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Covering the Period 1 May 1959 - 28 February 1970

¢

I. General

The work supported during the period‘of this contract has made &
significant contribution to scientific research in the following areas:
increased knowledge of metal-ligand reactions, development of precision
calorimetric equipment and training of uhdergraduate and graduate students.
The work completed during the contract period is summarized under the
following headings: Metal-Ligand Systems, Calorimeter De§elopment, Other
Studies, Presentation 6f Scientific Papers and Achievement of Student Tréin—
ing. Under the first three headings the report cqnsists of listing the titles
and references‘to published manuscripts. -Six copies of each ligted manu-
script either have been submitted .with previous réports or are included

:

with this report. If manuscript copies are included, this fact i§ so indi-

cated. Thirty two published papers have resulted from this research.

II. Metal-Ligand Systems

A. Metal-Cyanide Systems

1. R. M. Izatt, J. J. Christensen, R. T. Péck, and R. Bench,
"Thermodynamic§ of Metal-Cyanide Coordination. I. pK, AH°, and AS° Values
as é Function of Temperature for Hydrocyanic Acid Dissociation in Aqueous
Solution," Inorg. Chem., 1, 828 (1962).

2. . J.'J. Christensen, R. M. Izatt, J. D. Hale, R. T. Pack, and
G. D. Watt, "Thermodynamics of Metal Cyanide Coordination. II. AG®, AH®, -
and AS° Values for Tetracyanoniccolate (II) Ion Formation in Aqueous

Solution at 25°," Inorg. Chem., 2, 337 (1963)



3. G. D. Watt, J. J. Christensen, énd Rl M. Izatt, "Thermodynamics
of Metal Cyanide Coordination, III. AG°,.AH°, and AS° Values for Ferrocyanide
and Ferricyanide Ion Formation‘in Aqueous Soiution at 25°," Inorg. Chem., 4,
220 (1965).

4. R. M. Izatt, J. J. Christensén, J. W. Hansen, and G. D. Watt,
"Thermodynamics of Metal Cyaﬁide Coordination. IV. Log B°i, AH°1, and AS°;,
Valqes for the Zinc (II);Cyanide System at 25°," EEE£§'.EEEE" i, 718 (1965).

5. J. J. Christensen, R. M. Izatt, and ﬁ. Eatough, '"Thermodynamics
of Metal Cyanide Coordination. V. 'Log K, AH°, and AS° Values for the

Hg2+—CN" System," Inorg. Chem., 4, 1278 (1965).

-

6. R. M. Izatt, H. D. Joktiston, G. D. Watt, and J. J. Chriétensen,
'"Thermodynami;s of Metal Cyanide Coordination. VI. Copper (I) and Silver
(I) Cyanide Systems,." Inorg. Chem., 6, 132 (1967).

7. R. M. Izatt, J. J. Christensen, D. Eatough, and G. D. Watt,
"Thermodynamics of Metal Cyanide Coordination. VII. Lag K, AH®, "and

AS° Values for the Interaction of CNf with Pd2+; AH® Values for the

Interéction of C1™ and Br~ with Pd2+,” J. Chem. Soc. (London) (A), 1967,
1304. |
8. R. M. Izatt, G. D. Watt, C. H. Baithoiomew, and J. J. Christenseﬂ,
"Thermodynamics of Metal Cyanide Coordination. VIII. K A Calorimetfic Study
of Co?t-CcN™ Interaction," lgézg,_ghgg,,.l, 2236 (1968).
9. R. M, Izétt, H. D. Johnston, D. J. Eatough, J.'J. Christensen,

and J. W. Hansen, ''Thermodynamics of Metal Cyanide Coordination. IX. Log

B®ys -AH®; and AS°i Values for the Ni2+—, znl*-, cd?t- and Hg2+—CN‘ Systems

at 10, 25 and 40°, Thermochimica Acta, submitted for publication. Six

copies are enclosed.



16. R. M. Izatt, G. D. Watt, C. H. Bartholomew and J. J. Chris-
tensen, "'A Calorimetric Study of Prussian Blue and Turnbull's Blue Formation,"
Inorg. Chem., In Press. Six copies are enclosed.

B. Metal-Halide Systems

1. L. D. Hansen, R. M. Izatt, and‘J. J. Christensen, '"Thermodynamics
of Metai—Halide Coordination in Aqueous Solution, I. Equilibrium Constants
for Several Mercury (IS— and Mercury (II)-Halide Systems as a Function of
Temperature,' Inorg. Chem., 2, 1243 (1963).

2. J. J. Christensen, R. M. Izatt, L, D. Hansen, and J. D. Hale,
"Thermodynamics of Metal-Halide Coordination. II. AH®° and AS°® Values for
Stepwise Formation of HgX, (X = C1, Br, I) in Aqueous Solution at 8,‘25,
and 40°C," Inorg. Chem., 3, 130 (1964). |

‘3. J. A. Partridge, R. M. Izatt, and J. J. Christ;nsen, "Values
of Log K, AH®, and ASf at 25° for Stepwise Replacement of C1~ by OH™ ip
Mercuric Chloride, HgCl,(aq)," J. Chem. Soc., 4231 (1965).

‘4. J. A. Partridge, J. J. Christensen, and R. M. Izatt; "Log K,
AH®, and AS° Values for Stepwise Replacement of Cl™ in HgCl,(aq) by Ethylene-

diamine, Glycinate Ion, and Methylamine at 25°," J. Amer. Chem. Soc., 88,

1649 (1966).

' C. Reactions in Non-Aqueous Solvents
i. R.-ﬁ. Izatt, D. Eatough, and J. J. Christensen, "Calorimetric
Determination of Log Ki,-AH°i, and AS°; Values for the Interaction at 25°
of Hg(CN), with Thiourea in Water-Ethanol Solvents,'" J. Phys. Chem., 72,
2720 (1968).
2. R. M. Izatt, C. H. Bartholomew, C. E. Mdrgan, D. J. Eatough

and J. J. Christensen, "Calorimetric Determination of Log Kj, AH®; and AS°;

i

Values for the Interaction of Thiourea with Hg(CN), in Water-Formamide Solvents



at 25°," Thermo. Acta, submitted for publication. Six copies are enclosed.

D. Metal-Sulfate Systems

1. R. M. Izatt, D. Eatough, J. J. Christensen, and C. H. Bartholomew,
"Calorimetrically Determined Log K, AH®°, and AS° Values for the Interaction

of 8042‘ with Ht, Na+; and K' in the Presence of n-Tetraalkylammonium Ion,"

J. Chem. Soc. (London), (A), 45, 1969.

2. R. M. Izatt, D. Eatough, J. J. Christensen, and C. H. Bartholomew,

"Calorimetrically Determined Log K, AH°, and AS° Values for the Interaction

- of 5042" with Several Bi- and Tri-Valent Metal Ions," J. Chem. Soc. (London),
(A), 47, 1969. P

E. Metal-Giycinate Systems

1. R. M. Izatt, H. D, Johnston and J. J. Christensen, ''Log Ki’ AH°i

S
and AS°i Values for the Interaction of ‘Glycinate Ion with Mn

2+ Cu2+, 2+ 2+

Ni™ ', Zn~ and Cd at 10, 25, and 40°," Thermochimica Acta, submitted
for publication. Six copies are enclosed. ' -
F. Pd2+—OH" System

1. R. M. Izatt, D. Eatough, and J. J. Christensen, "A Study of

Pd2+(ag) Hydrolysis, Hydrolysis Constants and the Standard Potential for

,

the Pd, pat Couple,”" J. Chem. Soc. (London) (A), 1967, 1301.

ITI. Calorimeter Development

i. J. J. Christensen and ﬁ. M. Izatt, ”Thefmodynamics of Proton
Dissociation in Dilute Aqueous Solution. II. Heats of Proton Dissociation
from Ribonucleopides and Related Compounds Determined by a Thermometric
Titration Procedure,”" J. Phys. éhgg,, 66, 1030 (1962).

2. J. J. Christensen, R. ﬁ. Izaft, and L. D. Hansen, "New Precision

Thermometric Titration Calorimeter,'" Rev. Sci. Instr., ég, 779 (1965).




3. J.[?;.ChristenSEn, L. D. Hanéen, R. M. Izatt, and J. A.°
Partridge, "Application of High Precision Thermometric Titration Calorimetry
tc Several Cbeﬁical Systems," . in Microcalorimétrie et Thermogenese,'" Pub-
lication No. 156 from Centre National de la Recherche Qciéntifique, Paris,
France (1967), p. 207.

4. J. J. Christensen, J. D. Johnston, and R. M.. Izatt, "An

Isothermal Titration Calorimeter,” Rev. Sci. Imnstr., 39, 1356 (1968).

IV. Other, Studies

1. J. D. Hale, R. M. Izatt, and J. J. Christensen, '"Heat of
Ionization of Water," EEQS: of Chem Soc., August, 240 (1963). |

2. J. D. Hale, R. M. Izatt, and J.-J. Christensen, "A Calori-
metric Study of Heat of Ionization of Water at 25°," J. Phys. Chem., 67,
2605 (1963). ) : \ ‘. '

- 3. L. D. Hansen, J. J. Christensen, and R. M. Izatt, "Entropy
Titration, A Calorimetric Mefhod for the Determination of AG°(K), AH®,
"and 4S°," Chem. Comm., 3, 36 (1965).

4, J. J. Christensen, R. M, Izatt, L. D. Hansen, and'J. A.
Partridge, "Entropy Titration. A Calorimetric Method for the Determination
of AG°, AH®, and AS° from a Single Thermometric Titration," J. Phys. Chem.,
70, 2003 (i966). | |

5. R. M. Izatt, D. Eatough, J. J: Christensen, and R. L. Snow;
"Computer Evaluation of Entropy Titration Data. Calorimetric Determination

of Log B., AH®°,, and AS°. Values for the Silver (I)-and Copper (II)-Pyridine
i i i : . \

System," J. Phys. Chem., 72, 1208 (1968).

6. J. J. Christensen and R. M. Izatt, "Thermochemistry in Inorganic

Solution Chemistry," Chapter in "Techniques in Advanced. Inorganic Chemistry,"

P. Day and A. Hill, John Wiley and Sons, New York, 1968.

ed.



7. J. J. Christensen, H. D. Johnston and R. M, Izatt, "Thermo-
dynamics of Proton Ionization in Aqueous Solgtion. XII. pK, AH®, AS°
and ACp Values for HCN Dissociation at 10, 25, and 40°," J. Chem. Soc.,
(A), 454 (1970). Six reprints are enclosed.
8. R. M. Izatt, D. J. Eatough, C. E. Morgan and J. J. Christensen,
.”Half Cell Potential of the Pd, pa?t couple in 3.94m HC10, and the Entropy
of Pd(aq)2+," J. Ehég, Soc., In Press. Six copies are enclosed

V. Presentation of Scientific Papers

The ﬁork deggribed under II, III and IV was presented at various local,
regional and national American Chemical Society meetings; Calorimetry
Confgrences and International Coordination Chemistry Conferences. More
than fifty papers have been presented at regional, national and international
mee;ings during the Contract period.

. VI. Achievement of Student Training

The research program:has made a significant contribution to the trainiﬁg
and support of undergraduate and graduate students. Nine doctoral students,
eleven M.S. students and more than twenty undergraduate students received
partial or full supporf (salary, equipment and/or supplies) during thg
Contract period.

Opportunity has been provided the graduate students to attend and
present papers a£ regional and national American Chemical Society meetings
and at the Calorimetry Conferences.

\ Ten M.S. and si# Ph.D. Theses have been completeé by students who

received partial or full support from Contract funds. On additional M.S.

thesis and three Ph.D. theses will be completed by August 1970.



