
Pure & Appl. Chem., Vol. 69, No. 7, pp. 1489-1548, 1997. 
Printed in Great Britain. 
0 1997 IUPAC 

INTERNATIONAL UNION OF PURE 
AND APPLIED CHEMISTRY 

ANALYTICAL CHEMISTRY DIVISION 
COMMISSION ON EQUILIBRIUM DATA* 

CRITICAL SURVEY OF STABILITY CONSTANTS OF 
COMPLEXES OF THIOCYANATE ION** 

(Technical Report) 

Prepared for publication by 

ABRAHA BAHTA', GORDON A. PARKER2 AND DENNIS G. TUCK3 
'Department of Chemistry & Biochemistry, University of California-Los Angeles, Los Angeles, CA 90024-1569, USA 
2Department of Natural Sciences, University of Michigan-Dearborn, Dearborn, MI 48128-1491, USA 
3Department of Chemistry & Biochemistry, University of Windsor, Windsor, Ontario, Canada 

*Membership of the Commission during the preparation of this report (1993-1997) was as follows: 

Chairman: T. Kiss (Hungary; 1993-1997); Secretary: H. K. J. Powell (New Zealand; 1993-1997); 
Titular Members: R. H .  Byrne (USA; 1993-1997); S.-I. Ishiguro (Japan; 1996-1999); L. H. J. 
Lajunen (Finland; 1993-1997); R. Ramette (USA; 1996-1997); S .  Sjoberg (Sweden; 1994-1997); 
D. G. Tuck (Canada; 1993-1995); Associate Members: F. Arnaud-Neu (France; 1996-1999); 
R. Delgado (Portugal; 1996-1997); J. R. Duffield (UK; 1993-1995); S .  Ishiguro (Japan; 1993-1997); 
T. A. Kaden (Switzerland; 1993-1995); S .  H. Laurie (UK; 1993-1997); P. M. May (Australia; 
1996-1999); K. I. Popov (Russia; 1996-1997); R. Portanova (Italy; 1993-1995); M. Tabata (Japan; 
1994-1997); M. Zhang (China; 1994-1997); National Representatives: J. Felcman (Brazil; 
1996-1997); C. B. Melios (Brazil; 1993-1995); P. Valenta (FRG; 1993-1995); D. V. S .  Jain (India; 
1996-1997); T. S .  Srivastava (India; 1994-1995); K.-R. Kim (Korea; 1996-1997); R. Delgado 
(Portugal; 1994-1995); K. I. Popov (Russia; 1993-1995); R. Apak (Turkey; 1996-1997); I. Tor 
(Turkey, 1994-1995). 

**Series Title: Critical Evaluation of Stability Constants of Metal Complexes in Solution 

Republication or reproduction of this report or its storage and/or dissemination by electronic means is permitted 
without the need for formal IUPAC permission on condition that an acknowledgement, with full reference to the 
source along with use of the copyright symbol 0, the name IUPAC and the year of publication are prominently 
visible. Publication of a translation into another language is subject to the additional condition of prior approval 
from the relevant IUPAC National Adhering Organization. 



Critical survey of stability constants of complexes 
of thiocyanate ion (Technical Report) 

Abstract: Presdented is a review of the stability constants for metal complexes with thiocyanate 
ion. The literature data presented is critically discussed and recommended values, where 
warranted, listed from the many studies cited. 

I. INTRODUCTION 

The thiocyanate ion, SCN-, is an interesting and widely studied ligand, which combines with a variety of 
metal ions, and whose chemistry is made the more challenging by its ambidentate nature, forming either 
thiocyanato (M-SCN) or isothiocyanato (M-NCS) complexes. Stable complexes are known in both 
aqueous and nonaqueous solution and the stability constants (andor free energies of reactions) vary from 
very small to very large, depending on the metal ion in question. Investigations of these complexes are 
extensive, and the purpose here is to highlight these investigations, and to review their findings. 

The measurement of metal-ligand stability constants can be carried out in many different ways, and a 
variety of possible methods have been applied in studying metal thiocyanate complexation. It is interesting 
to note that several of the classical experimental methods for measuring stability constants were in fact 
developed with measurements of metal thiocyanate complexes. Leden's graphical procedure, for instance, 
originated with potentiometric measurement of cadmium isothiocyanate (4 1 L), and the spectrophotometric 
slope-ratio method of Harvey and Manning was first applied to iron(@ isothiocyanate (50H). Similarly the 
polarograpahic procedure of DeFord and Hume, to which numerous computer generated stability constant 
calculations have been compared, originated with studies of cadmium isothiocyanate complexes (5 1 D). 

The accurate measurement of stability constant values requires careful attention to experimental detail 
(77B). Results reported in the literature without complete citation of experimental details cannot be 
recommended (89T), for they cannot be reproduced in other laboratories, and unfortunately much of the 
reported data for metal thiocyanate complexes falls into this category. Among the experimental factors 
effecting 6 values are temperature control, accurate measurement of concentration of reacting species, 
effects of solvent upon the equilibrium of interest, choice of diverse ions for ionic strength adjustment, 
ability of the measurement type (optical, electrical, thermal, etc. ) to perceive the desired reaction, method 
of data calculation, and effect of competing reactions. This latter point needs further explanation for there 
are several competing reactions that can influence the desired equilibrium between metal and ligand. The 
metal ion can, and frequently does, undergo other reactions with solvent and/or with ionic strength 
adjusting components. It must be known beforehand if these are sufficiently extensive to warrant 
adjustment of experimental conditions and/or corrective calculations. The ligand too, generally the salt of a 
weak acid, is often influenced by protonation and/or other side reactions significant with regard to the 
reaction of interest. Frequently proper pH control can minimize many of the possible side reactions. The 
alternative is to measure the respective stability constants for each side reaction and when appropriate 
calculate adjustment to the experimental data. 

Thermochemical values of free energy, enthalpy and entropy are frequently studied along with stability 
constant values, and have been summarized elsewhere (63W, 67A, 73A). The same criteria of careful 
consideration to experimental detail apply here also. In addition these values sometimes result from 
calorimetric measurements. Here, too, careful control of temperature and heat losses is essential. 

The thiocyanate ligand has been the subject of general reviews (75N, 79G). Its ambidentate nature, 
bonding through either sulfur or nitrogen, has been the focus of considerable interest (66Bu, 83R), with the 
mode of bonding used to describe the nature of central metal species as hard "class a" (M-N), or soft "class 
b" (M-S) (58A, 63P, 64Ba, 68A, 71N). With some metals the thiocyanate ion can also serve as a bridging 
ligand, forming either isopoly or heteropoly complexes (68B). Experimental evidence for the mode of 
bonding comes primarily from infrared data (60M, 62Tr, 65F0, 65K, 66C1, 67S, 71As, 71B) or other 
measurements (64T, 69Br, 74B, 822). 
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Stability constants of thiocyanate ion 1491 

Stability constant values and other thermodynamic constants for metal thiocyanate complexes appear in 
the early compilations of such data (64S, 69Pe, 71S, 77Sm, 82H). This review presents, in tabular form, a 
comprehensive list of stability constant values for metal thiocyanate complexes in aqueous and nonaqueous 
solvents, along with reported enthalpy and entropy values, as found in the literature through the present 
time. Stability constant values in mixed waterlnonaqueous media are cited in the text discussion but values 
do not appear in the tables. Innovative calculation procedures, utilizing previously reported data of other 
researchers in an attempt to improve calculated values, are also cited but do not appear in the table listings. 
Stability constant values for ternary complexes in which thiocyanate ion is one of the participating ligands 
are omitted from this review. Omitted also are the predicted stability constant values based upon a unified 
theory of metals (87B). 

Data is given first for isothiocyanic acid, the proton complex. This is followed by data for the p group 
elements of the periodic table. Next data from the 3d transition metal ions is listed. After this comes data 
for the 4d transition metal ions. Last, stability constants and thermochemical data for the 4f and 5f metal 
ions are cited. Within each table, if available, the means of measurement, solvent if nonaqueous, ionic 
strength and ionic medium, and temperature are given. The overall stability constants are presented 
followed by the appropriate reference. Some indication of the suitability of each data set is made, being 
given as recommended (R), tentative (T), doubtful (D), or rejected (Rj). Criteria for choosing these 
categories has been established elsewhere (77B). All stability constant values are rounded to their first 
uncertain digit with the uncertainty, when available, following in parentheses. Studies carried out 
potentiometrically are identified by citing the composition of the indicating electrode. Other abbreviations 
indicating measuring techniques are as follows: 
cal 
con 
el 
ext 
elec 

ix 
ir 
ise 
kin 
nmr 
PO1 
Pj 

gl 

Raman 
ri 
sf 
sol 
SP 
tit 
tj 

calorimetry 
conductivity 
electrolysis 
extraction 
electrophoresis 
glass electrode 
ion exchange 
infrared spectrometry 
ion selective electrode 
kinetic measurement 
nuclear magnetic resonance 
polarography 
pressure jump 
Raman spectrometry 
refractive index 
stopped flow 
solubility 
spectrophotometry, uv/vis 
titration 
temperature jump 

The following abbreviations are used to represent various nonaqueous solvents: 
n-BuOH butane-1-01 
DMAA N,N-dimethylacetamide 
DMF N,N-dimethylformamide 
DMSO dimethyl sulfoxide 
EtOH ethanol 
HMPT hexamethylphosphoric triamide 
MeOH methanol 
MBK methyl isobutyl ketone 
n-PrOH propane-1-01 
PY pyridine 
pyHCl pyridinium chloride 
TBP tributyl phosphate 
TMP trimethyl phosphate 
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1492 COMMISSION ON EQUILIBRIUM DATA 

I I .  PROTON COMPLEXES OF THIOCYANATE ION 
Hydrogen 

It is difficult to measure the association constant of moderately strong acids, and hydroisothiocyanic acid is 
no exception. Not only is its acid dissociation affected by temperature and ionic strength (69B, 82B), but 
there is ‘in addition a number of decomposition reactions which may yield H,S, HCN, OCS, and in the 
presence of strong acid or high concentrations of NCS- perhaps H,NCSC or H2C2N,S, (69Cr, 76C, 82N). 
With suitable precautions it is possible to prepare solutions of HNCS which are stable over extended 
periods up to several days at 4°C (75J). Bonding of hydrogen to the isothiocyanate group is through 
nitrogen (47Be, 77s). 

Table 11.1 lists literature protonation constants and Table 11. enthalpy and entropy values, Other 
references to hydroisothiocyanic acid formation constant values are omitted because of the absence of one 
or more essential experimental details for example; temperature, ionic strength, or identity of the adjusting 
ionic strength medium (66T, 70Gu). From the tentative values listed in Table 11.1 the protonation constant 
lg (Km,,/mol-l dm’) = -0.87(2) at I = 2.0 mol dm-’ (82N) and lg (Kmcs/mol-’ dm3) = -0.52(1) at I = 4.0 
mol dm-3 (82T) are the best tentative values. 

The value (2) in parenthesis, indicates the uncertainty in the last digit cited. Here -0.87(2) signifies 

-0.87+0.02. This notation is used throughout the review. 

Ill .  METAL STABILITY CONSTANTS 

111.1. Complex formation with p group elements 

Alkali metals 
Stability constants for the association between sodium or potassium ions and isothiocyanate ion in 
nonaqueous solvents are given in Table 111.2. The results in different solvents are not comparable. 

Beryllium 
Complexes formed between beryllium cation and isothiocyanate are weak, and only a few values for the 
stability constants of these complexes appear in the literature. The Be-7 isotope was employed in both 
studies cited in Table 111.1 to follow the ion exchange (71Po) and extraction (71Se) behavior of these 
complexes. 

Alkaline earth metals 
No evidence for complex formation between any of these ions and thiocyanate ion was found in the 
literature search. 

Boron 
Boron triisothiocyanate has been prepared in liquid sulfur dioxide (62So) and readily forms adducts with 
electron-donor Lewis bases. No information on the stability of the [B(NCS),]- ion is available. 

Aluminium 
Das, et al., in their study of thiocyanate complexes, concluded that the tendency to form complexes with 
group 3 metals increases in the order A1 < Ga < In (68D) and they were unable to detect any complexes of 
aluminium by spectrophotometric or potentiometric measurements. In contract, Vasil’ev and Mukhina in a 
spectrophotometric study of auxiliary ion effects on absorbance values of [Fe(NCS)]’’ observed a 
measurable decrease in absorbance when aluminium ion was present and attributed this to complex 
formation 63V). 

The bonding of thiocyanate to aluminium, and indeed to all the elements of this group is through 
nitrogen (67P, 69P, 69Sc, 70G1,70P, 71G, 71P). 

Gallium 
The stability constant of monoisothiocyanatogallium(1rI) ion has been measured indirectly by observing the 
competing effect of Ga” upon the stability constants of other metal thiocyanate complexes (64Ka, 68D, 
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74T). Experimental conditions of temperature and ionic strength vary considerably and the scarcity of 
values prevents direct comparisons. One reported value is cited by its authors as being only approximate 
(64Ka). The remaining two studies were done using an excess of perchloric acid to prevent hydrolysis and 
with an excess of gallium to prevent formation of complexes with coordination values (i) greater than one. 
All values seem doubtful until further confirming studies are reported. 

Indium 
Indium isothiocyanate stability constant values have been studied in several laboratories, with divergent 
results. As many as five (70H) or six (63R) coordinated NCS- groups have been observed in some 
experiments. A previous review summarizes all values (83T). The data of Suden (54S), and Radhakrishnan 
and Sundaram (63R), are frequently used as a basis for comparison by others seeking to measure stability 
constants for indium(1II) isothiocyanate complexes, but the latter polarographic study is questionable. The 
polarographic values were measured over a restricted concentration range, were coupled with graphical 
procedures for determining stability constant values, and neglected the partially irreversible nature of the 
indium(II1) reduction wave in the presence of thiocyanate ion. Momoki and Ogawa (71M) pointed out the 
difficulty of a graphical procedure with limited data; their and other recalculations of the results of 
Radhakrishnan and Sundaram (63R) incorporated correction terms for these effects and led to revised 
stability constant values (71M, 75M). Because of insufficient information some reported values for 
indium@) isothiocyanate stability constant values are omitted from Table 111.1 (62S, 67Pr). 

Stability constant values in nonaqueous media are listed in Table 111.2 and Table 111.3 contains the only 
enthalpy and entropy values reported for these complexes. 

The stability constant values of Suden lg(pl/mol-l dm3) = 2.58(2) and lg(P,/m01-~ dm6) = 3.60(3) are 
recommended until further studies become available (54s). 

Thallium 
Although some have reported no complex formation (56S), thallium(1) appears to form a series of weak 
complexes with thiocyanate ion. One report lists complexation to a coordination number of six (58H). 
Polynuclear species have generally not been observed (57N, 58Pa, 71Fe) although the complex Tl,(NCS); 
is identified from solubility data (no stability constant reported (58B)). Golub and Kornilov, too, suggest a 
complex with a 2:3 Tl'/NCS- ratio, but conclude that their absorbance measurements may have involved a 
solution containing a mixture of Tl(NCS) and Tl(NCS); (59G1). Thiocyanate ion reacts with Tlm 
producing cyanide ion and Tl'. No stable complexes of TIm and thiocyanate ion were found (91B). The 
choice of counter ion influences the stability of thallium isothiocyanate complexes, due to ion association 
between alkali metal cations and anionic thallium isothiocyanate species (60K). Some reported stability 
constant values are not tabulated for thallium isothiocyanate because of insufficient available information 
(56L, 58B, 6601, 71Be, 73R). A series of studies reports the stability constants for thallium isothiocyanate 
complexes in mixed solvents containing water and methanol (62M) or water and ethanol, propane- 1-01 or 
propane-2-01 (62Ku). In general, stability constant values increase with increasing alcohol content, and for 
the same water/alcohol ratio with increasing alcohol carbon number. 

The enthalpy and entropy values for TlNCS have been measured (52S, 53B, 61G1). Values listed in 
Table 111.3 are doubtful as experimental details are lacking. The aqueous phase stability constant values of 
Kul'ba and Chernova (62M) and Fedorov et al. (71Fe) are averaged and recommended at I = 3.0 mol dm-3 
giving lg (p1,lmol-' dm3) = O.lO(3). At I = 4.0 mol dm-3 the recommended value of Kul'ba er al. (65K) is lg 
C13,/mol-' dm3) = 0.20( 1). 

Germanium 
Little has been done on germanium isothiocyanate complexation, and no stability constants are found in 
the available literature. In acetone, a 1 : 4 complex has been reported (75Ts). A solid M,[Ge(NCS),] 
species was isolated from acetonitrile media (M = alkali metal ion)(78S). 

Tin 
Stability constant values for tin@) isothiocyanate complexes in aqueous, nonaqueous and mixed solvents 
are known. The values obtained by Golub et al. were the first for a variety of solvents. These authors 
postulated coordination numbers as high as four in methanol and acetonitrile media (6lG0, 63Gu). The 
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stability constants listed in Table 111.2 for tin isothiocyanate species in nonaqueous solvents are tentative 
until independent confirmation is forthcoming. The aqueous stability constant values in Table 111.1 are also 
tentative until confirmed by further studies. 

Lead 
The majority of those studying thiocyanate complexes of lead@) used polarographic measurements in 
order to obtain stability constant values. The lead@) thiocyanate wave is reversible (59T). Leonard et al. 
expressed concern over the reliability of the polarographic method, especially with graphical evaluation of 
various 4 values, since the error associated with each stepwise constant carries over from one value to the 
next (56Le). These data (56Le) were treated by others. (74Mi, 75B) using an alternative mathematical 
approach with slightly different results. The possible formation of lead nitrate complexes was overlooked 
by many who used nitrate salts to adjust ionic strength values (91s) and hydrolysis of lead salts was also 
frequently neglected. Polynuclear formation was not cited by any of those reporting stability constant 
values, except for Fedorov et al. (70F), who specifically and successfully set out to observe polynuclear 
halide and pseudohalide formation from solubility data. Five (69F) and six (58Pa) coordinate mononuclear 
complexes were also observed in some instances. Lead@) thiocyanate complexes have been identified in 
various nonaqueous solvents including acetone (59G), dimethyl sulfoxide (67Po) and 1 ,Cdioxane (80R). 

The values for which reliable information was available are listed in Table 111.2. All may be considered 
tentative until supported by other data. Insufficient experimental details result in the omission of some 
reported stability constant values for aqueous lead@) thiocyanate solutions from Table 111.1 (5 lY, 59K, 
61G). Of the values listed two are considered tentative because of the careful attention to experimental 
detail even though their values are divergent. 

The lone set of enthalpy and entropy values for lead@) thiocyanate is given in Table 111.3. 

Arsenic, Antimony 
No evidence for complex formation between arsenic(II1) and thiocyanate ion exists in the current literaturz. 
Antimony(rI1) thiocyanate was identified mass spectrometrically in a molten mixture of antimony(Ir1) 
fluoride and ammonium thiocyanate (89A1). 

Bismuth 
The bismuth(I1r) ion forms a series of complexes with thiocyanate ion reaching a coordination number of 
six in aqueous solution if sufficient thiocyanate ion is present. Complex formation in acetone, acetonitrile, 
dimethylformamide and dimethyl sulfoxide has also been reported (71So). Stability constants in DMF and 
DMSO media are listed in Table 111.2. The lone data set of enthalpy and entropy values (71Fd) is listed in 
Table 111.3. Bonding of bismuth(II1) to thiocyanate ion is through sulfur (68C). Details of some aqueous 
stability constant studies were not available for listing in Table 111.1 (49G, 53Fu). Of the values that are 
listed, those of Fedorov, et al. (71Fd) at I =  0 lg(P,lmol-' dm3) = 2.21 and I = 1 .O mol dm-' lg(Pllmol-' dm3) 
= 1.28 are considered tentative. 

Selenium, Tellurium 
Crystalline Se(SCN), has been prepared (79H). No information regarding complexation andor stability 
constant measurements is available. No reports of tellurium complexation with thiocyanate ion were found 
in the literature. 

Iodine 
Iodine, I,, forms an adduct with thiocyanate ion in acid media, [I,(SCN)]- or if an oxidizing agent is present 
I(SCN);. Table 111.1 lists the available stability constant values for these complexes. 

111.2 Complex formation with first-row transition metal ions 

Scandium 
Scandium(I1r) forms a stable 1 : 1 complex with thiocyanate ion. Stability constant values were generally 
measured by observing the competing effect of Scm on the absorbance value of the iron(II1) isothiocyanate 
complex (64Ka, 67K) or for thiocyanate ion and azo dyes (66Ko). Values from a potentiometric procedure 
and an extraction procedure have also been reported (70s). No evidence of coordination between 
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scandium(II1) and thiocyanate ion with j values greater than one was observed in any of these studies. Two 
of the values in Table 111.4 are tentative. 

Titanium 
Titanium is known to form isothiocyanate complexes in both Ti” and Ti” states (58T, 59S, 60H). In 
aqueous solution, the titanium(1v) species with one bound isothiocyanate ion group, is variously reported 
as [Ti(OH)(NCS)]” (58T), [Ti(H,O)(NCS)I3’ (60H), or [TiO(NCS)]’ (77T). In acetonitrile (75Sy) and 
butane-1-01 (72Sy) [Ti(NCS)$ is formed. Table 111.4 lists tentative values for the Ti”’ complex. Other 
reported values, due to a lack of experimental details, are omitted from the table (53D, 77Vu). The single 
set of stability constant values for the complexes in acetonitrile is found in Table 111.5. 

Vanadium 
Vanadium in various oxidation states combines with isothiocyanate ion to form complexes. With 
vanadium(1v) these take the form [VO(NCS)]+, with vanadium(II1) [V(NCS)]”, and with vanadium(I1) 
[V(NCS)] ’. Stability constants for Vv complexes with j values above one were not observed in aqueous 
media from spectrophotometric measurements. Vanadium(1v) complexes have also been reported in mixed 
aqueoudacetone and aqueous/methanol solutions (63Go). Aqueous stability constants values are found in 
Table 111.4. Two values for the V(III) complexes are recommended (51F, 67B). The remaining values are 
tentative until additional studies are performed. 

Enthalpy and entropy values, primarily from spectrometric measurements, are listed in Table 111.6. 

Chromium 
Stability constant values for thiocyanate ion complexes of Ci’, C p  and Crv’ are found in the literature. The 
chromium(II1) isothiocyanate complexes were studied by N. Bjerrum in the 1920’s (21B) but have received 
relatively little attention since then because of the very slow reactions of Cr(1Ir) in solution. Reported 
stability constant values vary widely and in many instances experimental details are lacking. The 
chromium(v1) isothiocyanate complex is said to be [(SCN)CrO,]- (69N). Bonding of thiocyanate to 
chromium(rI1) is either through nitrogen or nitrogen and sulfur (65H, 70Co) depending upon solution 
conditions. Polynuclear complexes with bridging thiocyanate groups are also known (72Bu). 

Aqueous stability constant values are listed in Table 111.4, the lone set of nonaqueous values, for acetone 
and methanol are in Table 111.5, and the reported enthalpy and entropy data are in Table 111.6. Some 
reported aqueous stability constant values are omitted from Table 111.4 because of uncertain quality (60T, 
71M). Values not rejected are considered doubtful because of the lack of supporting results. 

Manganese 
Manganese@) isothiocyanate complexes have not received the extensive study to which those of some 
other first row transition elements have been subjected. The relatively recent data of Ishiguro and Ozutsumi 
(901) for stability constants (Table 111.5) and enthalpy and entropy values (Table 111.6) in N N -  
dimethylformamide can be considered tentative, since no other values are available for comparison in this 
medium. Some reported aqueous stability constant values are omitted from Table 111.4 (67L, 68Pr) for lack 
of detail. Of the values listed those of Tribalat and Caldero from polarographic (63T) and 
spectrophotometric (64Tr) measurements are tentative until further values are reported. 

Iron 
One of the most extensively studied metal thiocyanate complexes is monoisothiocyanatoiron(II1). Even 
after eliminating those stability constant values for which experimental details are incomplete (41 B, 46B, 
51S, 545, 551, 68Bu, 76V), subtle differences exist among the remaining values. Barring the presence of 
competing ligands, the hydrolysis of iron(II1) is the most serious side reaction. Several reported values are 
corrected for this effect (47F, 51M, 55Li, 56L, 61Y). With colorimetric procedures, formation of higher 
complexes contributes to the observed absorbance (61Y). Some have taken advantage of this to measure 
stability constants of complexes with j > 1 (51M, 53Be, 551, 55Li, 58Mi, 58Pe, 64Va, 85B). Others, 
generally, have maintained a small iron(II1) concentration with equally small thiocyanate concentration 
(57Y, 61Y, 62V, 68Ms). Myller (37M) established much of the present knowledge regarding interactions 
of iron(III), iron@) and thiocyanate ions by electrochemical and spectrophotometric means. The 
contribution of others to our knowledge of iron isothiocyanate reactions is reviewed elsewhere (53L, 
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82Su). Stability constant values for iron(1n) isothiocyanate are available in mixed aqueous/acetone (59B) 
and aqueous/methyl-ethyl-isopropyl alcohol solutions (76V). Values for nonaqueous media, excluding 
those for which complete data were missing (47B, 600), are listed in Table 111.5; they are doubtful, lacking 
agreement among themselves. 

Aqueous stability constant values are given in Table 111.4. At an ionic strength of 1 .O-1.2 mol dm-3 the 
lg(pl/mol-l dm3) value of 2.1 l(4) is recommended (51M, 55Li, 68P0, 78M, 920). 

Enthalpy and entropy values, except where information was unavailable (69V), are found in Table 111.6. 
The tentative entropy value for AHl = -6.7 kJ mol-I was obtained in three independent studies (53Be, 56L, 
81T) at ionic strengths of 0.4 mol dm-3 and zero. 

Cobalt 
Hydrolysis of cobalt(I1) is considered to be negligible in measuring stability constant values of cobalt 
isothiocyanate complexes provided the solution is sufficiently acid. Various maximum pH values ranging 
from 3 to 6 are cited as being adequate to repress hydrolysis ( 5 8 S ,  62W, 6 4 0 ,  but rigid pH control has not 
generally been a factor in these experiments. HNCS, too, is considered completely dissociated although a 
possible correction for its incomplete ionization is suggested (62T). Formation of higher complexes is 
repressed by maintaining a cobalt concentration in excess of the thiocyanate present, but regrettably this 
fact was overlooked in one of the first reported determinations of flI (51L). Values for the formation 
constants of the higher isothiocyanate complexes of cobalt are acknowledged to be approximate (5 lL, 63T) 
and generally differ by more than the expected experimental error. 

Stability constant values for cobalt@) isothiocyanate formation in a variety of solvents are cited in Table 
111.5. The values are generally considered doubtful, lacking conformation from other studies. Aqueous 
stability constant values are found in Table 111.4. A recommended value at I = 1 .O mol dm-, is lgvl/mol-' 
dm3) = 1.01(1) (58S, 71Sk). 

Table 111.6 lists the available enthalpy and entropy values. Tentative agreement is found in some of these 
studies. 

Nickel 
Conditions for measurement of nickel(I1) isothiocyanate complexes vary but, in general, experiments have 
been carried out in acidic solution and in the presence of excess nickel(I1) to prevent formation of higher 
complexes. pH values of 3 4 ,  or less, are satisfactory (53Fr, 61D, 62W) and perchlorate ions are frequently 
added to adjust ionic strength. Although polynuclear complexes are known (71L), their effect was not 
considered by those reporting stability constant values. In one instance a slightly different set of lg Q, values 
was obtained from the previous data ( 7 4 0  by a revised mathematical treatment (76K). With nonaqueous 
solvents, agreement is lacking for those few systems where corresponding studies are available, and 
experimental details are often missing (Table 111.5). Divergent results were also found for enthalpy and 
entropy values (Table 111.6). The two thermodynamic studies for which agreement is approximate give 
values which are tentative, and other values must be considered doubtful pending further studies. Apart 
from those reports in which insufficient data were made available (68Pr, 68T), the aqueous phase stability 
constant values for nickel(@ isothiocyanate are given in Table 111.4. A mean value for lg(p,/mol-l dm3) = 
1,14(9) is obtained from the recommended values at I = 1 .O mol dm-3 (53Fr, 62T, 73Hu, 74K, 76M). This 
same value lgcC,/mol-' dm,) = 1.14(2) is also recommended at I = 1.5 mol dm" (64T). 

From Table 111.6 a mean enthalpy value of AHl = -13.2 kJ mol-' is tentative (68Ma, 74K). 

Copper 
Both Cu' and Cu" combine with thiocyanate ion to form isothiocyanato complexes. With copper(1) only 
stability constant values for the four-coordinate species are found in the literature. Thiocyanate ion is 
known to reduce Cu" to Cu' (76Ka) possibly with formation of mixed valence species ( 3 6 0 .  Stability 
constant values for copper(1) and copper (11) complexation with thiocyanate ions in a variety of nonaqueous 
solvents are listed in Table 111.5. The single study with each solvent lacks independent confirmation and is 
considered tentative. 

Table 111.4 lists the stability constants for aqueous phase Cu' and Cu" isothiocyanate complexes. Some of 
these have been modified by alternative mathematical treatments of the experimental data (62W, 76K); 
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these alternate values are omitted from the table. Of the listed values, these are in close agreement (73Hu, 
74K, 88M) resulting in a lg(,81/mol-1 dm3) = 1.7(1) as a tentative value at I = 1 .O mol dm-3. 

In conjunction with the studies cited in Table 111.5, various enthalpy and entropy values are reported in 
Table 111.6, but they too are tentative until confirmed elsewhere. 

Zinc 
A review of the results in Table 111.4 shows that many of the studies of zinc isothiocyanate complexes are 
unsatisfactory, either through lack of experimental detail or because of the failure to provide a non- 
complexing medium. Some have re-evaluated earlier data to correct mathematically for these shortcomings 
(56Tu, 71Mm, 84A). In addition to stability constant values in aqueous media, data have also been reported 
for zinc in molten LiN0,-NH,NO, (75Sp) and in water-ethanol mixtures (75A). Table 111.5 lists reported 
values for various nonaqueous solvents. These values are considered tentative until confirmed by others. 
Some stability constant values for zinc isothiocyanate in aqueous systems are omitted from Table 111.4 
because of non-availability or inconsistencies (57Na, 66S, 68Pr). From the values given those of Ahrland 
and Kullberg lgCO,/rnol-' dm3) = 0.74 at I = 1.0 mol dm-' (71Ah) and Almeida Neves and Sant'Agostino 
lg(p,/mol-' dm3) = 0.708(3) at I = 2.0 mol dm-3 (70A) are recommended. Data from other studies (66M, 
71Mo,73Hu, 851) remain tentative until confirmed by independent work. 

Table 111.6 gives enthalpy and entropy data for zinc isothiocyanate complexes. Aqueous enthalpy values 
are in agreement from two independent studies and are recommended. At I = 1 .O mol dm-, AHl = -5.8(2) kJ 
mol-' (71Ah) and at I = 5.0 mol dm-, AHl = -5.0(1) kJ mol-' (851). Alternate methods of thermodynamic 
value calculations for some of the reported studies are also available (66Ge, 74K). 

111.3. Complex formation with 4d and 5d transition metal ions 

Yttrium 
The two sets of available stability constant values found for yttrium(II1) isothiocyanate complexes are listed 
in Table 111.7. Additional studies are needed. 

Zirconium 
Experimental details are generally lacking in publications of stability constant values for zirconium(1v) 
isothiocyanate complexes in aqueous solution. There is disagreement regarding the stoichiometry of the 
zirconium(1v) isothiocyanate complex. In various media, it is stated as [Zr(NCS),] in (DMF) (70G), 
[ZrO(NCS),] in (DMF) (83K) ,  [Zr(OH)(NCS)]2'(aq) (75T), and [Zr(OH),(NCS),] in (cyclohexane) (70Go) 
and TBP (77Ts). As many as eight cumulative constants were reported by one laboratory for both aqueous 
(66Go) and DMF (70G) solutions. Available stability constant values for aqueous complexes are found in 
Table 111.7 and for nonaqueous complexes in Table 111.8. All are rejected because of the absence of missing 
experimental details. 

Niobium 
Results of niobium isothiocyanate complex studies dissolved in various nonaqueous and mixed solvents 
are available. Differing numbers of bound thiocyanate groups are observed with j values as high as seven 
in dimethylformamide at sufficiently high thiocyanate concentrations (66G1). Complexes containing a 
niobium oxygen bond (74Sc), a niobium hydroxo bond (76Sy), and various counter ions and/or solvent 
species (66G1, 74Sc) are possible. During extraction with tributyl phosphate and acid, for example, the 
protonated forms of [NbO(NCS),]- (74Sc) and [Nb(NCS),]- (66G1) are presumed to be in the tributyl 
phosphate phase. Only monomeric niobium species are present, provided that sufficient thiocyanate ion is 
in solution (74Sc, 76Sy). The stability constant values in various nonaqueous solvents given in Table 111.8 
are rejected because of necessary experimental details. 

Molybdenum 
Molybdenum in its various oxidation states forms complexes with isothiocyanate ion, although with 
varying degrees of stability. MoV complexes are the most extensively studied although with divergent 
results. The stoichiometry of the complexes formed is questionable being reported as monomeric (59N), or 
dimeric [Mo204(NCS)]+ (75s) or other compositions including a tetramolybdenum complex 
[Mo,O,(OH),(NCS)]~' (68L). Thiocyanate ions slowly reduce MoV' to MoV in acid solutions. Stability 
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constants for molybdenum(v) isothiocyanate complexes have been measured in a mixed acetone-water 
solvent (58P). Values for Mo" in pure acetone and in methanol are given in Table 111.8 although 
experimental details are lacking. 

Available stability constant values for aqueous molybdenum complexes in various oxidation states are 
found in Table 111.7. The value of Sasaki, Taylor and Sykes, lg(p,/mol-' dm3) = 2.41(4) (75s) is tentative 
and further studies are needed. 

Enthalpy and entropy values for the Mow complex are stated in Table 111.9. They are doubtful, lacking 
independent confirmation. 

Technetium 
Isothiocyanate complexes of technetium find application in the spectrophotometric determination of the 
element, but no values for the stability constants of these complexes were found in the literature. 
[Tc(NCS),]- forms salts with R,N+ cations stable in both the solid state (73H) and in solution (640). 
Complexes of the form [Tc0(NCS),l2- (81D) and [Tc(NCS),]'- (80T) are also reported. 

Ruthenium 
The composition of ruthenium complexes with thiocyanate ion is uncertain. Thiocyanate ions reduce 
ruthenium from higher oxidation states to Ru'" (660) or Ru" (84A1) depending upon solution conditions. 
Mixed valence dinuclear ruthenium complexes are also known (85P). Reported values for [Ru(SCN)]" are 
cited in Table 111.7. The value of Yaffe and Voigt lg(,L?Jmo~ dm3) = 1.78(1) (52Ya) is tentative until 
confirmed elsewhere. 

Rhodium 
Rhodium thiocyanate complexes are known to form in nonaqueous (67Sc, 72P) and mixed aqueous-alcohol 
(83B) solvents. No stability constant values were found in the literature. 

Palladium 
Studies of palladium(I1) complexes with thiocyanate have centered upon the overall stability constant for 
the 1 : 4 complex. Shlenskaya et al., who were first to report a value for p2, state that their result is only 
approximate (62Sh). The potentiometric study of Grinberg et al. (63Gr) has been criticized for using 
palladium sponge as part of the measuring electrode, since adsorption of Pd" upon the surface of the 
sponge may have caused an unpredictable change in the concentration of Pd" ions in solution (65F). 
Available literature values for Pd" thiocyanate stability constants are listed in Table 111.7. All are 
considered doubtful. 

Silver 
Complex formation between Ag' and thiocyanate ion is complicated by the insolubility of AgSCN. 
Although some workers report a /3, value, in addition to KSp for AgSCN, others elect to begin their 
evaluation of silver thiocyanate complexes with p2. Data are generally reported from potentiometric 
measurements using a Ag electrode or more recently a Ag ion-selective electrode. Many of the studies lack 
complete disclosure of experimental details, making an evaluation of the results difficult. Further 
complications arise from the existence of polynuclear complexes in both aqueous (55L, 68Gy) and 
nonaqueous solutions (68Lr, 68Mi, 70L). Stability constants for silver thiocyanate complexes in mixed 
watedacetone (82Tu), water /alcohol (54K) and water/DMSO (90T) solutions have been measured. Values 
in a variety of pure organic solvents are listed in Table 111.8. Those values resulting from good laboratory 
practice but lacking independent confirmation are considered tentative. All others are doubtful or rejected. 

Some aqueous stability constants for the silver(1) thiocyanate complexes are unavailable or 
unsatisfactory (52Y, 54Kr, 68Gy). Available values are found in Table 111.7. Considering their divergence 
all are assumed doubtful until additional supporting data are forthcoming. 

Table 111.9 lists the thermodynamic constants found for silver thiocyanate. The aqueous values differ 
considerably and are doubtful. 
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Cadmium 
Cadmium complexes with thiocyanate ion have been extensively studied (41L, 51H), but re-evaluation of 
earlier stability constant values by computer refinement often lead to different, and in some cases 
divergent, results (56Tu, 601, 74Mi, 75M, 80L, 84C, 85s). Bonding within the complexes is via N, S or 
both depending upon the counter ion, coordination number or solvent (74A, 78Fr, 81Ah, 861). Casassas 
and Arino (86C) have shown that failure to account for adsorption of thiocyanate ion upon the surface of a 
dropping mercury electrode in their polarographic work causes an error in the results compared to values 
obtained from potentiometric data. They also found divergent values depending upon the type of 
voltammetric technique employed. Stability constants for cadmium with thiocyanate ion have been 
measured in various mixed water-acetonitrile (64G), alcohols (59Tu, 77Ar, 8OR0, 82Ts) and dioxane (77A) 
solvents. Values for these constants in pure nonaqueous media are found in Table 111.8. Some are 
considered tentative pending further studies. Table 111.7 contains the available aqueous stability constant 
values for cadmium isothiocyanate. There is agreement among several reported PI values at various ionic 
strengths. 

Recommended at an ionic strength of one mol dm-3 is the mean value lg(~l/mol~'dm3) = 1.31(6) 
(63T,68G,73Hu,78A) and at an ionic strength of 3.0 mol dm-3 lg(Pl/mol-'dm3) = 1.38(3) 
(41 L,57Ts,66Ge,861). 

Table 111.9 lists reported enthalpy and entropy values for cadmium complexes. The values are wide 
ranging. Those with some agreement are considered tentative and are at I =  1.0 mol dm-3 AHl = -9.58(4) kJ 
mol-I (68Ge) and at I =  3.0 mol dm-3 AH1 = -10.19(6) kJ mol-I (861). 

Hafnium 
Experimental details are generally lacking in reports of determinations of stability constant values for 
hafnium(1v) isothiocyanate complexes in aqueous solution. The stoichiometry of the hafnium 
isothiocyanate complex is variously reported as [Hf(NCS),] (70G), or [HfO(NCS),] (83K) in 
dimethylfomamide and as [Hf(OH),(NCS),] (77V) in cyclohexanone. As many as eight cumulative 
constants were reported by one laboratory for both aqueous (66Go) and DMF (70G) solutions. Available 
stability constant values for aqueous complexes are found in Table 111.7 and for nonaqueous complexes in 
Table 111.8. All are rejected because of missing experimental details. 

Tantalum 
Studies of tantalum isothiocyanate complexes in various nonaqueous and mixed solvents are available with 
reported stability constant values listed in Table 111.8 for alcohol and DMF solutions. Only monomeric 
tantalum species are assumed present provided sufficient excess thiocyanate ion is in solution (77Sy). 

Tungsten 
Although most investigations were commonly associated with the colorimetric determination of tungsten, 
no thorough studies of the stability constant values for tungsten isothiocyanate complexes were found. 
Formulae for the complexes are uncertain. Stability constants for mixed W-C1-NCS complexes in various 
ketone solvents have been measured (67U). 

Rhenium 
Rhenium, in its various oxidation states, is known to form complexes with thiocyanate ion (81D). Stability 
constants for the red complex formed from ReN and thiocyanate ion in the presence of tin(I1) chloride are 
given in Table 111.7. Additional studies of rhenium thiocyanate complexation are needed before any 
recommendation can be made. 

Osmium 
Osmium complexes with thiocyanate ion are stabilized in various organic solvents (79M) and widely used 
for quantitative spectrophotometric measurements (684). No reported values for stability constants, 
however, were found in the literature. 
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Iridium 
Iridium complexes with thiocyanate ion are known but no stability constant values have been measured. 
Iridium(1v) is reduced to iridium(m) by thiocyanate ion in acid solution (80St). 

Pla tinurn 
Platinum(I1) forms complexes with thiocyanate ion (60Gr). The single reported stability constant value 
(77H) is found in Table 111.7 and is tentative until additional values become available. 

Gold 
Both Au' and AuN ions complex with thiocyanate ion, the latter being studied initially in 1918 by N. 
Bjermm and Kirshner (18B). Thiocyanate ions reduce gold(II1) to gold(1) upon prolonged exposure (18B). 
Stability constant values for aqueous Au' complexes are in Table 111.7 with a tentative value of 
lg('~/mo1-'dm3) = 15.3(2) (66K). 

111.8, and enthalpy and entropy values for the pyridine solution are in Table 111.9. 

Mercury 
Of the various mercury(I1) thiocyanate complexes those with coordination numbers 2 and 4 predominate. 
Among the several nonaqueous media utilized for the study of mercury(I1) thiocyanate complexes close 
agreement was obtained for stability constant values in acetone and in N,N-dimethylformamide as shown 
in Table 111.8. Single studies in other solvents are tentative until further reports are available. Stability 
constant values in mixed watedacetone (60G), alcohols (60G), pyridine (68P) or other solvent mixtures 
(81H) are also known. Some reported aqueous stability constant studies lack sufficient information and 
were omitted from this review (46G, 57G0, 70Se). Many of the reported aqueous stability constant values 
listed in Table 111.7 were measured in media containing nitrate ion, and the competing effect of nitrate 
ligand uncertain. There was agreement for p2 and$, stability constant values in perchlorate ion media at I = 
1 .O mol dm-3 with a mean value of lg(P,/mol-2dm ) = 16.5(4) accepted as tentative (60N, 70C). 

Enthalpy and entropy data for mercury(I1) thiocyanate complexes are found in Table 111.9. A mean AHl = 
-50.1 l(4) kJ mol-' is recommended (71A, 84V) at I =  1.0 mol dm-3. 

Available stability constant values for Au' complexes in acetonitrile and pyridine are given in Table 

111.4. Complex formation with 4f and 5f transition metal ions 

Lanthanum 
Divergent stability constant values for lanthanum isothiocyanate complexes appear in the literature. They 
are listed in Table 111.10. The values lg(pl/mol-1dm3) = 0.20 at I = 2 .O mol dm-3 (82Ch, 86G) and 
lg(P,/m~l-~drn~) = 0.24(8) at I = 5.0 mol dm-3 (64Se, 65Se) are tentative pending further study. 

Lanthanides 
The chemistry of lanthanide isothiocyanate complexes has been reviewed (695, 86G). With the exception 
of praseodymium, for which no stability constant values could be found, values for the stability constants 
of the lanthanide ions with isothiocyanate ion are listed in Table 111.10. In all cases, the tendency to form 
complexes is small and the trend is to slightly increasing P, values with increasing lanthanide atomic 
number (64Ku, 74Kh). It may be that thiocyanate ions reduce rare earth ions upon prolonged contact (64B). 
No studies of rare earth isothiocyanate complexes in nonaqueous solvents were found in the literature. 
Because of the limited number of studies for each individual set of lanthanide ion complexes, often with 
divergent results, the majority of values reported in Table 111.10 are taken as tentative pending further 
studies. 

Enthalpy and entropy values for Nd3+ and Eu3+ are given in Table 111.12. They are considered tentative 
until confirmed elsewhere. 

Actinium 
The lone available set of stability constant values for actinium isothiocyanate complexes is listed in Table 
111.10. 
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Thorium 
Thorium isothiocyanate complexes have not been studied extensively and the few reported stability 
constant values lack information on experimental details. Table 111.10 lists available values in aqueous 
solvents and Table 111.1 1 those in nonaqueous medium. The paper by Waggener and Stonghton (50W) 
gives the most extensive experimental information. 

Uranium 
Both uranium(rv) and uranium(vI), as uranyl ion UO?, form complexes with isothiocyanate ion. The 
original data of Ahrland (49A) has been recalculated (69S, 78A) resulting in different values, especially for 
4 and p3. Stability constant values have also been measured in mixed watedmethanol solutions (57B). 
Table 111.10 lists stability constants for aqueous complexes. Those for the U'" species are tentative with a 
lg p /mol-'dm3) = 1.49 reported at both 1 .O mol dm-3 = 1 .O (54A) and I =  2.0 mol dm-3 (55D). Those for the 

Enthalpy and entropy values for the uranyl ion complexes are found in Table 111.12, with a tentative AH, 

U Gf complexes are tentative pending further studies. 

= -3.22(6) kJ mol-' (71A). 

Other actinides 
Stability constant values for isothiocyanate complexes of the remaining actinide ions, Np, Pu, Am, Cm, Bk, 
Cf and Es are listed in Table 111.10. As with the corresponding lanthanide species complex formation is 
weak. Exact formulae for these complexes are uncertain. Neptunium, for example, is reported by one group 
(77M) to be [NpO,(NCS)4]*- when joined to isothiocyanate ion. The majority of the aqueous stability 
constant values are tentative lacking supporting confirmation. 

The enthalpy and entropy values reported for Pu, Am, Cm and Bk isothiocyanates are given in Table 
111.12. Most values are listed as tentative and further work is needed. 

IV. SUMMARY 

Table 111.13 summarizes recommended and tentative lg p, values for the various metal thiocyanate 
complexes reported. 

ACKNOWLEDGEMENTS 

The authors thank Dr. Asif Bhatti and Ms. Elizabeth A. Orguchak for their help in gathering references and 
Ms. Judith Harris, Ms. Elizabeth Donahue, and Ms. Doretta Hawkins for typing the manuscript. 

REFERENCES 

05G 
05s 
18B 

21B 
3 OR 
36F 
3 6K 
3 7M 
41B 
41E 
41L 
42s 
46B 
46G 
47B 
47Be 

H. Grossmann, Z. Anorg. Chem., 43,356 (1905). 
M.S. Sherrill and S. Skowronski, J. Amer. Chem. Soc., 27,30 (1905). 
N. Bjerrum and A.A. Kirschner, Kgl. Danske Videnskah. Selskab. Shr@er, Naturvidemskah. math. Afdel., 
[8] 5,  1 (1918); Chem. Abstr., 13, 1057 (1919). 
N. Bjerrum, Z. Anorg. Allgem. Chem., 119, 179 (1921); Chem. Abstr., 16,2276 (1922). 
M. Randall and J.V. Halford, J. Amer. Chem. Soc., 52, 178 (1930). 
E. Ferrell, J.M. Ridgion and H.L. Riley, J. Chem. Soc., 1121 (1936). 
D. Kruger, W. Biissem and E.T. Schirch, Ber. Deut. Chem Gesellschaft., 69, 1601 (1936). 
M. Moller, Diss., Copenhagen, 1937. 
H.E. Bent and C.L. French, J.  Amer. Chem. Soc., 63,568 (1941). 
S.M. Edmonds and N. Birnbaum, J. Amer. Chem. Soc., 63, 1471 (1941). 
I. Leden, Z. Phys. Chem., 188, 160 (1941). 
T. Suzuki and H. Hagisawa, Bull. Inst. Chem. Rev. Tokyo, 21,601 (1942); Chem. Abstr., 43,2074 (1949). 
A.K. Babko, J. Gen. Chem. USSR, 16., 1549 (1946); Chem. Abstr., 41,4732e (1947). 
F. Gallais and J. Maunier, C.R. Acad. Sci. Paris, 223, 790 (1946). 
A.K. Babko and V.S. Kodenskaya, Zh. Obshch. Khim., 79, 1080 (1947). 
C.I. Beard and B.P. Dailey, J.  Chem. Phys., 15, 762 (1947). 

0 1997 IUPAC, Pure and Applied Chernistry69,1489-1548 



1502 COMMISSION ON EQUILIBRIUM DATA 

47F 
49A 
49G 
49K 
49Ko 
50H 
50K 
50W 
5 1D 
51F 
51H 
51K 

51Ko 
51L 
51M 
51s 
5 1Y 
52s 
52Y 
52Ya 
53B 
53Be 
53c 
53D 
53F 
53Fr 
53Fu 

535 
53L 
54A 
545 
54K 
54Kr 
54P 
54s 
55A 
55D 
551 
55L 
55Li 
55P 
56G 
56Go 
56L 
56Le 
56N 
56s 
56T 
5 6Tu 
56Y 
5 7B 

H.S. Frank and R.L. Oswalt, J. Amer. Chem. SOC., 69, 132 1 (1947). 
S .  Ahrland, Acta Chem. Scand., 3, 1067 (1949). 
F. Gallais and M. Brandela, Compt. Rend., 228,248 (1949). 
W.D. Kingery and D.N. Hume, J. Amer. Chem. Soc., 71,2393 (1949). 
LA. Korshunov and M.K. Shchennikova, J. Gen. Chem. USSR, 19(10), 1820 (1949). 
A.E. Harvey and D.L. Manning J. Amer. Chem. Soc., 72,4488 (1950). 
LA. Korshunov and N.I. Malyugina, J. Gen. Chem. USSR, 20, 1455 (1950). 
W.C. Waggener and S .  Stonghton, OWL-795, 1950; Nucl. Sci. Abstr., 11 8283 (1957). 
D.D. DeFord and D.N. Hume, J. Arner. Chem. SOC., 73, 5321 (1951). 
S.C. Furman and C.S. Garner, J. Amer. Chem. Soc., 73,4528 (195 1). 
D.N. Hume, D.D. DeFord and G.C.B. Cave,J. Amer. Chem. SOC., 73,5323 (1951). 
N.P. Komar', V.N. Tolmachev and Z. A. Korobka, Uch. Zap. Khar'k. Univ. Tr. Nauchno-Issled, Inst. Khim., 
37 (8), 87 (1951). 
LA. Korshanov, N.I. Madyugina and O.M. Balabanova, J. Gen. Chem. USSR, 21,685 (195 1). 
M. Lehne, Bull. SOC. Chim. France, 76 (195 1). 
J.Y. Macdonald, K.M. Mitchell and A.T.S. Mitchell, J. Chem. SOC., 1574 (1951). 
G. Saini and C. Sapett, Atti Accad. Sci. Torino Cl. Sci. Fis. Mat. Nat., 86,247 (195 1-52). 
K.B. Yatsimirskii, Zh. Fiz Khim., 25,475 (195 1); Chem. Abstr., 45 78558 (195 1). 
S. Suzuki, J.  Chem. SOC. Japan, 73, 153 (1952). 
K.B. Yatsimirskii and V.E. Panova, J. Gen. Chem. USSR, 22, 1329 (1952). 
R.P. Yaffe and A.F. Voight, J. Chem. SOC. A ,  74,2500 (1952). 
R.P. Bell and J.H.B. George, Trans. Faraday Soc., 49,619 (1953). 
R.H. Betts and F.S. Dainton J. Amer. Chem. SOC., 75,5721 (1953). 
G.C.B. Cave and D.N. Hume, J. Amer. Chem. Soc., 75,2893 (1953). 
D. Delafosse, C.R. Acad. Sci. Paris, 236,2313 (1953). 
R.E. Frank and D.N. Hume, 75, 1736 (1953). 
S .  Fronaeus, Acta Chem. Scand., 7,21 (1953). 
F.S. Frum and M.N. Skoblina, Uch. Zap. Gor'k. Goz. Univ., 24, 135 (1953); Chem. Abstr., 49, 5189h 
(1955). 
W. Jaenicke, Z. Elektrochem., 51,843 (1953). 
S.Z. Lewin and R.S. Wagner, J. Chem. Educ., 30,445 (1953). 
S .  Ahrland and R. Larsson, Acta Chem. Scand., 8, 137 (1954). 
S.K.K. Jatkar and B.N. Mattoo, J. Indian Chem. SOC., 31,299 (1954). 
J. Kratohvil and B. Te ak, Arhiv. Kem., 26,243 (1954). 
J. Kratohvil, B. Te ak and V.B. Vonk, Arhiv. Kem., 26, 191 (1954). 
K.G. Poulsen, J. Bjerrum and I Poulsen, Acta Chem. Scand., 8,921 (1954). 
N. Suden, Sven. Kem. Tidskr., 66,50 (1954). 
D.P. Ames and P.G. Sears, J. Phys. Chem., 59, 16 (1955). 
R.A. Day, R.N. Wilhite and F.D. Hamilton, J. Amer. Chem. Soc., 77,3180 (1955). 
I. Iwasaka and H. Shimojima, J. Chem. SOC. Japan, 76,749 (1955). 
I. Leden and R. Nilsson, Z. Naturforsch., A10, 67 (1955). 
M.W. Lister and D.E. Rivington, Can. J. Chem., 33, 1572 (1955). 
C. Postmuss and E. King, J. Phys. Chem., 59, 1208 (1955). 
A.M. Golub, J. Gen. Chem. USSR, 26,2049 (1956). 
A.M. Golub, Russ. J. Inorg. Chem., 1( 1 l), 87 (1956). 
G.S. Laurence, Trans. Faraday SOC., 52,236 (1956). 
G.W. Leonard, M.E. Smith and D.N. Hume, J. Phys. Chem., 60, 1493 (1956). 
M.S. Novakovskii and M.G. Mushkina, Ukr. Khim. Zh., 22,313 (1956). 
A.K. Sundaram, M. Sundaresan and D.G. Vartak, Proc. Indian Acad. Sci., A44, 139 (1956). 
V.F. Toropova, Russ. J. Inorg. Chem., 1(2), 56 (1956). 
Ya.1. Tur'yan, J. Gen. Chem. USSR,26,2327 (1956). 
K.B. Yatsimirskii and B.D. Tukhlov, J. Gen. Chem. USSR, 26(2), 377 (1956). 
W.D. Bale, E.W. Davies, D.B. Morgans and C.B. Monk, Discuss. Faradq Soc., (24), 94 (1957). 

0 1997 IUPAC, Pure and Applied Chemistry 69, 1489-1 548 



Stability constants of rhiocyanate ion 1503 

57D 
57G 
57Go 

571 
57N 
57Na 

57T 
57Ts 
5 7Y 
5 8A 
5 8B 
5 8G 
5 8H 

58P 
58Pa 
58Pe 
58s 
58Sm 
58T 
58Y 

58Ya 
59B 
59c 
59Ch 
59cz 
59F 
59G 

59G1 

59Go 

59K 

59N 
59s 
59T 
59Ta 
59Tu 
59u 
60C 
60D 
60G 
60Gr 
60H 
60Hs 
601 
60K 
60M 

E.W. Davies and C.B. Monk, Trans. Faraday SOC., 53,442 (1957). 
A.M. Golub and O.G. Bilyk, Russ. J. Znorg. Chem., 2(12), 58 (1957). 
A.M. Golub and T.I. Tsitsurina, Nauk. Zap. Kiiv. Derzh. Univ., 16, No. 15, Zb. Khim. Fak., No. 8, 101 
(1957). 
A. Iwase,J. Chem. SOC. Japan, 78, 1659 (1957). 
R.O. Nilsson, Ark. Kem., 10,363 (1957). 
M.S. Novakovskii, M.G.Mushkina and E.G. Vorob'eva, Uch. Zap. Khar'k. Univ. Tr. Nauchno-Zssled. Znst. 
Khim.,No. 16, 107 (1957); Chem. Abstr., 56, 11189i(1962). 
Ya.1. Tur'yan and G.F. Serova, Russ. J .  Znorg. Chem., 2(2), 165 (1957). 
Hon-Gee Tsiang and Kwang-Hsien Hsu, Acta Chem. Sinica, 23, 196 (1957). 
K.B. Yatsimirskii and V.D. Tetyushkina, Rum. J. Znorg. Chem., 2(2), 141 (1957). 
S .  Ahrland, J. Chatt andN.R. Davis, Quart. Rev., 12,265 (1958). 
A. Braibanti and I Chierici, Gazz. Chim. Ztal., 88, 793 (1958). 
A.M. Golub and G.D. Ivanchenko, Russ. J. Znorg. Chem., 3(2), 130 (1958). 
Kwang-Hsien Hsu and Hon-Gee Tsiang, Hua Hsueh Hsueh Pao, 24,277 (1958); Chem. Abstr., 53, 11060f 
(1959). 
D.D. Perrin,J. Amer. Chem. SOC., 80,3540 (1958). 
F. Pantani and P. Desider, Gazz. Chim. Ztal., 88, 1183 (1958). 
D.D. Perrin, J. Amer. Chem. Soc., 80,3852 (1958). 
P.  Senise and M. Perrier, J. Amer. Chem. SOC., 80,4194 (1958). 
J.M. Smithson and R.J.P. Williams, J. Chem. Soc., 457 (1958). 
S .  Tribalat and D. Delafosse, Anal. Chim. Acta, 19, 74 (1958). 
K.B. Yatsimirskii and T.I. Fedorova, Zzv. Vyssh. Uch. Zuved. Khim Khim Tekhnol., (3), 40 (1958); Chem. 
Abstr., 53, 1977c (1959). 
K.B. Yatsimirskii and V.D. Korableva, Russ. J. Znorg. Chem., 3(2), 139 (1958). 
A.K. Babko and L.V. Markova, Ukr. Khim. Zh.. 25,363 (1959). 
H.C. Chiang and K.H. Hsu, K O  Hsueh Tung Pao, 33 1 (1959); Chem. Abstr., 53,213438 (1959). 
H.C. Chiang and K.H. Hsu, KO Hsueh rung Pao, 365 (1959); Chem. Abstr., 55,24366e (1961). 
M. Czakis, Rocz. Chem., 33,3 (1959). 
Ya.D. Fridman and Dzh. S .  Sarbaev, Russ. J. Znorg. Chem., 4(8), 835 (1959). 
A.M. Golub, L.I. Romanenko and V.M. Samoilenko, Ukr. Khim. Zh., 25, 50 (1959); Chem. Abstr., 53, 
18724c (1959). 
A.M. Golub and M.Yu. Kornilov, Ukr. Khim. Zh., 25,439 (1959); Chem. Abstr., 54, 8410b 
(1960). 
A.M. Golub, LA. Babko and N.A. Levitskaya, Ukr. Khim. Zh., 25, 570 (1959); Chem. Abstr., 54, 9593b 
(1960). 
LA. Korshunov and G.M. Budov, Zzv. Vyssh. Uch. Zuved. Khim. Khim. Tekhn., 2(3), 489 (1959); Chem 
Abstr., 55,21770e (1961). 
B.I. Nabivanets, Russ. J. Znorg. Chem., 4(8), 810 (1959). 
G.J. Sutton, Aust. J. Chem., 12, 122 (1959). 
Ya. N. Tur'yan and R. Ya. Shtipel'man, Rum. J. Znorg. Chem., 4(4), 366 (1959). 
N. Tanaka and T. Takamura, J. Znorg. Nucl. Chem., 9, 15 (1959). 
Ya. I Tur'yan and N.I. Bondarenko, Russ. J .  Znorg. Chem., 4(5), 486 (1959). 
J.W. Utley, Diss. Vanderbilt Univ., 1959; Diss. Abstr., 20, 59-4120 (1959). 
M. Czakis Sulikowska, Stud. SOC. Sci. Torun., Sect. B., 2(5), 80 (1960); Chem. Abstr., 59,6014a (1963). 
L.N. Dhoot and P.K. Karmalkar, Vikram. J. Vikrum. Univ., 4, 81 (1960); Chem. A M . ,  57, 8349d (1962). 
A.M. Golub and L.I. Romanenko, Russ. J. Znorg. Chem., 5(5), 521 (1960). 
A.A. Grinberg and M.I. Gel'fman, Proc. Acad. Sci. USSR, 133(5), 895 (1960). 
G.M. Habashy, Adv. Polarogruphy, 3, 868 (1960). 
Hsiao-shu Hsiung, Diss. Abstr., 21,3629 (1961). 
H. Irving, Adv. Polarography, 1 42 (1960). 
F. Ya. Kul'ba and V.E. Mironov, Russ. J. Znorg. Chem., 5(2), 138 (1960). 
P.C.H. Mitchell and R.J.P. Williams, J. Chem. SOC., 1912 (1960). 

0 1991 IUPAC, Pure and Applied Chemistry69, 1489-1548 



1504 COMMISSION ON EQUILIBRIUM DATA 

60N C.J. Nyman and G.S. Alberts, Anal. Chem., 32,207 (1960). 
600  A. Oka and M. Hnili kova, Coll. Czech. Chem. Comm., 25,68 (1960). 
60T S. Tribalat, J. Electroanal. Chem., 1,443 (1960). 
60Tr S. Tribalat and C. Dutheil, Bull. SOC. Chim. France, 160 (1960). 
61B D. Banerjea and K.K. Tripathi, J. Znorg. Nucl. Chem., 18, 199 (1961). 
61D A.G. Davies and W.M. Smith, Proc. Chem. Soc., 380 (1961). 
61G A.M. Golub and L.1, Romanenko, Ukr. Khim. Zh., 27, 11 (1961); Chem. Abstr., 55,20754a (1961). 
61G1 A.M. Golub and E.P. Skorobogatenko, Ukr. Khim. Zh., 27, 16 (1961); Chem. Abstr., 55,25575~ (1961). 
61Go A.M. Golub and S.S. Ognyanik, Ukr. Khim. Zh., 27,283 (1961); Chem. Abstr., 5 6 , 6 8 8 4 ~  (1962). 
61M P.P. Mohapatra, R.C. Das and S. Aditya, J. Indian Chem. Soc., 38, 845 (1961). 
61s P. Senise and E.F. deAlmeida Neves, J. Amer. Chem. Soc., 83,4146 (1961). 
61Y R.G. Yalman, J .  Amer. Chem. SOC., 83,4142 (1961). 
62A G.M. Arcand and W.R. Carroll, J. Phys. Chem., 66, 1014 (1962). 
62F S. Fronaeus and R. Larsson, Acta Chem. Scand., 16, 1433 (1962). 
62K M. Kodama and K. Hanawa, Zbaraki Daigaku Bunrigakubu Kiyo, Shizen Kagaku, 13, 9 (1962); Chem. 

Abstr., 60, 2382b (1964). 
62K1 F. Ya. Kul'ba and N.N. Chernova, Russ. J. Znorg. Chem., 7(7), 824 (1962). 
62Ku F. Ya. Kul'ba and N.N. Chernova, Russ. J. Znorg. Chem., 7(8), 983 (1962). 
62L LA. Levedev and G.N. Yakoulev, Radiokhimiya, 4(3), 304 (1962); Chem. Abstr., 60, 1167c (1964). 
62Le C. Lewis and D.A. Skoog, J. Amer. Chem. Soc., 84, 1 101 (1962). 
62s P. Sakellaridis, C.R. Acad. Sci. Paris, 255, 127 (1962). 
62Sh V.I. Shlenskaya, V.P. Khvostova and V.M. Peshkova, J.  Anal. Chem. USSR,, 17(5), 596 (1962). 
62S0 D.B. Sowerby, J. Amer. Chem. SOC., 84, 1831 (1962). 
62T S. Tribalat and J.M. Caldero, C.R. Acad. Sci. Paris, 255, 925 (1962). 
62Ta N. Tanaka, K. Ebata and T. Murayama, Bull. Chem. SOC. Japan, 35( l), 124 (1962). 
62Ti S. Tribalat and C. Zeller, Bull. SOC. Chim. France, 2041 (1962). 
62Tr A. Tramer, J.  Chim. Phys., 59,232 (1962). 
62V V.P. Vasil'ev, Russ. J. Znorg. Chem., 7(8), 924 (1962). 
62W T. Williams, J. Znorg. Nucl. Chem., 24, 1215 (1962). 
63D G. DAmore, V. Chiantella and F. Corigliano, Ann. Chim. (Rome), 53(10), 1466 (1963); Chem. Abstr., 60, 

7661f (1964). 
63G A.M. Golub, Ukr. Khim. Zh., 29,784 (1963). 
63G1 A.M. Golub and V.M. Samoilenko, Ukr. Khim. Zh., 29,472 (1963). 
63Go A.M. Golub and R.A. Kostrova, Ukr. Khim. Zh., 29(2), 128 (1963). 
63Gr A.A. Grinberg, N.V. Kiseleva and M.I. Gel'fman. Dokl. Akad, Nauk SSSR Ser. Khim., 153(6), 1327 (1963). 
63Gu A.M. Golub and V.M. Samoilenko, Ukr. Khim. Zh., 29(8), 789 (1963). 
63M V.E. Mironov, F. Ya. Kul'ba and O.T. Trifonov, Russ. J. Znorg. Chem., 8(9), 1104 (1963). 
63Mu M.A. Mubayadzhyan, Zzv. Akad. Nauk. Armyan., 16,229 (1963). 
63P R.G. Pearson, J. Amer. Chem. Soc., 85,3533 (1963). 
63R T.P. Radhakrishnan and A.K. Sundaram, J. Electroanal. Chem., 5, 124 (1963). 
63T S. Tribalat and J.M. Caldero, J. Electroanal. Chem., 5, 176 (1963). 
63V V.P. Vasil'ev and P.S. Mukhina, Russ. J. Znorg. Chem., 8(8), 986 (1963). 
63W D.E. Wilcox and L.A. Bromley, Znd. Eng. News., 55(7), 32 (1963). 
64B J.C. Barns, J. Amer. Chem. SOC., 3880 (1964). 
64Ba F. Basolo, W.H. Baddley and J.L. Burmeister, Znorg. Chem., 3, 1205 (1964). 
64C F. Corigliano, S.D. Pasquale and V. Chiantella, Atti SOC. Peloritana Sci. Fis,Mat. Nat., 10, 199 (1964); 

Chem. Absfr., 64,2990b (1966). 
64G A.M. Golub and G.B. Pomerants, Russ. J. Znorg. Chem., 9(7), 879 (1964). 
64G1 A.M. Golub and A.M. Sych, Latv. PSR Zinat. Akad. Vestis, Kim. Ser., (4), 387 (1964); Chem. Abstr., 62, 

7361c (1965). 
64Go A.M. Golub and V.M. Samoilenko, Russ. J. Inorg. Chem., 9( I), 37 (1964). 
64Gu A.M. Golub and A.M. Sych, Russ. J. Znorg. Chem., 9(5), 593 (1964). 

0 1997 IUPAC, Pure and Applied Chemistry 69, 1489-1 548 



Stability constants of thiocyanate ion 1505 

645 

64K 
64Ka 
640 
64s 

64Se 
64Sh 

64St 
64T 
64Tr 

64V 

64Va 
65C 
65F 
65Fo 
65H 
65He 
65K 
65Kh 

65M 
65Mi 
65N 
65Se 
65U 
66A 
66B 
66Bo 
66Br 
66Bu 
66C 
66C1 
66G 
66Ge 
66G1 
66Go 
66K 
66Ko 

66L 
66M 

660 
6601 
66s 

66T 

E. J6zefowicz and J. Mas owska, in B. Je owska-Trzebiatowska, ed., Theory and Structures of Complex 
Compounds, Paper Presented at the Symposium Held in Wroc aw, Poland, 15-19 June, 1962, p. 525, The 
Macmillan Co., New York, 1964. 
V.N. Kumok, Russ. J. Znorg. Chem., 9(2), 198 (1964). 
V.N. Kumok and V.V. Serebrennikov, Russ. J. Znorg. Chem., 9(9), 1160 (1964). 
Y .  Oka and T. Kato, J. Chem. SOC. Japan, 85,784 (1964). 
L.G. Sillen and A.E. Martell, Stability Constants of Metal-Zon Complexes, The Chemical Society, London 
(1964). 
T. Sekine, J. Znorg. Nucl. Chem., 26(8), 1463 (1964). 
V.I. Shlenskaya, E.M. Piskunov and V.P. Khvostova, Vestn. Mosk. Univ. Khim., 19, 62 (1964); Chem. 
Abstr., 62, 1074f (1965). 
T.D. Seth and R.C. Kapoor, J. Polarogr. Soc., 10, 17 (1964). 
S. Tribalat and J.M. Caldero, C.R. Acad. Sci. Paris, 258,2828 (1964). 
A. Tramer, in B. Je owska-Trzebiatowska, ed., Theory and Structure of Complex Compounds, Paper 
Presented at the Symposium Held in Wroclaw, Poland, 15-19, June, 1962, p. 225, The Macmillan Co., New 
York, 1964. 
V.P. Vasil'ev and P.S. Mukhina, Izv. Vyssh. Uch. Zuved., Khim. Khim. Techn., 7, 71 1 (1964); Chem. Abstr., 
62,7172~ (1965). 
V.P. Vasil'ev and P.S. Mukhina, Rum. J. Znorg. Chem., 9(5), 620 (1964). 
G.R. Choppin and J. Ketels, J. Znorg. Nucl. Chem., 27, 1335 (1965). 
A.B. Fasman, G.G. Kutyukov and D.V. Sokol'skii, Russ. J. Znorg. Chem., 10(6), 727 (1965). 
D. Forster and D.M.I. Goodgame, Znorg. Chem., 4, 715 (1965). 
A. Haim and N. Sutin, J. Amer. Chem. Soc., 87,4210 (1965). 
H.E. Hellwege and G.K. Schweitzer, J. Znorg. Nucl. Chem., 27,99 (1965). 
F. Ya. Kul'ba, V.E. Mironov and G. Mrnyakova, Rum. J. Znorg. Chem., 10(6), 1393 (1965). 
Yu. Ya. Kharitonov, G.S. Tsintsadze and M.A. Porai-Koshits, Proc. Acad. Sci. USSR Phys. Chem. Ser., 
160(6), 177 (1965). 
T.D.B. Morgan, G. Stedman and P.A.E. Wincup, J. Chem. SOC., 4813 (1965). 
V.E. Mironov and Yu. I. Rutkovskii, Russ. J.  Znorg. Chem., 10(12), 1450 (1965). 
Y. Narusawa, J. Hashimoto and H. Hamaguchi, Bull. Chem. SOC. Japan, 38(2), 243 (1965). 
T. Sekine, Acta Chem. Scand., 19(6), 1519 (1965). 
N.V. Ul'ko, Ukr. Khim. Zh., 31,887 (1965). 
G. Alexandrides and C. Cummiskey, J. Znorg. Nucl. Chem., 28,2025 (1966). 
A.A. Biryukov, V.I. Shlenskaya and I.P. Alimarin, Bull. Acad. Sci. USSR Chem. Sci., (l), 1 (1965). 
J.H. Boughton and R.N. Keller, J.  Znorg. Nucl. Chem., 28,285 1 (1966). 
M. Breant and Nguen Van Kiet, C.R. Acad. Sci. Paris, C262( 12), 955 (1966). 
J.L. Burmeister, Coord. Chem. Rev., 1( 1-2), 205 (1966). 
A. Cassol and L. Magon, Ricerca Scientifica, 36, 1194 (1966); Chem. Abstr., 66, 119420q (1967). 
R.J.H. Clark and C.S. Williams, Spectrochim. Acta, 22, 1081 (1966). 
A.M. Golub and V.A. Kalibabchuk, Russ. J. Znorg. Chem., 11(3), 320 (1966). 
P. Gerding, Acta Chem. Scund., 20,2771 (1966). 
A.M. Golub and A.M. Sych, J. Appl. Chem. USSR, 39(12), 2498 (1966). 
A.M. Golub and V.N. Sergun'kin, Russ. J. Inorg. Chem., 11(4), 419 (1966). 
C. Kiehl, Z. Phys. Chem. (Leipzig), 232, 384 (1966). 
I.M. Korenman and N.V. Zaglyadimova, Tr. Khim. Khim. Tekhnol. Gor'kii (I), 80 (1966); Chem. Abstr., 67, 
576858 (1967). 

V.E. Mironov, F. Ya. Kul'ba, Yu. I. Ruthouskii and E.I. Ignatenko, Russ. J. Znorg. Chem., 11(8), 955 
(1966). 
Y. Oka and T. Kato, Nippen Kagaku Zasshi, 87(6), 580 (1966); Chem. Abstr., 65, 8088d (1966). 
J. Oleszkiewicz and T. Lipiec, Rocz. Chem., 40, 541 (1966). 
S.C. Saraiya and A.K. Sundaram, in R.C. Kapoor, ed., Proceedings of the Symposium on Electrode 
Processes, p. 60, University of Jadhpur, India, 1966. 
S. Tribalat and J.M. Caldero, Bull. SOC. Chim. France, (2), 774 (1966). 

C.H. Long and D.A. Skoog, Znorg. Chem., 5,206 (1966). / 

0 1997 IUPAC, Pure and Applied Chemistry 69,1489-1 548 



1506 COMMISSION ON EQUILIBRIUM DATA 

67A 
67A1 
67B 
67Bi 
67C 
67H 
67K 
67L 
67M 
67N 
67P 
67Po 
67Pr 
67s 
67% 
67Se 
67U 
68A 
68B 
68Bu 
68C 
68D 
68De 
68G 
68Ge 
68Go 
68Gy 
68L 
68La 
68Lr 
68M 
68Ma 
68Mi 
68Ms 
68N 
68P 
68Po 
68Pr 
684  
68R 
68s 
68Sc 
68T 
68Tr 
68Tu 
69B 
69Br 
69C 
69Co 
69Cr 
69F 
695 

S. Ahrland, Helv. Chim. Acta, 50, 306 (1967). 
R. Alexander, E.C.F. KO, Y.C. Mac and A.J. Parker, J. Amer. Chem. SOC., 89,3703 (1967). 
B.R. Baker, N. Sutin and T.J. Welch, Znorg. Chem., 6, 1948 (1967). 
A.A. Biryukov and V.I. Shlenskaya, Russ. J. Znorg. Chem., 12(10), 1362 (1967). 
T.J. Conocchioli and N. Sutin, J. Amer. Chem. SOC., 82,282 (1967). 
A.A. Humffray, A.M. Bond and J.S. Forrest, J. Electroanal. Interfacial Electrochem., 15, 67 (1967). 
L.N. Komissarova, V.G. Gulia, T.M. Sas and N.A. Chernova, Russ. J. Znorg. Chem., 12(4), 461 (1967). 
A. Lodzinska, Rocz. Chem., 41, 1007 (1967). 
K. Momoki, H. Sato and H. Ogawa, Anal. Chem., 39, 1072 (1967). 
G.H. Nancollas and K. Torrance, Znorg. Chem., 6 ,  1567 (1967). 
S.J. Patel, D.B. Sowerby and D.G. Tuck, J. Chem. SOC. A, 1187 (1967). 
K.H. Pool, J. Polarogr. SOC., 13,23 (1967). 
J. Prasilova and Z .  Satorie, Collect. Czech. Chem. Commun., 32,322 (1967). 
H.-H. Schmidtke, Ber. Bunsenges. Phys. Chem., 71, 1138 (1967). 
H.-H. Schmidtke and D. Garthoff, Helv. Chim. Acta, 50, 163 1 (1967). 
P.G. Sears, J.A. Caruso and A.I. Popov, J. Phys. Chem., 71,905 (1967). 
N.V. Ul'ko and R.A. Savchenko, Russ. J. Znorg. Chem., 12(2), 169 (1967). 
S. Ahrland, Sfruct. Bonding, 5, 118 (1968). 
K.R. Bower, J. Amer. Chem. SOC., 90,5401 (1968). 
J.L. Burmeister, Coord. Chem. Rev., 3,225 (1968). 
A. Cyganski and Z. Galdecki, Rocz. Chem., 42,747 (1968). 
R.C. Das, A.C. Dash and J.P. Mishra,J. Znorg. Nucl. Chem., 30,2417 (1968). 
M. Della Monica, U. Lamanna and L. Senatore, Znorg. Chim. Acta, 2, 363 (1968). 
P. Gerding, Acta Chem. Scand., 22, 1283 (1968). 
P. Gerding and B. Johnnsson, Acta Chem. Scand., 22,2255 (1968). 
A.D. Goolsby and D.T. Sawyer, Anal. Chem., 40, 1978 (1968). 
E.A. Gyunner and N.D. Yakhking, Russ. J. Znorg. Chem., 13( l), 128 (1968). 
M. Lamache-Duhameaux, Rev. Chim. Miner., 5, 1001 (1968). 
C.H. Lanford and F.M. Chung, J. Amer. Chem. SOC., 90,4485 (1968). 
R. Larsson and A. Miezis, Acta Chem. Scand., 22, 3261 (1968). 
J.M. Malin and J.H. Swinehart, Znorg. Chem., 7,250 (1968). 
O.N. Malyavinskaya and Ya. I. Tur'yan, Russ. J. Znorg. Chem., 42(1), 144 (1968). 
A. Miezis and R. Larsson, Acta Chem. Scand., 22, 3293 (1968). 
J. Maslowska, Rocz. Chem., 42, 1819 (1968). 
J.F. Neumann, J.P. Paxon and C.J. Cummisky, J. Znorg. Nucl. Chem., 30,2243 (1968). 
N. Payen-Baldy and M. Machtinger, Bull. SOC. Chim. France, 2221 (1968). 
R. Portanova, A. Cassol. L. Magon and G. Tomat, Gazz. Chim. Ztal., 98, 1290 (1968). 
B. Prasad, J. Indian Chem. SOC., 45(1 l), 1037 (1968). 
M. Qureshi and K.N. Mathur, Fresenius' Z. Anal. Chem., 242, 159 (1968). 
C.L. Rao, C.J. Shahani and K.A. Mathew, Znorg. Nucl. Chem. Lett., 4,655 (1968). 
V.M. Samailenko, Rum. J. Znorg. Chem., 13(1), 39 (1968). 
A. Schlund and H. Wendt, Ber. Bunsenges. Phys. Chem., 72(5), 652 (1968). 
Ya. I. Tur'yan and O.E. Ruvinskii, Dokl. Akad. Nuuk SSSR, 79, 148 (1968). 
L. Treindl, Collect. Czech. Chem. Commun., 33(9), 2814 (1968). 
Ya. I. Tur'yan and O.E. Ruvinskii, Proc. Acad. Sci. USSR, Phys. Chem. Sec., 179, 170 (1968). 
H.E. Bartlett, A. Jurriaanse and K. De Haas, Can. J. Chem., 47,2981 (1969). 
M. Brkant and G. Demange-GuBrin, Bull. SOC. Chim. France, 2935 (1969). 
B.R. Chamberlain and W. Moser, J. Chem. SOC., 354 (1969). 
J. Courtot-Coupez and M. L'Her, Bull. SOC. Chim. France, 675 (1969). 
T.L. Crowell and M.G. Hankins, J. Phys. Chem., 73, 1380 (1969). 
V.A. Fedorov, N.P. Samsonova and V.E. Mironov, Rum. J. Znorg. Chem., 14(12), 1721 (1969). 
A.D. Jones and G.R. Choppin, Actinides Rev., 1(4), 3 1 1 (1969). 

0 1997 IUPAC, Pure and Applied Chemistry69, 1489-1548 



Stability constants of thiocyanate ion 1507 

69M K. Momoki, H. Ogawa and H. Sato, Anal. Chem., 41, 1826 (1969). 
69Mu M.A. Mubayadzhan, Nauchn. Tr. Nauchno-Issled. Gornometall. Inst. Yerevan, (8), 347 (1969); Chem. 

Abstr., 75, 15545011 (1971). 
69N G. Niac, I. Baldea and M. Lungu, Stud. Univ. Babes-Bolyai, Ser. Chem., 14(2), 83 (1969). 
69P S.J. Patel and D.G. Tuck, Can. J. Chem., 47,299 (1969). 
69Pe D.D. Perrin, ed., Ionization Constants of Inorganic Acids and Bases in Aqueous Solution, IUPAC Chemical 

Data Series, No. 29, Pergamon Press, Oxford, 1969. 
69Pu A.E. Pucci, J. Vedel and B.J. Trkmillon, J. Electroanal. Chem., 22,253 (1969). 
69R T. Ryhl, Acta Chem. Scand., 23,2667 (1969). 
69s G. Sillen and B. Warnqvist, Ark. Kem., 31,377 (1969). 
69Sc H.H. Schmidtke and D. Garthoff, 2. Naturforsch., A24, 126 (1969). 
69Se T. Sekine and M. Sakairi, Bull. Chem. SOC. Japan, 42,2712 (1969). 
69V V.P. Vasil'ev and P.S. Mukhina, Im. Vyssh. Uchebn. Zaved., Khim. Khim. Technol., 12(3), 258 (1969); 

Chem. Absfr., 71,7153b (1969). 
692 R. Zucal, A. Weber de DAessio and L.H. Erlijman, Acta Cient., 2( l), 39 (1969). 
70A E.F. de Almeida Neves and L. Sant'Agostino, Anal. Chim. Acta, 49,591 (1970). 
70B M. Breant and C. Buisson, J. Electroanal. Chem., 24, 145 (1970). 
70Br M. Brkant, M. Buisson, M. Portoix, J.L. Sue and J.R. Terrat, J. Electroanal. Chem., 24,409 (1970). 
70C L. Ciavatta and M. Grimaldi, Inorg. Chim. Acta, 4, 3 12 (1970). 
7Oco G. Contreras and R. Schmidt, J. Inorg. Nucl. Chem., 32, 1295 (1970). 
70D F. Dickert, H. Hoffmann and W. Jaenicke, Ber. Bunsenges. Phys. Chem., 74(5), 500 (1970). 
70F V.A. Fedorov, N.P. Samsonova and V.E. Mironov, Russ. J. Inorg. Chem., 15(9), 1325 (1970). 
70G A.M. Golub and T.P. Lishko, Russ. J. Inorg. Chem., 15(6), 783 (1970). 
70Gl A.M. Golub and Phan Van Cha, Russ. J. Inorg. Chem., 15(9), 1227 (1970). 
70Go A.M. Golub and V.N. Sergun'kin, J. Appl. Chem. USSR, 43(6), 1214 (1970). 
70Gu A.M. Golub and Phan Van Cha, Soviet Progress in Chemistry, 36(3), 7 (1970). 
70H Y .  Hasegawa, Bull. Chem. SOC. Japan, 43,2665 (1970). 
70Ha C.J. Hawkins, 0. Monsted and J. Bjerrum, Acta Chem. Scand., 24, 1059 (1970). 
70L M. LeDemezet, C. Madec and M. L'Her, Bull. SOC. Chim. France, 365 (1970). 
70M V.E. Mironov, Yu. A. Makashev, I. Ya. Mavrina and M.M. Kryzhanovskii, Russ. J. Inorg. Chem., 15(5), 

668 (1970). 
70P S.J. Patel, J. Inorg. Nucl. Chem., 32,3708 (1970). 
70s T.M. Sas, V.A. Gagarina, L.N. Komissarova and V.G. Gulia, Russ. J. Inorg. Chem., 15(5), 644 (1970). 
70Se T. Sekine and T. Ishii, Bull. Chem. SOC. Japan, 43,2422 (1970). 
702 A.H. Zelmann and L.O. Morgan, Inorg. Chem., 9,2522 (1970). 
71A S. Ahrland and L. Kullberg, Acta Chem. Scand., 25,3677 (1971). 
71Ah S. Ahrland and L. Kullberg, Acta Chem. Scand., 25,3692 (1971). 
71As N. Aslam and W.H.S. Massie, Inorg. Nucl. Chem. Lett., 7,961 (1971). 
71B R.A. Bailey, T.W. Michelsen and W.N. Mills, J. Inorg. Nucl. Chem., 33, 3206 (1971). 
71Ba M. BrCant and M. Porteix, C.R. Acad. Sci. Paris, Ser. C., 273(17), 1069 (1971). 
71Be N. Bertazzi, A. Silvestri and R. Barbieri, J. Inorg. Nucl. Chem., 33,799 (1971). 
71Br M. Brkant, J. Georges, J.-L. Imbert and D. Schmitt, Ann. Chim. (Paris), [14]6,245 (1971). 
71D R.C. Das, A.C. Dash, D. Satyanarayan and U.N. Dash, Thermochim. Acta, 2,435 (1971). 
71F L.C. Falk and R.G. Link, Znorg. Chem., 10(2), 215 (1971). 
71Fd V.A. Fedorov, T.N. Kalosh, G.E. Chernikov and V.E. Mironov, Russ. J. Inorg. Chem., 16,775 (1971). 
71Fe V.A. Fedorov, A.M. Robov, I.D. Isaev and V.E. Mironov, Russ. J. Inorg. Chem., 16(4), 500 (1971). 
71G A.M. Golub and Phan Van Cha, Russ. J. Inorg. Chem., 16(2), 185 (1971). 
71K P.K. Khopkar and P. Narayanankutty, J. Inorg. Nucl. Chem., 33(2), 495 (1971). 
71L L. Landers and C.J. Cummiskey, J. Inorg. Nucl. Chem., 33,4239 (1971). 
71La A.E. Laubscher and K.F. Fouche, J. Inorg. Nucl. Chem., 33,3521 (1971). 
71M J.T. Mason and C.J. Cummiskey, J. Inorg. Nucl. Chem., 33, 137 (1971). 
71Mo H. Moriya and T. Sekine, Bull. Chem. SOC. Japan, 44,3347 (1971). 
71Mm K. Momoki and H. Ogawa, Bull. Fac. Eng. Yokohama Nut. Univ., 20,79 (1971). 

0 1997 IUPAC, Pure and Applied Chemistry69,1489-1548 



1508 COMMISSION ON EQUILIBRIUM DATA 

71Mu 

7 1N 
71P 
71P1 
71Po 
71s 

71Sa 
71Se 
71Sk 
71Sm 
71so 
71W 
72B 
72Br 
72Bu 
72F 
72Fo 
72H 
72M 
720 
72P 
72s 
72Sy 
72T 
73A 
73c  
73cz 

73H 
73 Hu 
73 J 
73M 
73Mi 
73R 
73Ru 
73 s 
73Sa 
73 s c  
73% 
74A 
74B 
74D 
74G 
74Go 
74K 
74Kh 
74Ki 
74Ku 
74M 
74Mi 
74N 

M.A. Mubayadzhan, Nauchn. Tr. Nauchno-Wed. Gornometall. Inst. Yerevan, (9), 3 19 (1971); Chem. 
Abstr., 78,63010j (1973). 
A.H. Norbury,J. Chem. Soc. A., 1089 (1971). 
S.J. Patel, J. Znorg. Nucl. Chem., 33, 17 (1971). 
M. Polasek and M. Bartusek, Ser. Fac. Sci. Natur. Univ. Urkynianae Brun., 1(9), 109 (1971). 
T.I. Pochkaeva, N.S. Tamm and A.V. Novoselova, Russ. J. Inorg. Chem., 16(1), 113 (1971). 
L.G. Sillkn and A.E. Martell, Stability Constants of Metal-Ion Complexes, Supplement 1, The Chemical 
Society, London, 197 1. 
V.M. Samoilenko, Russ. J. Inorg. Chem., 16(2), 175 (1971). 
T. Sekine, Y. Komatsu and M. Sakairi, Bull. Chem. SOC. Japan, 44, 1480 (1971). 
T. Sekine, R. Murai and M. Iguchi, J. Chem. SOC. Japan, Pure Chem. Sec., 92(5), 412 (1971). 
V.M. Samoilenko, Sov. Prog. Chem., 37(1 l), 10 (1971). 
V.V. Skopenko and A. Zh. Zhumabaev, Sov. Prog. Chem., 37(7), 4 (1971). 
G. Wada, N. Yoshizawa and Y. Sakamoto, Bull. Chem. SOC. Japan, 44, 1018 (1971). 
J.T. Bell and W. J. McDowell, J. Inorg. Nucl. Chem., 34, 17 1 1 (1 972). 
M. Brkant and J. Georges, Bull. SOC. Chim. France, 382 (1972). 
R.C. Buckley and J.G. Wordeska, Znorg. Chem., 11, 1723 (1972). 
A. Foll, M. LeDemezet and J. Courtot-Coupez, Bull. SOC. Chim. France, 1207 (1972). 
A. Foll, M. LeDemezet and J. Courtot-Coupez, J. Electroanal. Chem., 35,41 (1972). 
H.D. Harmon and J.R. Peterson, J. Znorg. Nucl. Chem., 34(4), 1381 (1972). 
K.R. Magnell and W.L. Reynolds, Inorg. Chem. Acta, 6,571 (1972). 
I. Orszagh, Gy. Bazsa and M.T. Beck, Znorg. Chem. Acta, 6(2), 271 (1972). 
S.J. Patel, Bol. Soc. Chil. Quim., 19(1), 15 (1972); Chem. Abstr., 78, 66338h (1973). 
V.M. Samoilenko and 1.1. Grinyuk, Sov. Prog. Chem., 38( l), 6 (1972). 
A.M. Sych, V.V. Garbuz and A.F. Alekseev, Rum. J. Inorg. Chem., 17(2), 254 (1972). 
S. Tribalat, C.R. Acad. Sci. Paris, Ser. C., (9), 274 (1972). 
S. Ahrland, Struct. Bonding, 15, 167 (1973). 
R. Chiarizia, P.R. Danesi and G. Scibona, J. Znorg. Nucl. Chem., 35, 3595 (1973). 
D. Czakis-Sulikowska and T. Ruzniewska, Pr. Nauk. Inst. Technol. Org. Tworzyw Sztucznych Politech. 
Wroclaw., 13,291 (1973); Chem. Abstr., 81, 17416k (1974). 
J. Hauck and K. Schwochau, Znorg. Nucl. Chem. Lett., 9,927 (1973). 
M.H. Hutchinson and W.C.E. Higgins, J. Chem. SOC., Dalton, 1247 (1973). 
S.B. Joshi, M.D. Pundalik and B.N. Mattoo, Indian J. Chem., 11(12), 1297 (1973). 
A.G. Maddock and L.O. Medeiros, J. Chem. Soc., Dalton, 1088 (1973). 
A. Miezis, Acta Chem. Scand., A27, 3801 (1973). 
R.S. Ramakrisha and R. Thuraisingham, J. Znorg. Nucl. Chem., 35,2805 (1973). 
C. Ruzycki, Yu. B. Solov'ev and V.E. Mironov, Russ. J. Inorg. Chem., 18(1), 28 (1973). 
V.M. Samoilenko and V.I. Lyashenko, Russ. J. Inorg. Chem., 18(9), 1271 (1973). 
V.M. Samoilenko and V.I. Lyashenko, Russ. J. Inorg. Chem., 18(1 l), 1578 (1973). 
A. Schriver, Bull. SOC. Chim. France, 1 1 (1973). 
Y. Sasaki and A.G. Sykes, J. Chem. SOC. Chem. Commun., 767 (1973). 
S. Ahrland, E. Avsar and L. Kullberg, Acta Chem. Scand., A28, 855 (1974). 
E. Burger, Gy. Liptay and Cs. Varhelyi, Acta Chim (Budapest), 83, ( 3 4 ) ,  3 15 (1974). 
V.F. Dickert, H. Hoffmann and T. Janjic, Ber. Bunsenges. Phys. Chem., 78,712 (1974). 
E.Y. Gorenbien, M.N. Vainshtein and E.P. Shorobogatko, Sov. Prog. Chem., 40(9), 22 (1974). 
E.Y. Gorenbein, M.N. Vainshtein and E.P. Skorobogatko, Sov. Prog. Chem., 40(9), 923 (1974). 
L. Kullberg, Acta Chem. Scand., A28, 829 (1974). 
P.K. Khopkar and J.N. Mathur, J. Znorg. Nucl. Chem., 36, 3819 (1974). 
W.F. Kinard and G.R. Choppin, J. Znorg. Nucl. Chem., 36, 113 1 (1974). 
L. Kullberg, Acta Chem. Scand., A28, 979 (1974). 
A. Miezis, Acta Chem. Scand., A28,407 (1974). 
M.H. Mihailov, V. Ts. Mihailova and V.A. Khalkin, J. Znorg. Nucl. Chem., 36, 115 (1974). 
V.S. Netsvetaeva and I.M. Batyaev, Russ. J. Znorg. Chem., 19(5), 684 (1974). 

0 1997 IUPAC, Pure and Applied Chemistry 69, 1489-1 548 



Stability constants of thiocyanate ion 1509 

74s 
74sc 
74sy 
74T 
75A 
75B 
75Ba 
75c 
75 J 
75L 
75La 
75M 
75N 

75s 
75Si 
75sp 
75sy 
75T 
75Ts 
75Y 
76A 
76Ah 
76A1 
76An 
76Ar 
76C 
76F 
76H 
76J 
76K 
76Ka 
76L 
76M 
76R 
76s 
76Sa 
76Sy 
76T 
76V 
77A 
77Ar 
77B 
77H 
77M 
77s 
77Sm 

77T 
77Ts 

77sy 

77v 
77vu 

V.M. Samoilenko, V.I. Lyashenko and N.V. Polishchuk, Russ. J. Znorg. Chem., 19( 1 l), 1632 (1974). 
A.M. Sych, A.F. Alekseev, and E.N. Stradomskaya, Russ. J. Znorg. Chem., 19(4), 570 (1974). 
A.M. Sych andN.1. Bogatyr, Russ. J. Znorg. Chem., 19(10), 1470 (1974). 
Ya. I. Tur'yan, L.M. Makarova and V.N. Sirko, Russ. J. Znorg. Chem., 19(7), 969 (1974). 
A. Arevalo, A. Bazo, J.C. Rodriguez Placeres, and T. Moreno, An. Quim., 71(4), 361 (1975). 
M.T. Beck and I. Orszagh, J. Znorg. Nucl. Chem., 37,328 (1975). 
L.N. Balyatinskaya, Rum. J. Znorg. Chem., 20(12), 1773 (1975). 
L. Ciavatta, M. Grimaldi, and R. Palombari, J. Znorg. Nucl. Chem., 37, 1685 (1975). 
G.J. de Jong, U.A. Th. Brinkman and G. de Vries, Fresenius' Z. Anal. Chem., 276, 117 (1975). 
G.C. Lalor and H. Miller, J. Znorg. Nucl. Chem., 37, 1832 (1975). 
E. Larsen and J. Eriksen, J. Chem. Educ., 52(2), 122 (1975). 
L. Meites, Talanta, 22, 733 (1975). 
A.A. Newman, ed., Chemistry and Biochemism of Thiocyanic Acid and its Derivaties, Academic Press, 
London, 1975. 
Y. Sasaki, R.S. Taylor and A.G. Sykes, J. Chem. Soc., Dalton, 396 (1975). 
M. Sipos, Radiochem. Radioanal. Lett., 22,275 (1975). 
M. Sipos, Radiochem. Radioanal. Lett., 20, 323 (1975). 
A.M. Sych andN.1. Bogatyr', Russ. J. Znorg. Chem., 20(5), 688 (1975). 
S. Tribalat and L. Schriver, Bull. SOC. Chim. France, 2012 (1975). 
G.V. Tsintsadze, E.A. Kuezerel and A.P. Lezhava, Russ. J. Znorg. Chem., 20(6), 868 (1975). 
S. Yamada and M. Tanaka, J. Znorg. Nucl. Chem., 37,587 (1975). 
A. Ahrland and N.O. Bjork, Acta Chem. Scand., A30,249 (1976). 
S .  Ahrland and N.O. Bjork, Acta Chem. Scand., A30,257 (1976). 
S .  Ahrland and N.O. Bjork and R. Portanova, Acta Chem. Scand., A30,270 (1976). 
G. Anderegg, Helv. Chim. Acta, 59, 1498 (1976). 
S. Ahrland and N.O. Bjork, Acta Chem. Scand., A30,265 (1976). 
A.K. Covington and R.A. Matheson, J. Solution Chem., 5, 781 (1976). 
J. Folorunso Ojo, Y Sasaki, R.S. Taylor, and A.G. Sykes, Znorg. Chem., 15(5), 1006 (1976). 
G. Higdon and D.L. Leussing, J. Znorg. Nucl. Chem., 38,267 (1976). 
A. Jost, Ber. Bunsenges. Phys. Chem., 80,3 16 (1976). 
R. Karlsson and L. Kullberg, Chem. Scripta, 9, 54 (1976). 
M. KabeSova, M. Dunaj-Jur 0, M. Seriltor, J. Ga o and J. Garaj, Znorg. Chim. Acta, 17, 161 (1976). 
S.C. La1 and B. Prasad, J. Indian Chem. SOC., 53, 136 (1976). 
R. Murai, K. Kurakane and T. Sekine, Bull. Chem. SOC. Japan, 49,335 (1976). 
G.K. Ragulin, N.E. Aleksandrova and D.P. Dobychin, Russ. J. Znorg. Chem., 21(10), 1499 (1976). 
V.M. Samoilenko and V.I. Lyashenko, Russ. J. Znorg. Chem., 21(6), 835 (1976). 
V.M. Samoilenko, V.I. Lyashenko and T.V. Poltoratskaya, Russ. J. Znorg. Chem., 21( 12), 1804 (1976). 
A.M. Sych and E.N. Stradomskaya, Russ. J. Znorg. Chem., 21(10), 1362 (1976). 
S. Tribalat and L. Schriver, J. Znorg. Nucl. Chem., 38, 145 (1976). 
V.P. Vasil'ev, V.D. Korableva and P.S. Mukhina, J. Gen. Chem. USSR, 46(6), 1191 (1976). 
A. Arevalo, A. Cabrera Gonzales, J. Segura and J.C. Rodriguez Placeres, An. Quim., 73(6), 798 (1977). 
A. Arevalo, J.C. Rodriguez Placeres, T. Moreno and J. Segura, An. Quim., 73(6), 784 (1977). 
M.T. Beck, Pure Appl. Chem., 49, 127 (1977). 
R.D. Hancock, N.P. Finkelstein and A. Evers, J. Znorg. Nucl. Chem., 39, 103 1 (1977). 
C. Musikas and M. Marteau, Radiochem. Radioanal. Lett., 30,271 (1977). 
B. Singh and R.D. Singh, J. Znorg. Nucl. Chem., 39,25 (1977). 
R.M. Smith and A.E. Martell, Critical Stability Constants, Vol. 4, Plenum Press, New York, 1977. 
A.M. Sych and N.G. Dugel', Russ. J. Znorg. Chem., 22(2), 243 (1977). 
G.A.K. Thompson, R.S. Taylor and A.G. Sykes, Znorg. Chem., 16,2880 (1977). 
Yu. A. Tsylov, N.A. Shostenko and L.I. Lyubushkina, Russ. J. Znorg. Chem., 22(9), 1361 
( 1977). 
I.V. Vinarov, A.I. Orlova, L.I. Il'chenko and L.P. Grigor'eva, Russ. J. Znorg. Chem., 22(4), 570 (1977). 
M. Vukovi and V. Pravdi , Croat. Chem. Acta, 50,299 (1977); Chem. Abstr., 88, 1269472 (1978). 

0 1997 IUPAC, Pure and Applied Chemistry 69,1489-1 548 



1510 

78A 
78B 
78F 

78Fr 
78M 
78s 
78V 

79G 
79H 
79L 
79La 
79M 
79v 
80C 
80D 
80F 
80G 
80K 
80L 
80M 
80R 
80Ro 
80s 
80St 
80T 

81A 
81Ah 
81D 
81H 
81K 
81Kr 
81Ku 
81s 
81T 
81Tu 
82A 
82B 
82C 
82Ch 

82D 
82H 

82N 
82s 
82Sk 
82Su 
82T 
82Ts 
82Tu 

COMMISSION ON EQUILIBRIUM DATA 

A. Arevalo, J.C. Rodriguez Placeres, T. Moreno, J. Segura, J. Electrounul. Chem., 92, 55 (1978). 
B. Bana and M. Wro ska, Pol. J. Chem., 52,239 (1978). 
D.W. Franco, E.A. Neves and M.A.C. Dellatorre, Cienc. Cult. (Suo PuuZo), 30(12), 1450 (1978); Chem. 
Abstr., 90,93239f (1979). 
S.  Fronaeus and B. Palm, Actu Chem. Scund., A32,2 (1978). 
G.E. Mieling and H.L. Pardue, Anal. Chem., 50, 1333 (1978). 
V.M. Samoilenko and S.V. Garbuz, Russ. J. Znorg. Chem., 23(8), 1147 (1978). 
P.R. Vasudeva Rao, S.V. Bagawde, V.V. Ramakrishna and S.K. Patil, J. Inorg. Nucl. Chem., 40, 339 
(1978). 
A.M. Golub and H. Kohler, eds., Chemie der Pseudohulogenide, Hiithig Verlag, Heidelberg, 1979. 
S .  Hauge, Actu Chem. Scund., A33,3 13 (1979). 
L. Yu. Lamanskii and K.I. Tikhonov, Russ. J. Inorg. Chem., 24(4), 5 11 (1979). 
L. Yu. Lamanskii and K.I. Tikhonov, J. Gen. Chem. USSR, 49(7), 1261 (1979). 
Z. Marczenko and M. Balcerzak, Anal. Chim. Actu, 109, 123 (1979). 
P.R. Vasudeva Rao, N.M. Gudi, S.V. Bagawde and S.K. Patil, J. Znorg. Nucl. Chem., 41,235 (1979). 
V. Carunchio, A. Messina, R. Bucci and G. Rossello, Ann. Chim. (Rome), 70, 543 (1980). 
D. DeMarco, A. Bellomo and A. DeRobertis, J. Inorg. Nucl. Chem., 42, 599 (1980). 
V.A. Fedorov, I.M. Bol'shakova and N.P. Volynets, Russ. J. Znorg. Chem., 25(12), 1799 (1980). 
E.T. Gray and H.J. Workman, J. Chem. Educ., 50,752 (1980). 
P.K. Khopkar and J.N. Mathur, Thermochim. Actu, 37,71 (1980). 
D.J. Leggett, Tuluntu, 27, 787 (1980). 
L.M. Maluka and Ya. I. Tur'yan, Russ. J. Znorg. Chem., 25(6), 847 (1980). 
J.C. Rodriguez Placeres, A. Cabrera Conzalez, T. Moreno and A. Arevalo, An. Quim., 76A, 223 (1980). 
J.C. Rodriguez Placeres, M. Barrera and F. Padron Ruiz, An. Quim., 76A(2) 228 (1980). 
V.M. Samoilenko, Ukr. Zh. Khim., 46,246 (1980). 
D.M. Stanbury, W.K. Wilmarth, S. Khalaf, H.N. Po and J.E. Byrd, Inorg. Chem., 19(9), 2715 (1980). 
H.S. Trop, A. Davison, A.G. Jones, M.A. Davis, D.J. Szaldo and S.I. Lippard, Inorg. Chem., 19, 1105 
(1980). 
S .  Ahrland, I. Persson and R. Portanova, Actu Chem. Scund., A35,49 (1981). 
S .  Ahrland, E. Hansson, A. Iverfeldt, and I. Persson, Actu Chem. Scund., A35,275 (1981). 
A. Davison, A.G. Jones, L. Muller, R. Tatz and H.S. Trop, Inorg. Chem., 20, 1160 (1981). 
E. Hogfeldt, Actu Chem. Scund., A35, 383 (1981). 
A.V. Krishna and M. Singh, J. Znorg. NucZ. Chem., 43,2075 (1981). 
G. Krishnamoorthy and B.S. Prabhananda, J. Inorg. Nucl. Chem., 43, 1267 (1981). 
S. Kusakabe and T. Sekine, Bull. Chem. SOC. Japan, 54,2533 (1981). 
V.V. Skopenko, V.M. Samoilenko and O.G. Movchan, Russ. J. Znorg. Chem., 26(5), 13 19 (1981). 
H.H. Trimm, H. Ushio and R.C. Patel, Tuluntu, 28, 753 (1981). 
K.I. Tudoryanu, P.K. Migal' and S.I. Vrazhmash, Russ. J. Znorg. Chem., 26(10), 1492 (1981). 
Y. Auger, G. Delesalle, J.C. Fischer and M. Wartel, Tuluntu, 29,429 (1982). 
V.I. Belevantsev, I.V. Mironov and B.I. Peshchevitskii, Russ. J. Znorg. Chem., 27(1), 29 (1982). 
V. Carunchio, A. Messina, R. Bucci and A.M. Girelli, Ann. Chim. (Rome), 72, 107 (1982). 
H. Chunhui, L. Biaoguv, Z. Yongfen, Z. Hongjian, L. Junran and H. Kwang-Hsien, Guodeng Xuexiuo 
Humue Xucbuo, 3,293 (1982.) 
R. Doss, R. van Eldik and H. Kelm, Ber. Bunsenges. Phys. Chem., 86,925 (1982). 
E. Hogfeldt, ed., StubiZity Constants of Metal-Zon Complexes, Part A, IUPAC Chemical Data Series, No. 21, 
Pergamon Press, Oxford, 1982. 
E.A. Neves, L. Angnes, G.O. Chierice and L.H. Mazo, Tuluntu, 29,335 (1982). 
V.V. Skopenko, V.M. Samoilenko and S.V. Garbuz, Russ. J. Znorg. Chem., 27(3), 373 (1982). 
V.V. Skopenko, V.M. Samoilenko and O.G. Movchan, Russ. J. Znorg. Chem., 27(6), 824 (1982). 
S.M. Sultan and E. Bishop, AnuZyst (London), 107, 1060 (1982). 
Ya.1. Tur'yan, O.E. Ruvinskii and L.M. Makarova, Russ. J .  Znorg. Chem., 27(7), 1054 (1982). 
V.A. Tsiplyakova, Chan Thi Than Phuong and Nguyen Than Bat, Russ. J. Inorg. Chem., 27(7), 960 (1982). 
K.I. Tudoryanu, P.K. Migal' and V.T. Dolgier, Russ. J. Znorg. Chem., 27(6), 817 (1982). 

0 1997 IUPAC, Pure and Applied Chernistry69, 1489-1548 



Stability constants of thiocyanate ion 1511 

822 
83A 
83B 
83D 
83K 
83Ko 
83M 

83N 
83R 

83 S 
83T 
84A 
84A1 
84C 
84s 
84V 
85A 
85B 
851 
85P 
85R 

85s 
85Si 
86A 
86C 
86E 
86G 
861 
87B 

87D 
87G 
88B 
881 
881s 
88M 
89A 
89A1 
89T 
901 
901s 
90T 
91B 
91s 
9 2 0  
9 3 0  
9302 
95s 

N. Zumbulyadis and H.J. Gysling, J. Amer. Chem. SOC., 104, 3240 (1982). 
S. Ahrland, K. Nilsson and B. Tegesson, Acta Chem. Scand., A37, 193 (1983). 
M.N. Bishnu, B. Chakravarti, R.N. Banerjee and D. Banerjea, J. Coord. Chem., 13,63 (1983). 
H. Doe, A. Shibagaki and T. Kitagawa, Znorg. Chem., 22, 1639 (1983). 
Yu. Ya. Kharitonov, M.M. Bekhit and S.F. Belevskii, Russ. J. Znorg. Chem., 28(12), 1803 (1983). 
I. Korondh and I. Nagypal, Znorg. Chim. Acta., 73, 13 1 (1983). 
J.W. Moore, K.W. Hicks, R.G. Williams, K. Gehring, S. Pittinger, J.R. Vidolich and S .  Schubbe, Trends 
Anal. Chem., 2, 74 (1983). 
P.J. Nichols, Y. DuCommun and A.E. Merbach, Znorg. Chem., 22,3993 (1983). 
O.A. Reutov, I.-P. Beletskaya and A.L. Kurts, translated by J.P. Michael, Ambident Anions, Consultants 
Bureau, New York, 1983. 
V.M. Samoilenko, S.V. Garbuz and V.V. Skopenko, J. Anal. Chem. USSR, 28(2), 198 (1983). 
D.G. Tuck, Pure Appl. Chem., 55(9), 1477 (1983). 
E.F. de Almeida Neves, I.G.R. Gutz and R.G. Tavares, J. Electroanal. Chem., 179,91 (1984). 
S.J. Al-Bazi and A. Chow, Talanta, 31, 189 (1984). 
D.R. Crow, Talanta, 31,421 (1984). 
R.L. Smith, Southeast Missouri State University, USA, Personal Correspondence (1984). 
V.P. Vasil'ev, E.V. Kozlovskii and A.A. Mokeev, Rum. J. Znorg. Chem., 29(6), 799 (1984). 
S. Ahrland, S.-J. Ishiguro, A. Martin and I. Persson, Acta Chem. Scand., A39,227 (1985). 
J. Bjerrum, Acta Chem. Scand., A39, 1327 (1985). 
S .  Ishiguro, K. Yamamoto and H. Ohtaki, Anal. Sci., 1,263 (1985). 
V. Palanioppan, S.K.S. Yadav and U.C. Aganvala, Polyhedron, 4(8), 1457 (1985). 
J.C. Rodriguez Placeres, G. Ruiz Cabrera, J.A. Sanchez and A. Arevalo, J. Electroanal. Chem., 194, 173 
(1985). 
J.A. Santaballa, C. Blanco, F. Arce and J. Casado, Talanta, 32,93 1 (1985). 
H.B. Silber and M.A. Murguia, Inorg. Chem., 24,3794 (1985). 
S. Ahrland, S. Ishiguro and I. Persson, Acta Chem. Scand., A40, 418 (1986). 
E. Casassas and C. Ariiio, J. Electroanal. Chem., 213,235 (1986). 
M. Esteban, E. Casassas and L. Fernandez, Talanta, 33, 843 (1986). 
Gmelin Handbook of Inorganic Chemistry, 8th ed., Sect. Sc-D4. Springer Verlag, Berlin, 1986. 
S. Ishiguro, K. Yamamoto and H. Ohtaki, Bull. Chem. SOC. Japan, 59, 1009 (1986). 
P.L. Brown and H. Wanner, Predicted Formation Constants Using the Unijied Theory of Metal Ion 
Complexation, Organization for Economic Co-operation and Development, Nuclear Energy Agency, Paris, 
1987. 
H. Doe, K. Wakamiya, C. Yoshida, H. Ozaki, K.N. Soe and T. Kitagawa, Znorg. Chem., 26,2244 (1987). 
S.V. Garbuz and V.M. Samoilenko, Rum. J. Inorg. Chem., 32(7), 932 (1987). 
J. Bjerrum, Acta Chem. Scand., A43,721 (1988). 
S .  Ishiguro, T. Sotobayachi, K. Satoh and K. Saito, Znorg. Chem., 27(7), 1152 (1988). 
S. Ishiguro, T. Takamuka and H. Ohtaki, Bull. Chem. SOC. Japan, 61,3901 (1988). 
T. Morimoto, S .  Ochiai and T. Sekine, Anal. Sci., 4,255 (1988). 
S .  Ahrland, K. Nilsson, I. Persson, A. Yuchi and J.E. Penner-Hahn, Znorg. Chem., 28, 1833 (1989). 
G. Alonzo, M. Consiglio, F. Maggio, P. Agozzino and N. Bertazzi, Znorg. Chim. Acta., 165, 7 (1989). 
D.G. Tuck, Pure Appl. Chem., 61(6), 1161 (1989). 
S .  Ishiguro and K. Ozutsumi, Inorg. Chem., 29, 1117 (1990). 
S .  Ishiguro, M. Miyauchi and K. Ozutsumi, J. Chem. SOC., Dalton, 2035 (1990). 
K.I. Tudoryanu and P.K. Migal', Russ. J. Inorg. Chem., 35(1), 70 (1990). 
J. Blixt, R.K. Dubey and J. Glaser, Znorg. Chem., 30,2824 (1991). 
M. Stukikova, Talanta, 38(7), 805 (1991). 
K. Ozutsumi, M. Kurihara, T. Miyazawa and T. Kawashima, Anal. Sci., 8(4), 521 (1992). 
K. Ozutsumi, M. Kurihara and T. Kawashima, Talanta, 40, 599 (1993). 
K. Ozutsumi, E. Hasegawa, M. Kurihara and T. Kawashima, Polyhedron, 12( 18), 2 185 (1 993). 
T. Sekine and A. Nasu, Anal. Sci., 11, 845 (1995). 

0 1997 IUPAC, Pure and Applied Chemistry69, 1489-1548 



1512 COMMISSION ON EQUILIBRIUM DATA 

APPENDIX 

Table 11.1, Protonation constants of thiocyanate ion. 

Method Solvent I Temp k KHL Ref Category 
Medium moldm'3 C mol-' dm3 

gl -- _- 25 0.84(3) 42s Rj 

SP __  -0 2s -1.32 75Y Rj 

81 .- 0.06 26 0.97 66Bo Rj 

d NaC104 0.1 25.0(2) O.Ol(6) 84s D 

Raman W N C S  1.0 20 -1.1 76C D 

ext ~ ~ 1 0 ~  1.8 25.0(1) -1.8S(2) 65M D 

Hg NaC104 2.0 25.0(1) -0.87(2) 82N T 

PO1 HCI04 3.5 _ _  -0.88( 1) 72T Rj 

Pol H+-NaC104 4.0 25.0(2) -0.52( 1) 82T T 

Table 11.2. Thermodynamic constants for the protonation of thiocyanate ion 

Method I T H S Ref Category 
mol C k~ mol" J mol"K' 

81 -0 26 54 170 66Bo Rj 

d 0. 1(NaC1O4) 25.0(2) 2 6.7 84s D 

0 1997 IUPAC, Pure and Applied Chernistry69,1489-1548 
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