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Introduc_|om

• This research program is designed to enhance our understanding of fluids contain.
ing long, flexible, chaln-llke molecules. The objective is to develop as1equation of state
which is capable of predicting the experlmentaily observed thermodynamic ptoperths, In,
duding ph a.se equllibrla, of fluids containing chain-llke molecules ranging in length from

-. aJkanes to polymers. The.theorlea resulting from this research c6uld eventuaily serve as the
' foundation upon which to build 'correlations of petroleum, natural gasj polymer solutloust

polymer melts and polymer blends.

The foundation for this work is the Generali_.ed Flory Dimer (GFD) theory, a simple_
physically-lntultive approach whose touchstone is the idea that equations of state for chain,
llke molecules can be assembled by inteUlgently c "' 'ommmng the equations of state £ot'the
segments and groups of segments comprising the chain. The Gener_zed Flory' Ditxter
theory and its predecessor, the Generalized Flory (GF) theory, rely on tvo key coneepts_
theinsertionprobabilityand theosmoticequationofstate.The InsertionprobabiIR_Is
theprobabilityof inserting& singlechainintoa chainfluidat& givervolumefraction,
The osmoticequationofstateisauexacteqttatlonwhichgivesthepressureof& chainfhdd
Intermsoftheinsertionprobability.The approachusedIntheOF and GFD theoriesh
toestimatethechaininsertionprobabilityintermsof'themonomer and dimerInsert|on

pfobabtUtlesand thento stlbstitutetheestimatedchaininsertionprobabilityintothe
osmoticequationo£statetoobtainthechainequationof stale.Sincethemonorne_and
dimer Insertion probabilities can be obtained from the monomer and dlmef equatlo_s ot
state, the GFD approach yields auxexpression for the chain equation of state in te_s o£
the monomer and dlmer equations of state.

The short term objectives of our original proposal to DO_ were: (1) to e_ead ttie
(_FD theory to fluld_ and fluid mixtures containing chaln-llk_ mohcuies which int_taet _a
_qtterewellattractionsaswellash_cleor_repuhions__d (2)todevelopa_e_meih6d
for the computer dmulat_ott at constant chemical potential ot flttlds and fluid la_t'i_a ',,

containing chxln-llke molecules _n narrow, pores. Belos¢ re give a status report _hleh
J J . . ,det_dlsour progresstowards theseobjechves, . :.:.. , .

• 'i' • 4

Prior to the stxrt date on our DOE funding, we completed work on _he devel0p_ettt ot
the new, c°ustant'chemlcal'P°tentlal computer simulation technique. This technlqtle _,u
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designedtostudytheequilibriumbetweenchainfluidsinbulkandchainfluidsinnarrow

pores(A.Yetklrajand C, K. EalltMolec.Phys.7...33,503(1991)).We havediscontinued
thisprojectsincewe haveai.readymetourobjective.We alsoextendedtheGFD theory
topurefluidscontainingsquare-wellchainmoleculespriortothestartdaleon ou_DOg

funding.(A.Yethlrajand C. K. Hall,J.Chem. Phys. gS,1999,8494(1991).)Th_,
we arettowfocussingon thesecondhalfofouroriginalfirstobjectivewhichisLoextettd
theGFD theorytofluidmixturescontainingsquarewellchains,Belowwe describeottt
progressthusfar.We alsoreporton someofournew projectswhichDOE hassupported
fullyorinpart.

Summary of Work Accomplished

1. ExtendingtheGFD Theoryto Square-WellChainMixtures

InordertoextendtheGFD theorytosquare-wellchaintnlxtures,we firsthad
tomake twoimprovementsinouroriginalversionoftheGFD theoryforhardchldn
mixtures.The firstimprovementwas toderivea new mixtureosmoticeqttafion
ofstatewhichallowsspeciestobe insertedslmultaneouslyinproportiontotheir
molefractions.The motivationforthiswas thattheoriginalversionoftheGFD
equationofstatedependedupon theorderofinsertingthetwo spedesintothe
chainmixture.The secondimprovementwastoextendtheGF theorytohardchain
mixt_escontainingspecieswhichdirerinsegmentsize.Thiswasdonsby ttsililgthe
Mansoorl,Carnahan,Starlingand Lelandhardspheremlxt_eequationofstateto
determinemonomerinsertionprobabilities.The GF equationofstateres_tlngfrom
thesetwoimprovementswastestedbycomparingthepredictionsforthepresageof
monomer/8-merhardchainmixtureswithcomptttersimulationtesuits.Sinceth_
accttracyofthesepredictionsiscomps=fbhtotheaccuracyoftheGF _quatlottof
state for'pure hard chains, we feel that we are on the tight track,

We axecurrentlyattemptingtoderivea GFD equationofstateforh_d ch_tt
mixturesco_tMningspeddswhichdifferinsegmentsize.TMs requiresgn eqU_tt|0n

6 6of stateformlxtuzesof harddimers,we sh=dleitherobtainthisfromthellt_t'at_Ot
develop0ttrown,OncetheGFD equationofstateforhardchainmJxttttescontltl_gi_
specieswhichdL_et'in_egtnent_izeIsde_eloped,ice_ tt_ethlsL_& bMilltt_bfl
whichLobtttlda GFD equationofstateformixt_esot aquaewellchaia _01_tle,

The work descrlbed above is the PhD tese_ch of Mi', John Wtchert_&_xt0ttrth.. .i;_.
year graduate student. '"."

.

,

2. Virial Coefficientsfor Chain-likeMolecules "

We havebeene,_gluatingthesecondv_rla_eoemdenttot'hard-chalnand Bqtt_e;
well chain fluids using a Monte Carlo approach, 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
ts based on mean-field arguments which implicitly assume that the fluid is u_fot'm,
Our go_t is to use second virial coefficient information as a low-denslty correction to
the GFD equation of state.

Thus far we have completed the evaluation of second vlrlal coemclents for h_d
chain fluids. Work on the second viri_ coemchnts for squ_e well chain fl_ds h_s
also been completed; a manuscript describing these results is being prepared fo_
publication.

This work is being done by Mr. Wichert.

3. IntegralEquationApproachesto ChainFluids

An alternative approach to the development of equations of state for chain
molecules is the polymer RISM theory. We have used tkls approach and Mont_
Carlo simulation to determine the segment-segment radial cllitributlon hnctlott ht
hard chain fluld_. The knowledge that we have gained in this study has assisted us
in the development of equations of state for square well chain fluids,

This workwas performed by Mr. Arun Yethlr_tj, a graduate student who received
hisPhD inMay 1991.

4. TransportCo_fficlenttfor FluidsContainln_Chain-likeMolecuht

A newobjectiveo_'ourprogramlatodeterm_eiftheGenerelisedFlory_pproltflt
can be used in the description of the tra_nsport propertle_ of chain fluids. As lt
first step, we _re pet-t'orm;ngintensive Monte Carlo slmulatlott_ of the sel_-dit_usi0tt
coeffident,theshear_md longitudlnaldscosltles,end thethermalconductivityht

hardchainfluidstangingirtlengthfrom2to16segments_ttvolumefractionsbet_,ee.
0.1 and 0.5,

Thls work is being performed by Mr. Steven Smltht a thi_d-ye_ PhD student
who isbeingsupportedby a DOE ComputationalSciencesGraduatefellowshlp,

Summary of Work Planned for June lt 1993 - May 31, 1994

Durlngtheperiod3ttneI,1993-May 31,1994,we expecttocompletethe£ollowffi_
tasks: ....

• . .,...

_,.' . ..
" . " i: ; '¢

1. GFD Theoryfor Squ_reWell ChainMixtures • _,i., ,_
"1. o'

..

Sincewe expecttocompleteworkOn theGFD theot'yforh_rdch_ ml_eg ..:
thlsspring,we willbeginwork on. extendingthlsto squ_e wellchainmixt_em '
thissummer.Thiswillinvolveboth_.tlalytlcalworks.ndcomputersffnulat|on#slld
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should be completed before the summer of '94. Once the theory ig complete, we
investigate the phase change behavior of these fluid mixtures.

2. GFD Approach to a Group Contribution Method

We a_e now beginning work on extending the GFD theory to heteronudeat
chain fluids,i.e.chainscontainingsegmentswhich differin si_e_d strengthof
attraction. The aim wiU be to use the GFD approach as a theoretical totmdati0nfoe'
developing a better group contribution method thaxt ha_ heretofore been p0sdbh.
Group contribution is a method in which the contrlbutlon_ _om segt_ents or _oupl

o 4o _ • o

ofsegments along the chMn are JtlCttcloUsty combined to develop thermodytt_e
properties for a molecular fluid. In our opinion, a. group contribution apptoRch
based on GFD would be more successfulthan the UNIQUA.C, UNIFAC, ASOG,
etc.,methods, becauseifhas a sounderfoundationinthe fundamentals,We bue

thisopinionon thefactthatthecurrentgroup contributionmethods _e g_o_ded
inlatticetheories,wh;ch arepoorincomparisonto simulationtesult_toeoff.htttlce

chains,whereastheGFD theoryisbasedon a continutttnapproacha_ttdi_v_r_good
incomparisontosimulationresultsforoff-latticechains.

3. Transport Properties _'orChain_

Once we have completed our slmulatlons work on tra:asport ptopertles o_hMd
chainfluld_,we wlUwrestlewiththeproblemofdeveloping;ttheorywhichs_ee__dth
thesimtdations.Oar hope isthatthetransportpropertiestor_tfluidofh_d eh_t

moleculescan be obtainedintermso{thetransportpropertiesofa fluidcont__

h_d sphere mohcuhs by using the building up approach o_ Generalized Fl0ry theory.
This work is going to be a real challenge.
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Publications Resulting from DOE Sponsored Research
3unc 1_ 1901- February 18_ 1993

Refereed J,o.urnals- Published

1. "Interaction Between Colloids in Solutions Containing Dissolved Polymer", A, Yethi.
_aj, C. K. Hall at_dR. Dickman, Journal of Colloid and Interface Sd. 151,102 (10O_).

2. "Monte Carlo Simulatlon_ _d Integral Equation Theory for Microscople Corr_latlons
in Polymer Fluids", A. Yethiraj and C. K. Hall, J. Chem. Phys. 9..._6,797 (1992).

3. "Monte Carlo Calculation of the Osmotic Second Virial Coemdence of OR'.Latt|ce

• . ' Atherma_ Polymers", A..Yethiraj, K. G, HonneR and C. K. Hall, Macromolecules
, 3go(lgo2).

4. "LocalCompositionModelforSquare-WellChainsUsingtheGeneralizedFlory=
DimerTheory",C. P.Bolds,M. D. Donohueand C. K. Hall,3.Phys.Chem,.O.._,
11004,1992.

RefereedJournals-In Press

1. "On EquationsofStateforHard ChainFluids",Molecu1_Physics(inpress),

2. "Equatlons o{ State for Square Well Chain Fluids Using the Generalized Flory Ap-
proach"_FluidPhaseEquilibria(inp_ess).
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