0.85 kJ·mol- l , respectively and d fHO(Fe3+, ao)=-41.3 
±3.1 kJ ·mol- I and -53.79-±0.85 kJ 'mol- I

, respectively. 
(A different selection for dfHO(FeCh, cr), e.g. -399.24 kJ 
from 59KOE/COU would result in d fHO(Fe3+, ao) 

-44.55 and -56.01 kJ.mol- 1). 

The measurements of 90EFIlFUR (Nos. 142-144) on the 
enthalpy of solution of FeCl3 (cr) in HCI04(aq) as a function 
of concentration of HCI04 , extrapolated to /=0 result in 
dsolHo -156.58± 1.2 kJ ·mol- 1 (No. 141) and this results 
in .!lfHo (Fe3 +, ao) """ 51.36 ± 1.2 kJ· mol- 1, using our llll­

tial tentative selection of -396.02±0.14 kJ ·mol- I for 
dfHO(FeCI3, cr). 

However if we maintain consistency with the R9EVDlEFT 
dfHO(FeCI3, cr)-dfHO(FeCI2, -54.55±0.2 kJ·mol- 1 

and 90EFIlFUR d so)Ho results we obtain 
dfHO(Fe3+, ao)=-51.05±1.3 kJ·mol- 1 (-51.00±1.3 
kJ 'mol- 1 in a summation of pertinent reactions from 
89EVDlEFI and 90EFIlFUR). The measurements by 
84NOVIBEL (No. 145) of Aso1H(FeCI3 , cr) in aqueous 0.65 
mol·dm-':l HCI04 ar~ r~j~l.:l~d (s~~ l.:OInrnents attached 10 

No. 145 for explanation). 

3.2. The Direct Determination of A fH"(Fe3 +, ao) 

The measurements of 76VASIRAS (No.8) on the oxida­
tion of Fe(cr) by aqueous solutions of H20 2 in varying con­
centrations of HCl04 are applicable 

Fe (cr)+ 1.5H20 2(ao) + 3H+(ao) =Fe3+ (ao) + 3H20(l). 

The standard enthalpy effect of this reaction was obtained by 
two methods: (1) by calculating the dependence of the ther­
mal effects on the total ionic strength of the solutions, and 
(2) by a two stage approach: extrapolation to infinite dilution 
against m(Fe3+, aq)1I2, and then extrapolation to /=0 of so­
lution. 

According to the first method 

(AlI(I)-:-ArHo(D-H))/kJ ·mol- I 

=(-617.21 ±0.31)-(1.84±0.10)(Ilmol· kg-I) 

and to the second method 

(ArH (I) - AlIo (D-H)1kJ • mol- I 

=( -617 .33±0.35)-(1.83±0.1l)(I1mol·kg- I ). 

Both methods of extrapolation gave the same results and 
adopting the first mentioned equation AHo=-617.21±0.31 
kJ·mol- 1 and I1fHO(Fe3+, ao)=-46.48±0.32 kJ·mor l

. 

3.3. The Enthalpy Relationship Between Fe2 +(ao) 
-and Fe3 +(ao) 

Appendix ALb contains three calorimetric measurements 
of the oxidation of Fe2+ (aq) by H20 2. The skeleton reac­
tion is 

Fe2+(ao)+ tH2 O2 (ao) +'H+ (ao) = Fe3+(ao) + H20(l) + H2(g). 

The measurements are all in dilute solutions. The measure­
ments, the AlIo's and the calculated 
AfRO(Fe3+, aO)-~fRO(Fe2+, ao) are tabulated (Table 3). 
Also tabulated are the .!l(AfHO) '3 derived from the e.m.f. 
measurements as a function of T for 

Fe2+(ao)+ H+(ao) =Fe3+(ao) + ~H2(g) 

as well as those values derived from the results of 89EVDI 
EFI (No. 127), 89EFIlEVD (No. 184) and 90EFIlFUR (Nos. 
94, 141, 178, 190) on the calorimetric determinations of 
I1fHO(FeCI2 , cr), I1fHO(FeC13, cr), I1fHO(FeBr2, cr), 
~fHO(FeBr3' cr) and their Aso1Hos, shown as follows. 

From Sec. 3.1.2 we have AfHO(FeC13, cr) 
-ilf H"'(FeCl2 , cr)~-)4.55±O.20 kJ·moI 1 from 
89EVDIEFI. With the 90EFIlFUR (Nos. 94, 141) measure­
ments of dsolHo for FeCI3(cr) and FeCI2(cr) in HCI04 
(-156.58±1.2 and -83.U±0.42 kJ-mol- 1, respectively) 

we obtain 

and 

Fe2+(ao)+ fcI2(g)= Fe3+(ao)+CI-(ao); 

ARo=-128.02± 1.3 kJ·mol- 1 

-AfHO(Fe3+, aO)-~fHO(Fe2+, ao)=39.06±1.3 kJ·mol- l . 

Similarly from the reaction catalog from the measure-
ments by 89EFJlEDV (No_ 1 R4) we have 
~fHo (FeBr3' cr) AfRO (FeBr2; cr) 17.90 ± 0.14 
kJ . mol-I, which we may combine with the d solHo s for 
FeBr3(cr) and FeBr2(cr) (-150.4± 1.3 (No. ] 78) and -86.85 
±0.12 kJ·mol- 1 (No. 190), respectively) to obtain 



THE THERMODYNAMIC PROPERTIES OF THE AQUEOUS IONS OF IRON 1711 

TABLE 3. The enthalpy of oxidation of Fe2+(ao) by H20 2(aq) and 
tlrH° (Fe3+, ao)-tlrHO(Fe2+, ao) 

68S0U/CHA 
(No.9) 

7lBERffUM 
(Nu. 10) 

47FON 
(Nos. 11, 12) 

72WHI/LAN 
(No. 14) 

73NIKIANT 
(No. 17) 

53MAGIHUI 

{No. 22) 
SlCONlMcV 

(No. 24) 
89EVDlEFI and 
90EFIIFUR 
(chloride system) 
(Nos. 94, 127, 141) 

89EFIIBVD and 

90EFIJFUR 
(bromide system) 
(Nos. 178, 184, 190) 

tlpo tl fHO(Fe3+, ao)-tlrHO(Fe2+, ao) 

hl.mol- I hl.mol I 

-146.13 :t 1.0 

-148.76 :t 0.10 

-150.16 :t 0.50 

44.12 :t 1.0 

41.48 :t 0.10 

40.08 :t 0.5 

38.41 :t 1.51 

42.75 :± 1.5m 

46.7 :t 2.0m 

40.58 :::': 0.84 

4l.61 :t l.0 

39.06 :!:: 1.3 

39.96 :!:: 1.32 

I72WHIlLAN use 2nd order equation which yields tlHo=42.67:t1.5 
kJ·mol- l . Linear relationship (tlCp=O) is equally good (88NOR). 

mOur calculations using Cp measurements .of Fe2+(ao) and Fe3+(ao) by 
88HOV. 

Fe2+ {ao) + ~Br2(l)= Fe3+ (ao) + Br-(ao); 

AHo = - 81.45 :t 1.31 kJ· mol- l 

from which we obtain 39.96± 1.32 kJ ·mol- 1 for the tabu­
lated difference given below. 

3.4. The Tentative Selected Parameters 

It is quite obvious that IlfHO(Fe3+, ao) is ill defined. A 
tabular summary, Table 4, which includes our rejected values 
follows. 

The agreement is not as good as we would like; however, 
there is a narrow range with some consistency, from 1) the 
tentative selection of -90.0±O.5 kJ'mol- 1 for 
il,fHO (Fe2+ , ao) and the il,(il,fHO)s from EO vs T, the 
oxidation by the O2 and from the chloride and bromide 
systems; 2) the initial selection of AfRO (FeCI3 , cr) 
=-396.02±O.14 kJ·mol- 1 and AsolHo = -156.38 
± 0.28 kJ· mol-I; and 3) the direct determination of 
AfHO(Fe3+, ao)=-51.00±1.3 kJ·mol- l . This 'consistent' 
path narrows the range of values to between -51 and -47 
kJ.mol 1. 

We select A(AfRO) =41.0± 1.5 kJ ·mol- l and AfHo 

(Fe3+, ao)= -49.0:t 1.5 kJ ·mol- l and modify our selection 
of AfRO (FeCI3 , cr) from -396.02±O.14 kJ ·mol- l to 
-395.66:tO.50 kJ·mor 1. The selected values are given be­
low and become our final re~ommendations. 

tlfH° (Fe2+, ao) tl(tlrH°) tlfHO(Fe3+, ao) 

hl.mol 1 

Tentative Selection 
(Rejected Value) 
EO vs T 

Calorimetric 
Oxidation with H20 2 

Chloride system 
Bromide system 
Initial (Rejected) Selection for 
tlfH O(FeCI3 , cr)=-396.02:t0.14 kJ·mol- 1 

(-399.24 kJ·mol- l ) 

and tlso#0(FeCI3 , cr)=-146.5:t3.0 kJ·mol- 1 

(from measurements in HCl) 
or 
tlsolHO(FeCI3, cr)= -158.99:t0.84 kJ ·mol- I 

{from measurements in H20) 
or 
tlso#O(FeCI3 , cr)= -156.58:t 1.2 kJ ·mol- I 

(from measurements in HCI04 ) 

Direct determination 
(76VASIRAS) 
(89EVDIEFI and 90EFIlFUR) 

n72WHI/LAN results with ACp=O. 

kJ.mol I kJ.mol- 1 

-90.0 :t 0.5 
( -95.5) 

38.41 :t 1.5n 

42.75 :t 1.5P 

46.7:± 2.0P 
40.58 :t 0.84 
41.61 :t 1.0 

44.11 :!:: 1.0 
41.48 :t 0.10 
40.08 ± 0.5 
39.06 ± 1.3 

39.96 ± 1.32 

P72WHIJLAN and 73NIKIANT results corrected for tlCp's using 88HOV. 

-51.59 ( -57.09) 
-47.25 (-52.75) 
-43.3 ( -48.8) 

-49.42 (-54.42) 
-48.39 ( -53.89) 

-45.89 ( -51.39) 
-48.52 (-54.02) 
-49.42 (-55.42) 
-50.94 (-56.44) 
-50.04 ( -55.54) 

-41.3 ± 3.1 (-44.55) 

-53.79 :t 0.85 (-57.01) 

-51.36:t 1.3 (-54.60) 

- 46.48 :to.32 
-51.00:tl.3 
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Compound 

Fe2+(ao) 

Fe3+ (ao) 

FeC13(ai) 

FeC13(cr) 

FeBr3(ai) 

FeBr3(cr) 

-90.0 ::to.5 

-49.0 ::t1.5 

- 550.24:±: 1.5 

-395.66:±:0.50 

-413.23:±: 1.5 

-263.8 :±:0.7 

4. The Evaluation of the Gibbs Energy of 
Formation of the Aqueous lon, Fe2 +, 

. afGO(Fe2+, ao) 

Some controversy was generated as a result of the selec­
tion, made independently by two evaluation groups 
[69WAGfEVA and 82WAGfEVA, 72MEDIBER], for 
~po(Fe2+, aq)= -78.9 kJ ·mol- 1 based on the results of 
53PATrrHO, a change from the -84.9 kJ·mol- 1 value se­
lected earlier by 52ROSIWAG from the results of 32RANI 
FRA2. See comments by 82COB/MUR, for example. 

The IlpO(Fe2+, ao) is evaluated from: 

1) e.m.f. (Sec. 4.1) and some equilibrium constant mea­
surements (section 4.2.1) that result in values for 
IlrG° independent of other Fe species. 

2) equilibrium measurements involving solubilities of 
Fe304(cr, magnetite) (Sec. 4.2.2) and 
FeS04·7H20(cr) (Sec. 4.2.3) and FeCl2 ·4H20(cr) 
(Sec. 4.2.4) which also involves its vapor pressure. 

In Sec. 4.3 a tentative selection is made (po 1 atm). 

4.1. The e.m.f. Measurements 

We begin with the measurements that had been selected by 
~2ROSIWAG. 

32RANIFRA2 (No. 75) measured the E at 298.15 K for the 
cell: 

Fe(cr),FeClz(O.l mol·kg- I ), HgzClicr), Hg(l) 

obtaining E=0.7996±0.0010 V. Then, using 'Y± from 
79GOLINUT, EO = 0.7027±0.0010 V and IlGo 
=-135.GO±0.20 kJ'l1101- 1 for 

Fe (cr)+ Hg2CI2(cr)= FeCI2(ai)+ Hg(l). 

Two different samples of Fe(cr) were used. one electrolyti­
cally prepared and deposited on Pt electrodes at 1373 K and 
the second by the reduction of pure Fe203(cr) with H2 at 
temperatures of 1073 to 1123 K. Oxygen was carefully ex­
cluded from both as described by 32RANIFRA. The cell 
measurements for E using the two differently prepared elec­
trodes are in good agreement, giving 0.7990 V and 0.8002 V 
respectively leadiug Lo Lht; afOlt;lllt;lltiulled E 
= 0.7996±0.0010V. 

32RANIFRA2 also reviewed the measurements of 
?flHAM (No. 73) on the same celL These measurements 

were made in various concentrations of FeCl2 (m>O.1 mol· 
kg - 1) and, corrected to the standard state, result in 
EO=0.710±0.0014(2s) . V (L~Go=-137.01±O.30 kJ· 
mol-I), 0.0073 V greater than their measurements. They ex-

plained the differences by asserting that electrodes prepared 
from finely divided iron, used by 26HAM, give too high a 
value since treatment of the finely divided iron by acid or by 
prolonged exposure to solutions of FeCl2 reduces the activity 
of the iron and the measured E approaches their value of 
EO =0.70217 V. 

The 26HAM (No. 72) measurements on 

Fe(cr)+2TICI(cr) = FeCI2(ai)+2TI(cr) 

yield EO=-0.1225 V (.~Go=23.65±1.0 kJ·mol- 1) when 
approached from the left side of eqUilibrium and are in better 
agreement since treatment with TICI(aq) removes the finer 
particles of iron. 
For the half cell, 

Fe (cr) = Fe2+(ao)+2e-, 

the values from the Hg2C12(cr) cell are 
EO=0.4346±0.0010 V (llfGO(Fe2+, ao)=-83.86±0.20 
kJ 'mol- I

) from 32RANIFRA2, and EO = 0.4418 ± 0.00 15 
V (llfGo=-85.26±0.30 kJ·mol- 1) from 26HAM. From 
the TICI(cr) cell, EO=0.4340±0.005 V 
(llpo=-83.75±1.0 kJ·mol-1).q 

Much earlier, 06RICfBEH conducted measurements on the 
system FeIFeS04(0.5 mol.dm-3)IKCI(0.1 mol·dm-3

) 

Hg2Cl2 - Hg. Although it is not possible to obtain an EO for 
this cell because of the unknown liquid potential and the 
high concentration of FeS04' these experiments showed that 
iron prepared electrolyti~ally or by reduction of the oxide 
with hydrogen gave an average potential 0.02-0.03 V higher 
than vacuum-fused iron. Since the measurements of 26HAM 
and 32RANIFRA were both on iron prepared either electro­
lytically or by the reduction of the oxide with hydrogen and, 
according to 53PATrrHO, with some oxygen present, 
53PATrrHO undertook a reinvestigation of the standard po­
tential of the Fe(cr), Fe2+ (ao) half-cell, using hydrogen-free 
iron prepared by the thermal decomposition of iron pcnta­
carbonyl under vacuum. The powder produced was used di­
rectly as the electrode material. Massive iron electrodes pre­
pared by vacuum fusion of the metal powder were also used. 
Special care was taken to remove all traces of oxygen from 
the cells. This total procedure, it was believed, eliminated all 
effects due to contamination by atomic hydrogen or molecu­
lar oxygen. Their results are as follows. 
From the measurements with the Hg(l), Hg2S04(cr) half cell 
(No. 206): 

Fe (cr) + Hg2S04(cr) = FeSUiaq,m) +2Hg(l) 

cell m 
mol·kg- 1 

.0718 
7 .029(air) 

4 .0274 
5 .0220 

E 

V 

1.1335 
1.1485 

1.1488 
1.1522 

.l93 1.02361 

.281 1.0249 

.290 1.02463 

.330 1.0257 
::lvg. 1.0247 

'Y± 
(7'2PTT) 

.186 

.275 

.283 

.305 

1.0226 
1.0244 

1.02394 
1.0236 
1.0236 

q~PO(TICl, cr)= -184.93 kJ ·mol- I [R2WMi/EVA] and 

~fGo== -184.97:t3.0 kJ ·mol- I [71MEDIBER]. 
Ty:,::S listed by 53PATfTHO from measurements hy 41 DI-:tv1/I-'ED. 
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Thus, EO for the cell is 1.0247±0.0003 V 
(AGo=-197.74±0.06 kJ·mol-1 ) using y±s given by 
53PATffHO and EO = L0236±0.0003 V using Pitzer's 
(72PIT) y±s for MgS04 • 

The resultant values for EO for the Fe(cr)-Fez + (ao) half 
cell are 0.4119±0.0003 V (ArGO(Fez+, ao)=-79.483 
::':0.60 kJ·mol- 1) and 0.4180±0.0003 V (ArG°(Fez+, 
ao) = -79.263±0.60 kJ 'mol-1

), respectively. 
The above measurements were made with iron powder. 

For the cell (No. 207) 

Fe (cr)+ PbS04(cr)= FeS04(aq,m)+ Pb(cr) 

E=0.1654 V when m=.0677 mol·kg- 1 using massive 
iron. If y± = 0.198 as given by 53PATffHO, EO 
= 0.05461 V If y:!: = 0.192 from 72PTT i~ ll~ed, then HO 
= .0538 V 

If iron powder is used as the electrode, E=0.1771 V when 
m=0.030mol·kg- 1• Withy± = 0.281,Eo = 0.05431 V. 
The 72PIT value for y± = 0.274 leads to EO = 0.05374 V. 

It follows (with 53PATffHO y±s) that EO = 0.05461 V 
(massive iron) and 0.05439 V (iron powder) or (with 72PIT's 
y±) E" - 0.05380 amI 0.05374 V, rt;spt;\,;tivdy. TIlt; twu dif­

ferent iron electrodes give essentially the same result EO 
= 0.05450±O.0001 or 0.05377±0.0001 V (AGO = 

10.517±0.020 kJ·mol- 1 or - 10.376±0.020 
kJ ·mol- 1). The resultant Fe(cr)-Fez+(ao) standard half cell 
potential is 0.4121 or 0.4113 V (ArGO = -79.516 or 
-79.375 kJ ·mol- I ). 

The third reference electrode used was the HgzClz - Hg 
half cell (No. 74) in conjunction with a massive iron elec­
trode and also with an iron powder electrode. 

Fe (cr)+ HgzClz(cr) = FeClz(ai) + 2Hg(l). 

The measured E's [m(FeClz,aq) = 0.0760 and 0.0160 
mol·kg- 1

] are 0.7770 (massive iron) and 0.8298 V (iron 
powder) which lead to EO 0.6712 V 
(AGo=-129.522 kJ·mol- 1) and EO 0.6735 V 
(AGo=-I29.966 kJ·mol- 1) and for the standard potential 
of the Fe(cr)-Fe2+(ao) half cell EO = 0.4031 and 0.4055 V 
(ArGO = -77.777 and -78.221 kJ 'mol- 1

, respectively). 
The EO values are as follows: 

half cell EO (V) 

32RANIFRA2 (No. 75) Hg2CI2 ,Hg OA346±O.OOlO 

26HAM {No. 73) Hg2Cl2 ,Hg 0.4418 

TICI{cr) 0.4340 
53PATrrHO (No. 74) Hg2Cl2 ,Hg 0.4043 

(No. 206) Hg2S04 ,Hg 0.4108 

using Pitzer's 
coefficients 

{No. 207) PbS04 ,Pb 0.4113 

using Pitzer's 
coefficients 

53PATffHO also made their measurements as a function of 
time. For all deoxygenated cells using massive iron or iron 
powder there was a sharp initial rise in potential followed by 
a general approach to a steady value within a period of 12 to 

30 d. The authors note, however, that the presence of small 
amounts of oxygen in the cells from the carbonyl. iron pow­
der effected the manner in which the steady value of 0.4108 
V was attained. The potential instead of rising, as is the case 
with the completely deoxygenated cells, fell regularly to this 
constant value. They also conducted measurements on two 
cells using iron reduced from the oxide· by hydrogen, one 
repeating the 32RANIFRA measurements with a small 
amount of oxygen intentionally admitted and the second with 
a completely deoxygenated system. 

The results are as follows: 

E=0.8065 V at m (FeClz, aq) =0.0864 mol· kg -1 with 
y±=0.511 [79GOLINUT] for the cell containing air, 
leading to EO=0.7041 V and EO for the Fe(cr)-Fez+(ao) 
half cell=0.4361 V (ArG°=-84.15 kJ·mol- 1

), in ex­
cellent agreement with (he 32RANIFRA2 measurements, 
indicating the possibility of air being present in the cells 
used by 32RAN1FRA2. 

The second cell (completely deoxygenated) gave 
E=0.8520 V with m=0.0675 mol·kg- l (y:!: = 0.511) so 
that EO for the cell is 0.7423 and for the half cell 0.4742 V 
(ArGO (Fe2+, ao)=-91.S1 kJ.mol- 1), significantly higher 
than the EO sthey obtained from the carbonyl reduced iron 
half cells that were deoxygenated. The above data appeared 
to establish EO = 0.4088 V [69WAGIEVA, 72MEDIBER], 
since it would appear that hydrogen contamination and the 
presence of oxygen caused the higher values. However, other 
data indicate that this value IS also questionable (see 63KO/ 
HEP in Sec. 4.2.3 on AsolGo of FeS04' 7HzO(cr) and 
FeClz ·4HzO(cr». The 60HUR (No.6) measurements as well 
as those of 78JOHIBAU (No.5) on the half cell indicate 
even greater discrepancies. The e.mJ. measurements of 
60HUR at 293 K are indicative of this. He obtained EO 
= 0.467 V from extrapolation of forward and reverse kinetic 
data (in acidic FeClz solutions). Since correction to 298 K is 
negligible and the liquid junction potential. should be small, 
possibly about 0.002 V, this supports the 0.47 V value. His 
electrodes (see catalog entry) were vacuum annealed for 1 h 
at about 973 K. However, the impurity level is high 
( -- 0 . 3 %) and the method of preparation is unknown. The 
solutions of FeC12(aq), though, were pre saturated with hy­
drogen .in the presence of platilliz.ed pli:ltinum tu rt;dUl'::~ i:lny 
Fe3 + present and also stored under hydrogen. This is in line 
with 53PATffHO's observation of the hydrogen reduced Fe 
electrod~ with solutions completely deoxygenated leading to 
higher EO values. 78JOHIBAU considered the earlier discor- . 
dant measurements and measured the cell 

Fe(cr)IFeClz(0.02m)llsaturated KCIIIAgCI(cr)IAg(cr). 

The Fe-Fez+ half cell was prepared from coulometrically 
generated FeZ + (aq) from spectroscopic grade rod Fe (con­
taining less than 10 ppm total spectroscopically detectable 
impurities under Nz or Ar). About 10 ppm H was also con­
tained in the Fe. Cleaned electrodes were annealed at 993 K 
for several hours in evacuated and sealed Vycor tubes. One 
electrode was further treated to remove H more completely 
by cycling between room temperature and 1073 K under an 
active vacuum of 4 X 1{)-7 mm Hg. Their measurements on 

J. Phvs. Chem. Ref. Data. Vol. 24. No.5. 1995 



1714 V. B. PARKER AND I. L. KHODAKOVSKII 

the vacuum annealed Fe( cr) cells indicate that the apparent 
standard potential for the Fe(cr)lFe2+ (aq) is strongly depen­
dent on pH in the acidic region but becomes independent at 
pH~5.8 and is 0.415 ±0.001 V (L~tG°(Fe2+, ao)=-80.08 
± 0.20 kJ· mol- 1). If the Fe was not particularly degassed, 
the potential increased to ~0.435 V (LltG° 
= -83.94 kJ 'mol- 1

) in better agreement with 32RANI 
FRA2. This supports the supposition that the difference in E 
is attributable to differences in H content of the metal. Al­
though they do not recommend either value, they have 
shown that according to theory the potential is experimen­
tally independent of pH. 

We now tum to other paths for obtaining LltG°(Fe2+, ao) 
and EO of the half cell. 

4.2. The Equilibrium Constants 

4.2.1. The Reaction of Fe(cr) With Aqueous TICI04 and NaCI04 

The measurements of 82GAMIREI (No.4) are considered. 
Neutral aqueous solutions of TICI04 and NaCI04 were re­
acted with "ultrapure Fe" in sealed ampoules at 323.15 K. 
The ionic strength of the NaCI04 aqueous solution was 1.0 
mol· kg-I. Under these conditions 19 K = 1.12::!: 0.06 fur 

Fe (cr) +2TI+(ao) =Fe2+(ao) +TI(cr). 

A plot of log [Fe2+] vs log [TI+] gives a straight line 
with a slope of 2.0 and LlGo = - 6.93 ± 0.4 kJ ·mol- 1

• Cor­
rection (see catalog entry) to 298.15 K and 1=0 results in 
LlGo = -13.51±1.5 kJ·mol- 1 (EO = 0.0700 V) and 
LltG°(Fe2+, ao)=-78.28±1.5 kJ·mol- 1 (EO for the 
Fe(cr)-Fe2+ (ao) half cell =0.4057 V), if 
LltG°(TI+, ao)=-32.38 kJ'mol- 1 [82WAGIEVA and 
71MEDIBER]. 

However, 79HEI (a coauthor of the above work) has also 
measured the e.m.f. of 

2TI+(ao)+ H2(g) + Hg(l)=2TI(sat, in Hg)+2H+(ao) 

at 323 K under the same conditions and obtained EO 
= -0.3865 V (I = 1.0). Using EO = - 0.0031 V from 19RICI 
DAN and 22GER for 

2TI(sat, in Hg)=2TI(cr)+Hg(l) 

EO = -0.3896 V(I=1.0) at 323.15 K is obtained fur 

2TI+(ao)+ H2(g)=2TI(cr)+2H+(ao) 

and EO = -0.3567 V (1=0) at ?98.15 K. Then for the 
. Fe (cr)lFe2 + (ao) half cell EO 0.4267 V and 
LltG°(Fe2+, ao)=-82.34 kJ·mol- 1• 

Obviously these measurements could support either the 
53PAT/THO or the 32RANIFRA2 values. 

4.2.2. Solubility Measurements of Fe304(cr)-magnetite 

The measurements of 70SWEIBAE (Nos. 36-40) and 
80TREILEB (Nos. 41-46) on the solubility of magnetite in 
dilute aqueous solution saturated with H2 lead to Ks values at 
298 K for the following process: 

1I3Fe304(cr)+2H+(ao)+ 1/3H2(g) 

=Fe2+(ao)+4/3H20(I). (No. 36 & No. 41). 

Both sets of solubility measurements were conducted in 
flow systems with varying pH, redox conditions, and tem­
perature (70SWEIBAE temperature range 323 to 573K, 
80TREILEB 373 to 573K). The solutions used by 70SWEI 
BAE ranged from m(KOH) = 4 X 10-4 mol·kg- 1 to 
m(HCI) = 10-4 mol· kg -1 .. Solution compositions used by 
80TREILEB included either HCI or NaOH of molalities up 
to 1 and 40 mmol· kg - 1. The results of both investigations 
were fitted to a scheme of soluble ferrous Fe(OH)} species, 
Fe2+(ao), FeOH+(ao), Fe(OHh(ao), and Fe(OHh(ao). 
(80TREILEB also include ferric species Fe(OHh(ao) and 
Fe(OH); (ao)). The reactions for Fe(II) take the following 
form: 

(1/3 )Fe30icr)+(2~b)H+(ao)+ 1I3H2(g) 

=Fe(OH)~2-b)+ + (4/3-b)H20(I). 

For b=O, the extrapolated values at 298.15 K for LlGo are 
-68.62±3.0 kJ·mol- 1 from 70SWEIBAE and -64.26 
±2.0 kJ 'mol- 1 from 80TREILEB (pO = 1 atm). With the 
selected value for LltG° (Fe304' cr) from 88HAA 
=-1013.30±2.15 kJ·mol- 1, LltG° = -90.18 ±3.1 and 
- 85.82 ± 2. 12 kJ· mol- 1 respectively. In Table 6 of the 
80TREILEB paper is gIven their calculated value for 
LlfGO(Fe2+, ao), obtained from Ll rGO(298.15 K)=-66.7 
kJ·mol- 1 using LlCp = 120 J·K- 1mol- 1• This LlrGo results 
in Ll tG ° = - 88.26 kJ· mol- 1. Comparison of their mea­
sured values with the 70SWEIBAE measurements shows the 
following: 

IgK 

70SWEIBAE 80TREILEB 
TIK (No. 36) (No. 41) Ll 

373 8.55 8.23±0.08 0.32 
473 5.73 5.92±0.05 -0.19 
573 3.98 4.42±0.05 -0.44 

The disagreement is disturbing. However, both sets of mea­
surements indicate a more negative value for 
LltG° (Fe2+, ao) than that of 53PATITHO or 32RANIFRA. 

4.2.3. Solution of FeS04' 7H20(cr) 

4.2.3.1. Gibbs energy of solution 
There have been many measurements of the solubility of 

FeS04·7H20(cr) as a function of temperature. Many of them 
are listed in 58LIN where the smoothed data are tabulated: 
100 g of saturated solution contains 22.8 g FeS04' so that 
m= 1.944 mol·kg- 1• 

Prior to the isopiestic measurements of 740YKlBAL, the 
activity coefficients of FeS04 (aq) had been estimated from 
the behavior of similar bivalent sulfate solutions [59ROBI 
STO, 70ROB/STO, 72PIT]. For 82WAGIEVA and the earlier 
69WAGIEVA, y± = 0.0344 and ¢, the osmotic coefficient, 
=0.578 from 59ROB/STO were used (reaction No. 209 in 
8.2), resulting in Llso1Go = 14.l2±0.50 kJ'11l0]-1 for the 
process 

FeSO 4' 7H20( cr) = FeSO 4 (ai) + 7H 20 (1). 

Values from the 72PIT tabulation are in agreement. 
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The experimental results of 740YKlBAL require an esti­
mate at m=0.10 mol.kg- 1 for 'Y±. With 'Y± = 0.15 from 
59ROB/STO, 'Y ± and aw at saturation are 0.0423 and 0.925 
respectively, leading to AGo = 13.24 kJ·mol- I for the 
above process. (740YKlBALuse m=1.964 mol·kg- 1 and 
give 'Y± = 0.0425 and a w = 0.951 resulting in aGo 
= 13. 18 kJ· mol- 1). However 86REAlBEC point out that 
reanalysis of the data on the 2:2 type electrolytes by 72PIT 
indicates that a better value for 'Y± for FeS04 at m=0.10 
mol.kg- I, based on 72PIT's value for MgS04 (0.161) is 
0.161±0.01, resulting in 'Y± = 0.048 andaw = 0.952 so 
thatlgKs = -2.205 andAs~lGo = 12.58±0.30 kJ·mol- I 

(reaction No. 210). 

4.2.3.2. The entropy of FeS04·7H20(cr) and the calcu­
lated SoC F e2 +,. ao) 
The C p measurements of 49LYO/GIA (No. 208) lead to So 

409.2± 1.2 J·mol- I·K- 1 for FeS04·7H20(cr) at 298.15 
K. 

We· have, in Sec. 2.3, accepted, for our first iteration, 
asolHo = 12.90±0.10 kJ ·mOr 1. With asolGo= 12.58±0.30 
kJ 'mol-I, asolso= 1.07± 1.1 J ·mol-I·K- I . The calculated 
SO(Fe2+, ao)=-97.88±1.4 J·mol-I·K- 1 and 
ap5°=5.37± 1.55 J ·mol- I. K- I (SO (Fe, cr)=27.319±O.002 
J ·mol- 1 ·K- I). With our tentative ilfHO(Fe2+, ao)= -90.0 
±0.50 kJ·mol- 1 we obtain ilrG°=-91.60±0.85 kJ·mol- I, 
(Eo=0.4747±0.004 V), surprisingly more negative than all 
other values. s Using 7 40YKlBAL' s original values for 
y,ilsoIGo= 13.24 kJ ·mol- 1 and AsoISo = -1.14 J ·mol- I 

·K- I , so that SO (Fe2+ , ao)=-100.09±1.14 J·mol-I·K- I 

and ilrG° (Fe2 + , ao)= -90.94±O.85 kJ ·mol- I . 

The earlier Aso)Go = 14.12±0.50 kJ·mol- I used in the 
69WAGIEVA evaluation (based on an estimated 'Y±) with 
ArG°(FeS04·7H20,cr) = ~2509.87 kJ·mol- I had led to 
ArG°(Fe2+,ao) = -91.3 kJ·mor l which was rejected be­
cause it appeared to be too negative, possibly because the 
properties of FeS04(aq) were not sufficiently well estab­
lished to accept this "very" negative value. 

Since then, 86REAlBEC have recalculated the solubility 
do.to. us a function of temperature using the activity coeffi­
cients and the Pitzer equations. Their results are expressed as 

log Ks= 1.447 -0.004153(TI K) -21494(KIT)2. 

The calculated asolHo = 20.54 kJ ·mol- l and with Aso)Go 
= 12.58 kJ·mol- I, AsolSo 27.70 J·mol-1·K- 1, and 
SO(Fe2+,ao) = -71.3 J·mol-I·K- 1 and ArGO = -100.0 
kJ·mor 1

• 

4.2.4. Measurements on FeCI2 ·4H20(cr) 

4.2.4.1. Vapor pressure measurements 
The catalog lists the various measurements on the hydrates 

FeC12·4H20(cr), FeCI2·2H20(cr), and FeC12·H20(cr). 
(FeCI2·6H20(cr) exists below 283 K). The vapor pressure 
measurements of 49SCH (Nos. 119-121), after correction to 
298.15 K show the following: 

S Alternatively, since we have tentatively selected 
drHO (FeS04' 7H20. cr)=-3013.05:!::O.65 kJ·mol- 1 and SO=409.2:!::1.2 
J·mol-1·K-1, drG°=-2508.61 :!::O.74 kJ·mol- 1 and drG°(Fe2+, ao)= 
-91.10 :!::O.8 kJ·mol- 1 

1. FeC12·4H20(cr)=FeCI2·2H20(cr)+2H20(g) (No.119), 

AHo=108.04±4.0 kJ'mol- l , 

AGo=23.62±l.O kJ'mol- I, 

Aso=283.1 J·K-lmol- I, 

2. FeCI2·2H20(cr)=FeC12·H20(cr)+H20(g) (No. 120), 

AHo=63.1±5.0 kJ·mol- l , 

AGo=18.57±2.0 kJ·mol- l . 

~So =149.4 J ·K-1mol- I, 

3. FeCl2 ·H20(cr)=FeC12(cr)+ H20 (g) (No.121), 

AHo=63.1±5.0 kJ·mol- 1, 

AGo=24.93±2.0 kJ·mol- l , 

Aso=128.0 J·K-1mol- l . 

The ASo 's for reactions (1) and (2) are reasonable (a usual 
contribution is aSo/n = 145± 10 J·K-1mol- l ) for 
nH20(g), indicating that the AGO's and AHo,s are accept­
able. For reaction (3), the aso is low, indicating that either 
the AGo, or the aHo, or both, are incorrect. We assume that 
the second law AHo is the more questionable value and ac­
cept the AGO for our further use. 
We now have 

and 

so that 

FeCI2·4H20(cr)=FeCI2·H20(cr)+3H20(g), 

AHo=171.14 Iq·mol- l , 

AGo=42.19 kJ·mol- 1, 

Aso=432.5 J·mol-I·K- 1, 

FeCl2 . H20 (cr) = FeCI2(cr) + H20(g), 

aGo =24.93 kJ 'mol- l , 

FeC12 ·4H20(cr)= FeCI2(cr)+4H20(g), 

AGO =67.12±3.0 kJ ·mol- I . 

Using 89COXIWAG for 

H20(l)=H20(g); AGO =8.591 ±0.005 kJ 'mol- l
, 

we obtain 

FeCl2 . 4H20(cr)-FeCI2(cI)+4H2°(I); 

AdehydGo =32.756 kJ ·mol- I. 

This will be combined with AsoIGO(FeC12·4H20,cr). 

4.2.4.2. The Gibbs energy of solution of FeCI2·4H20(cr) 
The solubility of FeC12·4H20(cr), the stable phase at 

298.15 K, has recently been measured by 85CHOIPHO. The 
79GOLINUT evaluation of a w , 4;, and 'Y::: of FeCI2(aq) lists 
recommended values up to m=2.05 mol·kg- l . However, 
they also present the osmotic coefficients, 4;, obtained from 
the vapor pressure measurements of 62KAN/GRO which 
were measured in the range 1 to 5 mol· kg- I) but were given 
no weight in the evaluation. A comparison of the values re­
veals a 3% difference in 4; at m=2.0mol·kg- l

. Increasing 
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TABLE 5. The enthalpy of fonnation of FeOOH(cr,Goethite) from Fe203(cr) and H20(l) 

Investigator 

59SCH (No. 63) 
75KORIFAD (No. 65) 
65BAR (No. 51) 
64FER (No. 64) 

15± 10 
13.70±4.0 
7.87±O.84 

4.9±1.2 

the uncertainty of 62KAN/GRO's tabulated 'Y±s and cps to 
5% at the saturation point (m=4.951 mol·kg- 1

) we obtain, 
as indicated in the catalog (reaction No. 118). 

6.Go=-16.85±0.5 kJ·mol- 1 

for FeCl2 . 4H20(cr) = FeCl2(ai)+4H20(l). 
Combining the 6. solGo with the 6.dehydGo for the tetrahy­

drute, we obtain 

FeCI2(cr)=FeCI2(ai); ilGo = -16.85-32.756 

=-49.61±3.1 kJ·mol- l . 

In Sec. 2.3 we selected ilso]Ho for the above process to be 
-83.00±O.14 kJ .mol- I . The aSOlso then is -112.02± 10 
J·moI-1·K- 1 and SO(Fe2+,ao)=-107.2±10 J·mol-I·K- 1, 

resulting in il {] ° (Fe2 + ,ao) = - 89.4 ± 3.1 kJ· mol- 1 and again 
indicating a far more negative value than all the e.mJ. val­
ues, with the exception of 60HUR (No.6), and the K value 
from 82GAMIREI (No.4). 

4.3. The Tentative Selected Value for a f GO(Fe2+ ,ao) 

Th~ range of values for ~ f<r (Fe2 
-I- ,ao) indicates that an 

obvious choice is not apparent. On the basis of the e.m.f. 
measurements, the most careful work· that· excluded hydro­
gen in the preparation of the electrode and from the solution, 
as well as oxygen, supports the more positive values from 
53PATITHO and 78JOHIBAU. The equilibrium measure­
ments of 82GAMIREI confirm this; however, the values 
from three other paths (the solubility of Fe304(cr), and from 
the entropies of the Fe2+(ao) from the FeS04·7H20(cr) and 
the FeCI2·4H20(cr)-FeCI2(cr) systems), indicate a much 
more negative value. It is particularly difficult to ascribe a 
major error in the 6. solGo for FeS04·7H20(cr). See 87REAI 
BEe for further discussion. The e.mJ. measurements of 
60HUR agree with the very negative values. He hypoth­
esized that kinetic factors are involved and corrected for 
them. This may explain the spread in values for all reactions 
involving Fe(cr) (e.m.f. measurements and the 82GAMIREI 
equilibrium measurements with TI+(ao». We therefore base 
our initial selection for 6.{]0 (Fe2+ ,ao) on the values 
from the Fe30icr), . FeS04' 7H20(cr), . and 
FeCI2 ·4H20(cr)-FeCI2(cr) paths, accepting 6.{]O(Fe:l+,ao) 
=-90.5±1.0 kJ·mol-1 (p°=l atm). Table 6 in Sec. 5.2 
shows the . measurements. (This initial selection for 
~rG"(Fe2-1-,ao) will become our final recommended value.) 
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IlfH O (FeOOH, cr)1kJ 'mol- 1 

-562.9±S.2 -561.9 
-562.2±2.6 -561.3 
-559.3± 1.7 -558.4 
-557.8± 1.8 -556.9 

5. The Evaluation of the Gibbs Energy of 
Formation of the Aqueous Ion 

Fe3 +, afGo (Fe3+ ,80) 

The LlrG"'(Fe3-1-;ao) is evaluated by: 

(1) establishing the thermochemical property values of 
FeOOH(cr, Goethite) and its 6. solGo (section 5.1.3) to 
obtain a value for 6.{]0 and . 

(2) obtaining values for 6.{]0(Fe3+,ao)-il{]O(Fe2+,ao) (Sec. 
5.1.4) that are independent of the properties of other iron 
compounds, from ·cell measurements and other equilib­
rium measurements and using our tentative value for 
6. {] ° (Fe2 + ,ao) to obtain other values for 
ArGo (Fe3+,ao). 

In Secs. 5.1 and 5.2 we finalize the selections for the 
il(6.{])s and for 6.rG°(Pe3+ ,ao) (pO = 1 atm) , rationalizing 
our selections by reviewing the effect on values for t:t.fllo 
and 6. soIHo of substances in the key network. 

5.1. The Properties of Goethite, FeOOH(cr, a) 

5.1.1. 4fHO(FeOOH, cr, 0:) 

One path to the 6.{]Q(Fe3+,ao) is from 6. soIGO(FeQOH, 
cr, a) and LlrG° (FeOOH, cr, a). This involves.the 
ilfHO(FeOOH, cr, a). There are four measurements leading 
to ~fH9 (FeOOH, cr) from reactions involving Fth03(cr) and 
Goethite. The reaction is 

2FeOOH(cr, a) = Fe203 (cr) +H20(I). 

The 59SCH (No. 63) results on the stability regions of 
Fe203-FeOOH through pressure and temperature measure­
ments (800, 900, and 970 bar and 411 to 453 K) lead to 
6.H=15:t:l0 kJ·mol- 1 (3rd law). The 75KORIFAD (No. 65) 
differential scanmng calorimetric measurements (corrected 
for il va/fO(H20,1) = 44.004 kJ·mol- 1) lead to 
13.70:t:4.0 kJ·mol- 1 for ~H. 

Calorimetric measurements of the ~solH of FeOOH(er, 
a) and Fe203(cr) in 20.1 wt% aqueous HF at 298.15 K by 
65BAR (No. 51) and in 20.1% aqueous HCl 
(HCl+7.60H20) containing 0.18% FeCl3 at 344 K by 
64FER (No. 64) give 6.H=7.87±O.84 and 4.9± 1.2 
kJ . mol-I, respectively. A summary, Table 5, with 
6. fH

o (Fe20 3 ,cr) = -824.9±3.2 kJ ·mol-1 [88HAA] and 
823:t: 6 kJ ·mol- 1 [86ARIlBER] follows. 
In our initial assessment, we select 6. fHo (FeOOH,cr,a) 

=-559.3±1.7 kJ·mol- 1 based on 65BAR and 
~fHO(Fe203 ,cr) = - 824. 9.!.. 3.2 kJ'11101- 1

, 
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5.1.2. 4 f GO(FeOOH, cr, a) 

From the C p measurements on FeOOH of 70KINlWEL 
(51 K to 298 K), SO(298.15 K) is tabulated as 
60.40±0.60 J·mo}-I·K- I (Nos. 48, 49 in ALb), resulting 
in ArS° = -237.250 J·mol-I·K- I and ArGo = 
- 488.6± 1.7 kJ·mo}-I. 

5.1.3. Gibbs Energy of Solution of FeOOH(cr, a) and 
4 f GO(Fe3+,ao) 

The equilibrium between the solid ferric oxyhydrates and 
their aqueous solutions is complex. There are various re­
views of the stability of the various ferric oxyhydroxides 
precipitated from Fe3+(aq), e.g. 69LAN, 71LAN, 71LANI 
WHI, and 85HSUIMAR. 

The various naturally occurring ferric oxyhydroxides are 
amorphous, designated as Fe (OHh (am) , and the crystalline 
forms which we write as FeOOH(cr) [a for the Goethite 
form, f3 for the Akageneite form, and i' for the Lepidocrocite 
form], as well as Fe203(cr) [a for hematite and i' for 
maghemite ]. 

The precipitate in contact with solutions contammg 
Fe3 +(ao) depends upon the pH of the solution, temperature, 
time, the presence of Fe2+(ao), an oxidizing medium, and 
various foreign ions. The amorphous (freshly precipitated, 
after about 2 h, called active) ages to a form considered 
inactive (after about 2 a) and eventually to Goethite and/or 
hematite or other crystalline forms with different solubilities. 
The K s=a(Fe3+)a(OH-)3 is thus difficult to ascribe accu­
rately to a single, well-defined phase. 85HSU/MAR (No. 28) 
obtained the activity products, a (Fe3+)a (OH-)3 , of 
Fe(CI04h solutions hydrolyzed and aged at room tempera­
ture (298.15 ±3 K) for 9 to 16 a which contained only well 
crystallized Goethite as determined by x-ray diffraction. The 
values determined varied with ionic strength but not with 
particle size (in contrast to 71LANIWHI, 71LAN, 74WHII 
LAN). The pKs were 39.80, 40.32, and 40.83 for ionic 
strengths of about 0.005,0.04 and 0.2 mol·dm- 3 and corre­
spond to the reaction, 

FeOOH(cr,a)+H20(l)=Fe3+(ao)+30H-(ao). 

Extrapolation to /=0 results in pKs = 39.5 and 
.1Gv=22~).46±2.U kJ·mol- 1 and ArGO (Fe3'r,ao) 
= -28.52±2.6 kJ ·mol- I . 

Earlier 71LANIWHI had indicated that the "pK" from 
precipitation, initially at concentration of Pe2+(ao) or 
Fe3+(ao) of 10-2 mol·dm- 3 varied from 37.3 to 43.3, be­
ginning as amorphous material and that the pK s of the aged, 
macroscopic Goethite would be about 43.3 (this includes a 
calculated 3.2 pK correction for surface area. In addition 
from the examination of well waters containing 10 - 3.33 to 
105.40 mol·dm- 3 Fe2+(ao) and suspended oxyhydroxides, 
"pK" was 37.1 to 43.5. If we adopt 43.4±0.5 as the pKs 
from 7lLANIWHI (No. 27) we obtain AGO = 247.7 ± 3.0 
kJ'mol- 1 and ArG°=-6.3±3.5 kJ·mol- l . 

More recently 89KHO reviewed the oxyhydroxy-H20 sys­
tem and in a preliminary communique indicated that for 

O.5Fe20 3(cr,hematite)+ 3H+(ao)=Fe3+(ao)+ 1.5H20(l); 

AG=3.0±2.5 kJ·mol- l . 

Since we have accepted AH = 3.94±0.42 kJ 'mol- I for the 
dehydration of Goethite to hematite and ASo = 18.27 
J·mol-I·K- I for this process (from ALb, Nos. 47 and 49), 
AGo = - 1. 5 1 ± 0 . 5 kJ· mol-I, and for 

FeOOH( cr,Goethite) + 3H+ (ao) = Fe3+ (ao) + 2H20(l), 

AGo=1.49±2.6 kJ·mol- l . 

89KHO also calculated log K = - 0.2 ± 0.5 for the above 
reaction, from the measurements of 63SCHIMIC. 

Converting these to the Ks=a(Fe3+)a(OH~)3 for Goethite, 
using 

3H20(l)=3H+(ao)+30H-(ao); AGO =239.76 kJ ·mol- I 

we obtain aGo = 241.25±2.6 and 240.90:=2.8 
kJ . mol- I for the process 

FeOOH (cr, oc) + H20 (1) =Fe3+ (ao) + 30H-(ao), 

and ArGo = - 12.75 ± 2.6 and 12.4 5 ± 2.8 kJ· mol - 1, 

respectively. 
These values are tabulated. 

5.1.4. The Direct Relationship Between 4,G°(Fe2+, ao) and 
4 fGO(Fe3+, ao) 

5.1.4.1. The cell measurements 
72WHIILAN (No. 14) measured the EO's (using a silver­

silver chloride reference electrode with a saturated KCI so­
lution) in perchloric acid solutions from 278 K to 308 K. At 
298.15 K,Eo = -0.7698±0.002 V for 

Fe2+ (ao) + H+ (ao) = Fe3+ (ao) +0.5H2(g) 

resulting in AGO = 74.274±0.20 kJ·mol- l . 73NIKIANT 
(No. 16) also measured the EOs (using TI(Hg), TICI(cr) ref­
erence electrode with saturated KCI solution). At 298.15 K, 
EO = -0.770±0.005 V and AGO = 74.30±0.50 
kJ . mol-I, in excellent agreement with 72WHIILAN al­
though the values diverge above 298 K resulting in 
AHO(298 K) values that differ by 4 kJ ·mol- I. (See Nos. 17 
and 15.) 

The earlier measurements of 37SCHISHE (No. 19) (EO 
= -'-0.770±0.010 V) and 51CONIMCV (No. 25) (EO 
= -0.771 ±0.005 V) are in agreement. Other measurements 
are listed in the reaction catalog. 

5.1.4.2. lhe equilibrium constants 
34BRAlHER (No. 20) have recalculated the equilibrium 

constant of 

Fe3+(ao)+ Ag(cr)=Fe2+(ao)+ Ag+(ao) 

to be K = 0.363±0.015 (measurements of 12NOYIBRA) 
orAGo = 2.512±0.25 kJ·mol- 1 andK = 0.137±0.010 
for 

2Fe3+ (ao) + 2Hg(l) =2Fe2+ (ao) + Hg~+ (ao) 

(measurements of 31POPIFLE) or AGO = 4.927±0.50 
kJ ·mol- I (No. 21). 

The resultant AGs for 

Fe2+ (ao) + H+ (ao) = Fe3+ (ao) +0.5H2(g) 

J. Phvs. Chern. Ref. Data. Vol. 24. No.5. 1995 
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TABLE 6. The Gibbs energies of formation of Fe
2
+ (ao) and Fe3+(ao) and ~(~rG°)=~rG°(Fe3+,ao) 

-~rG°(Fe2+.ao)(p°=l atm) 

Source ~rG°(Fe2+, ao)kJ ·mol- l 
~(~rG°) ~rG 0 (Fe3+, ao) 

kJ·mol- 1 kJ·mol l 

e.m.f. measurements 
26HAM -85.26±O.30 

-83.75±1.0 
32RANfFRA and 32FRA2 
53PATrrHO 

-83.86±O.20 
-78.95±O.5 

60HUR -90.11±O.8 
78JOHIBAU -80.08±O.20 
nWHIILAN (Selected Value) 
73NIKIANT 

74.27±O.20 
74.30±O.50 

Equilibrium Constants 
82GAMIREI -78.28±1.5 
(Fe(cr) and Tl+(ao) or 

-82.34:t 1.5 
34BRAlHER 74.47±O.50 
(Hg, ag reduction) 

Fe30icr) solubilityt 
70SWEIBAE 
80TREILEB 

FeS04·7H20 (cr), solubility 

-90.18:t3.1 
-88.26:t2.1 
-91.60:tO.85 

FeCI2·4H20 (cr) -89.4:t3.1 
vapor pressure and solubility 
FeOOH (cr, Goethite), solubility 
84HSU/MAR (pK=39.5) 
71LANIWHI (pK=43.4) 

Fe:103 (cr, hermatite). solubility 
89KHO re-analysis of data 
(calculated pksp (Goethite)=42.3) 

-28.5±2.6 
-6.3:t4.4 

-12.6±2.8 

l~fHO, ~rG°(po=l atm) , So for Fe304(cr, magnetite)=-1116.72±2.2 kJ'mol-1, -101O.30'±2.15 kJ·moI- I , 

and 14:'5.438::!:O.32 J·K-1mol- 1
, respecrively. 

are 74.60::t:O.50 and 74.34::t:O.5 kJ'mol-l, respectively 
(EO = -O.773±0.005 and - 0.7705±0.005 V). 

Similarly the measurements of 35SCH/SWE (No. 13) on 
the reduction of Fe3+(ao) to Fe2+(ao) by Ag(cr) yield 
K=0.499 and LlGo = 1.724±0.20 kJ'mol- l , so that LlGo 
for the Fe2+-Fe3+ couple is 75.39±0.2 kJ·mol- 1 (EO 
- 0.781 V). 

5.1.5. The Selected Value for the Relationship Between 
At GO (Fe2+,ao) and A,GO(Fe3+,ao) 

The e.m.f. measurements and the equilibrium measure­
ments are in good agreement and it would appear that the 
LlrG°(Fe3+,ao)-Ll~0(Fe2+,ao) = 74.27±0.20 kJ·mol- 1 

and EO -0.7698 ±0.002 V. 

5.2. The Selection of .1f GO(Fe3+ ,ao) 

The values obtamed tor AtLi v (to'eJ 
I ,ao) and 

Ll~O(Fe2+,ao) as well as the values for the Ll(Ll~O) are 
summarized in Table 6. The selected value for the Ll(LlfG O

) 

is indicatcd. This valuc must be maintained within the stated 
uncertainty. 

It is quite obvious that if we accept Ll~ ° (Fe2+ ,ao) = 
90.5±1.0 kJ·mol- 1 and we maintain Ll(LlrG°) 

= 74.27 ±0.20 kJ ·mol- l our value for Ll~O(Fe3+,ao) must 
be 16.2 ± 1 . 1 kJ· mol- 1 , in marginal agreement with the 
89KHO value obtained from the solubility of 
Fe203(cr,hematite). It is also obvious that the more positive 

value of -6.3 kJ·mol- 1 for LlrG°(Fe3+,ao) would support 
the more positive values for ~rG° (Fe2+ ,ao) from the mea­
surements of 82GAMIREI, 53PATrrHO, 78JOHIBAU, as 
well as those from 32RANIFRA and 32RANIFRA2. How­
ever, this would require complete rejection of the values 
from three paths for LlrG°(Fe2+,ao), from the solubility of 
Fe30icr,hematite), the solubility of FeS04' 7H20(cr), and 
the solubility of FeCl2 ·4H20(cr) and the decomposition of 
the tetrahydrate. Although the uncertainties on the values 
from Fe304 and FeCI2·4H20 are large and some adjustments 
could be made in the interpretations of the Gibbs energies of 
reaction, a 6 to 10 kJ . mol- 1 adjustment is not possible. If we 
attempt to go the other way, that is, to select a value of - 81 
kJ-mol- 1 (or even -84 kJ'mol- 1) for ArG°(Fe+2,ao) and 
use the Gibbs energies of reaction of the three above men­
tioned paths we would obtain calculated values for the en­
thalpies of formation of Fe30A,(cr), FeS04' 7H20(cr), and 
FeC12 ·4H20(cr) and FeClzCcr) that are incompatible with the 
selected values for these substances and their ~soIH's. (See 
sections on LlfRo (FeS04' 7H20,cr), ~IHo (FeC12 ,cr), and 
AfHO(Fe2+,ao)). We therefore accept: . 

16.23:::: 1.1 k.l·mol- I 

and our previous "tentative" vallic for ~rGo(Fe2+,ao) 
=-90.5±1.0 kJ·mol- l

. 
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TABLE 7. Recommended thermodynamic property values (p0= 1 atm) 

D.fRo D.rG° So 
Substance kJ·mol- 1 kJ·mol- 1 J.mol I.K I 

Fe (cr) 0 0 27.319±O.OO2 
Fe2+(ao) -90.0±O.5 -90.5±1.0 -101.6±3.7 
Fe3+(ao) -49.0±1.5 -16.23± 1.1 278.4±7.7 
FeOOH(cr, Goethite) -559.3±1.7 -488.56± 1.7 60.4±O.6 
FeClicr) -341.16±0.6 -301.74:±:O.6 118.06±O.20 
FeCI2(ai) -424.16±O.6 - 353.00± 1.1 + 11.60±3.7 
FeClicr) -395.66±0.5 - 331.S6 ± 0.6 147±0.30 
F3(ai) - 550.24± 1.5 -409.9S± 1.2 -1OS.60±7.7 
FeBr2(cr) -245.7:±:O.7 '-:'234.11 ±0.7 140.67±0.20 
FeBr2(ai) -332.S2±0.6 -29S.23±1.1 63.50±3.7 
FeBr3(cr) -263.S±O.7 
FeBr3(ai) -413.23± 1.5 -327.83±1.2 -30.75±7.7 
Felicr) -llS.7±0.8 
FeI2(ai) -203.56:±:0.6 -193.9S± 1.1 111.30±3.7 
PCS04(lli) 999.34:::0.7 834.60:::1.2 83.10:::3.8 

FeS04·7H20 (cr) -3012.6:±:0.9 -2508.16±1.0 409.2±1.2 
FeS04· 7H20 (ai) -3000.15±0.7 -2494.92± 1.2 406.6±3.8 

6. Summary 

All final recommended property values and uncertainties 
are tabulated (p0= 1 atm and pO= 1 bar). Predicted (calcu­
lated) process values and uncertainties for many of the reac­
tions used in this evaluation are also tabulated (p°=1 bar). In 
addition, a list of reactions (contained in the reaction cata­
logs) pertinent to this evaluation but not definitive are given 
(Sec. 6.2) 

6.1. The Final Recommended Values 

It is disturbing that firmer values for these important ions 
cannot be offered. At present we accept the following: 

For Fe2+(ao) fl.fHo= -90.0±0.5 kJ ·mol- 1 

fl.lJo = - 90.5 ± 1.0 kJ ·mol- 1 (p0= 1 atm) 
fl.lJo=-90.53±1.0 kJ·mol- 1 (p°=1 bar), 
SO=-101.6±3.7 j·mol-1·K- 1 

For FeH (ao) fl.fHo= -49.0± 1.5 kJ 'mol- 1 , 

fl.lJo= -16.23± 1.1 kJ ·mol- 1 (p0= 1 atm) , 
= -16.28 ± 1.1 kJ ·mol- 1 (p0= 1 bar) 

so= 27B.44::!:7.7 J ·mol-1K- 1• 

This requires a small modification in the values for tlfHo 
andlor ArGO for FeSOtj·7H20(cr). We have chosen to adjust 
fl.so,Go = 13.2 kJ·mol- 1 by returning to the 740YKlBAL 
Y:t values with '}':t = 0.15 at m=O.1 mol·kg- l

. This results 
in an adjustment to AfHo (FeS04' 7H20,cr) from the tentative 
value of - 3013.05±0.85 kJ'mol- 1 given in Sec. 2.5 to 
- 30 12.6 ± 0.9 kJ· mol- 1 • The equation for the enthalpy of 
solution is adjusted for this so that 

ArH(!) -AHo 
(D-H)/kJ ·mol- 1=(12.45±O.12) 

+(64.16±2.83)I -(382.5±57.07)I2 • 

Recommended values for the thermodynamic property val­
ues for all substances considered are given in Tables 7 and 8. 
In addition "reconstituted" process values are given in 
Table 9. 

TABLE 8. Recommended thermodynamic property values (p°=1 bar) 

D.fRo D.rG° So 
Substance 

kJ·mol- 1 kJ'mol- 1 J·mol- I 

Fe(cr) 0 0 27.319±O.OO2 
Fe2+(ao) -90.0±0.5 -90.53±1.0 -101.6±3.7 
Fe3+(ao) -49.0±1.5 -16.28±1.1 -278.4±7.7 
FeOOH(cr, Goethite) -559.3±1.7 -488.51±1.7 60.4±1O.6 
FeClicr) -341.16±O.6 -301.70±0.6 118.06:±:O.20 
FeCI2(ai) -424.16±O.6 -352.96± 1.1 + 11.60:±:3.7 
FeCI3(cr) -395.66±0.5 -331.S1±0.6 147.80:±:0.30 
FeCI3(ai) - 550.24± 1.5 -409.93±1.2 -108.60±7.7 
FeBr2(cr) -245.7±O.7 -234.11±0.7 140.67:±:0.20 
FeBr2(ai) -332.S2±0.6 - 298.23 ± 1.1 63.50:±:3.7 
FeBr3(cr) -263.8±O.7 
FeBr3(ai) -413.23± 1.5 - 327.83 ± 1.2 -30.75±7.7 
Felicr) -118.7±O.S 
FeI2(ai) -203.56±0.6 -193.98±1.1 111.30±3.7 
PCS04(lli) 999.34:::0.7 -- 834.53::!.: 1.2 -83.1O::!.:3.8 

FeS04·7H20 (cr) -3012.6±0.9 -2507.75±1.0 409.2±1.2 
FeS04·7H20 (ai) -30DO.15±0.7 -2494.51±1.2 406.6±3.8 

TART.F q_ The: ~tan(blT(i thp.rmnciynamic. prnpp.l1ip.s of rp.ac.tion (p°=1 bar) 

Substance 
D.rRo D.rGo D.~o 

kJ'mol- 1 kJ·mol- 1 J.mol I.K I 

Fe (cr) +2H+(ao)+Fe2+(ao) + Hz{g) -90.0 -90.53 1.76 
±0.5 ±1.0 ±3.7 

Fe2+(ao)+ H+(ao) 41.0 74.25 -111.46 
= Fe3 -;- (ao) + 0.5Hz{g) ±1.5 :±:O.20 ±5.1 

FeOOH(cr, Goethite)+H20(I) 106.0S 237.71 -441.4 
=Fe3+(ao)+30H-(ao) ±2.3 :±:2.0 ±7.7 

Fe (cr) +2HC1(g) 156.54 -111.11 -152.38 
= FeCI2( cr) + H2(g) :±:0.5 ±0.6 ±0.25 

FeCI2( cr) = FeCI2(ai) -83.00 -51.26 -106.46 
±O.l4 ±1.1 ±3.7 

FeCI2(cr)+HCI(g) 37.81 65.19 -91.82 
= FeC13( cr) + 0.5H2(g) ±0.25 ±0.27 ±O.36 

FeCI3(cr)=FeC12(cr)+O.5CI2(g) 54.50 30.11 S1.80 
±O.Z5 ±O.27 ±O.36 

FeCI3(cr) = FeCI3(ai) -154.6 -78.12 -256.4 

±1.5 ±1.2 ±7.7 

FeCI2(cr)-t-2HBr(ai) 4.12 12.86 -29.29 

= FeBr2(cr)+2HCI(ai) ±0.3D ±O.32 ±OAO 

FeCI2(cr)+2HBr(g) -16.58 -16.27 -0.99 
=FeBricr)+2HCl{g) ±w~o ±O_11 ±O_2R 

FeBr2(cr)=FeBr2(ai) -87.12 -64.12 -77.17 

±O.25 ±1.1 ±3.17 

FeBr3(cr)=FeBr3(ai) -149.4 

±1.5 

FeI2(cr) = Fe(cr) + l2(g) 181.12 
±0.80 

FeI2(cr)+2HBr(ai) 2.26 
= FeBr2(cr)+2Hl(ai) ±O.S 

FeI2(cr) = FeI2(ai) -84.S6 

±0.5 

. FeS04' 7H;O(cr) 12045 13.24 -2.6 

=FeS04(ai)+ 7H20(l) ±O.5 ±0.5 ±3.8 
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G.L. Olilel Cycles III the Fe Network 

In addition to the cycles used here, there are others which 
we initially considered and rejected from further consider­
ation because they are too indirect and the values we would 
obtain for the thermodynamic properties of FeC13(cr) and 
PeC12(cr) would not be weighted highly. A better approach 
would be to use the better defined "key compounds" to help 
define the properties of those compounds in the greater net­
work. Reaction numbers follow those given in Appendixes 
ALb and ALe. Those involving FeC13(g) are contained in 
89EFI. The reactions are as follows: 

FeOCl(cr) +2HCl(aq)= FeC13(cr)+ H20(l) 

(Appendix ALb, Nos. 159 and 160), 

6FeOCl(cr) =2Fez03(cr)+ FezC16(s) 

(Appendix ALb, No. 161) 

Fe203(cr)+nH~1(g)=Fe2CI(i(g)+3H20(g) 

(Appendix ALb, No. 162), 

2FeC12(cr) +C12(g) = Fe2C16(g) 

(Appendix ALb, No. 163 and 164), 

2FeC13(cr)=Fe2C16(g) (Appendix ALe, Nos. 19-33), 

Fe2CI6(g)=2FeC13(g), 

Fe203(cr)+6HCI(g)=2FeClig)+3H20(g), 

2Fe203(cr)+6C12(g)=4FeCI3(g)+302(g)· 

6.3. Effect of values on other networks 

The values given here for some iron compounds, particu­
larly for ~rG° (Fe2+ ,ao) and for ~fHo (FeC13 ,cr)­
~fHo (FeCI2 ,cr) differ from those given in 82 WAUfE VA, 

69WAGfEVA, and 71MEDIBER, and should not be com­
bined with values from those sources. These new values are 
not only on the CODATA scale, but indicate that a re­
analysis of other key networks are needed. In particular, the 
thermochemical relationships in the uranium key network 
[see 83FUGIPAR and 92GREIFUG] involve the 
~fHo (FeCI3 ,cr)-~fHO(FeCI2 ,cr) from 82WAGfEVA in the 
analysis of the UCI4(cr)-U02C12(cr) relationship. The new 
selections indicate revisions may be necessary not only for 
~fHo (UCI4 ,cr), afHo (UF4 ,cr), and ~fHo (UF3 ,cr) (see 
850'H and 92FUG), but also for ~fHo (U03 ,cr, y), 
L1fH

o (U02F2 ,cr), L1fH
o (U02C12 ,cr), L1 fH

o (U4+ ,ao) , and 
6.flJO(UO~+ ,ao). The laller twu have abu been defined by 
CODATA (see 89COXIWAG) from 83FUGIPAR. 
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Appendix I: Reaction Catalogs for 
Selected Fe Compounds 

* Chemical Thermodynamics Data Center 
* National Institute of Standards and Technology 

* Computer Readable Reaction Catalog 

* For Selected Fe Compounds 3/91 

* Vivian B. Parker (VBP) with the cooperation of Vadirn Medvedev (VM) 

and M. Efimov (EME) IVTAN, 1. Khodakovskii (1.Kh.) and O. Devina 

(O.D.) VIGAC 

AI.a. Descriptive Information 

The reaction catalog is constructed as a database in a for­
mat developed for input of the information into a form more 
suitable for storage and calculation [83NEU]. This format 
was used as input for the calcium reaction catalog output 
which was published in 87GARIPAR. For convenience, we 
repeat the pertinent information given in Secs. 1.2.1, 1.2.5, 
1.2.6, and 1.2.7. 

Z: The reference code described in Sec. 1.2.5. The final 
two digits of the year (nineteenth century citations 
carry the four digits) preceded the first three letters of 
the first two author's last names (separated by a slash) 
in upper case letters. A number at the end of the code 
indicated that there is more than one reference having 
the same first two' authors codes and year of publica­
tion. The bibliography in Sec. 7 is arranged chrono­
logically by this reference code and alphabetically by 
the first author within each year. 

R: The reaction studied, or the substance studied. If it is 
for a substance studied, the substance formula will be 
preceded by an "=" sign. This is primarily used for 
the entropy of a substance. 

DV: The thermodynamic property measured for the reac­
tion listed, the temperature, the value and its uncer­
tainty, and the units. The uncertainties in the values 
for reactions listed in the reaction catalog and used in 
the text are initial uncertainties assumed by the evalu­
ator, as discussed in 87PARIEVA and may not agree 
with the experimentalist's appraisal. 

F: A flag to indicate special features such as a subcata­
log_ Here it is used with TN (Technical Note Series) 
to indicate that the reaction was used in the 69WAGI 
EVA evaluation. However, the absence of this flag 
does not indicate that it was not considered for the 
1969 evaluation. 

W: 

C: 

*. 

s: 

This is a weighting code. If it followed by "-1," it is 
a constraint to accept the value with no modification; 
if it is followed by a "99," it is for information only 
(i.e., the measurement is not given any weight in the 
evaluation). 
Comments pertaining to the reaction or other perti-
nent information. 
Private comments and working notes 
Name or initials of the evaluator and the date of the 
preparation, or modification of the entries. 

The thermochemical property designation for reactions is: 

H for Mf; G for ~G; S for !::.S; and S for So 

(if the R: entry is for a substance, the formula 

is preceded by an " = "). 
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The temperature is given in degrees Kelvin or Celsius 
units. If the temperature is not specified, the measurement is 
assumed to refer to 298.15 K. The pressure can be assumed 
to be either one bar or one atmosphere. For ~G's (where 
needed) or So's of gases, the pressure is stated in the com­
ments. The thermochemical value and uncertainty are given 
as decimal numbers. The currency symbol (in the U.S., the 
"$") is used to separate the value and its uncertainty and 
represents "±". 
The shorthand abbreviations for the units used in the catalog 
are dependent on the property so that: 

kJ=kJ·mol- 1 for H, G, and kJ·mol-I·K- 1 for S, Cp' 

kC=kcal'mol- I for H, G, and kcal·mol-I·K-1for S, Cp' 

J=J·mol-I·K- 1 for S C , P' 

C=cal·mol-I·K-1 for S, Cp' 

K, °C=degrees Kelvin, Celsius temperature. 

All values are for the reaction as given. 
The recommendations of the Division of Physical Chem­

istry of the International Union of Pure and Applied Chem­
istry [82IUP] are followed for thermodynamic conventions, 
standard states, terminology, nomenclature, symbols, and 
units. The symbols used here are also given in 89COXI 
WAG. In addition, the following are used: 

ai = hypothetical standard state, m = 1 mol kg - J 

for an electrolyte in aqueous solution 

(the sum of the values for the ions), 

ao = hypothetical standard state. undissociated. 

aq = aqueous, unspecified concentration, usually dilute, 

250H20, etc. = solution of specified composition, 

D -diffclcutial (pwtii:1l muh1l plOptaty). 

AI.b. Reaction Catalog 

The following information is a duplicate of the actual 
compmer file, .which is in an ASCII format. Thus, in this 
published document, upper and lower case, super- and sub­
scripts, and Greek and math characters are not used. As men­
tioned in Al.a, for example, the "$" character in the com­
puter file is actually the" ±" mathematical symbol; "Cp" is 
actually "Cp"; "dB" is "~H." 

1. Z: 90CTT 
R: = Fe (cr) 
DV: S, 27.319 $ 0.002 J 
C: bcc phase; Cp=25.154 $ 0.065 J/mol.K. At 200 

K H-H(298)=-2.317 kJ, S=17.9417 
J/(mol.K) and Cp=21.6054 Jl(mol.K). From 
90HAAlCHA. Using H-H(0)=2.192 kJ/mol at 
200 K from 85CHAJDAV, H-H(0)=4.509 kJI 
mol at 298 K. 

S: 8/89 VBP, 8/90 VBP 

2. 

3. 

4. 

5. 

6. 

7. 

Z: 89CTT 
R: =Fe (g) 
DV: S, 180.489 $ 0.030 J 
C: 1 bar, Cp=25.675 $ 0.010 J/(moLK) , H-H(O) 

=6.850 $ 0.005 kJ/m01. 
S: 8/89 VBp, 4/90 VBP 
Z: 89CTT 
R: Fe (cr)=Fe (g) 
DV: H, 415.144 $ 3.0 kJ 
W: -1 
C: Separate evaluation by IVTAN. 
S: 11189 VBP 
Z: 82GAMIREI 
R: Fe+2(ao) +2TI(cr) = Fe (cr) + 2TI + (ao) 
DV: G, + 13.51 $ 1.5 kJ 
C: K' at 323K and concentration NaCI04= 1.0 

moll (kg H20) is 0.07592 $0.06. Correction of 
dG to 298.15 K=( +6.9 kJ) and to 1=0 
(-0.33kJ). Note: Authors use co-author's half 
cell value for 2TI+(ao)+H2(g)=2Tl(cr)+2H 
+(ao), dGO=68.826kJ/mol at 298.15 K. NIST 
and IVTAN evaluations give 64.852 kJ/moL 

S: VBP Aug. 85, 11-87 
Z: 78JOHIBAU 
R: Fe(cr)+2H+(ao)=Fe+2(ao)+H2(g) 
DV: G, -80.08 $0.20 kJ 
C: From cell Fe(cr)IFeCI2(0.02m)llsat'd KCllI 

AgC1IIAg(cr) EO constant when ph is over 5.8. 
Fe(cr) used was spectroscopic grade with less 
than 10 ppm total spectroscopically detectable 
impurities and 10 ppm H. This Fe was specially 
vacuum-annealed to remove H2. If not spe­
cially· degassed, potential becomes. greater, 
from 0.415 V to --0.435 V. p= 1 atm. 

S: 5/86 VBP 
Z: 60HUR 
R: Fe(cr)+2H+(ao)=Fe+2(ao)+H2(g) 
DV: G, -90.11$0.80 kJ 
C: From EO= +0.467 V at 293 K which includes. a 

(probably small) liquid junction potentiaL Mea­
surements in aqueous acid chloride solutions. 
Author corrects data for all activities. Iron used 
for electrolytes contain 0.03% C, 0.01 % Si, 
0.19% Mn, 0.027% P, and 0.030% S.Elec­
trodes vacuum annealed for one hour at about 
973 K. Rate of reaction is proponional to OH­
activity. Mechanism proposed is 2Fe(cr)+OH­
(ao) =2Fe+ 2(ao) + OH-(ao)-4e. Correction to 
298 K is negligible. p= 1 atm. 

S: 5/86 VBP 
Z: 76VAS/RAS 
R: Fe(cr)+3/2 H202(ao)+3HCl04(ai) 

=Fe(CI04)3(ai)+3H20(1) 
DV: H, -617.349$0.84 kJ 
W: 99 
C: Linear extrapolation to I =0 from measure­

ments in 1, 2, 3 and 4 mol dm-3 HCl04 aque­
ous solutions containing 1 % and ] .5% H202 
using thermal corrections given by 78VASI 
YAS. Prom 1 %II202, dsolriHO = -616.89 kJ/ 
mol. From 1.5% H20, dsolnHO = -617.81 kJI 
mol. Using 67VAS corrections, extrapolated 
values are -615.51 and -616.14 kJ/mo!, re-
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spectively. Solutions corrected from molarity to 
molality. See revision. 

S: VBP Aug. 85 
8. Z: 76VASIRAS 

R: Fe(cr)+3/2 H202(ao)+3HCI04(ai) 
=Fe(CI04)3(ai) + 3H20(l) 

DV: H, -617.21$0.3 kJ 

C: Reextrapolation to 1=0 using Khodakovskii's 
'86 equation and constants. Individual experi­
mental val-ues are: For m Fe+3(ao)=0.012 
mol/(kg H20) in 1.058, 2.220, 3.501, 4.920 
molal HCI04 solns containing 1.0% H202, dH 
=-616.43, -618.27, -621.24 and -623.08 
kJ/mol, respectively, in solns containing 1.5% 
H202, dH= -616.51, -618.65, -620.61 and 
-622.45 kJ/mol respectively. dHD-H correc­
tions for extrapolation are 2.67, 3.08, 3.326, 
and 3.50 kJ/mol. 

S: O.D., I.Kh. with VBP 5/87 
9. Z: 68S0U/CIIA 

R: Fe+2(ao)+ 112 H202(ao)+ H+(ao)=Fe+3(ao) 
+H20(1) 

DV: H, -146.13$1.0 kJ 
C: Oxidation ot (NH4)2Fe(SU4)2 soln (0.1 molal) 

in .05m.H2S04; final concentration Fe+3(ao) 
is 5E-04 molal with dH= -146.65$0.84 kJI 
mol, and oxidation of Fe(CI04)2 soln (0.2 mo­
lal) in 0.1 HCI04 soln); final concentration 
Fe+3 is 5E-04 molal with dH= -145.60$1.3 
kJ/mol 

S: 6/86 VBP 
10. Z: 71BERITUM 

R: Fe+2(ao)+ 112H202(ao)+H+(ao)=Fe+3(ao) 
+H20(1) 

DV: H, -148.76$0.10 kJ 
C: Used FeS04 solutions, m=.003 to .009 moll 

(kg H20) with about 0.01 m H2S04. 
S: 6/86 VBP 

11. Z: 47FON 
R: Fe+2(ao)+ 112 H202(ao)+ H + (ao)=Fe+3(ao) 

+ H20 (1) 
DV: H, -150.16$0.50 kJ 
F: TN 
C: In 0.5 mol dm-3 HCI04 
s: 6/86 VBP 

12. Z: 47FON 
R: Fe+3(ao)+112 H2(g)=Fe+2(ao)+H+(ao) 
DV: H, -40.08$0.50 kJ 
F: TN 
C: in 0.5 mol dm-3 HCI04 solutions 
S: 6/86 VBP 

13. Z: 35SCHISWE 
R: Fe+2(ao)+Ag+(ao)=Fe+3(ao)+Ag(cr) 
DV: G, -1.72$0.2 kJ 
C: K meas. from Fe+3(ao) reduction in HCL04 

aqueous solutions, m=0.9255 to 0.07404= 
mol/(kg H20). Ionic strength solution 1.4 to 
0.10. Extrapolation to zero using Davies equa­
tion for activity coefficients. 

S: 6/86, 10/90 VBP 
14. Z: 72WHIILAN 

R: Fe+2(ao)+H+(ao)=Fe+3(ao)+ 112 H2(g) 
DV: G, +74.274$0.20 kJ 

DV: G, 278.15 K, 71.959$0.20 kJ 
DV: G, 283.15 K, 72.576$0.20 kJ 
DV: G, 288.15 K, 73.165$0.20 kJ 
DV: G, 293.15 K, 73.734$0.20 kJ 
DV: G, 303.15 K, 74.795$0.20 kJ 
DV: G, 308.15 K, 75.287$0.20 kJ 
C: E measured in perchlorate solns at ph 1.48 and 

ionic strengths of 0.0824 to 0.0840 from 278-
308.15 K. Used PT electrode + Ag-AgCI refer­
ence electrode with sat'd KCI internal solution. 
EO values were corrected for FeOH+2(ao) and 
Fe2(OH)2+4(ao) complexes. p=1 atm. 

S: 6/86 VBP 
15. Z: 72WHIILAN 

R: Fe+2(ao)+ H +(ao)=Fe+3(ao)+ 112 H2(g) 
DV: H, 42.75 $ 1.5 kJ 
C: See G reaction. E's measured 278.15 to 308.15 

K. 2nd law; authors give 42.67 $ 1.7 kJ/mol. 
Calculated dS = -105.9 J/(mol.K); See 
73NIKIANT for use of this dS and 88HOV Cp 
data. 

S: 8/88 VBP, 3/90 VBP 

16. Z: 73NIKI ANT 
R: Fe+2(ao)+H+(ao)=Fe+3(ao)+1I2 H2(g) 
DV: G, +74.30 $ 0.50 kJ 
DV: G, 323.15 K, 76.61 $ 0.50 kJ 
DV: G, 343.15 K, 78.25 $ 0.8 kJ 
DV: G, 363.15 K, 81.77 $ 0.8 kJ 
DV: G, 373.15 K, 83.17 $ 1.0 kJ 
DV: G, 398.15 K, 85.58 $ 1.0 kJ 
DV: G, 423.15 K, 86.93 $ 1.0 kJ 
C: E measured in 0.125 to 1.913 mol dm-'3 HCI04 

(10 concentrations). Fe+2(ao), Fe+3(ao) con­
centrations are less than 0.01 M. Corrected for 
ionic strength of solution. Used TI(Hg), 
TICI(cr) sat'd KCI solution half cell. p= 1 atm. 

S: 3/90 VBP 

17. Z: 73NIKI ANT 
R: Fe+2(ao)+ H + (ao) =Fe+3(ao)+ 112 H2(g) 
DV: H, 46.7 $ 2.0 kJ 
C: E measured in 0.125 to 1.913 mol dm-3 HCI04 

(10 concentrations). Fe+2(ao), Fe+1{ao) con­
centrations are less than 0.01 M. Corrected for 
ionic strength of solution. Used Tl(Hg), T]­
CI(cr) sat'd KCI solution half cell. Second Law 
value, based on E measurements 298 to 343 K; 
If use E values at higher temperatures Second 
Law value is 47.4 $ 5.0 kJ/mol. d(H-H298.15) 
at mean T(319 K)= 1.2 kJ/mo!, taken from Cp 
measurements Fe+2(ao) and Fe+3(ao) by 
88HOV. Third Law value, using dS=-105.9 
J/(mol.K) is 42.27 $ 1.4 kJ/mol. dS over range 
298 to 323 K is -57.9 J/(mol.K). Over entire 
range dS= -72.2 J/(mol.K). 

S: 3/90 VBP 

18. Z: 58LAP 
R: Fe+2(ao)+H+(ao)=Fe+3(ao)+ 1I2H2(g) 
DV: G, 71.206$2.0 kJ 
W: 99 
C: Effect of ph in the range from .1.5 to 11.0 on 

oxid-red'n potential of Fe+3(ao)-Fe+2(ao)­
S04-2(ao) aqueous system. Obtains EO 
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h'i ,'(;Illi h- 1 ,~(,,(»): (),73X V and log satu-
1;\11'<1 C:\loillei half cell. Concentration of 
S04-2(ao)=O.04 mol dm-3. Corrects for 
aFe+3/aFe+2 using Debye-Huckel eqn; no ex­
trapolation to 1=0. See recalculations by 
60MAT. p=l atm. 

S: 6/86 VBP 
19. Z: 37SCHISHE 

R: Fe+2(ao)+H+(ao)=Fe+3(ao)+ 112 H2(g) 
DV: G, +74.303$0.010 kJ 
C: From cell measurements(H2 electrode) in 

HCI04, m=0.273 to 0.0259 mol/(kg H20)-1. 
Ratio of [Fe+ 3J to [Fe+2J maintained at 1.0. 
Corrects for activity coef. and extrap. to m =0. 
Corrects for hydrolysis of Fe+3(ao) to Fe(OH) 
+2(ao). p= 1 atm. . 

S: 6/86 VBP 
20. Z: 34BRAlHER 

R: Fe+2(ao)+Ag+(ao)=Fe+3(ao)+Ag(cr) 
DV: G, -2.512 $ 0.25 kJ 
c: Corrected data of 12NOYIBRA. Measurements 

in acidified nitrate salt solutions at high ionic 
strength 

s: 6/86, 10/90 VBP 
21. Z: 34BRAlHER 

R: Fe+2(ao)+ 112 Hg2+2(ao)=Fe+3(ao)+ Hg(I) 
DV: G, -2.46 $ 0.25 kJ 
C: Corrected data of 31 POPIFLE. Measurements 

in acidified perchlorate salt solutions at low 
ionic strength. 

S: 6/86,10/90 VBP 
22. Z: 53MAGIHUI 

R: Fe(CI04)2(HCI04+55.5H20:au) 
+ HCI04(D:HCI04+ 55 .5H20) 
=Fe(CI04)3(HCI04+55.5H20:au)+ 1/2 
H2(g) 

DV: H, +40.58$0.84 kJ 
C: From e.mJ. meas. at 288,298 and 623 K. p= 1 

atm. 
S: 6/86 VBP 

23. Z: 53MAGIHUI. 

24. 

25. 

R: Fe+2(ao)+ H+(ao)=Fe+3(ao)+ 112 H2(g) 
DV: 0, 73.44$1.0 kJ 
W: 99 
C: E= -0.7375 V in 1 mol dm-3 HCI074. Davies 

eqn. used to correct for activity coefficients. 
p=l atm. 

S: 6/86 VBP 

Z: 51 CON/MCV 
R: Fe(CI04)2(HCI04+ IlOH20:au) 

+ HCI04(D:HCI04+ 11 OH20) 
=Fe(CI04)3(HCI04+ 110H20:au)+ 112 H2(g) 

DV: H, +41.61$1.0 kJ 
C: From e.mJ. meas. 283-308 K. Initial concen-

tration Fe+2(ao)----0.025 moles (kg H20)-1. 
S: 6/86 VBP 

Z: 51 CON/MCV 
R: Fe+2(ao)+ H +(ao)=Fe+3(ao)+ 1/2 H2(g) 
DV: 0, +74.37$0.50 kJ 
c: E=0.7394 V ill 0.504 mol dm-3 HCI04 (cor-

rected to unit concentration H +). Ionic strength 
solution=0.55 mol/(kg H20); corrected to ac­
tivities llsing Davies eqn. p= 1 atm. 
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S: 6/86 VBP 

26. Z: 60MAT 
R: Fe+2(ao)+H+(ao)=Fe+3(ao)+ 112 H2(g) 
DV: 0, +74.35$0.20 kJ 
C: EO= -0.771 V. Recalculation of results of 

58LAP; corrects for Fe+3-S04-2 complexiilg. 
Use:) Davies equation. p= 1 atm. 

S: 6/86 VBP 
27. Z: 71LANIWHI 

R: FeOOH(cr, a)+H20(l)=Fe+3(ao)+30H-(ao) 
DV: 0, +247.7 $ 3.0 kJ 
C: From laboratory solution containing crystalline 

Goethite and ground waters for beds containing 
iron minerals. 

S: 8/87,10/90 VBP 
28. Z: 85HSU/MAR 

R: FeOOH(cr, al)+H20(l)=Fe+3(ao)+3 OH­
(ao) 

DV: G, 225.46 $ 2.0 kJ 
C: Aged Fe(CI04)3 solutions, nine to sixteen a, at 

298 $ 3 K; ~olid pha~~ det~nnined by x-ray 
diffraction. Only solutions containing well 
characterised Goethite were used to calculate 
pK's of 39.80, 40.32 and 40.83 for ionic 
strength solutions of 0.005, 0.04 and 0.2 M. 
Corrections for hydrolysis were made. 

S: 10/90 VBP 
29. Z: 60MAT 

R: Fe(OH)3(cr)=Fe+3(ao)+3 OH-(ao) 
DV: G, +223.47$1:0 kJ 
C: log K=-39.15. Recalculation of results of 

58LAP; corrects for Fe+3-S04-2 complex­
ing. Uses Davies equation. 

S: 6/86 VBP 

30. Z: 89CTT 
R: Fe(OH)2(g) 
DV: S, 286.94 $ 8.0 J 
c: One Bar value. H-HO=17.816 $ 2.00 KJ/mol, 

Cp==84.444 $ 6.0 J/(mol.K) Sent 9/87 
S: 8/89 VBP 

31. Z: 1882THO 

32. 

33. 

R; FeC13(300H20)+3NaOH(lOOH20) 
= Fe(OH)3(am) + 3NaCI(600H20) 

DV: H, -104.43$2.0 kJ 

F: 

C: 

s: 
Z: 
R: 

DV: 

F: 
C: 

S: 
Z: 
R: 

DV: 

TN 

dH = - 102.51 kJ Imol at 293 K; estimated dCp 
+ 380 J/(mol.K) 

6/87 VBP 

1873BER 

Fe2(S04)3(au)+6KOH(200H20) 
=Fe(OH)3(am)+3K2S04(400H20) 

H, -246.9$6.0 kJ 

TN 
dH=-251.0 kJ/mo] at 291 K; estimated dCp= 
-600 J/(mol.K). 

6/87 VBP 

60MAT 
3Fe+2(ao)+4H20(l)=Fc304(cr)+8H 
+(ao)+2e 
G, 237.23$1.0 kJ 
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C: Recalculation of results of 58LAP; corrects for 
Fe+3-S04-2 complexing. Uses Davies equa­
tion. p= 1 atm. 

S: 6/86 VBP 

Z: 58LAP 
R: Fe + 2(ao) + 3H20(l) = Fe(OH)3(cr) + 3H 

+(ao)+e 
DV: G, 87.61$2.0 kJ 
W: 99 
C: Effect of ph in the range from 1.5 to 11.0 on 

oxid-red'n potential of Fe+3(ao)-Fe+2(ao)­
S04-2(ao) aqueous system. Obtains EO Fe 
+2(ao)-Fe+3(ao)=0.738 V and 19 KsO 
Fe(OH)3(cr)= -39.43. Reference electrode 
was a saturated calomel half cell. Concentration 
of S04-2(ao) =0.04 mol dm-3. Corrects for aFe 
+3/aFe+2 using Debye-Huckel equation; no 
extrapolation to 1=0. See recalculations . by 
60MAT. p= 1 atm. 

S: 6/86 VBP 
Z: 58LAP 
R: 3Fe+2(ao)+4H20(I) = Fe304(cr) +8H 

+ (ao)+2e 
DV: G, 232.72$2.0 
W: 99 

C: Effect of ph in the range from 1.5 to 11.0 on 
oxid-red'n potential of Fe+3(ao)-Fe+2(ao)­
S04-2(ao) aqueous system. Obtains EO Fe 
+2(ao)-Fe+3(ao)=0.738 V and 19 KsO 
Fe(OH)3(cr)= - 39.43. Refer-ence electrode 
was a saturated calomel half cell. Con­
centration of S04-2(ao)=O.04 mol dm-3. Cor­
rects for aFe+3/aFe+2 using Debye-Huckel 
equation; no extrapolation to 1=0. See recalcu­
lations by 60MAT. p= 1 atm. 

S: 6/86 VBP 
Z: 7USWE/HAE 
R: 113 Fe304(cr)+2H+(ao)+ 1/3 H2(g)=Fe 

+ 2 (ao) +4/3 H20(I) 
DV: G. -68.6$3.0 kJ 
C: Solubility Fe304(cr) in dilute aqueous solns 

satd with H2 at 1 atm at 298 K measured at 
temperatures between 323 K and 573 K. Solu­
tions ranged from KOH molality 4E-U4 mol/kg 
to HCL molality 1E-04 mol/kg. Measurements 
were made by continuous flow of solution over 
bed of pure Fe304. Solubilities have been com­
bined to calculate K's and extrapolate to 298 K 
for processes leading to formation of 
Fe+2(ao), FeOH +(ao). Fe(OH)2(ao). and 
Fe(OH)3-1(ao). dS(298) for reaction forming 
Fe+2(ao) was restricted to -25.3 cal/(mol.K) 
using SO(Fe+2, ao) from 68LARICER. Used 
dCp=42 J(l(mo1.K». p= 1 atm. 

S: 5/86 VBP, 7/88 VBP 
Z: 70SWEIBAE 
R: 1I3Fe304(cr)+H+(ao)+ 1I3H2(g)=FeOH 

+ (ao) + 1/3H20(l) 
DV: G, -15.43 $ 5.0 kJ 
DV: S, -99$17 J 

38. 

39. 

40. 

41. 

C: Solubility Fe304(cr) in dilute aqueous solns 
satd with H2 at 1 atm at 298 K measured at 
temperatures between 323 K and 573 K. Solu­
tions ranged from KOH molality 4E-04 mol/kg 
to HCL molality IE-04 mol/kg. Measurements 
were made by continuous flow of solution over 
bed of pure Fe304. Solubilities have been com­
bined to calculate K's and extrapolate to 298 K 
for processes leading to formation of Fe+2(ao), 
FeOH+(ao), Fe(OH)2(ao), and Fe(OH)3-1(ao). 
dS(298) for reaction forming Fe+2(ao) was re­
stricted to -25.3 call(mol.K) using SO(Fe+2, 
ao) from 68LARICER. Used dCp= 14 
J/(mol.K). p= 1 atm. 

S: 5/86 VBP, 7/88 VBP 
Z: 70SWEIBAE 
R: 1I3Fe304(cr)+ 1I3H2(g) + 2/3H20(l) 

= Fe(OH)2(ao)+ H + (ao) 
DV: G, +48.71$10 kJ 
DV: S, -99 $ 25 J 
C: Solubility Fe304(cr) in dilute aqueous solns 

satd with H2 at 1 atm at 298 K measured at 
temperatures between 323 K and 573 K. Solu­
tions ranged from KOH molality 4E-04 mol/kg 
to HCL molality 1E-04 mollkg. Measurements 
were made by continuous flow of solution over 
bed of pure Fe304. Solubilities have been com­
bined to ca1culate,K'sand extrapolate to 298 K 
for processes leading to formation of Fe+2(ao), 
FeOH+(ao), Fe(OH)2(ao), and Fe(OH)3-1(ao). 
dS(298) for reaction forming Fe+2(ao) was re­
stricted to -25.3 cal/(mol.K) using SO(Fe+2, 
ao) from 68LARlCb.K. p= 1 atm. 

S: 5/86 VBP 

Z: 70SWEIBAE 
R: 113 Fe3 04 (cr) +5/3H2(g) + 1I3H20(l)= 

Fe(OH)3-1(ao)+ H + (ao) 
DV: G, +99.42$10 kJ 
DV: S, -207$30 J 
C: Solubility Fe304(cr) in dilute aqueous solns 

satd with H2 at 1 atm at 298 K measured at 
temperatures between 323 K and 573 K. Solu­
tions ranged from KOH molality 4E-04 mollkg 
to HCL molality 1E-04 mol/kg. Measurements 
were made by continuous flow of solution over 
bed of pure Fe304. Solubilities have been com­
bined to calculate K's and extrapolate to 298 K 
for processes leading to formation of Fe+2(ao), 
FeOH+(ao), Fe(OH)2(ao), and Fe(OH)3-1(ao) 
was restricted. dS(298) for reaction forming 
Fe+2(ao) was restricted to -25.3 cal/(mol.K) 
using SO(Fe + 2, ao) from 68LARICER. p = 1 
atm. 

S: 5/86 VBP 

Z: 70SWEIBAE 
R: Fe+2(ao)+ H20(l)=FeOH +(ao)+ H + (ao) 
DV: G, +53.1$2.9 kJ 
C: Difference in 2 extrapolated K's. 
S: 5/86 VBP 

Z: 80TREILEB 
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R' lJ3fle304(r.r)+1H + (ao) + 1 nH2(g)= 
Fe+2(ao)+4/3H20(I) 

DV: H, "-85.44$4.0 kJ 

DV: G, -64.26$ 2.0 kJ 
C: dH (473 K)= -78.09 kllmol and dSO (473 K) 

= -51.63 J/(moI.K).Evaluator used dCp=42 
J/(moI.K) from 70SWEIBAE 

C: Solubility of carefully characterized Fe304( cr) 
in dilute aqueous solutions satd with H2(g) 
measured from 373 to 573 K in flow apparatus. 
Solution compositions included either HCI mo­
lalities of up to 1 mmole(kg H20)-1 or NaOH 
molalities of up to 40 mmole (kg H20)-1. The 
dependence of the equilibrium solubility on the 
pH and reduction potential were fitted to a 

scheme of soluble" ferrous and ferric species. 
Solubility products were used to derive thermo­
dynamic constants in the species Fe+2(ao), 
FeOH+(ao), Fe (OH)2(cr), Fe(OH)3-(ao), 
Fe (OH) 3 (cr) and Fe(OH)4-(ao). Values ex­
trapolated by authors to 298.15 K. SO(FeOH +, 
ao)-SO(Fe+2, ao) was constrained to be 12.6 
J/(K.mol) from 78JOHJBAU·. p= 1 atm. 

S: 5/86 VBP, 3/88 VBP 

Z: 80TREILEB 
R: 1/3Fe304(cr)+H+(ao)+ 1/3H2(g) = 

FeOH+(ao)+ 1I3H20(1) 
DV: H, - 58.9$6.0 kJ 
DV: G, -9.11$ 2.5 kJ 
C: Authors established dCp= 125 J/(mo1.K) used. 

dH(473 K)==-36.78 kJ/mol with dS (475 K)= 
-108.96 l/{moLK).1fuse dCp=14 JJmo} from 
70 SWEIBAE, dH and dO are -39.23 and 
-4.8 kJJmol respectively. 

C: Solubility of cl,U'efully characterized Fe304(cr) 
in di1utp. aqnp.Ol1s solntlom: !'::::ItG with H2(g) 

measured from 373 to 573 K in flow apparatus. 
Solution compositions included either HCl mo­
lalities of up to 1 mmole(kg H20)-1 or NaOH 
molalities of up to 40 mmole (kg H20 )-1. The 
dependence of the equilibrium solubility on the 
pH and reduction potential were fitted to a 
scheme of soluble ferrous and ferric species. 
Solubility products were used to derive thel111o­
dynamic constants in the species Fe + 2(ao), 
FeOH+(ao), Fe (OH)2 (cr), Fe(OH)3-(ao), 
Fe(OH)3(cr) and Fe(OH)4-(ao). Values ex­
trapolated by authors to 298.15 K. SO(FeOH+, 
ao)-SO(Fe+2, ao) was constrained to be 12.6 
J/(K.mol) from 78JOIIIDAU. p= 1 atm. 

S: 5/86 VBP, 3188 VBP 
Z: 80TREILEB 

R: 113 Fe304(cr)+513H20(1)+ I13H2(g)---
Fe(OH)3-1 (ao)+H+(ao) 

DV: H, 72.8$8.0 kJ 
DV: G, 127.7$3.0 kJ 
C: Authors est'd dCp= -10.6 J/(mol.K) used. dH 

(473 K)==71.58 kllmol and dS (473 K)= 
-I88.7l J/(mol.K). 

44. 

45. 

c: 

S: 

Z: 
R: 

DV: 
DV: 
c: 

c: 

S: 
Z: 
R: 

DV: 
c: 

c: 

Solubility of carefully characterized Fe304(cr) 
in dilute aqueous solutions satd with H2(g) 
measured from 373 to 573 K iIi flow apparatus. 
Solution compositions included either Hel mo­
lalities of up to 1 mmole(kgH20)-1 or ~aOH 
molalities of up to 40 mmole (kg H20 )-1. The 

dependence of the equilibrium solubility on the 
pH and reduction" potential were fitted to a 
scheme of soluble ferrous and ferric species. 
Solubility products were used to derive thermo­
dynamic constants in the species Fe+2(ao), 
FeOH+(ao), Fe (OH)2(cr), Fe(OH)3-(ao), 
Fe(OH)3(cr) and Fe(OH)4-(ao). Values ex­
trapolated by authors to 298.15 K. SO(FeOH +, 
ao)·-SO(Fe+2, no) was constrained to be 12.6 
J/(K.mol) from 78JOHfBAU. p= 1 atm. 
5/86 VBP, 3/88 VBP 

80TREILEB 
1I3Fe304( cr) + 1I3H2(g) + 2/3H20(l) 
==Fe(OH)2(ao) 
H, 20.8$4.0 kJ 
G, 55.7$ 2.0 kJ 
Authors· established dCp=27 J/(mol.K) used. 
dH (473 K)=25.5 kJ/mol and dS (473 K)= 
-102.35 J/(mol.K). 
Solubility of carefully characterized Fe304(cr) 
in dilute aqueous solutions satd with H2(g) 
measured f;rom"373 to 573 K jn flow apparatus. 
Solution compositions included either HCl mo­
lalities of up to 1 mmole(kg H20)-1 or NaOH 
molalities of up to 40 mmole (kg H20 )-1. The 
dependence of the eqUilibrium solubility on the 
pH and reduction potential were fitted to a 
scheme of soluble ferrous and ferric species. 
Solubility products were used to derive thermo­
dynamic constants in the species Fe+2(ao), 
FeOH+(ao), Fe(OH)2(cr), Fe(OH)3-(ao), 
Fe(OH)3(cr) and Fe(OH)4-(ao). Values ex­
trapolated by authors to 298.15 K. SO(FeOH, 
+ ao) - SO(Fe + 2, ao) was constrained to be 
12.6 J/(K.mol) from 78JOHIBAU. p=l atm. 
5/86 VBP, 3/88 VBP 

80TREILEB 
1/3Fe304(cr)+ 5/3H20(1) = Fe(OH)3(ao) + 11 
6H2(g) 
S, -72$8.0 J 
Authors dCp=-10.6 J/(mol.K) used. dS (473 
K)=75.4 J/(mol.K). 
Solubility of carefully characterized Fe304( cr) 
in dilute" a4ueuus sulutlolls satd with II2(g) 
measured from 373 to 573 K in flow apparatus. 
Solution compositions included either HeI mo­
lalities of up to 1 mmole(kg H20)-1 or NaOH 
molalities of up to 40 mmole (kg H20)- I. The 
dependence of the equilibrium solubility on the 
pH and reduction potentia1 were fitted to a 
scheme of soluble ferrous and ferrit.: species. 
Solubility products were used to derive thermo­
dynamic constants in the species Fe+2(ao), 
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49. 

50. 

51. 
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FeOH+(ao), Fe(OH)2 (cr), Fe(OH)3-(ao), 
Fe(OH) 3 (cr) and Fe(OH)4-(ao). Values ex­
trapolated by authors to 298.15 K.. SO(FeOH, 
+ao)-SO(Fe+2, ao) was constrained to be 12.6 
J/(K.mol) from 18JOIIIDAU. p= 1 atm. 

S: 5/86 VBP, 3/88 VBP 

Z: 80TREILEB 
R: 1/3Fe304(cr)+8/3H20(1)=Fe{OH)4-1(ao) 

+ 1I6H2(g)+H+(ao) 
DV: S, -192.6$8.0 
C: Authors dCp= 10.5 J/(mol.K) used. dS (473 K) 

.... 187.76 J/(mol.K). 
C: Solubility of carefully characterized Fe304(cr) 

in dilute aqueous solutions satd with H2(g) 
measured from 373 to 573 K in flow apparatus. 
Solution compositions included either HC} mo­
lalities of up to 1 mmole(kg H20)-1 or NaOH 
moialities of up to 40 mmole (kg H20 )-1. The 
dependence of the equilibrium solubility on the 
pH and reduction potential were fitted to a 
scheme of soluble ferrous and ferric species. 
Solubility products were used to derive thermo­
dynamic constants in the species Fe+2(ao), 
FeOH+(ao), Fe(OH)2(cr), Fe(OH)3-(ao), 
Fe(OH)3(cr) and Fe(OH)4-(ao). Values ex­
trapolated by authors to 298.15 K. SO(FeOH, 
+ao)-SO(Pe+2, ao) was constrained to be 12.6 
J/(K.mol) from 78JOHIBAU. p= 1 atm. 

S: 5/86 VBP 
Z: 89CTT 
R: =Fe203 (cr) 
DV: S, 87.483 $ 0.06 J 
C: Evaluation of J. Haas 
S: 10/89 VBP 
Z: 70KINlWEL 
R: = FeOOH(cr) 
DV: S, 60.38$0.63 J 
C: low temp Cpo measurements 51 to 298 K. 
S: 6/86 VBP 
Z: 90CTT 
R: = FeOOH(cr) 
DV: S, 60.40 $ 0.6 J 
C: Work of 70KINIWEL. H-HO= 10.820 $ 0.08 

kJ, Cp=74.480 $ 0.07 J/(mol.K). 
S: 5190 VBP 
Z: 90CTT 
R: =Fe(OH)2 (cr) 
DV: S, 93.00 $ 6.0 J 
C: Est'd by IVTAN 
S: 3/90 VBP 
Z: 65BAR 
R: 2FeOOH(cr)=Fe203(cr)+ H20(l) 
F: TN 
DV: H, 7.87$0.84 kJ 
C: Also IVTAN Equation 367, with additional 

decimal. dsolnH FeOOH(cr) in 20.1 wt% HF= 
- 82.26$0.60 kJ/mol combined with dsolnH 
Fe203(cr) = -175.90$0.60 kJ/mol and ddilnH 
= + 1.76 kJ/mol. 

S: 5/86 VBP 
Z: 53LEUIKOL 
R: Fe(OH)2 (cr)=Fe+2(ao)+ 20H-(ao) 
DV: G, 86.17$1.0 kJ 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

F: 
c: 

S: 
Z: 
R: 
F: 
DV: 
C: 

S: 
Z: 
R: 
DV: 
C: 

S: 
Z: 
R: 

DV: 
C: 

S: 
Z: 
R: 
DV: 
DV: 
C: 

S: 
Z: 
R: 
DV: 
DV: 
C: 
S: 
Z: 
R: 

DV: 
F: 
W: 
C: 

S: 
Z: 
R: 
DV: 
C: 
S: 
Z: 
R: 
DV: 
C: 

. S: 
Z: 
R: 
DV: 
c: 
S: 
Z: 
R: 

TN 
K=8($3)E-16. Used activity coefficients from 
37KIE 
5/86 VBP 
53LEU/KOL 
Fe{ OH)2( cr) = FeOH + (ao) +OH-(ao) 
TN 
G, 53.7$0.6 kJ 
K=3.9 ($l.O)E-lO. Used activity coefficients 
from 37KIE 
5/86 VBP 
80DIB/CHE 
Pe(cr) +Cd(OH)2(cr)-=Fe(OH)2(cr) +Cd{cr) 
H, -10.61$1.0kJ 
Electrochem. measurements anodic enthalpy 
plateau. 
5/86 VBP 
43FRIlRIH 
Fe(OH)2(cr)+ 1I402(g) =0.5 Fe203(cr) 
+H20(l) 
H, -125.3$2.5 kJ 
dE(296 K)= -124.68 kllmol used as dH in 
IVTAN catalog equation 372 
5/86 VBP 
78JOHIBAU 
Fe+2(ao)+ H20 (1) = FeOH + 1.(ao) + H + (ao) 
G, 52.69$0.57 kJ 
H, 35.6$5.0 kJ 
From FeCl2 (aq) or Fe(CI04)2 (aq) , ionic 
strength less than 0.1. Activity coef. for all spe­
cies from Debye-Huckel relationship. 
5/86 VBP 
78JOHIBAU 
Fe(OH)2(am)=Fe+2(ao)+20H-(ao) 
H, 19.66$1.7 kJ 
G, 82.14$0.21 kJ 
Freshly pptd. 
5/86 VBP 
32RANIFRA 
Fe (cr)+ HgO(cr)+ H20(l)=Hg(l) 
+ Fe(OH)2(cr) 
G, -187.76$0.97 kJ 
TN 
99 
See combined reaction, linking Fe(OH)2(cr) to 
Fe+2(ao) or FeCI2(ai). E=O.973$0.005 V. 
IVTAN equation 374 assigned value to dHO in­
correctly. 
5/86 VBP 
33KRI1AWS 
Fe(OH)2(cr) =Fe+2(ao) +20H-(ao) 
G, 82.7$ kJ 
Potentiometric 
7/86 VM 
SOARD 
Fe(OH)2(cr)=Fe+2{ao)+20H-(ao) 
a, 77.7$ kJ 
Potentiometric 
7/86 VM 
51QUI 
Fe(OH)2(cr) =Fe+2(ao) +20H-(ao) 
G, 84.4$ kJ 
Potentiometric 
7/86 VM 
63BERIKOV 
3Fe( OH)2( cr) = Fe304( cr) + 2H20(g) + H2(g) 
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DV: H, 207.9$11 
C: Third law value. Second law value=308 kJI 

mol. DTA, 422-465 K. Graph only. 
S: 7f86 VM 

63. Z: SYSCH 
R: 2FeOOH(cr)==Fe203(cr)+ H20(1) 
DV: H, 14.7 $ 10 kJ 
F: TN 
C: dG(400 K)=O; 3rd law value. PVT, 411-453 K. 
s: VM 7/86,8/89 VBP 

64. Z: 64FER 
R: 2FeOOH(cr)= Fe203(cr)+ H20(l) 
DV: H, 4.9 $ 1.2 kJ 
F: TN 
C: Also IVTAN 3-85 eq. 366; from differences in 

enthalpies of soln. in 20.1% He} (m=7.30) at 
344 K (dH=5.2 kJ/mol); corrected to 298.15 K 
and H20(l) using d(H-H298)= 1.37 
kJ/(mol H20) 

S: VM 7/86, 5/89 VBP 
65. Z: 75KORIFAD 

R: 2FeOOH(cr)= Fe203(cr)+ H20(g) 
DV: H, 57.7$4.0 kJ 
('~ TVTAN ~-R'i ~q_ 1f)R; corrected from ~T9 

kJ/mol; differential scan. calorimetry 
S: VM 7/86 

66. Z: 1882THO 
R: FeCI2(cr)+ H2S04(200H20) 

+ 2KOH(1OOH20)= 2HCI(100H20) 
+ K2S04(200H20)+ Fe(OH)2(cr) 

DV: H, -116.3$3.0 kJ 
C; IVTAN 3-85 eq. 369; summation of dsolnH 

(FeC12, cr)= -74.89 kJ/mol, dmixH 
(FeCl2200H20) with H2S04(200H20) 
=-15.06 kJ/mol and dneutH==-26.53 kJ/mol. 
dH (292 K)=-1l6.5 kJ/mol corrected by VBP 
using dCp=40 J/(mol.K) 

s: VM 7/86, 5/87 VBP 
67. Z: 1882THO 

R: FeS04(200H20) + Ba( OH)2(200H20) 
= BaS04(c)+ Fe (0 H) 2 (cr) 

DV: H, -47.6$5.0 kJ 
C: dH meas at 292 K=-50.2 kJ/mo!. dCp=440 

J/(mol.K) used by VBP. IVTAN 3-85 eq. 370 
S: VM 7/86,6/87 VBP 

68. Z: 1882THO 
R: Fe(OH)2(cr)+0.2502(g)==O.5Fe203(cr) 

+ H20 (1) 
DV: H, -114.2$5.0 kJ 
C: IVTAN 3-85 eq. 371. Combustion calorimetry. 
S: VM 7/86 

69. Z: 75 KORIFAD 
R: FeOOH(cr)= FeOOH(cr2) 
DV: H. 21$10.0 kJ 
C: FeOOH(cr) is alpha form (Goethite); cr2 is 

gamma form (lepidocrite). From differences in 
dH dehydration. 

S: 6/87 VBP 
70. Z: 37FRI1ZER 

R: FeOOH(cr) = FeOOH(cr2) 
DV: H, 11.7$5.0 kJ 
C: Enthalpy meas. of alpha and gamma fonus in 

40% HF solutions at 293.6 K corrected for 
moisture content of samples. 

s: 6/87 VBP 
71. Z: 32RANIFRA 

R: Fe(OH)2(cr)+ Hg2C12(cr)= Hg(l) + HgO(cr) 
+ H200) + FeC12(ai) 

DV: G~ +52.16$0.96 kJ 
F: TN 
C: Combined reaction. Measured Fe(cr)-

Fe(OH)2(cr) EO combined with 32RANIFRA2 
Fe(cr)-FeC12(ai). EO::: -0.270$0.005 V. 

S: 5/86 VBP 

72. Z: 26HAM 
R: Fe(cr)+2TICl(cr)=FeCI2(ai)+2Tl(cr) 
DV: G, +23.65$1.0 kJ 
C: From left side of equilibrium. Molality FeC12 

=0.0453 moles/(kg H20) and TICl=O.0042 
moles/(kg H20). gamma from 79GOLINUT. 
32RANIFRA2 say better agreement with their 
results is because the 26HAM treatment with 
TICl(aq) removes the finer particles of iron. 

S: 5/86 VBP 

73. Z: 26HAM 
R: Fe (cr) + Hg2C12(cr) = FeC12(ai) +2Hg(l) 
DV: G, -137.0$2.0 kJ 
C: Used electrodes prepared from finely divided 

Fe(cr). Fe203(cr) was reduced with H2 which 
was 02 and H20 free. Mean of 4 meas. with 
m=O.lO, 0.0865, 0.050, and 0.009:5. Used 
gamma from 79GOLINUT. 32RANIFRA say 
that these meas. were not true equilibrium val­
ues and that the finely divided iron gives values 
for E that are too high, prolonged exposure to 
solutions of FeC12 makes activity of the finely 
divided iron approach those of 32RAN1FRA2. 

S: 5/86 VBP 

74. Z: 53PATfTHO 
R: Fe( cr) + Hg2C12( cr) = FeCI2( ai) + 2Hg(l) 
DV: G, -129.73$0.50 kJ 
F: TN 
C: EO=0.6723$0.0025 V; mean of measurements: 

m FeCI2(aq)=0.0760 and 0.0160; gamma 
=0.5324 and 0.6857 from 79GOLINUT. H2 
free Fe was prepd. by thermal decomposition of 
Fe(CO)5 under vacuum (powder obtained used 
directly as electrode material.) Also massive 
iron electrodes were prepd by vacuum fusion of 
Fe powder. Also special care to remove all 
traces of 02 from cells. Authors indicate that 
varia-tions from their values in EO for FelFe 
+2(ao) such as from 32RAN/FRA are due to 
presence of atomic H in metal. This dE was 
measured to be ~0.054 V. 

s~ 5/R6 VBP 
75. Z: 32RANIFRA2 

R: Fe(cr)+Hg2C12(cr)=FeC12(ai)+2 Hg(I) 
DV: G, -135.60$0.20 kJ 
F: TN 
c: E=0.7996 V for 0.1 m PeC12 solution; gamma 

=0.5093 from 79GOLINUT. EO=0.7027 V. 
Used two differently prepd sampJes Fe(cr), 
electrolytic iron deposited on Pt electrodes and 
Fe produced by reduction of FeO with H2. 02 
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carefully excluded from both as described by 
32RANIFRA 
5/86 VBP 
89CTT 
= FeF(g) 
S, 241.536 $ 0.6 J 
H-HO=10.574 $ 9.10 kJ/mol, Cp=38.868 $ 
0.50 J/(mol.K) One· Bar Value. Sent 9/87 
8/89 VBP 
89CTT 
= FeF2 (cr) 
S, 87.00 $ O. J 
H-HO=12.760 kJ/mol, Cp=68.120 J/(mol.K) 
Cp to S above differs widely from 
85CHAIDA V. Earlier IVTAN thermal functions 
give Cp=59.138 J/(mol.K) at 298.15 K. 
10/89 VBP 
'dye1T 
= FeF2 (g) 
S, 268.305 $ 3.0 J 
H-HO=14.103 $ 0.400 kJ/mol, Cp=58.527 $ 
2.0 J/(mol.K) 
One Bar value 
9/87 IVTAN and 3/90 Tables list S=268.307 
amI Cp--'58.528 J/(mu1.K) 
11189 and 3/91 VBP 
89CTT 
= FeF3 (cr) 
S, 112.00 $ 8.0 J 
H-HO=17.80 $ 0.50 kJ/mol, Cp=91.40 $ 1.0 
J/(mol.K) 
10/89 VBP 

90CTT 
= FeF3 (g) 
S, 308.211 $ 7.0 J 
One Bar, H-HO=15.512 $ 0.90 kJ/mol, Cp 
=67.833 $ 3.0 J/(mol.K). Value from IVTAN 
9/87=307.725 J/(mol.K) 
10/89 and 4190 VBP 

1882THO 
Fe (cr)+2HCL(200H20)= FeC12(cr)+ H2(g) 
H, -12.85$2.0kJ 
TN 
Measurements at 292K of Fe (cr) , dH=-89.16, 
and FeC12(cr), dH=-'/4.89 kJ/mol in Hel 
solns. dCp=236 J/(mol.K). Original measure­
ment Fe(cr) dH = -90.91 kJ/mol in HCI(50 
H20) corrected to HCl(200H20). 
3/86VBP 

27BAG 
FeCI2(cr)+ H2(g)=2HCI(g)+ Fe(cr) 
H, 156.93$3.0 kJ 
TN 
IVTAN 3-85 EQ. 230, values readjusted (vbp) 
using S(298.15 K)= 118.0 J/(mol.K) from 
JANAF and 86ARIlBER text calculations. 
Transpiration; Temp. range 975-1278 K, 7 pts, 
3rd law. 2nd law 164.6$12 kJ/mol. 29JEL/KOO 
tabulated 4 of these points 
VM 5/87 and 10/87, 7/88 VBP 

50KANIPET 
FeC12( cr) + H2(g) = 2HCl (g) + Fe( cr) 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

DV: H, 159.87$1.5kJ 
F: TN 
C: IVTAN 3-85 EQ. 231, values readjusted (vbp) 

using S(298.15 K)= 118.0 J/(mol.K) from 
JANAF and 86ARIIBER text calculations-
.Static; Temp. range 759-935 K, 18 pts, 3rd 
law. 2nd law 155.8$5.2 kJ/mol 

S: VM 5187 and 10/87, 7188 VBP 
Z: 52NOV lORA 
R: FeCI2(cr)+ H2(g) =2HCI(g) + Fe (cr) 
DV: H, 155.02$1.6kJ 
C: IVTAN 3-85 EQ. 232, values readjusted (vbp) 

using S(298.15 K)= 118.0 J/(mol.K) from 
JANAF and 86ARIlBER text calculations. Cir­
culation; Temp. range 696-796 K, 18pts, third 
law, second law 137$10 kJ/mol. 

s: VM 5/87 and 10/87, 7/88 VBP 
Z: 60NOV/MAK 
R: FeC12(cr)+ H2(g) = 2HCI(g) + Fe (cr) 
DV: H, 158.01 $1.8 kJ 
F: TN 
C: IVTAN 3-85 EQ. 233, values readjusted (vbp) 

using S(298.15 K)= 118.0 J/(mol.K) from 
JANAF and 86ARIIBER text calculations. Cir­
culation; Temp. range 673- 823 K, 4 pts, third 
law. second law 134.6 $4.3 kJ/mol. 

S: VM 5187 and 10/87, 7/88 VBP 
Z: 38SAN 
R: FeCI2(cr)+ H2(g) =2HCI(g) + Fe (cr) 
DV: H, 154.8 $1.7 kJ 
C: Circulation; Temp. range 769-868 K, 9 pts, 3rd 

law. 2nd law 158.1 $4.0 kJ/mol. Values read­
justed (vbp) using S(298.15 K)= 118.0 
J/(mol.K) from JANAF and 86ARIIBER text 
calculati ons. 

S: VM 5/87 and 10/87, 7/88 VBP 
Z: 76BURIGER 
R: FeCI2(cr)+ H2(g) =2HCI(g) + Fe (cr) 
DV: H, 146.2 $5.1 kJ 
W: 99 
C: e.mJ.; Temp. range 973-1093 K, equation, 

third law. second law 92.0 kJ/mol. Values read­
justed (vbp) using S(298.15 K)= 118.0 
J/(mol.K) from JANAF and 86ARIlBER text 
calculations. 

S: VM 5/87 and 10/87,7/88 VBP 

Z: 43WAGISTE 
R: FeCI2(cr)+H2(g)=Fe(cr)+2HCl(g) 
DV: H, 157.66 $2.0 kJ 
F: TN 
C: 3rd law, 2 points, 1152 and 1203 K 
S: 7/88 VBP 

Z: 1882THO 
R: FeCI2(cr)=FeCI2(400 H20) 
DV: H, -76.69 $0.50 kJ 
F: TN 
-C: Measured at 292K, dH=-74.89 kJ/mol. esti-

mated dCp ~ - 300 J/(mol.K) 
S: 3/86 VBP; 4/87 VBP 

Z: 59KOE/COU 
R: Fe(cr)+2HCL(12.731H20)=FeCI2(cr)+ H2(g) 
DV: H -17.04 $0.21 kJ 
F: TN 
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Z: 
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C: 
S: 
Z: 
R: 
DV: 
C: 

S: 

Z: 
R: 
DV: 
C: 

S: 

Summation of 4 reactions at 303 K, corrected 
using dCp=236 J/(mol.K). dsolnH Fe(cr) and 
FeCI2(cr) at 303 K=-87.1l $0.17 and= 
-62.76 $0.09 kJ/mol respectively. Same reac-
tion as IVTAN Eq. 389. 

3/86 VBP 

88CTT 

= FeC12(cr) 

S, 118.0 $0.40 J 
H-H(0)=16.27 kJ/mol, Cp=76.66 J/mol.K 
See updated 89CTT value below. 
Change in. values for Sand H - H(O) at 298 K 
results in small differences in third law ~nd sec­
ond law dH values for all entries for FeC12(cr); 
dependent upon T correction. Comments spell 
out values used. 
8/88 VBP 

89CTT 
= FeC12(cr) 
S, 118.060 $0.20 J 
H-H(0)=16.10 kJ/mol, Cp=76.60 J/mol.K 
11189 VBP 
82COBIMUR 
FeC12( cr) = FeC12( ai) 
H, -82.906 $0.32 kJ 
Debye Huckel extrap. from measurements in 
0.005 molal HCl04.· Molality salt from 2E-03 
to 0.01; nine points. AH adjusted from 688 to 
710 cal/mol. 
VBP Aug. 85 

90EFIlFUR 
FeC12(cr) =Fe+2(ao) +2Cl-(ao) 
H, -83.11 $0.42 kJ 
Authors' extrapolation after correction for phiL 
D-H from measurements in 0.001 m HCl04. 
Measured values are -82.680, -82.639, 
-82.502 and -81.925 kJ/mol for m FeC12(aq) 
=0.00459, 0.00422, 0.00550 and 0.00849. Phi 
L corrections are 0.623, 0.602, 0.673 and 0.793 
kJ/mol, respe(.;livdy. This is really an average. 
5/89 VBP 

Z: 90EFIlFUR 
R· FP,~12(cr)= Fe~12(O_1115(HC104+55500H20)) 

DV: H, - 82.437 $0.45 kJ 
C: Average of 4 experimental measurements in 

0.001 m HCI04. See above for individual mea­
surements. 

S: 5/89 VBP 

Z: 77CERIHEP 
R: FeC12(cr) = FeCI2(ai) 
DV: H, -83.05 $0.42 kJ 
C: Measurements on FeC12.0.0082 H20(cr), dH 

= -82.97 kJ/mol and FeC12. 0.0228(cr), dH 
= -82.38 kJ/mol, at infinite dilution. These 
measurements were corrected to anhydrous 
FeC12(cr) assuming presence of FeCI2.H20(cr) 
or FeCI2.2H20(cr) in samples with dH= -62.8 
kJ/mol and -41.8 kJ/mol respectively. This re­
action is also in IVTAN catalog, reaction 390. 

S: 3/86, 6/87 VBP 

97. Z: 52LIIGRE 
R: FeC12(cr)=FeC12(8000H20) 
DV: H, -81.84 $0.84 kJ 
F: TN 
C: Mean of 5 measurements. Molality range 

0.00139 to 0.0117 mols/kg H20. In IVTAN 
catalog, reaction 386 as dH = - 81.5 $0.2 kJ/ 
mol at infinite dilute. If phi(L) =860 J/mol, dHO 
= -82.70 kJ/mol. 

S: 3186 VBP 
98. Z: 10RIC/BUR 

R: Fe(cr)+2HCl(D:6.31H20)=FeC12(HCl 
+6.31H20:au)+ H2(g) 

DV: H, -85.78 kJ 
C: dH meas at 293 K; Estimated dCp= +40 

J/(mol.K) 
S: 4/87 VBP 

99. Z: 47FON2 
R: FeC12(cr) =FeCI2(72.7HCI04+ 8000H20) 
DV: H, -79.50 $0.42 kJ 
S: 4/87 VBP 

100. Z: 
R: 

DV: 
F: 
S: 

101. Z: 
R: 

DV: 
F: 
C: 

S: 
102. Z: 

R: 
DV: 
C: 

S: 
103. Z: 

R: 
DV: 
C: 

S: 
104. Z: 

R: 
DV: 
C: 

S: 

62AKHlKOP 
Fe (cr) +2HCl(D:55.51H20) =FeC12(lO.6HCl 
+700H20)+ H2(g) 
H, -84.94 $0.10 kJ 
TN 
4/87 VBP 
10RICIROW 
Fe( cr) + 2HCl(200H20) = FeC12( 400H20) 
+H2(g) 
H, - 86.28 $2.0 kJ 
TN 
Measurement at 293.2 K, in concentrated HCI 
corrected by authors for HCl diln. to obtain 
value, dH = - 87.03 kJ/mol for product free of 
excess acid. Estimated dCp= +40 J/(mol.K) 
5/87 VBP 
87NBS 
FeC12( 12.54H20) = FeC12( 11 00H20) 
H, -15.55 kJ 
Extrapolated from 41PER measurements at 
285.7 K of dsolnH FeC12:4H20(cr) in nH20 
from n= 12.8 to 1100; dCp corrections using 
phi Cp frum 79BERIMOR. 
4/87 VBP 

87NBS 
FeC12(13H20) = FeC12(11 00H20) 
H, -15.65 kJ 
From measurements by 41PER on dsolnH 
FeC12:4H20(cr) in nH20 from n=12.8 to 
1100; dCp corrections using phi Cp from 
79BERIMOR 
4/87 VBP 
87NBS 
FeC12(15H20)=FeC12(l100H20) 
H, -14.20 kJ 
From measurements by 41 PER on dsolnH 
FeCI2:4H20(cr) in nH20 from n= 12.8 to 
1100; dCp corrections using phi Cp from 
79BERIMOR 
4/87 VBP 



lOS. Z: 
R: 
DV: 
C: 

s: 
106. Z: 

R: 
DV: 
c: 

s: 
107. Z: 

R: 
DV: 
C: 

s: 
108. Z: 

R: 
DV: 
C: 

s: 
109 .. Z: 

R: 
DV: 
C: 

s: 
110. Z: 

R: 
DV: 
C: 

S: 

Ill. Z: 
R' 
DV: 
C: 

s: 
112. Z: 

R: 
DV: 

C: 

THE THERMODYNAMIC PROPERTIES OF THE AQUEOUS IONS OF IRON 1733 

87NBS 
FeCl2(20HZO) = FeC12(1 100H20) 
H, -11.00 kJ 
From measurements by 41PER on dsolnH 
FeC12:4H20(cr) in nH20 from n=12.8 to 
1100; dCp corrections using phi Cp from 
79BERIMOR 
4/87 VBP 

87NBS 
FeC12(30H20)=reC12(1100H20) 
H, -7.90 kJ 
From measurements by 41PER on dsolnH 
FeC12:4H20(cr) in nH20 from n=12.8 to 
BOO; dCp corrections using phi Cp from 
79BERIMOR 
4/87 VBP 

87NBS 
FeCI2(40H20)=FeCI2(1100H20) 
H, -6.20 kJ 
From measurements by 41PER on dsolnH 
FeCl2:4H20(cr) in nH20 from n= 12.8 to 
11 00; dCp corrections using phi Cp from 
79BERIMOR 
4/87 VBP 

87NBS 
FeCI2(SOHZO)=FeC12(1100H20) 
H, -5.10 kJ 
From measurements by 41PER on dsolnH 
FeCI2:4H20(cr) in nH20 from n=12.8 to 
II 00; dCp corrections using phi Cp from 
79BERIMOR 
4/87 VBP 

87NBS 
FeCI2(75H20)=FeCI2(1100HZO) 
H, -3.60 kJ 
From measurements by 41PER on dsolnH 
FeCI2:4H20(cr) in nH20 from n=12.8 to 
llOO; dCp corrections using phi Cp from 
79BERIMOR 
4/87 VBP 

87NBS 
FeC12f100H20)=FeC12(l100HZO) 
H, -2.80 kJ 
From measurements by 41PER on dsolnH 
f'eCI2:4H20(cr) in nH20 from n= 12.8 to 
11 00; dCp corrections using phi Cp from 
79BERIMOR 
4/87 VBP 

87NBS 
FeCJ2(?OOH20) = FeCJ:l(l1 OOH20) 
H, -1.33 kJ 
From measurements by 41PER on dsolnH 
FeC12:4H20(cr) in nH20 from n=12.8 to 
1 H\O; del" c:orrections using phi Cp from 
79BERIMOR 
4187 VBP 

87NBS 
PeC12(500H20)-PcC12(1100II20) 
H, -OAO kJ 

From measurements by 41PER on dsolnH 
FeCI2:4H20(cr) in nH20 from n= 12.8 to 

S: 
II3. Z: 
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R: 
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s: 
119. Z: 

K: 
DV: 
DV: 
F: 

1100; dCp corrections using phi Cp from 
79BERIMOR 
4/87 VBP 

87NBS 
FeCIZ(JOOOH20)=FeCI2(11OOH20) 
H, -0.10 kJ 
From measurements by 41PER on dsolnH 
FeCI2:4H20(cr) in nH20 from n= 12.8 to 
llOO; dCp corrections using phi Cp from 
79BERIMOR 
4/87 VBP 

1882THO 
FeCIZ:4H20(cr)=FeC12(cr)+4H20(1) 
H, +64.31 $2.0 kJ 
TN 
dsolnH tetrahydrate=-I1.S1 $1.0 kJ/mol at 
292 K combined with dsolnH anhydrous= 
-74.89 kJlmol. Estimated dCp= + 151 
JI(moLK) 
Check Khodakovskii value 
4/87 VBP 

1941PER 
FeCI2:4HZO(cr)=FeCI2(400H20)+4HZO(l) 
H, -11.96 $2.0 kJ 
TN 
Measurement at 285.7 K, dH=-1O.21 kJ/moL 
Estimated dCp= -130 l/(K mol). 79BERI 
MOR measured phi Cp for FeCIZ (12.54 H20) 
to be -37 J/(moj.K) and phi CpO=-256 $30 
JIK.mol. 
4/87 VBP 

1979BERIMOR 
FeC12(12.S4H20)=FeC1Z(ai) 
H, -20.558 $0.178 kJ 
H, 288.15 K, -17.938 $0.079 kJ 
H, 308.15 K. -22.353 $0.109 kJ 
Also measured phi Cp at 288, 298 and 308 K of 
solution (12.S4H20). Calculates phi CpO= 
-256 $30 J/(moLK) at 298.15 K 
4/87 VBP 

1889SAB 
FeC12:2H20(cr)=FeC12(450H20)+2H20(J) 
H, :.!'H K, -36.4 $2.0 kJ 
H, -37.5 $2.2 kJ 
TN 
Measurement at 293 K in 300 to 600 H20: dCp 
".liw"l"u= -220 J/(mol.K). 
4/87 VBP 

87NBS 
FeC12:4H20(cr)'= FeC12(ai) +4H20(1) 
G, -16.85 $0.5 kJ 
Saturation m=4.951 from 85CHOIPHA; activ­
ity coeff=2.46 $0.10 and In aw= -0.522 $0.10 
from 62KAN/GRO. 
Klluuakuv~kil tabulation gives -17.5 $1.0 kJl 

mol. These values need to be reconciled. 
4/87VBP 

1949SCH 
reCl:I.:4H:lO(cr)= FeCI:l:2H20(cr)+ 2H20(g) 
H, 108.0 $4.0 kJ 
G, +23.62 $1.0 kJ 
TN 
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Vapor pressure measurements 293-338 K. 
log P atm=7.389-2,820IT. dCp assumed to 
be=O. Calculated dS=33.8 cal/(l1}.0IH20) K is 
slightly low. 
4/87 VBP 

1949SCH 
FeCI2:2H20(cr) = FeCI2:H20(cr) +H20(g) 
H, 63.1 $5.0 kJ 
G, 18.57 $2.0 kJ 
TN 
Vapor pressure measurements 323-383 K; dH 
=62.9 kllmol at mean T=333 K; dCp=-4 
J/(mol.K) assumed.; log P atm=7.704 
-3,286IT. Calculated dS=35.7 cal/(mol.K) at 
298 K. p= 1 atm. 
4/87 VBP 

1949SCH 
FeC12:H20(cr)= FeC12(cr)+ H20(g) 
H, 63.1 $5.0 kJ 
G, 2"1.93 $2.0 kJ 
Vapor pressure measurements 383-444 K; dH 
=62.6 kllmol at mean T--413 K; dCp=-4 
J/(mol.K) assumed; log P atm=6.619-3,270IT. 
Calculated dS=30.6 cal/(mol.K) is low. p= 1 
atm. 
4/87 VBP 

88CTT 
= FeC13 (cr) 
S, 147.80 $0.3 J 
From the low temp. Cp measurements (4.7-
307.6K) by 80STUIFER. Cp=96.942 J/(mol.K) 
and H-Ho=19.440 kJ/mol at 298.15 K. Low 
temp. results of 51 TOD/COU rejected 
4/86 VBP, 10/88 VBP 

71STUIPRO 
= FeC13(cr) 
S, 142.335 $2.0 J 
TN 
99 
From low temp. measurements (51-298 K) by 
51TOD/COU who report SO (51K)=18.828 
$1.26 J/(mol.K) and SO (298.15)"'-SO (51K) 
= 115.855 $0.38 J/(mol.K). 71STUIPRO ad­
jnsts so (':; 1 K) to 26.32 J/(mo1.K) in order to 
reconcile 2nd and 3rd law drH for FeC12(cr) 
=FeC13(cr) equilibrium and considers differ­
ence to be the the remaining magnetic entropy 
at 51K. Dated evaluation June 1965. 
4/86 VBP 

59KOE/COU 
Fe (cr) + 3HCI(12.731H20)+0.5H202(12.58 
H20) = FeC13(cr) + H2(g) + H20(l) 
H, -102.59 $0.30 kJ 
TN 
Measured dH(303K)= -100.75 $0.29 kJ/mol; 
dCp=368 J/(mol.K). Same reaction as IVTAN 
equation 393 without dCp corrections. 
3/86 VBP 

82LAV/TIM 
Fe (cr)+ 1.5CI2(g) = FeC13 (cr) 
H, -396.02 $0.14 kJ 

C: IVTAN 3-85 EQ. 394 
Two different samples used; one, NIST electro­
lytic grade SRM#797-2 and 2nd from Central 
Res. Instit. of Ferrous Metallurgy, Moscow 
which had been prepd. by vacuum meeting of 
Fe( CO)5 and then refined in H2 in presence of 
ZrH2. Corrected for impurities. 

S: VM, VBP 7/87 
126. Z: 84LAVITIM 

R: Fe (cr)+ 1.5C12(g) = FeC13(cr) 
DV: H, -396.02 $0.14 kl 
W: 99 
C: See 82LAVITIM 
S: VBP 7/87 

127. Z: 89EVDlEFI 
R: FeCI2(cr)+ 1I2Br2(l) + KCI(cr)=FeCI3(cr) 

+KBr(L:r) 
DV: H, -11.386 $0.18 kJ 
C: Calorimetric measurements at 298.15 K of all 

chloride components in solution of (KBr, 0.43 
Br2, 112 HBr, 50.78 H20) combined with re­
actions from 89EFIlEVD. dH FeCI3(cr)= 
-146.523 kllmol. Reported earlier as 88EFII 
EVV. 

S: 8/88 VBP, 9/91 VBP 
128. *Z: 27BAG 

*R: 2FeC13(cr)+ H2(g) =2FeCI2(cr) +2HCI(g) 
*DV: H, 130.866 $10.00 kl 
*W: 99 
*C: IVTAN 3-85 EQ. 98; One pt 564 K, third law: 
not to be cited. 
*S: VM 4/87 

129. Z: 25MAI 
R: 2FeC13 (cr) = 2FeC12( cr) + CI2(g) 
DV: H, 107.02 $3.6 kl 
C: IVTAN 3-85 EQ. 99, readjusted (vbp) in agree-

S: 
130. Z: 

R: 
DV: 
C: 

S: 
131. Z: 

R: 
DV: 
C: 

ment with 86ARIlBER text calculations and re­
turning to S(FeCI2, cr)= 118.0 J/(mol.K) at 
298.15 K. Static; third law, two points, 567 K 
and 525 K 
VM 4/87 and 10/87, 8/88 VBP 

50KANIPET 
2FeC13 (cr) = 2FeC12( cr) +CI2(g) 
H, 104.98 $2.3 kJ 
IVTAN 3-85 EQ. 100, readjusted (vbp) in 
agreement with 86ARIIBER text calculations 
and returning to S(FeCI2, cr) 118.0 J/(mol.K) at 
298.15 K. Transpiration; third law, 12 pts, 526-
574 K. 
VM 4/87 and 10/87, 8188 VBP 
53SCHIOEH 
2FeC13(cr) =2FeC12(cr) +C12(g) 
H, 108.54 $1.6 kl 
IVTAN 3-85 EQ. 101, readjusted (vbp) in 
agreement with 86ARI/BER text calculations 
and returning to S(FeC12, cr)= 118.0 J/(mol.K) 
at 298.15 K. Transpiration; third law, 19 pts, 
435-482 K; second law 112.0 $4.2 kJ/mol 

S: VM 4187 and 10/87, 10/88 VBP 
132. Z: 58WIL/GRE 

R: 2FeC13(cr)=2FeC12(cr)+CI2(g) 
DV: H, 108.75 $1.6 kJ 
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C: IVTAN 3-85 EQ. 102, readjusted (vbp) in C: Smoothed curve from measurements as a func-
agreement with 86ARl/BER text calculations tion of concentration of HCI of 35KANIFLU at 
and returning to S(FeCI2, cr)= 118.9 J/(mol.K) 293 K and measurements of 76CORlOUW and 
at 298.15 K. Transpiration; third law, equation, 80STUIFER at 298 K and 59KOE/COU at 
433-493 K; second law 109.1 kJ/mol 303 K. Used 86KHO corrections to extrapola~e 

S: VM 4/87 and 10/87, 8188 VBP to 1=0. 
133. Z: 52LIIGRE S: 3/90 VBP 

R: FeCl3 (cr) = Fe+ 3{ao) + 3CI-(ao) 139. Z: 87NBS 
DV: H, -158.99 $0.84 kJ R: FeCI3(cr)=FeCI3(HCI+ 13.88 H20:au) 
C: IVTAN 3-85 EQ. 392 DV: H, -106.62 $1.0 kJ 

Molality range .00318 to .000766 moles/kg C: Smoothed curve from measurements as a func-
H20, corrected for chloride and hydroxide tion of concentration of HCI of 35KANIFLU at 
complexes. Experimental enthalpies range from 293 K and measurements of 76CORlOUW and 
-130.12 kJ/mol to -116.32 kJ/mol. Measure- 80STUIFER at 298 K and 59KOE/COU at 
ments by 85S0LIMON in molality ranged 303 K. Used 86KHO corrections to extrapolate 
0.007578 to O.OO?,2~fl snpport :'521 J/GRE to 1=0. 

S: VM, VBP 4/87 S: 3/90 VBP 

134. Z: 87NBS 140. Z: 87NBS 
R: FeCI3( cr) = FeC13(ai) R: FeCI3{cr) = FeC13 (HCl + 11.10 H20:au) 
DV: H, -146.5 $3.0 kJ DV: H, -98.22 $1.0 kJ 
C: Extrapolation from results as a function of con- C: Smoothed curve from measurements as a func-

centration of HCI of 35KANIFLU at 293 K and tion of concentration of HCI of 35KANIFLU at 
measurements. of 7flC:OR/OIJW and 80STUI 293 K and measurements of 76CORlOUW and 
FER at 298 K and 59KOE/COU at 303 K. Used 80STUIFER at 298 K and 59KOE/COU at 
86KHO corrections to extrapolate to 1=0. 303 K. Used 86KHO corrections to extrapolate 

S: 4/86 VBP, 7/87 VBP to 1=0. 
135. Z: 87NBS S: 3/90 VBP 

R: FeC13(cr) = FeC13 (HCI + 111.0 H20:au) 
141. Z: 90EFIlFUR DV: H, -138.78 $1.0 kJ 

R: FeC13( cr) = Fe +- 3 (ao) + 3Cl-(ao) C: Smoothed curve from measurements as a func- ,DV: H, -156.78 $1.2 kJ 
tion of concentration of HCl of 35KANIFLU at C: Extrapolation to 1=0 from measurements in m 
293 K and measurements of 76CORlOUW and HCI04=4.769, 3.61 and 1.085 after correction 
80STUIFER at 298 K and 59KOE/COU at 303 for phi(L)D-H. See reactions listed separately. 
K. Used 86KHO corrections to extrapolate to Authors' uncertainty of 0.28 kJ/mol increased. 
1=0. S: 6/89 VBP, 3/90 VBP 

S: 3/90 VBP 
142. Z: 90EFIIFUR 

136. Z: 87NBS R: FeC13 (cr)=FeC13(1390(HCI04+ 1 1. 64H20» 
R: FeC13(cr)=FeC13(HCI+55.51 H20:au) DV: H, -121.518 $0.5 kJ 
DV: H, -132.85 $1.0 kJ C: Mean of two experimental measurements in 
C: Smoothed curve from measurements as a func- 3.903 mol dm-3 HCI04(m=4.769) m (FeC13) 

tion of concentration of HCl of 35KANIFLU at =0.0026044 and 0.004279. dH= -121.763 and 
293 K and measurements of 76CORlOUW and -121.273 kJ/mol respectively. PhiL D-H COf-
80STUIFER at 298 K and 59KOE/COU at rection at 1=4.77. 6.936 kJ/mo!. is used in the 
303 K. Used 86KHO corrections to extrapolate extrapolation. 
to 1=0. S: 6/89 VBP 

S: 3/90 VBP 
90EFIlFUR 143. Z: 

137. Z: 87NBS R: FeC13 (cr)=FeC13 (l05 (HCI04+ 15.376 H2O» 
R: FeC13(cr)=FeC13(HCl+27.75 H20:au) DV: H, -131.806 $0.4 kJ 
DV: H, -123.77 $1.0 kJ C: Mean of two experimental measurements in 
c: Smoothed curve from measurements as a func- 3.08 mol dm-3 HCI04 (m=3.610) m (FeC13) 

tion of concentration of HCI of 35KANIFLU at =0.004276 and 0.002676. dH= -131.981 and 
293 K and measurements of 76CORlOUW and -131.630 kJ/mol, respectively. PhiL D-H cor-
80STUIFER at 298 K and 59KOE/COU at rection at 1=3.62 is 6.66 kJ/mol. 
303 K. Used 86KHO corrections to extrapolate S: 6/89 VBP 
to 1=0. 

144. Z: 90EFIlFUR S: 3/90 VBP 
R: FeC13(cr)=FeC13(256(HCI04+51.16 H2O» 

138. Z: 87NBS 
DV: H, ~ 144.661 $0.5 kJ R: FeC13(cr) = FeC13 (HCI + 18.50 H20:au) 

DV: H, -115.12 $1.0 kJ 
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151. Z: 

R: 
DV: 
F: 
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Mean of four experimental measurements in 
1.0257 mol dm-3 HCI04 (m FeC13=0.00474, 
0.00444,0.00381, and 0.00304 moleslkg H20) 
with dH = -144.743, -144.885, -144.136, 
and -144.879 kllmol,respectively. PhiL D-H 
correction at 1 = 1.097 is 5.36 kJ. 
6/89 VBP 

84NOVIBEL 
FeC13(cr)=FeC13(42.4(HCl04+82.24 H20» 
H, -138.22 +0.27 kJ 
Mean of measurements. Used isothermal 
calorimetry. Also measured dsolH 
of FeC13:6H20(cr), FeC13:3.5H20(cr), 
FeCI3:2.5H20(cr), and FeCI3:2H20(cr) in 
0.65 mol dm-3 HCI04. PhiL D-H correction at 
1=0.72 (4.37 kJ/mol) results in -142.59 kJI 
mol for inclusion in extrapolation of dH' to 
1==0. See 90EFIIFUR measurements. Interpola­
tion of 90EFIIFUR measurements at I==0.72 
gives dH'=-152.5 kJ/mol, 10 kJ more nega­
tive. 
5/92 VBP 
76COR/OUW 
FeCI3(cr)=FeC13(18HCI+ 1800 H20) 
H, -135.227 $0.31 kJ 
99 
See smoothed curve 
4/86 VBP 
58SHCNAS 
FeC13(cr)=FeC13(18HCL+ 1800 H20) 
II, 127.90 $1.1 kJ 
TN 
99 
See 76CORlOUW reaction for basis for rejec­
tion 
4/86 VBP 
80STUIFER 
FeC13(cr)=FeCl3(80HCl+1021H20) 
H, -103.323 $.033 kJ 
99 
Part of cycle involving drno(FeOCI, cr)~ used 
in extrap. to dHOsoln FeCI3(cr). See smoothed 
curve. 
7/87 VBP 
59KOE/COU 
FeC13(cr) = FeC13 (243HCI +3091H20) 
H, 303.15 K, -102.341 $0.084 kJ 
H, -102.106 $0.20 kJ 
99 
Measured at 303.15 K. Used dCp= -47 
J/(mol.K)~ part of cycle used to detn. dfHO 
(FeCI3, cr). See smoothed curve. 
7/87 VBP 
35KANIFLU 
FeC13(cr)=FeCI3(2000 H20) 
H, -134.77 $1.0 kl 
Measured dsoln H (293K)= -132.26 kJ; esti­
mated dCp= -0.50 kJ/(mol.K) 
4/86 VBP 
50BOBILAI 
FeCl3(cr)=FeC13(600 H20) 
H, -131.38 $0.6 kJ 
TN 

C: 
S: 

152. Z: 
R: 

DV: 
C: 

S: 
153. Z: 

R: 

DV: 
c: 

S: 
154. Z: 

dH = -130.96 kllmol at 297 K 
VBP 4/86 
84NOVIBEL 
FeC13:2H20(cr) = FeC13 (42.4(HCI04 + 82.24 
H20»+2 H20(l) 
H, -94.40:t0.29 kJ 
Used isothermal calorimeter. Mean of 6 mea­
surements. Also measured dsolH FeC13(cr), 
FeCI3:2.5 H20(cr), FeCI3:3.5 H20(cr), and 
FeC13:6 H20(cr) in 0.65 mol dm-3 HCI04. 
Diln correction considered negligible. 
5/92 VBP 
84NOVIBEL 
FeCI3:2.5 H20(cr)=FeCl3(42.4(HC104 
+82.24 H20»+2.5 H20(1) 
H, - 86.37 :to.42 kJ 
Used isothermal calorimeter. Mean of 6 mea-
surements. Also measured dsolH FeC13(cr), 
FeC13:2 H20 (cr), FeCI3:3.5 H20(cr), and 
FeC13:6 H20(cr) in 0.65 mol dm-3 HCI04. 
Diln correction considered negligible. 
5/92 VBP 
84NOVIBEL 

R: FeC13:3.5 'H20(cr) = FeC13 (42.4(HC}04 
+82.24 H20»+3.5 H20(l) 

DV: H, -61.16:t0.32 kJ 
c: 

s: 
155. Z: 

R: 

DV: 
C: 

S: 
156. Z: 

R: 
DV: 
F: 
C: 

s: 
157. Z: 

R: 
DV: 
C: 
S: 

158. Z: 
R: 
DV: 
C: 

S: 
159. Z: 

Used isothermal calorimeter. Mean of 6 mea­
surements. Also measured dsolH FeC13(cr), 
FeC13:2 H20 (cr) , FeC13:2.5 H20(cr), and 
FeC13:6 H20(cr) in 0.65 mol dm-3 HCl04. 
Diln correction considered negligible. 
5/92 VBP 
84NOVfBEL 
PeC13;6II20(cr)=PeC13 (42.4(HCI04 
+82.24 H20» +6 H20(I) 
H, -27.21±0.28 kJ 
Used isothermal calorimeter. Mean of 6 mea­
surements. Also measured dsolH FeC13(cr), 
FeC13:2 H20 (cr), FeC13:2.5 H20 (cr), and 
FeC13:3.5 H20(cr) in 0.65 mol dm-3 HCI04. 
Diln correction. considered negligible. 
5/29 VBP 
50BOBILAI 
FeC13:6H20(cr)=FeC13(cr)+6H20(l) 
H, + 109.75 $0.6 kJ 
TN 
dH for soln of FeC13:6H20(cr) in 435 H20(l) 
at 297 K= -21.42 kJ/mo} 
VBP 4/86 
1881SAB 
FeCl3 :6H20( cr) = FeC13( 1200H20) + 6H20(I) 
H, -24.27 $5 kJ. 
dH (294K)=-23.60 kJ/mol 
VBP 4/86 
89CTI 
=FeOCI (cr) 
S, 82.550 $0.13 J 
Based on measurements by 80STUIFER in T 
range 6 to 305 K. H-HO=12.940kJ, Cp 
=70.50 J/(mol.K). 
7/89 VBP 
56SCHlWIT 
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S: 
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165. Z: 
R: 
DV: 
C: 
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R: 
DV: 
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FeC13 (cr)+H20 (l)=FeOCI (cr)+2 HCI 

(3.221 H20) 
H, -24.31 $1.4 kJ 
dsolnH FeOCI(cr) in excess HCl=-48.49 kJ. 
Correction for excess HCl= -9.18 kJ. 
VM 10/87,7/89 VBP 

80STUIFER 
FeC13(cr)+ H20 (I) = FeOCl(cr) 
+2HCl(12.731H20) 
H, -50.513 $0.080 kJ 
dsolnH FeOCl(cr) in excess HCl= -61.296 
$.065 kJ/mol. 
7187 VBP 
83GRE 
6FeOCI (cr)=2Fe203 (cr)+Fe2C16 (g) 
H, 136.45 $9.1 kJ 
Equation. from spectrometric measurements, 
465 to 560 K, and membrane 580 to 670 K, 
merged with data from 25STI, manometric 660 
to 770 K; Third Law value. Second Law value 
134.3 $5.0 kJ. Adjusted from IVTAN 12/89 
catalog value (136.247 $9.1) for change in ther­
mal functions Fe203 (cr). 
5/89 and 12/89 EME, 10/89 and 1/90 VBP 
49SCH 
Fe203 (cr)+2 HCl (g)=Fe2CI6 (g)+3 H20 (g) 
H, -2.17 $8.7 kJ 
Transpiration, 523-623 K, equation, third law; 
second law· value 5.1 kJ. 
IVTAN reaction catalog 12/89 EME gives 
- 2.66 kJ and T range as 573-723 K. Second 
law value given in 86ARIlBER + 7.9 kJ is in 
error. (dH(600 K)=-340 cal, not +340 cal.) 

5/89, 12/89 EME, 10/89, 1190 VBP 
50KANIPET 
2FeC12( cr) + CI2(g) = Fe2C16(g) 
H, 23 $12 kJ 
Static; 606-970 K ; 11 points; third law. Sec-
ond law 54 $16 kJ. 
5/89 EME, 11/89 VBP 
58WIL/GRE 
2PcC12( cr) + C12(g) = Pc2C16(g) 
H, 23.3 $7.6 kJ 
Transpiration, 500-673 K; equation; third law. 
Second law 33.0 kJ. 
5/89 EME, 11/89 VBP 

89EFlJEVD 
Fe (cr)+ Br2(l) = FeBr2(cr) 
H, -244.737 $0.22 kJ 
Calorimetric measurements at 298.15 K of all 
components in solution of (KBr, 0.43 Br2, 112 
HBr, 50.78 H20). Fe(cr) dH=-395.43 $0.15 
kJ/mol; Br2(l) , -7.777 $0.089; FeBr2(cr) 
-158.47 $0.13. Reported earlier as 
88EFIlEVD. 
8/88 VBP, 9/91 VBP 

89EVDlEFI 
FeBr2(cr) +2KCl(cr) = FeC12(cr) +2KBr(cr) 
H, -10.032 $0.21 kJ 
Calorimetric measurements at 298.15 K of all 
components in solution of (KBr, 0.43 Br2, 112 
HBr, 50.78 H20) combined with measurements 
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R: 
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S: 

173. Z: 
R: 

from 89EFIlEVD. KBr(cr) dH= 18.123 $0.039 
kJ/mol, KCI(cr) 16.262 $0.079, FeC12(cr) 
-152.16 $0.13. See other 89EFIlEVD and 
89EVDlEFI reactions on FeBr2(cr), FeC13(cr), 
FeBr3(cr) and FeI2(cr). Reported earlier as 
88EFIlEVD. 
8/88 VBP, 9/91 VBP 

34HIEIWOE 
Fe(cr)+ Br2(l) = FeBr2(cr) 
H, ~251.44 kJ 
H, 273.15 K, -250.91 kJ 
Enthalpies of reaction of all components in 
Br2(KBr) solutions at 273 K. dCp correction 
= -21 J/moI. Enthalpies for components at 273 
K are Fe (cr) -408.86, Br2(l) -7.74, and 

FeBr2(cr) -165.69 kJ/mol respectively .. 
6/89 VBP 

34HIE/APP 
FeCI 2 (cr) + FeBr2(D:HCL + 27 H20) 
=FeBr2(cr)+FeC12(D:HCl+27 H20) 
H, 273.15 K, 4.69 kJ 
H, 4.99 kJ 
Measurements of enthalpies of solution of 
FeCI2(cr) (-68.20 kJ/mo!) and FeBr2(cr) 
(-72.89 kJ/mo!) in 2N HCI at 273 K. dCp= 12 
J/mol 
6/89 VBP 

89NBS 
FeCI2(D:HCL+ 27H20) +2HBr(ai) 
=FeBr2(D:HCl+27 H20)+2 HCl(ai) 
H, -1.96 $0.4 kJ 
Correction to standard state based on L2 HCI 
and HBr from 89PAR 
-1 
7/89 VBP 

34HIE/APP 
FeBr2(cr)=FeBr2(1650 H20) 
H, -86.86 $3.0 kJ 
H, 293.15 K, -85.19 kJ 
Estimated dCp correction = - 334 J/mol used to 
correct measurements from 293.15 K. Also 
measured dH solution in 2N HCI. 
7/89 VBP 

89PAR 
FeBr2(1650 H20)=FeBr2(ai) 
H, -1.44±0.2 kJ 
Estimated. 
7/89 VBP 

52LIIGRE 
FeBr2( cr) = FeBr2( 11 ,500 H20) 
H, -84.1 $1.7 kJ 
Average of five measurements at m=0.00828, 
0.00652, 0.00386, 0.00316, 0.00247 moll (kg 
H20) with experimental enthalpies = -19.7, 
-20.2, -20.3, -20.3 and -20.4 kcallmol re­
spectively. 
7/89 VBP 

52LIIGRE 
FeBr2(cr)= FeBr2(ai) 



V. B. PARKER AND I. L. KHODAKOVSKn 

DV: H, -86.53 $2.0 kJ 
C: Extrapolation of five measurements· (corrected 

for phiL D-H). PhiL D-H at I ==0.025 is 543 
J/mol. 

S: 7/89 VBP 
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*** 

S: 
179. Z: 

R: 
DV: 
c: 

65PAO 
FeBr2(cr)=FeBr2(2000 H20) 
H, - 84.35 $0.5 kJ 
Earlier paper 64PAONAC gives concentration 
and temperature. dH value reported as - 26.16 
kcal/mol is typographical error. With Table 3 
values -20.06 $0.06 kcallmol (-83.93 kJ) is 
obtained which is in good agreement with value 
given in Errata 66PAO, -20.16 kcal. 
7/89 VBP 

89PAR 
F~BR2(2000 H20)=PeBr2(ai) 
H, -1.4 $0.2 kJ 
Estimated; based on phiL D-H= 1.21 kJ and 
phiL m==0.2 kJ/moI. 
7/89 VBP 
89PAR 
FeBr2 (2000 H20)==FeBr2 (4000 H20) 
H, -0.20::!:0.20 kJ 
Estimated from comparison of divalent bro-
mides 
7/89 VBP 
67CHRIGRE 
Fe203(cr)+6 HBr(g)=2 FeBr2(cr)+3 H20(g) 
+ Br2(g) 
H, -150.5 $8 kJ 
Third law; Spectrometric study; T range 468-
598 K~ second law dH=-150.8 kllmot. Used 
thermal functions for FeBr2(cr) from 85CHAI 
DAV which gives S (FeBr2, cr)== 140.7 $1.3 J 
at 298.15 K from a private communication 
(Westrum). 
7/89 VBP 
90EFJJFUR 
FeBr2(cr)=Fe+2(ao)+2 Br-(ao) 
H, -86.85 $0.12 kJ 
Author's extrapolation after correction for Phi 
L D-H from measurements in 0.001 mol dm-j 
HCI04. Mea-sured values are - 86.803, 
- 86.442, and - 86.116 kJ/mol for m 
=0.004958, 0.004273, and 0.007585 moles/(kg 
H20) respectively. PhiL D-H corrections made 
are 0.665, 0.613, and 0.771 kJ/mol for 
I=0.01587, 0.01382, and 0.002475. Measure­
ments were also made in 1.0257, 0.1026 and 
0.0105 mol dm-3 HCI04 solutions. See other 
reactions. 
This is really an average of the three measure­
ments. A plot of dH vs 
I or 1(1/2) using measurements in 0.01, 0.10, 
and 1.0 mol dm-3 HCl04 (corrected for phiL 
D-H) shows high curvature. 
5/89 VBP, 11189 VBP 
90EFIlFUR 
FeBr2(cr)= FeBr2(0.18(HCI04+ 55,500 H20)) 
H, -86.214 $0.20 kJ 
Average of three measurements in 0.001 mol 
dm-3 HCI04. See extrapolated value. 
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5/89 VBP 
90EF1IFUR 
FeBr2(cr)=FeBr2(182(HCl04+51.16 H20)) 
H, -82.611 $0.01 kJ 
Average of two measurements in 1.085 molal 
HCI04. m FEBr2=0.00567 and 0.00618 moll 
(kg H20). PhiL D-H correction would be 2.674 
kJ/mol for extrapolation. 
5/89 VBP 

90EFYFUR 
FeBr2( cr) = PeBr2(28. 7 (HCI04 + 512 H20)) 
H, - 84.322 kJ 
Experimental measurements in 0.1085 molal 
HCl04. m FeBr2==0.003777. PhiL D-H correc­
tion would be 1.28 kJ/mol for extrapolation. 
5/89 VBP 
QOEPI/FUR 
FeBr2(cr)=FEBr2(2.13(HCI04+5290 H20» 
H, - 85.960 kJ 
Experimental measurements in 0.0105 m 
.HCl04. m FeBr2=0.004918. PhiL D-H correc­
tion would be 0.776 kJ/mol for extrapolation. 
5/89 VBP 

89WES 
==FeBr2(cr) 
S, 140.67 $0.20 J 
Calorimetric Cp measurements 4-303 K. 
H-HO (298.15 K)=18.092 $ ??? kllmol and 
Cp=79.747 $0.20 J/(mol.K). 
7/89 VBP 
89EFIJEVD 
FeDr2(cr) I 1I2Dr2(1)=PeDr3(cr) 
H, -17.8955 $0.14 kJ 
Calorimetric measurements at 298.15 K of all 
components in solution of (KBr, 0.43 Br2, 1I2 
HBr, SO.78H20). dH FeBr3(cr)= -144.463 kJ/ 
mol, see other 89EFIlEVD reaction. Reported 
earlier as 88EFIlEVD. 
8/88 VBP, 9/91 VBP 
50GREfTHA 
2FeBr3(cr) = 2FeBr2(cr) + Br2(g) 
H, 67.1 $2.0 kJ 
H, 375 K, 66.60 $1.7 kJ 
S, 161.8 $7 J 
TN 
Vapor pressure measurements 338· to 413 K. 
log P mm=-3,478.61T+11.327. Corrected us­
ing estimated dCp= -6 J/(mol Br2). 
7/89 VBP 
52LIIGRE 
FeBr3(cr)=PeBr3(40,000 H20) 
H, -104.0 kJ 
From smoothed experimental curve. Measure-
ments at 7 concentrations, 0.0074 to 0.00098 
mol/(kg H20). dH varies from -121.3 to 
-101.7 kJ/mol. See other reactions. 
7/89 VBP 
S2LIIGRE 
FeBr3(cr)=FeBr3(20,OOO H20) 
H, -119.7 kJ 
From smoothed experimenta] curve. Measure-
ments at 7 concentrations, 0.0074 to 0.00098 
mol/(kg H20). dH varies from -121.3 to 
-101.7 kJ/mol. See other reactions. 
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7/89 VBP 
52LIIGRE 
FeBr3(cr)=FeBr3(10,OOO H20) 
H, -122.3 kJ 
From smoothed experimental curve. Measure-
ments at 7 concentrations, 0.0074 to 0.00098 
moll (kg H20). dH varies from -121.3 to 
-101.7 kJ/mol. See other reactions. 
7189 VBP 
52LI/GRE 
FeBr3(cr) = FeBr3 (ai) 
H, -146.9 $5.0 kJ 
Authors correct for formation of FeOH+2(ao) 
and FeBr+2 (ao). 
7/89 VBP 
90EFIlFUR 
FeBr3(cr)=Fe+ 3 (ao) +3Br-(ao) 
H, -150.4 $1.3 kJ 
Extrapolation to 1=0 from measurements in m 
HCI04=4.769, 3.651, and 1.085 mol/(kg H20) 
after correction for Phi L D-H. See reactions 
listed separately. Value revised by authors from 
-151.4 $3.8 kJ. 
6/89 VBP, 10/89 VBP 
90EFIIFUR 
FeBr3(cr) = FeBr3 (768 (HCI04 + 11.64 H20» 
H, -119.416 $1.2 kJ 
Mean of two experimental measurements in 
3.903 mol dm-3 HCI04 (m=4.769). m FeBr3 
=0.00576 and 0.00629 mol/(kg H20). dH= 
-118.813 and -120.018 kJ/mol respectively. 
PhiL D-H correction at 1=4.787 is 6.948 kJ. 
6/89 VBP 
90EFIlFUR 
FeBr3(cr) = Fe Br3(530(HCI04 + 15.376 H20» 
H, -128.238 $0.2 kJ 
Mean of two experimental measurements in 
3.11 mol dm-3 HCI04 (m=3.651). m FeBr3 
=0.00659 and 0.00719 moV(kg H20). dH= 
-128.230 and 128.246 kJ/mol respectively. 
PhiL D-H correction at 1=3.672 is 6.70 kJ. 
6/89 VBP 
90EFIlFUR 
FeBr3(cr)=FeBr3(183(HCI04+51.16 H20» 
H, 139.324 $0.08 kJ 
Mean of three experimental measurements in 
1.0257 mol dm-3 HCI04 (m= 1.085). m FeBr3 
is 0.00504, 0.00431, and 0.00841 moll(kg 
H20). dH=-139.301, -139.360, and 
-139.312 kJ, respectively. PhiL D-H at 1= 1.12 
is 5.376 kJ. 
6/89 VBP 
90EFlIEVD 
Fe(cr)+ 12 (cr) = FeI2(cr) 
H, -118.079 $0.27 kJ 
Calorimetric measurements at 298.15 of com­
ponents in solution (KBr, 0.43Br2, 112 HBr 
+50.78H20). dHI2(cr)= -23.38 $0.20 kJ/mol, 
FeI2(cr) -300.731 $0.095. See other 89EFII 
EVD reactions. Reponed earlier as 88EFII 
EVD. 
8/88 VBP, 9/91 VBP 
90EFIJEVD 

l\ 
DV 
C 

s: 
196. Z: 

R: 
DV: 
DV: 
DV: 
C: 

s: 
197. Z: 

R: 
DV: 
c: 

s: 
198. Z: 

R: 
DV: 
DV: 
C: 

S: 
199. Z: 

R: 

DV: 
C: 

s: 
200. Z: 

R: 

DV: 
C: 

W: 
S: 

201. Z: 
R: 
DV: 
C: 

s: 
202. Z: 

R: 
DV; 
s: 

203. Z: 

I '\·'I.~! ;' , ,'k \;".~ i 
iL i fit .,to!" 
(';lIo! illj!'11 H h}i:1hh~hi;iiH,0;-t 

t'OIllI'IlIH'lih in ~;ih!~H.i; fia~ii 

HBr, ~O,7g II}\) i dli hi!.,)' 

kJ/mol. Sec olhrl HtH~tq{t'VL, h'J(,;qh',.,', 

ported earlier as K~-iI;,I'I/I',VI) 

8/88 VBP, 9/91 VBP 
66ZAIIGRE 
Fe12(cr)=Fe(cr)+ 12(g} 
H, 166.1 $5.0 kJ 
H, 813 K, 152.7 $3.0 kJ 
S, 813 K, 95.8 $3.5 J 
Decomposition pressure measurements, 77 I K 
to 858 K; corrects for formation of Fe13(g) and 
Fe216(g). Corrected to 298.15 K using 85CHAI 
DAV estimated thermal functions for FeI2(cr) 
with S (298.15 K)=167.4 $8.4 J/(mol.K). third 
Law value. 
7/89 VBP 
56SCHIORA 
FeI2(cr)= Fe(cr)+ 12(g) 
H, 193.9 $20 kJ 
Decomposition Fe12(l); log P(atm) =4.14 
-6790rr. Second law value. Third law value 
= 149.4 kJ/mol. 
7/89 VBP 
34HIEIWOE 
Fe{ cr) + 12( cr) = Fe12( cr) 
H, 273.15 K, -126.06 kJ 
H, -125.9 $5.0 kJ 
From measurements of all components in Br2, 
KBr solutions at 273.15 K. dCp correction used 
=4J/(mol.K). 
7/89 VBP 
34HIE/APP 
PeC12(cr)+FeI2(D: HCl+27 H20) = 
Pe12(cr)+ FeCI2(D: HCI +27 H20) 
H. +9.2 $2.0 kJ 
From measurements of dH in 2 mol dm-3 HCI 
at 273 K of FeC12(cr) (-68.20 kJ; corrected to 
-68.78 kJ at 293 K) and FeI2(cr) (-77.86 kJ) at 
2Y:'; K. dCp= -20 J/mo! K. 
7/89 VBP 
89PAR 
FeC12 (D: HCI+27 H20)+2HI(ai)= 
Fe12(D: HCI +27H20)+2HCI(ai) 

H, -4.68 kJ 
Correction to standard state based on L2's for 
Hel and HI from 89PAR. 
-1 
7/89 VBP 
·65PAO/SAB 
Fel2( cr) = Pel2( 4000H20) 
H, - 81.42 $0.25 kJ 
Sample prepared from elements at 773 K. 
Analysis indicated 82.03% Iodine (calcnlated 
81.97%). 
7/89 VBP 
34NAE 
Fe(cr)+ KI3(au) =FeI2(au)+ KI(au) 
H, -217.0 $10 kJ 
7/89 VBP 
97MOS 
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R: 
DV: 
F: 
c: 

s: 
209. Z: 

R: 
DV: 
F: 
c: 

S: 
210. Z: 

R: 
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FeI2( cr) = FeI2(au) 
H, -97.1 kJ 
7/89 VBP 
42MOOIKEL 
=FeS04(cr) 
S, 25.70 $0.30 cal 
TN 
Low temp Cp measurements (53-295 K). 
S(298.15 K)-SO (50.12 K)=23.60 call(mol.K) 
and S (50.12 K)=2.10 (extrapolated). Also re­
ported in 61 KEL/KIN. 
5/86 VBP 
71STUIPRO· 
= FeS04(cr) 
S, 28.91 $0.30 cal 
Reanalysis of work of 42MOO/KEL~ Magnetic 
entropy contIibution ot 3.2 .call(mol.K) (R In 5) 
added to S(298.15)=25.71 cal/(mol.K) helps 
reconcile second and third law dH's of decom­
position. 
5/86 VBP 
53PATffHO 
Fe(cr)+Hg2S04(cr)=FeS04(ai)+2Hg(l) 
G, 197.740 $0.060 kJ 
EO= 1.0247 $0.0003 V. See reaction with 
Hg2C12 for comments. Mean of 4 meas. Con­
centratioH FeS04 lSulutiul1, 111-'0.022 to 0.0718. 
Activity coef. used are given by above authors 
from meas. by 41DEMIFED. Comparison with 
activity coeffici~nts of CuS04 by 80MIL/MAR 
in dilute region indicates values are reasonable. 
5/86 VBP 
53PATITHO 
Fe(cr)+ PbS04(cr)= FeS04(ai)+2Pb(cr) 
G, -10.520 $0.038 kJ 
EO=0.05452 $0.0002 V mean of 2 meas. m 
FeS04=0.0677 and 0.030 mol/kg H20. 
garnma=0.198 and 0.281 used to correct. See 
reaction with Hg2S04 and Hg2C12. 
5/86 VBP 
49LYO/GIA 
=FeS04:7H20(cr) 
S, 97.8 $0.3 C 
TN . 

From low temp. Cp measurements (13-307 K 
and 0.9 and 20 K). Assumed SO(1 K)=0.2 call 
(mol.K); S0(1-10 K)=1.4 $0.07; S(10-20 K) 
=1.7 $0.08 and S(20-29R.15 K)=94.5 $0.15. 
S associated with magnetic system from inte­
gration (Cp total-Cp lattice)=2.8 cal/(mol.K) 
VBP 5/86 
86NBS 
FeS04:7H20( cr) = FeS04(ai) + 7H20(l) 
G+14.116 $0.50 kJ 
TN 
Calculated from solubility= 1.944 $0.007 
mol/kg H20 from 58LIN and estimated gamma 
=0.0344 and phi=0.578 on basis of NiS04 
from 59ROB/STO. IVTAN evaluation uses 
dGO= 14.07 $0.51 kJ. 
3/86 VBP 
87REAlBEC 
FeS04:7H20(cr)=FeS04(ai)+7H20(l) 

DV: 
C: 

s: 
211. Z: 

R: 

DV: 
F: 
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S: 
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R: 

DV: 
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DV: 
F: 
DV: 
F: 
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S: 

214. Z: 
R: 
DV: 
F: 
DV: 
.F: 
C: 

S: 
215. Z: 

R: 
DV: 
DV: 
C: 
s: 

216. Z: 
R: 
DV: 

G, + 12.58 $0.30 kJ 
Reanalysis of isopiestic meas. of 740YKlBAL 
activity coefficients; uses gamma at 0.1 
m=0.161 and phi=0.556. Uses msat= 1.94 
$0.02, gamma=0.048, aw=0.952 $0.003. 
7/87 VBF 
63ADNKEL 
Fe( cr) + H2S04(7 .068 H20) + 7H20(I) 
=FeS04: 7H20(cr)+H2(g) 
H, -137.09 $0.40 kJ 
TN 
Measurements on FeS04:6.952 H20 (cr) at 
303.15 K combined with measurement by 
59KOE/COU on Fe(cr); Composite dH= 
-137.737 $0.25 kJ/mol corrected to 298.15 
K(dCp= -184 J/(mol.K)) and to stoichiometric 
FeS04:7H20(cr) assuming presence of 0.008 
PeS04:H20(cr). Correction for this = -0.46 kJ/ 
mol. 
3/86 VBP 
63ADNKEL 
Fe(cr)+H2S04(7.068 H20)+H20(l)= 
FeS04: H20(cr)+H2(g) 
H, -79:72 $0.40 kJ 
1N 
Measurements on FeS04:1.008 H20(cr) at 
303.15K combined with measurements by 
59KOE/COU on Fe(cr); Composite dH= 
-81.714 $0.29 kJ/mol. corrected to 298.15 K 
(dCp=-52.7 J/(mol.K») and to stoichiometric 
FeS04:H20(cr), assuming presence of 0.0013 
FeS04:7H20(cr) (correction = + 1.68 kJ/mol). 
3/86 VBP 

64KOHIZAS 
FeS04:4H20( cr) = FeS04:H20( cr) + 3H20(g) 
H, 140.7 $2.0 kJ 
TN 
0, 27.44 $1.0 kJ 
TN 
Vapor pressure meas: log P (in mm) = - 2, 450T 
-1 +9.49 (40-52°C) Calculated dS=30.2 call 
(mol H20) is low. dG at p= 1 bar. 
3/86 VBP 

64KOHIZAS 
FeS04:7H20(cr)=FeS04:4H20(cr)+3H20(g) 
H, 156.2 $2.0 kJ 
TN 
G, 29.02 $0.5 kJ 
'l'N 
Vapor pressure meas: equations only log P (in 
mm)= -2719T-1 + 10.30 (40-54°C) for de­
hydration to tetrahydrate. Calculated dS=34.0 
cal/(K.mol H20). dG at p= 1 bar. 
3/86 VBP 
79MALIDRA 
FeS04:7H20(cr)=FeS04:4H20(cr)+3H20(g) 
H, 156.0 $2.0 kJ 
G, 29.31 $0.25 kJ 
Isopiestic procedure. p= 1 bar. 
3/86 YBP 
14BIL 
FeS04:7H20(cr) = FeS04:4H20(cr) +3H20(g) 
H, 166.4 $6.0 kJ 



THE THERMODYNAMIC PROPERTIES OF THE AQUEOUS IONS OF IRON 1741 

F: TN 
C: Data of 0ICOHNIS. 
S: 3/86 VBP 

217. Z: 14FOR 
R: FeS04:7H20(cr)=FeS04(au)+7H20(l) 
DV: H, + 18.0 $2.5 kJ 
F: TN 
C: Measurements at 286 K; dH=18.13 kJ/mol 

(dCp= ~8 J/{mol.K» 
S: 3/86 VBP 

218. Z: 14FOR 
R: FeS04:7H20(cr) = FeS04:H20(cr) + 6H20(l) 
DV: H, 52.18 $1.5 kJ 
F: TN 
C: dsolnH (286 K) of FeS04:H20(cr)=-31.54 

kJ/mol combined with dsolnH heptahydrate; 
dCp for composite = +209 J/(mol.K) 

S: 3/86 VBP 

219. Z: 
R: 
DV: 
C: 

S: 
220. Z: 

R: 
DV: 
F: 
C: 

S: 

221. Z: 
R: 

DV: 
C: 

S: 
222. Z: 

R: 

DV: 
W: 
C: 

S: 
223. Z: 

R: 

DV: 
C: 

S: 

14FOR 
FeS04:7H20(cr)=FeS04:4H20(cr)+3 H20(I) 
H, +26.18 $1.5 kJ 
dsolnH (286 K) of FeS04:4H20(cr)= -6.69 
kJ/mol; dCp for composite = 113 J/(mol.K) 
3/86 VBP 
14FOR 
FeS04:7H20(cr)=FeS04(cr)+7H20(l) 
H, 83.28 $2.0 kJ 
TN 
dsolnH (286 K) of FeS04(cr)= -62.34 kJ/mol; 
dCp for composite=392 J/(mol.K). 
3/86 VBP 221. 

85VASIDMI2 
Fe(cr)+H202(3.5H20)+5H20(1) 
+ H2S04(0.3H20)= FeS04:7H20(cr) 
H, - 569.96 $0.28 kJ 
Measurements of components, 
H2S04, FeS04:7H20(cr) and H202 in 2,3, 
and 4N HCI04 solutions combined with Fe(cr) 
measurements from 83DMI and 78VASNAS. 
Authors' calculated value for dtH 
FeS04:7H20(cr) ~-3014.6. 
Joint, 6/86 YBP and 4/87 O.D amI I.Kh. 

85VASIDMI 
FeS04:7H20(cr)+ H +(ao)=Fe+2(ao)+ HS04 
-(ao)+7H20(1) 
H, + 33.58 $0.50 kJ 
99 
Extrapolation of enthalpies of solution of 
FeS04:7H20(cr) in 2N, 3N and 4N HCI04 as 
a function of m(1l2) to m(Fe+2(ao»=0 and to 
ionic strength solution=O using corrections 
from 78VASfYAS. See 83DMI. 
6/86 VBP 

83DMI 
FeS04:7H20(cr)+ H + (ao)=Fe+2(ao) 
+ HS04-(ao)+7H20(I) 
H, +35.50 $0.10 kJ 
Recalc. to correct for S04=(ao) in solution. 
Ionic strength corrections from Khod. 
3/87 VBP, I.Kh., O.D. 

224. Z: 85VASIDMI 
R: FeS04:7H20(cr) = FeS04(ai) +7H20(l) 
DV: H, +11.99 $0.20 kJ 

W: 99 
C: 16 measurements, extrapolation; equation only. 

dsolnH(m)= 11.99 ($0.09)+36.33 ($0.48) m(l! 
2). Recalc. gives much higher value. See 
830MI. 

S: 6/86 VBP 

225. Z: 78VASNAS 
R: (NH4)2 S04(cr)+ Fe (cr)+ H202 (4.95H20) 

+ H2S04(0.43H20) +4H20(l) = (NH4)2 
Fe(S04)2:6H20(cr) 

DV: H, -579.78 $0.87 kJ 
W: 99 
C: Summation from meas of dsolnH of all compo-

S: 
226. Z: 

R: 

DV: 
C: 

S: 
227. Z: 

R: 
OV: 
C: 

S: 
228. Z: 

R: 

DV: 
C: 

S: 
229. Z: 

R: 
DV: 
C: 

S: 

nents in 4.0,3.0, 2.0, 1.0 mol dm-3 HCI04 so­
lutions. Assume all solutions formed are 
equivalent so that no corrections for S04=are 
necessary. Meas. in 1.0 mol dm-3 HCI04 not 
used. Mean of 6 meas. See 830MI. 
VBP Aug. 85, 3/87 VBP 
83DMI 
(NH4)2 Fe(S04)2:6H20(cr)+2H+(ao)= 
2NH4+ (ao) +Fe+2(ao) +2HS04-(ao) 
+6H20(l) 
H, 69.40 $0.20 kJ 
Extrap. from dsolnH meas. in 2.0, 3.0, 4.0 mol 
dm-3 HCI04 aqueous solutions .. m salt=O.OI to 
0.04. Correct for S04=in HCI04 soln., and to 
ionic strength =0 using Khodakhovskii equa­
tion with 1986, constants. Supersedes 78VASI 
VAS. 
VBP Aug. 85, 3/87 VBP 
830MI 
FeS04:7H20(cr)=FeS04(ai)+ 7H20(l) 
H, 12.90 $0.10 kJ 
Experimental points refit to Khodakhovskii 
equation with extrapolation to m=O. dH(I) 
-dHO(DH)lkJlmol=(12.895 $0.096)+(35.572 
$2.372) I 
VBP, O.D., I.Kh 5/87 
830MI 
Fe (cr)+ H202(4.95H20)+ (NH4)2S04(cr) 
+ H2S04(0.3H20)+4H20(l) 
= (NH4)2Fe(S04)2:6H20(cr) 
H, -579.68 $0.44 kJ 
Sup~r:s~u~:s 78YASNAS. M~as. iu IN HCI04 
not used. Concentration H2S04 is 0.3H20, 
rather than 0.43H20. 
O.D .. I.Kh .. VBP 4/87 
68LARICER 
FeS04:7H20(cr) = FeS04(ai) +7H20(l) 
H, + 11.80 $0.42 kJ 
From meas of dsolnH of hydrated salts with 
compositions FeS04:6.92 H20, FeS04:6.78 
H20, FeS04:5.32 H20, FeS04:3.98 H20, and 
FeS04:2.46 H20. Measured concentrations 
0.005 to 0.05 m. Authors correct to std state 
using phiL from 56LAN/MIE for NiS04. More 
details in 68LAR. . 

.8/85 VBP 

230. Z: 68LARICER 
R: FeS04:4H20(cr)=FeS04(ai)+4H20(l) 
DV: H, -13.81 $0.42 kJ 
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C: From meas of dsolnH of hydrated salts with S: 10/90 VBP 
compositions FeS04:6.92 H20, FeS04:6.78 237. Z: 41PER 

H20, FeS04:5.32 H20, FeS04:3.98 H20, and R: FeS04:7H20(cr)=FeS04(75 H20)+7 H20(l) 
DV: H, 19.65 $1.0 kJ FeS04:2.46 H2O. Measured concentrations 
C: Measurements at 282-293 K over range 1550 

0.005 to 0.05m. Authors correct to std state us-
H20 to 32.7 H20. Corrected to 298 K using 

ing phiL trom 56LANIMIE for NiS04. More 
41PER Cp measurements of aqueous solutions 

details in 68LAR 
at 293 K. s: 8/85 VBP 

S: 10/90 VBP 
231. Z: 68LARICER 238. Z: 41PER 

R: FeS04:H20(cr)=FeS04(ai)+ H20(l) R: FeS04:7H20(cr)=FeS04(50 H20)+7 H20(l) 
DV: H, -44.35 $0.84 kJ DV: H, 20.05 $1.0 kJ 
C: From meas of dsolnH of hydrated salts with C: Measurements at 282-293 K over range 1550 

compositions FeS04:6.92 H20, FeS04:6.78 H20 to 32.7 H20. Corrected to 298 K using 
H20, FeS04:5.32 H20, FeS04:3.98 H20, and 41PER Cp measurements of aqueous solutions 
FeS04:2.46 H2O. Measured concentrations at 293 K. 
0.005 to 0.05111. Authors correct to std state us- S: 10/90 VBP 
ing phiL from 56LANIMIE for NiS04. More 239. Z: 41PER 
details in 68LAR. R: FeS04:7H20(cr)=FeS04(40 H20)+7 H20(1) 

S: VBPAug.85 DV: H, 20.30 $1.0 kJ 
232. Z: 41PER c: Measurements at 282-293 K over range 1550 

R: FeS04:7H20(cr)=FeS04(1500 H20)+7 H20 to 32.7 H20. Corrected to 298 K using 
H20(l) 41PER Cp measurements of aqueous solutions 

DV: H, 17.10 $1.0 kJ at 293 K. 
C: Measurements at 282-293 K over range 1550 S: 10/90 VBP 

H20 to 32.7 H20. Corrected to 298 K using 240. Z: 41PER 
41PER Cp measurements of aqueous solutions R: FeS04:7H20(cr)=FeS04(35 H20)+7 H20(l) 
at 293 K. DV: H, 20.45 $1.0 kJ 

S: 10/90 VBP C: Measurements at 282-293 K over range 1550 
233. Z: 41PER H20 to 32.7' H20. Corrected to 298 K using 

R: FeS04:7H20(cr)=FeS04(1000 H20)+7 41PER Cp measurements of aqueous solutions 
H20(l) at 293 K. 

DV: H, 17.35 $1.0 kJ S: 10/90 VBP 
C: Measurements at 282-293 K over range 1550 

241. Z: 61KEL/KIN H20 to 32.7 H20. Corrected to 298 K using 
B: 34AND 

41PER Cp measurements of aqueous solutions R: =FeC03(cr) 
at 293 K. DV: S, 22.25 $0.4 C 

s· 10/90 VHP F: TN 
234. Z: 41PER c: measured by 34AND, 54-297 K. Cp= 19.63 

R: FeS04:7H20(cr)=FeS04(300 H20)+7 cal/(mol.K) at 298.15 
H20(l) S: VBP Aug. 85 

DV; H, 18.30 $1.0 k.J 
242. Z: 64KOS/KAL C: Measurements at 282-293 K over range 1550 

R: =FeC03(cr) 
H20 to 32.7 H20. Corrected to 298 K using DV: S, 96.1 $O.4J 
41PER Cp measurements of aqueous solutions C; measured Cp 70-298 K and combines results 
at 293 K. with meas. of 62KAL, 1.6 to 70 K. Estimated 

S: 10/90 VBP purity 97%. Individual Cp meas. not given. 
235. Z: 41PER 

SO(0-70 K)=16.8 }J(mol.K) R: PeS04:7H20(cr) ..... PeS0-1(200 H20)+7 s: VBP Aug. 85 
H20(1) 243. Z: 35KRU 

DV: H, 18.70 $1.0 kJ R: FeC03 (cr) = FeO( cr) + C02 (g) 
C: Measurements at 282-293 K over range 1550 DV: H. 127 $20 kJ 

H20 'to 32.7 H20. Corrected to 298 K using F: TN 
41PER Cp measurements of aqueous solutions W: 99 
at 293 K. C: Third law value. Decomp. to FeO occurs at ap-

S: 10/90 VBP prox. 710 K. Not considered. Mechanism. of 
236. Z: 41PER decamp. complex. See 71FRE 

R: FeS04:7H20(cr)=FeS04(100 H20)+7 S: VBP Aug. 85 
H20 (I) 244. Z: 81REIJJOH 

DV: H, 19.35 $1.0 kJ R: FeC03(cr)+'2H +(ao)=Fe+2(ao) 
C: Measurements at 282-293 K over range 1550 +C02(g)+ H2O 

H20 to 32.7 H20. Corrected to 298 K using DV: G, 323.15 K, -45.84 $0.5 kJ 
-11PER Cp measurements of aqueous solutions DV: G, -44.75 $1.0 kJ 
at 293 K. 
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C: 

S: 
245. Z: 

R: 
DV: 
DV: 
F: 
W: 
C: 

S: 
246. Z: 

R: 

DV: 
C: 
S: 

247. Z: 
R: 

DV: 
C: 
S: 

248. Z: 
R: 
DV: 
C: 

S: 
249. Z: 

R: 
DV: 
F: 
W: 
C: 

meas. at 323.15 K, I = 1.0 mol dm-3 NaCI04, 
corrected to I =0 using Davies eqn and to 
298.15 K using est'd dS=44 J/(~ol.K). p= 1 
atm. 
VBPAug.85 
29ROT 
3FeC03(cr)+ 112 02(g)=Fe304(cr)+3C02(g) 
H, 291.15 K, -133.7 $8J 
H, -133.8 $15 kJ 
TN, 
99 
Corrected from 18 C; no analysis of products. 
Assumed oxidation goes completely to 
Fe304(cr). Same as 29ROT1. Rejected in TN 
evaluation. 
VBPAug.85 
1875BER 
FeS04(220 H20)+K2C03(220 H20) 
=FeC03(cr)+K2S04(440 H20) 
H, 4.36 $0.5 kC 
16 C measurement, est'd dCp = 100 cal/(mol.K) 
8/85 VBP 
1875BER 
FeS04(220H20)+ Na2C03(220 H20) 
= FeC03(cr)+ Na2S04(440H20) 
H, 4.64 $0.5 kC 
16 C measurement, est'd dCp= 100 cal/(mol.K) 
VBPAug.85 
18SMI 
FeC03(cr)+ H2C03(ao)= Fe(HC03)2(ai) 
G, 14.01 $0.5 kJ 
meas. at 303 K; corrected for Ionic strength 
=0.01 and to 298.15 K; uncorrected K 
=4.50E-03 at 303.15 K 
VBPAug.85 
18SMI 
FeC03(cr)=Fe+ 2(ao) +C03-2(ao) 
G, 59.96 $0.84 kJ 
TN 
99 
author's calculated value from meas at 303 Kin 
C02 solns. See revised reaction. 

S: VBP Aug. 85 
250. Z: 69LAN 

R: FeC03(cr)=FeC03(ai) 
DV: G, 60.22 $0.60 k1 
C: pK= 10.55 $0.03 based on three measurements. 
S: 3/89 VBP 

251. Z: 78JOHIBAU 
R: Fe+2(ao) +HC03-(ao) = FeHC03 + (ao) 
DV: 0, -7.4 $1.1 kJ 
C: K lies between 10 and 30 at 298 K 
S: 5/86 VBP 

Al.c.Reaction Catalog Provided by IVTAN 

This catalog is part of the original catalog provided by Dr. 
V. Medvedev (IVTAN) in 1986 and 1987. Since that time it 
has been updated and corrected by V. B. Parker and M. Efi­
mov (IVTAN). The following references are not cited in this 
paper and do not appear in A1.b (Reaction Catalog). 

1. Z: 52SCHIKRE 
R: 2HCI{g)+Fe(cr)=FeCI2{g)+H2(g) 

DV: 
C: 

C: 
S: 

2. Z: 
R: 
DV: 
C: 

C: 

S: 

3. Z: 
R: 
DV: 
C: 

C; 

S: 
4. Z: 

R: 
DV: 
W: 
C: 

S: 

H, 41.3 $6.0 kJ 
IVTAN 3-85 EQ. 229 
Corrected for SO(FeCI2, g) =293.803 J/mol (1 
atm) 
Transpiration; third law, 1205-1373 K, 22 pts 
VM 4/87, 10/88 VBP 

25MAI 
FeCI2( cr) = FeCI2(g) 
H, 195.2 $6.0 
IVTAN 3-85 EQ. 234 
Corrected for SO(FeCI2, g)=293.803 (1 atm) and 
FeCI2(cr), SO= 118.0 and H-H(O)= 16.27 
Static; 3rd law, 22 pts, 972-1268 K; Second law 
196 $6 
VM 4/87, 10/88 VBP 

528CHlKRE 
FeC12( cr) = FeC12 (g) 
H, 194.15 $5.0 kJ 
IVTAN 3-85 EQ. 235 
Corrected for 80(FeC12, g)=293.803 (1 atm) and 
FeCI2(cr), 80= 118.0 and H-H(O) = 16.27 
Transpiration; third law, 6 pt:s; 981-1107 K, :st::l:­

ond law 201 $18 
VM 4/87, 10/88 VBP 

55SCHIBAY 
FeCl2( cr) = FeCI2(g) 
H, 194 $8.26 kJ 
99 
IVTAN 3-85 EQ. 236 
Corrected for SO(FeCI2, g)=293.803 (1 atm) and 
FeCI2(cr), SO= 118.0 and H-H(O)= 16.27 
VM 4/87, 10/88 VBP 

5. Z: 58SCHIPOR 
R: FeCl2(cr) = FeC12(g) 
DV: H, 199.17 $4.0 kJ 
W: 99 
C: IVTAN 3-85 EQ. 237 

Corrected for SO(FeC12, g)"-'-293.803 (1 atm) and 
FeC12(cr), 80= 118.0 and H-H(O)= 16.27 

C: Effusion, third law, 2 pts 671 K and 701 K 
s: VM 4/&7, 10/88 VBP 

6. Z: 58SCHIPOR 
R: FeC12(cr) = FeC12(g) 
DV: H. 196.73 $4.0 
C: IVTAN 3-85 EQ. 238 

Corrected for SO(FeC12, g)=293.803 (1 atm) and 
FeC12(cr), SO= 118.0 and H-H(O)= 16.27 

C: Mass spectroscopy, third law, 7 pts, 621~ 701 K; 
Second law 172 $15 kJ 

S: VM 4/87, 10/88 VBP 
7. Z: 60SIM/GRE 

R: FeC12(cr) = FeCI2(g) 
DV: H, 199.03 $4.0 kJ 
C: IVTAN 3-85 EQ. 239 

Corrected for SO(FeC12, g)=293.803 (1 atm) and 
FeCI2(cr), SO= 118.0 and H-H(O)= 16.27 

C: Torsion; third law, 670-740 K equation only, sec­
ond law 196 kJ 
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S: 
8. Z: 

R: 
DV: 
C: 

VM 4/87, 10/88 VBP 
69KANIMCC 
FeC12( cr) = FeC12(g) 
H, 198.81 $4.0 kJ 
IVTAN 3-85 EQ. 240 
Corrected for SO(FeC12, g)=293.803 (1 atm) and 
FeC12(cr), SO= 118.0 arid H-H(O)= 16.27 

C: Effusion; third law, 725-825 equation only, sec-

S: 
9. Z: 

R: 
DV: 
C: 

ond law 210 kJ 
VM 4/87, 10/88 VBP 
69KAN/MCC 
FeC12( cr) = FeC12(g) 
H, 198.31 $4.0 
IVTAN 3-85 EQ. 241 
Corrected for SO(FeC12, g)=293.803 (1 atm) and 
FeC12(cr), SO= 118.0 ami H-H(0)-16.27 

C: Torsion; third law 725-825 K equation only, sec-

S: 
10. Z: 

R: 
DV: 
C: 

ond law 209 kJ 
VM 4/87, 10/88 VBP 
75BURlMIR 
FeCI2( cr) = FeCI2(g) 
H, 198.68 $6.00 kJ 
IVTAN 3-85 EQ. 242 
Corrected for SO(FeC12, g)=293.803 (1 atm) and 
FeC12(cr), SO= 118.0 and H-H(O)= 16.27 

C: Torsion, third law, 1000-1300 K equation only; 

S: 
11. Z: 

R: 
DV: 
C: 

second law 185 kJ 
VM 4/87, 10/88 VBP 
76RATINOV 
FeC12( cr) = FeC12(g) 
H, 199.75 $4.0 
IVTAN 3-85 EQ. 243 
Corrected for SO(FeC12, g)=293.803 (1 atm) and 
FeC12( cr), SO= 118.0 and H-H(O) = 16.27 

C: Mass spectroscopy; third law, 668-766 K equa­
tion only; second law 204 kJ 

S: VM 4/87, 10/88 VBP 
12. Z: 77LAN/ADA 

R: FeC12(<.,;r)--FeC12(g) 
DV: H, 193.23 $4.00 kJ 
C: IVTAN 3-85 EQ. 244 

Corrected for SO(FeC12, g)=29:t803 (1 ~tm) ~nrl 

FeC12(cr), SO= 118.0 and H-H(O)= 16.27 
C: Torsion, third law, 711-887 K equation only; sec­

ond law 207 kJ 
S: VM 4/87, 10/88 VBP 

13. Z: 77LAN/ADA 
R: FeCI2(cr) = FeC12(g) 
DV: H, 196.41 $4.0 
C: IVTAN 3-85 EQ. 245 

Corrected for SO(FeC12, g) = 293 .803 (1 atm) and 
FeC12(cr), SO=118.0 and H-H(O) = 16.27 

C: Effusion; third law, 624-952 K equation only; 
second law 215 kJ 

S: VM 4/87, 10/88 VBP 

14. Z: 78NOV 
R: FeCI2( cr) = FeC12(g) 
DV: H, 202.419 $4.14 kJ 
W: 99 

C: 

S: 

15. Z: 
R: 
DV: 
C: 

** 
S: 

IVTAN 3-85 EQ. 246 
Corrected for SO(FeC12, g)=293.803 (1 atm) and 
FeC12(cr), SO= 118.0 and H-H(0)=16.27 
VM 4/87, 10/88 VBP 

88CTT 
=FeCI2(g) 
S, 293.915 $4.0 J 
at 1 bar, SO(1 atm)=293.806 kJ/mol 
or 293.912 and 293.803 (6/90 EME) 
8/88 VBP 

16. Z: 88CTT 
R: = Fe2C14(g) 
DV: S, 439.872 $10.0 
C: at 1 bar 
** or 439.868 (6/90 EME) 
S: 10/88 VBP 

17. Z: 89CTT 
R: = Fe2CI6(g) 
DV: S, 528.066$ 
C: at 1 bar, H-H(0)=37.30 kJ/mol 
S: 10/88 VBP, 10/90 VBP 

18_ Z: 
R: 
DV: 
C: 
S: 

19. Z: 
R: 
DV: 
C: 

C: 

S: 
20. Z: 

R: 
DV: 
C: 

S: 
21. Z: 

R: 
DV: 
C: 

C: 

S: 

22. Z: 

R: 
DV: 
C: 

C: 

88CTT 
FeC13(g) 
S,344.827$ 
at 1 bar, H-H(O) = 17.815 kJ/mol.K 
10/88 VBP 
25MAI 
2FeC13(cr) = Fe2C16(g) 
H, 133.36 $6.7kJ 
Revised from IVTAN 3-85 EQ.I03 and 86ARII 
BER values(at 0 K) 
Static, 490-558 K, 6 pts, 3rd law; 2nd law value 
134.4 $4.5 kJ 
10/87 VM, 10/88 VBP, 12/89 EME and VBP 
25STI 
2FeC13 (cr) = Fe2C16(g) 
H, 132.67 $6.8 kJ 
Revised from IVTAN 3-85 EQ.I04 and 86ARII 
BER values (at UK). Static; 526-568 K, 9 pts, 
third law; second law value 111.3 $8 kJ/mol 
10/87 VM, 10/88 VBP, 12/89 EME and VBP. 

29JELIKOO 
2FeC13(cr)= Fe2CI6(g) 
H, 130.1 $7.1 kJ 
Revised from IVTAN 3-85 EQ_I05 and 86ARTI 

BER values (at 0 K) 
Transpiration, 473-553 K, 4 pts, third law; second 
law 111.4 $8 kJ. Author's assumed reaction was 2 
FeC13(cr)=2 FeC13(g). Measurements were recal­
culated for Fe2C16(g) as a reaction product. 
VM 10/87, 10/88 VBP, 12/89 EME and VBP 

38SAN2 
2FeC13 (cr) = Fe2C16(g) 

H, 134.6 $6.8 kJ 
Revised from IVTAN 3-85 EQ_I07 and 86ARII 
BER values (at 0 K) 
Static, 501-577 K, 20 plS, third law; second law 
134.5 $4.0 kJ 
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s: 
23. Z: 

R: 
DV: 
C: 

C: 

VM 10/87, 10/88 VBP, 12/89 EME and VBP 

42JOHIWEI 
2FeC13( cr) = Fe2C16(g) 
H, 132.7 $6.7 kJ 
Revised from IVTAN 3-85 EQ.I08 and 86ARII 
BER values (at 0 K) 
Static, 505-562 K, 6 pts, third law;. second law 
151.25 $6.3 kJ 

s: VM 10/87, 10/88 VBP, 12/89 EME and VBP 

24. Z: 58WIL/GRE 
R: 2FeCI3(cr) = Fe2C16(g) 
DV: H, 134 $11 kJ 
C: Revised from IVTAN 3-85 EQ.109 and 

86ARIlBER values (at 0 K) 
C: Static and transpiration, 423-503 K, equation, 

third law; second law 143.0 kJ 
S: VM 10/87, 10/88 VBP 

25. Z: 62HAMlGRE 
K: 2l<'eC13 (cr) = Fe2C16(g) 
DV: H, 135.0 $4.2 kJ 
C: Revised from IVTAN 3-85 EQ.1l0 and 

86ARIlBER values (at 0 K) 
C: Effusion, 393-413 K, 4 pts, third law; second law 

137.2' $4.3 kJ 
S; VM 10/87, 10/88 VBp, 12/89 EME and VBP 

26. Z: 62COO 
R: 2FeC13(cr) = Fe2C16(g) 
DV: H, 127.61 $11.00 kJ 
c: 

c: 

S: 
27. Z: 

Revised from IVTAN 3-85 EQ.1l2. and 
86ARIlBER values (at 0 K) 
Transpiration, 588-710 K, equation, third law; 
second law 166.7 kJ 
VM 10/87, 10/88 VBP,12/89 EME and VBP 
65CHR 

R: 2FeC13(cr) = Fe2Cl6(g) 
DV: H, 120.8 kJ 
W; 99 
C: 

s: 
28. Z: 

R: 
DV: 
C; 

C: 

Spectrophotometric, only vsHO(440 K)= 115.5 
$2.5 kJ calculated by the 2nd law is known. 
VM 10/87, 10/88 VBP, 12/89EME and VBP 
68GAL 
2FeC13(cr)= Fe2C16(g) 
H, 132.1 $6.8 kJ 
Revised from IVTAN 3-85 EQ.1l4 and 
86ARIIDER values (at 0 K) 
Static, 483-560 K, equation, third law; second 
law 170 kJ 

s: VM 10/R7, 11/8g VHP, 12/89 EME and VBP 
29. Z: 68MAP/GRE 

R: 2FeC13(cr) = Fe2CI6(g) 
DV: H, 139.32 $6.3 kJ 
DV: H, 550 K, 128.0 $5.4 kJ 
C: Calorimetric dsHO(550 K)= 128.0 $5.4 kJ. Five 

s: 
30. Z: 

R: 
DV: 
C: 

measurements. 
VM 10/87, 11188 YBP, 12/89 YBP 

68MAP/GRE 
2FeC13( cr) = Fe2C16(g) 
H, 151.51 $7.6 kJ 
Calorimetric ddHO(583 K)=51.8 $2.5 kJ. Three 
measurements. 

S: VM 10/87, 11188 VBP, 12/89 
31. Z: 68MAP/GRE 

R: 2FeC13(l) = Fe2CI6(g) 
DV: H, 583 K, 51.8 $2.5 kJ 
C: Calorimetric, three measurements 
S: VM 10/87, 11/88 VBP 

32. Z: 69POL/KOM 
R: 2FeC13(cr) =Fe2C16 (g) 
DV: H, 131.9 $7.2 kJ 
C; Revised from IVTAN 3-85 EQ.l15 and 

86ARIlBER values (at 0 K) 
C: Static,· 503-563 K, equation, third law; second 

law 135.4 kJ 
S: VM 10/87, 11188 VBP, 12/89 EME and VBP 

33. Z: 
R: 
DV: 
c: 

c: 

77LAN/ADA 
2FeC13(cr) = Fe2C16(g) 
H, 139.8 $5.0 kJ ' 
Revised from IVTAN 3-85 EQ.117 and 
86ARIlBER values (at 0 K) 
Torsion, 403-442 K, equation, third law; second 
1m,v 

103.2 kJ 
s: VM 10/87, 11188 VB~ 12189 EME and VBP 

34. Z: 771 ,A NI ADA 
R: 2FeC13(cr)=Fe2C16(g) 
DV: H, 133.6 $6.1 kJ 
C: Revised from IVTAN 3-85 EQ.116 and 

86ARIlBER values (at 0 K) 
C: Effusion, 369-463 K, equation third law; second 

law 136.5 kJ 
S: VM 10/87, 11188 VBP, 12/89 EME and VBP' 

35. Z: 83RUS/GRE 
R: 2FeC13(cr) = Fe2C16 (g) 
DV: H, 154.1 kJ 
W: 99 

c: Spectrophotometric, dsHO(550 K)= 147.2 kJ, 
second law 

S: VM 10/87, 11188 VBP, 12/89 VBP 




