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Introduction:

. This research program is designed to enhance our understanding of fluids contain-
ing long, flexible, chain-like molecules. The ob jective is to develop an equation of state
which ig eapable of predicting the experimetitally observed thermodynamic ptoperties, in.
cluding phase equilibria, of fAuids containing chain-like molecules ranging in length from
alkanes to polymets. The-theories resulting from this research could eventually serve 1a the

foundation upon which to build correlations of petroleum, natural gas, polymer solutions,
polymer melts and polymer blends.

The foundation for this work is the Generalized Flory Dimer (GFD) theory, a simple,
physically-intuitive approach whose touchstone is the jdea that equations of state for chain.
liké molecules can ba assembled by intelligently combining the equations of state fot the
segments and groups of segments comprising the chain. The Generalized Flory Dimer

theory and its predecessot, the Generalized Flory (GF) theoty, rely ot two key coneaplar -

the insertion probability and the osmotic equation of state. The insertion probability ia
the probability of inserting a single chain into a chain fluid at a given volume fraction,
The osmotic equation of state is an exact eqiiation which gives the prassure of a chain flujd
in terma of the insertion probability. The approach used in the GF and GFD theotiss |s
to estimate the chain indértion probability in terms of the monomar and dimer insertion
ptobabilities and then to substitute the astimated chain insertion probability ints the
osmotic equation of state to obtain the chain equation of state. Since the monomer and
dimer insertion ptobabilities can be obtained from the motioter and dimer squatiots of
state, the GFD approach ylelds an expressiod for the chain equation of state in tesms of
the monomer and dimer equations of state. :

The short term objectives of our original proposal to DOE were: (1) to axtend the -

GFD theory to fluids and fluld mixtures containing chain-like molecules which intaract ¥ia

Bquare well attractions s well as hard cora repulsions, and (2) to develop a new mathed -

for the computet simulation 4t constant chemical potentidl of fluids and Auld raixtupas

totitaining chain-like molecules in narrow potes. Below we give a status report"ﬁhigh :

details our ptogress towatds these ob jectives,

Ptior to the start daté on out DOE funding, we completed work on thé develbpmeﬁt of
the new, constant-chemical-potential computet simulation technique. This technique was

MASTER

0!

DISTRIBUTION OF THIS DOOUMENT IS UNLIMITED-



w

designed to study the equilibrium between chain fluids in bulk and chain fluids in nattow
pores (A. Yethiraj and C. K. Hall, Molec. Phys. 73, 503 (1991)). We have discontinued
this project since we have alteady met our objective. We also extended the GFD. theoty
to pure fluids containing square-well chain molecules prior to the start date on out DOE
funding. (A. Yethiraj and C. K. Hall, J. Chem. Phys. 95, 1999, 8494 (1991).) Thus,
we are siow focussing on the second half of out original first objective which is to extetd
the GFD theory to fluid mixtures containing squate well chains, Below we deseribe sur
progtress thus far. We also tepott on gome of our new projects which DOE has suppotted
fully or in part.

Summary of Work Accomplished

1. Extending the GFD Theory to Square-Well Chain Mixtures

In order to extend the GFD theoty to square-well chain mixtures, we first had
to make two improvements in our otiginal version of the GFD theory for hard chain
mixtures. The first improvement was to derive a new mixture osmotic equation
of state which allows species to be inserted simultaneously in propottion to their
mole fractions. The motivation for this was that the original version of the GFD
equation of state depended upon the order of inserting the two species into the
chain mixture, The second improvement was to extend the GF theoty to hatd chain
mixtures containing species which differ in segment size. This was doné by usiig the
Mansoori, Carhahan, Starling and Leland hard sphere mixture equation of state to
determine monomer insertion probabilities. The GF equation of state resulting from
these two improvements was tested by comparing the predictions fot the pressute of
monomer/8-mer hard chain mixtures with computer simulation results, Since the
accuracy of these predictions is comparable to the accuracy of the GF equation of
state for pute hard chaing, we feel that we are on the tight track. |

We aré currently attempting to detive a GFD equation of state for hard chain
mixtures cortaining speciés which differ in segment size. This requires an squation
of state for mixtures of hard dimers} we shall either obtain this from the litaraturs of -

develop our own., Once the GFD equation of state for hard chain mixtutes containing -

species which differ in segment size is developed, we will use this as a basis tpen -
which to build & GFD equation of state for mixtures of square well chain moie‘eulee.

The wotk deseribed above 18 the PhD tesearch of Mt, John Wichert, 8 fourm- : :;‘ |

year graduate student,
2. Virial Coefficients for Chain-lika Molecules

We have been evaluating the second virial coefficient for hard-chain and squates
well chain Aluids using 2 Monte Catlo aApptoach. The motivation for this work is that
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the GFD theory is least accurate at low densities. This is not unexpected since it
is based on mean-field arguments which implicitly assume that the fluid is uniform.

Our goal is to use second virial coefficient information as a low-density cortection to
the GFD equation of state.

Thus far we have completed the evaluation of second virial coefficients for hard
chain fluids. Work on the second virial coefficients for square well chain fluida has
also been completed; a manuscript describing these results is being prepated for
publication.

This work is being done by Mr. Wichert.
3. Integral Equation Approaches to Chain Fluids

An alternative approach to the development of equations of state for ¢hain
molecules i the polymer RISM theory. We have used this apptroach and Monte
Catlo simulation to determine the segment-segment radial distribution function fot
hatd chain fluida. The knowledge that we have gained in this study has assisted us
in the developtment of equations of state for square well chain fluids.

This work was performed by Mr. Arun Yethiraj, & graduate student who recsived
his PhD in May 1991.

4. Transpott Coefficients for Fluids Containing Chain-like Molacules

A new ob jective of out program is to determine if the Generalized Floey approach
cani be used in the description of the transport properties of chain fluids. As a
first step, we are petforming intensive Motite Carlo simulatiotis of the self-diffusion
coefficient, the shear and longitudinal viscosities, and the thetmal conductivity for

hard chain fluids ranging in length from 2 to 16 segments at volume fractions betwean
0.1 and 0.5. '

This work i¢ being performed by Mr. Steven Smith, a third-yeat PhD student
who is being supported by a DOE Computational Sciences Graduate fellowship.

Summary of Work Planned for June 1, 1093 - May 31, 1994

During the period June 1, 1993 - May 31, 1994, we expect to complete the followitig -
tasks: S

1. GFD Theory for Square Well Chain Mixturas

Since we expect to completé work on the GFD theory for hard cﬁain mletures
this spring, we will begin work on extending this to square well chain mixtures
this summer. This will involve both analytical work and computer simulation, and



should be completed before the summer of '94. Once the theory is complete, we will
investigate the phase change behavior of these fluid mixtures.

. GFD Approach to a Group Contribution Method

We are now beginning work on extending the GFD theoty to hetetonucleas
chain fluids, i.e. chains containing segments which differ in size and strength of
attraction. The aim will be to use the GFD approach as a theoretical foundation for

developing a better group contribution method than has heretofors been possible,’

Group contribution is a method in which the contributions from segthents or gtoups
of segments along the chain are judicicusly combined to develop thermodynamie
properties for a molecvlar fluid. In our opinion, & group contribution apptoach
based on GFD would be more successful than the UNIQUAC, UNIFAC, ASOQG,
etc., methods, because if has a sounder foundation in the fundamentals, We basa
this opinion on the fact that the current group contribution methods are gtounded
in lattice theories, which are poor in comparison to simulation results for off-latiice
chains, whereas the GFD theory is based on a continuum approach and is véry good
in comparison to simulation results for off-lattice chains.

. Transport Properties for Chains

Once we have completed our simulations wotk on transport properties of hatd
chain fluide, we will wrestle with the ptoblem of developing 4 theory which agrees #ith
the simulations. Our hope is that the transport properties for a fluid of hard ehain

molecules can be obtained in terms of the transpott properties of a fluid containing

hard sphere molecules by using the building up approach of Generalized Flory theoty.
This work is going to be a real challenge.
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Publications Resulting from DOE Sponsored Research
Junte 1, 1991 - Febtuary 18, 1993

Refereed Journals - Published

1. “Interaction Between Colloids in Solutions Containing Dissolved Polymer®, A, Yathi-
t4j, C. K. Hall and R. Dickman, Journal of Colloid and Interface Sei. 151, 102 (1992).

2. "Monte Carlo Simmulations snd Integral Equation Theory for Microscopie Cotralations
in Polymer Fluids”, A. Yethiraj and C. K. Hall, J. Chem. Phys. 98, 797 (19802).

3. *Monte Carlo Calculation of the Qsmotic Second Viriai Coefficience of Off-Lattice

Athermal Polymers”, A. Yethiraj, K. G. Honnell and C. K. Hall, Macromoleeulas 25
3979 (1992). :

4. “Local Composition Model for Squate-Well Chains Using the Generalized Flory-
Dimer Theory”, C. P. Bokis, M. D. Donohue and C. K. Hall, J. Phys. Chem. 96,
11004, 1992,

Refereed Joutnals - In Press
1. “On Equations of State for Hard Chain Fluids”, Molecular Physics (in press), |

2. “Equations of State for Square Well Chain Fluids Using the Genetahzed Flory Ap-
proach”, Fluid Phase Equilibria (in press).
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