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Abstract 
Experimental and theoretical studies are directed 

toward the establishment and understanding of the relationship 
between isotope effects and molecular and intermolecular 
forces. Theory and experiment show that effects arising 
from isotopic substitution are associated almost ex
clusively with the molecular and intermolecular forces acting 
at the site of substitution. Thus isotope effect studies are 
force probes at the atomic scale. The current experimental 
program utilizes this property of isotope effects to 
study liquid structure in simple atomic and molecular fluids. 
Measurements of vapor pressure isotope effects on simple 
solids (C02) is yielding information on the lattice energy 
and hindered rotation, and their changes on melting. Studies 
of the liquid vapor isotope fractionation factor for 
15NI60/11*NJl60 over a wide temperature range have delineated 
the specific contributions of dimerization, external translation 
and rotation, and internal mode coupling to the large isotope 
separation factor in this process useful for the production of 
enriched 15N and 1 80. 

A large body of data (computer) has been collected re
lating molecular forces and isotope effects in important proto
type molecules. These have led to a simplified statistical 
mechanical theory of end atom isotope effects. 



Scope of Activities 
During the past year we have relocated our experimental 

program from Lattimore Hall to Hutchison Hall, the new Chemistry-
Biology building at the University of Rochester. All facilities 
are again in operation with a significant improvement in the 
signal to noise ratio in many components as a result of the 
improved physical facilities. 

The experimental program continues to emphasize the deter
mination of vapor pressure isotope effects and liquid-vapor 
fractionation factors for which we have unique facilities. 
These measurements give important information on intramolecular 
forces, motion in condensed phases, the melting process, and 
coupling of external with internal motions in polyatomic mole
cules . 

During the current year we have completed the experimental 
investigations of 1 2C 1 60 2 - 1 3C 1 60 2 - 1 2C 1 80 2 (Z. Bilkadi, 
graduate PRF fellow, and M. W. Lee, post-doctoral fellow). The 
results have been analyzed in terms of the statistical mechanical 
theory of condensed phase isotope effects and utilize a wealth 
of known spectroscopic data on gaseous and solid C02. The theo
retical analysis is one of the most complete, if not the most 
complete, study to date of the VPIE in a polyatomic molecule 
as a consequence of the large body of available spectroscopic 
data. Excellent agreement is found with the experimental data. 

The liquid-vapor isotope fractionation factor for 
i5N160/1'*Na60 has been determined between 110-170°K (D. M. 
Eshelman, DuPont graduate fellow and F. Torre, Post-doctoral 
fellow). The fractionation factor, In a, has been found to 
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decrease monotonically from 3.0x10 to 0.7x10 in this tempera
ture range. Comparison with the temperature coefficient of the 
liquid-vapor fractionation factor of the argon isotopes, shows 
that the temperature coefficient of the NO fractionation factor 
is largely determined by the change in the dimer-monomer equili
bria in the liquid and saturated vapor as a function of tempera
ture. The first quantum calculation of Bigeleisen of the VPIE 
in NO has been extended to include zero point energy shifts in 
the internal vibrations, the detailed spectrum of the liquid 
dimer, translation and rotation of the dimer and higher order 
quantum terms. Detailed calculations show that there is extensive 
cancellation of all the effects other than the dimer forces in the 
liquid for which the first quantum correction is a very good 
approximation. 

The computing phase of the collaborative program with 
Professor T. Ishida of Brooklyn College, whose work is supported 
by AEC Contract AT(11-1)-3127, has now been completed. This 
research program has as its goal the correlation of isotope 
effects with molecular forces. The following prototype molecules 
are being studied: C02, H20, CH20, CH4, C2H4, C2Hg, and CgHg. 
Both H-D and "heavy" atom isotope effects are being studied. 
The results have led to a simplified statistical mechanical 
theory of isotope effects when isotopic substitution is at a 
terminal position. Extensive analyses of the computer results 
are in progress. Almost complete is a study of the relationship 
between molecular structure (forces) to the Bigeleisen-Mayer 
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function (total isotope effect) for H-D isotope substitution 
in these molecules. 

A study has been made of the radial distribution function 
and the direct and pair correlation functions for the Percus-
Yevick fluids (F. Mandel, post-doctoral fellow). The results show 

— 6 that correlation functions decay as r with an oscillatory 
behaviour for the dense fluid. The decay of the correlation 
function of the critical fluid is longer range than r . The 
form of the PY radial distribution function in the neighborhood 
of the critical point is functionally different from that at 
other temperatures and densities. 

A review of the published literature on equilibrium 
isotope effects for the period 1968-'72 has been prepared for 
Annual Reviews of Physical Chemistry (J. Bigeleisen, M. W. Lee 
and F. Mandel). Topics covered include reviews, books, mono
graphs, isotope separation, theory of chemical exchange equili
bria, calculations of the Bigeleisen-Mayer function, experi
mental measurements of chemical exchange equilibria, solvent 
isotope effects, isotope effects in phase equilibria, chroma
tographic and ion exchange isotope separation and isotope 
effects in physical properties. Some 250 publication papers 
were reviewed and analyzed. The study showed a significant 
effort in this field in the Soviet Union. U. S. scientific 
workers are not as knowledgeable about this work as they should 
be in part due to the publication of most of the Soviet work 
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in the Russian language and because of poor exchange between 
Soviet workers in this field with those in the western world. 
A medium of this exchange formerly existed through the "neutral" 
meeting grounds of the Leipzig conferences, which have now been 
abandoned. Efforts on the part of the U.S. scientific community, 
including AEC laboratories and contractors, would seem desirable 
and appropriate. It should be a source of considerable pride 
to AEC Division of Physical Research that a major portion of 
the principal advances reported in the survey were carried 
out with AEC support. 

The experimental program is now measuring VPIE of the 
-4 -4 

order of 10 and LVFF of 10 . To operate at this level a 
high level of performance is required of the experimental equip
ment. This technical support as well as detailed equipment 
design and some fabrication is provided by Mr. William Watson. 



Publications 

J. Bigeleisen. The Calculation of Some Isotope Separation 
Factors for Chemical Exchange, Distillation, Exchange Dis
tillation and Absorption using UFg(g). J. Inorg. and Nuc. 
Chem. 34f 2 5 0 5 (1972). 

F. Mandel. Calculations of the Isotope Separation Factor 
between Argon Liquid and Vapor., J. Chem. Phys.57, 3929-
3933 (19 72). 

Manuscripts in Preparation 
J. Bigeleisen and M. W. Lee. Relationship Between the Zero 
Point Energy of a Polyatomic Molecule and its Molecular \\ 
Structure. Z. Naturforschung, in press. 
F. Mandel. Critical Phenomena in Fluids. The Percus-Yevick (j/ 
Radial Distribution Functions. J. Chem. Phys., in press. 
J. Bigeleisen and T. Ishida. Isotope Chemistry and Molecular 
Structure. A Simplified Theory of End Atom Isotope Effects, 
In Preparation. 
J. Bigeleisen, M. W. Lee and F. Mandel. Equilibrium Isotope 
Effects. Annual Reviews of Physical Chemistry in press. 



Lectures and Talks 

Rochester Institute of Technology 
University of California, Irvine 
Gordon Research Conference on Chemistry • 

and Physics of Isotopes 
U.S. Atomic Energy Commission 

Headquarters 
Otto Hahn Institut for Nuclear Chemistry, 

Plenary Lecture 
Federal Research Administrators in 

Chemistry - Semi-annual Meeting 
(Germantown, Maryland) 

January 19 7 
June 19 72 

June 19 72 
August 19 72 

February 19 
April 19 73 



Professional and College Activities 

Professional Activities; 
Gordon Research Conferences: Pension Fund Trustee 
Visiting Committee - Carnegie-Mellon University 
National Academy of Sciences - Chairman, Chemistry 

Section; By-Laws Committee 
Division of Chemistry and Chemical Technology, 

National Research Council 
a. Executive Committee 
b. Committee on Major Computing Facilities 
c. Committee on Chemical Kinetics 

College Activities: 
Chancellor's Committee for the (Re)appointment 
of the Dean of the College of Arts and Science 



Ph.D. Theses Completed under the Supervision of Professor 
Jacob Bigeleisen, May 19 73. 

Zayn Bilkadi - "Vapor Pressures of Isotopic Carbon Dioxides" 
Donald M. Eshelman - "Investigation of Intermolecular Forces 

in the Condensed Phases of Krypton and 
Nitric Oxide." 


