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Polystyrene, polybutadiene, polyisoprene, and their diblock copolymers can form compressible homogeneous
solutions in propane that separate upon decompression into a solvent-rich phase and a polymer-rich phase. If
the styrene block is large enough, the diblock copolymers can also form a pressure-tunable micellar nanophase
that exists below the micellization pressure but above the cloud-point pressure. The onset of micellization
and cloud-point transitions can be realistically estimated within a statistical associating fluid theory (SAFT1)
framework using universal SAFT1 parameters characteristic of the segment volumes and segment energies,
except for the segmensegment interaction energy between the two blocks, which requires an adjustment to
account for different types of cloud-point and micellar transitions.

Introduction In order to extend SAFTL1 to real block-copolymer solutions,
one could hypothesize that micelle formation is a kind of
nanophase equilibrium involving a bulk solvent-rich phase and
a copolymer-rich micellar phase, as the micelles, including their
cores! contain solvent molecules. This hypothesis is different
from a so-called pseudophase model of micellar aggregétion,
where the copolymer clusters, not the copolymer molecules in

Block copolymer molecules can be designed to consist of
two or more blocks of segments with distinctly different
affinities to a solvent. In dilute solutions, if the solvent is
selective enough for the different blocks that belong to the same
block-copolymer molecules, these molecules can form spherical

micellest which consist of a solvent-phobic core and solvent- . i g ;
P the micellar phase, are in the state of equilibrium with the

hilic corona. This capacity to self-assemble into micelles has = . L X
b pacty unimers, that is, the individual copolymer molecules, in the

led to extensive research on and numerous practical applications : .
of block copolymerg3 Nearly all literature data are on their solvent-rich phase. While these models can account for the onset

dilute solutions in relatively incompressible liquid solvehts. Of. m:lcelltt-? fotrmatlfon, they clan?ot_texpllcnly gc%ount fOL.ﬂ;]e.
Colina et aP qualitatively estimated cloud points and critical tmhlce f \s/i;uc ur?’ ?If] erx?er fi, orits i'ze ar:j rs1 i";lpef’ \;]V t'IC nlsl
micelle densities from the osmotic pressure in supercritical € province ot other theories, such as densiy functiona

15
carbon dioxide using a statistical associating fluid theory theory:
(SAFT) with averaging rules for the block copolymer. Another
example of using SAFT for approximating amphiphilic mixtures

is a sphere-and-bond formalishwhich however is not ap- The cloud-point experiments, using transmitted-light intensity,
plicable to real systems yet. . and the micelle formation and decomposition experiments, using
In a recent work, both bulk cloud-point pressures and  gcattered-light intensity, are carried out in a variable volume
micelle-formation pressures were measured for polystyrene- titanium cell equipped with sapphire windows and optical
block-polyisoprene in propane. That work suggested that the fipers that connect it with the detector and lasers (wave-
isothermal micelle-formation pressure curves, consistent with lengths of 632.8 nm and 488 nm, respectively). This experi-
the isobaric micelle-formation temperature curves, are reminis- jmeantal setup, tested at pressures up to 2,000 bar, is shown in

cent of the corresponding cloud-point curves. The goal of this Figyre 1. Test results and a detailed description were reported
work is to take additional experimental data, for polystyrene- preyiously8

blockpolybutadiene and polystyreidsckpolyisoprene in pro-
pane, to understand the underlying thermodynamic forces within
the mean-field framework of statistical associating fluid theory
(SAFT1Y that builds on a copolymer SAFT concept originally
proposed by Banaszak et!élto account explicitly for hetero-
nuclear chains using segment fractions and bond fractions.
Banaszak’s approach was confirmed with simulation data, for
example, for pure hard-chain copolym€rand Lennard-Jones
copolymerst? Its numerous applications have been reviewed
by Spyriouni and Economots.

Experimental Section

The homopolymers and diblock copolymers used in this work
were purchased from Polymer Source, Inc., except fobPS-
PBD (9-23), which was generously provided by Professor
Jimmy Mays (University of Tennessee at Knoxville). Their
properties are given in Table 1.

PBD and PiP homopolymers and their blocks are of the 1,4-
addition type, as shown in Figure 2.

SAFT1 Model and Its Parameters.The residual Helmholtz
energy of these polymers and of their compressible solutions is
approximated with a copolymer version of SAFT referred to as
t Part of the “Keith E. Gubbins Festschrift”. SAFT1® As it is common for the SAFT models, this ap-
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Figure 1. High-pressure transmitted- and scattered-light intensity cell.
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Figure 2. Repeating units.

segments of like and unlike molecules. Since the polymers used
in this work are nonassociating, the dimensionless residual

Helmholtz energy can be written as

éres: ahs 4 adlSp 4 acham

(1)

Tan et al.

for ethane and ethylene and labelednd g, respectively. As

it has been done before, the SAFT1 parameters can be estimated
from simple but reliable molecular weight correlations. For
example, for segment, the SAFT1 parameters are estimated
as follows?

m, = 0.023763V, + 0.618823 (2a)
m,v, "’ = 0.599110M, + 4.640260 (2b)
m,u,”/k = 6.702340M,, + 19.67793 (2¢)

m,A, = 0.039308M, + 1.104297 (2d)

The molecular weight of segments can be calculated as a
fraction of the polymer number-averaged molecular weldht
M, = (28/54M, 3)

The fraction in eq 3 reflects the PBD repeating unit structure
in Figure 2, the molecular weight of which is 54 (4 carbon atoms
and 6 hydrogen atoms). Segmentonsists of 2 carbon atoms
and 4 hydrogen atoms, while segmghis the remaining part
with the double bond.

In SAFT1, the total segment number of the whole polymer
molecule is obtained from eq 2a by replaciig, with M.
Therefore, for PBD, the number of segmefits

m, = 0.023763/, )

M, = (26/54M, 5)

Since segmente. and 5 are similar in size, we use eq 2b to
calculate the segment volume pffrom

The superscripts mean the residual, hard-sphere, dispersion,

and chain terms, respectively. Detailed derivations and defini-

tions are documented elsewhé&réhe advantage of SAFT1 is
that it explicitly accounts for different types of segments in a

single molecule and hence explicitly accounts for composition
of heterosegmented molecules, such as random and block

copolymers, as proposed by Banaszak é Biven though this
copolymer SAFT approach does not explicitly account for the
exact position of each segment in the molecule, it can implicitly

Y

myu,”° = 0.5991104, + 4.640260 (6)

The segment energy of segmehtwhich is different from
that of segmendy, is adjusted to match the experimental cloud-
point data; theys® andA; correlations are presented in Results

and Discussion.
Having estimated the segment parameters, one needs to

but quantitatively account for the copolymer blockiness through €Stimate the fraction of each segment,

bond fractions, as described below.

As SAFT1 uses square-well potential for the dispersive
energy, it requires four parameters to characterize segment
in real molecules: the segment numbgy, the segment volume
v, the segment energy,’, and the square-well width
parameterl,.

HomopolymersThe PBD (1,4 addition) homopolymer has
two alternating chemical groups;CH,—CH,—, the same as
in polyethylene, and-CH=CH—, as shown in Figure 2. These

Yo = M/ (M, + M) (7a)

vp = mgl(m, + my) (7b)

and the fractions of the like- and the unlike-segment bonds.
Even though the chemical groupsCH,—CH,— and —CH=
CH— alternate along the backbone, the corresponding SAFT1
segmentsa. and 5 do not strictly alternate and hence they

two chemical groups are approximated with SAFT1 segments lead to small fractions of like-segment bondg,, and Bgg.

TABLE 1: Polymers Used in This Work

polymer abbreviation Mn2 (x 1000 g/mol) polydispersity indéx
polybutadiene PBD 58; 18; 8.8;5.3; 1.75 1.05; 1.04; 1.04; 1.04; 1.1
polyisoprene PiP 76.5; 30;10.1; 3 1.07; 1.04; 1.04; 1.06
polystyrene-block-polybutadiene RSPBD 9.4-9; 5.4-5.35; 9.1-65; 28.4-13.6 1.03; 1.03; 1.04; 1.03
polystyrene-block-polyisoprene RE&PIP 9-23;11.5-105 1.01;1.04

aM, = number-averaged molecular weigh®olydispersity index= My/M,; M,, = weight-averaged molecular weight
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TABLE 2: SAFT1 Segment Parameters TABLE 3: Binary Interaction Parameters
segment m 2% [cc/mol] u%k [K] A binary
e (K fi

o eq 2a eq 2bleq 2a eq 2cleq 2a eq 2d/eq 2a parameters  temperature dependefce (K]) reference
B eq4 eq 6/eq 4 eq l6a/eq 4 eq 16b/eq 4 Kas 0.02939-6.0x 10°°T 18
C eq 10 15.039 eql7a 1.7827 Kss 0.01026+ 5.2143x 10°°T this work, eq 16¢
pa X 19.958 248.660 1.6614 kes —0.0037—5.27x 10°5T this work, eq 17b
S 1.667 18.492 193.223 1.6914 kps 0.04697—3.9x 10°5T 17

ksp 0.033 this work, eq 18

2 From ref 17;° From ref 9; K]: the total segment number for PS is
the same as that estimated from the polyethylene correlation. Hence,gressures for PS- propane solutions, along with a binary

the branch segment number is the difference between its total segmen -propane parameter. These parameters are tabulated in Tables
number K] and its backbone segment number.

2 and 3.
All of these bond fractions, like and unlike, are calculated as ~ Equations 2ad are still valid for segments, but now with
foll :
oflows M, = (27/104M, (14)
_my 1 _ ) . .
Boo —(4—/3)((4/3)— D=1 (8a) where 104 is the molecular weight of the PS repeating unit.
My ? While the segment fractions can be estimated from eq 7a,b, but
m, 1 with subscript P instead gf, the bond fractions have new
= - 1) formulations:
By = T 27514578 l)ma T o1 (8b)
__ M1
Bus=1— By — By (8c) Byo = m (15a)
where the denominatan, + mg — 1 is the total number of m
bonds in each molecule, 4/3 is the segment number of ethane, Bpp= 1 (15b)
and 1.4758 is the segment number of ethylene, derived in this 1.954m, + m, — 1

work, as usual, from its vapor pressure and saturated liquid h is th ber for bens&iia
volume6 Therefore, each ethane segment contributes 4/3  Where 1.954 is the SAFT1 segment number for benzéfae

1) = 1/3 of aa bond, and each ethylene segment contributes unlike-_segmgnt bond fractioByp, is calculated from eq 8c with
(1.4578— 1) = 0.4578 off3f bond. subscript P instead ¢f. .

In each repeating PiP unit, we have an additional methyl The binary interaction energies between polymer segmgnts
branch (segment C), which leads to 3 segments for lel&nd and solvent segments require parameters °°mm°r_"y ol_)talned
B, as in PBD, and C. The parametef§ and for C are taken from cloud-point data for polymer solutiotis® and given in
to be the same as those for methane. Its enafgg derived Table 3. The binary parameters obtained in this work are also
from the experimental cloud-point dzl;lta and hence will be presented in Results and Discussion. The binary parameters for
presented in Results and Discussion. the like segmentsyo. and 53, are set equal to zero.

The number of PiP segments per molecule is calculated from bl BIECk Copog/merfﬁch colpolylmer mpl(;cult? consristslof ENQ
egs 2a and 4 as follows: ocks, A and B. The molecular weight of eac ock is

determined experimentally. The segment parameters are analo-

M, = (28/68M, (9a) gous to those for the corresponding homopolymers, that is, there
are four sets of segment parameters forlP@BD (two sets
M; = (25/68M, (9b) for the PS block and two sets for the PBD block) and five sets

for PSbH-PiP (two sets for the PS block and three sets for the
This is because the PP repeating unit shown in Figure 1 has aPiP block). The segment and bond fractions are calculated with
molecular weight of 68. Then the segment number of type C is respect to the whole molecule.
simply: Since the copolymers studied in this work are relatively large,
the single block-block bond (A-B bond) is crucial in keeping
mc = 0.023763MIc (10) the two blocks together, but it contributes very little to the
SAFT1 chain term. As the copolymer is a species with properties
Mc =M, — M, — M; = (15/68M, (11) significantly different from those of the individual blocks, this
A—B bond contribution to the chain term alone, therefore, is
not enough to differentiate the copolymer from a corresponding
mixture of homopolymers A and B, and specifically it is not
(12) enough to account for the reduced dispersive energy of
interaction between the segments that belong to different blocks,
While eq 8a and eq 8b are still valid for the like-segment compared with the corresponding homopolymers. One way to
bond fractions, the unlike-segment bond fractions must be account for this is to reduce the dispersive energy of interaction
derived from the repeating unit structure; there are twice as manybetween the segments that belong to different bloglkand P

The corresponding segment fractions for segmerdsdg are
calculated from eq 7a,b with an expression for C as follows:

Ve=1—va— Vg

a3 bonds ag3C bonds: in this case, relative to the segmeisblvent interaction energy,
using a binary parametekgp, as follows:
B,;=2Bs;.=(2/3)(1— B, — Bgy) (13)
o pC oo Bp
Ugp = y/Uglip(1 — Kgp) (16)

A similar approach was fouréto work for the PS molecules.
PS has two types of segments, thatdsand P (the phenyl  Thisksp parameter is derived from one set of copolymer cloud-
group). Segment P was approximated with benzene, except forpoint data, as illustrated in Results and Discussion, and used
the segment energy, which was derived from cloud-point without readjustment for all other cloud-point data.
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TABLE 4: Cloud-Point Pressures of PBD in Propane micelle, with a solvent-philic corona and a solvent-phobic core,
(Figure 3) is known to contain some solvehiye approximate its state
M, =58000 M,=18000 M,=8800 M,=5300 M,=1750 with a state of phase equilibrium, where the micelles form a
p P p P p solvent-lean but copolymer-rich nanophase dispersed and
TIK] [bar] T[K] [bar] T[K] [bar] T[K] [bar] T[K] [bar] coexisting in equilibrium with a solvent-rich copolymer-lean

2934 8721 293.1 4951 293.1 267.9 2931 985 353.0 349 continuous phase. o o -
313.3 753.6 303.2 470.2 303.2 265.2 303.2 112.7 373.0 67.1 Insuch ananophase equilibrium approximation, the transition

3532 6413 313.2 453.1 313.2 266.3 313.2 126.3 3932 94.9 from a disordered homogeneous solution to a micellar solution
393.2 598.1 333.2 4353 3333 2757 333.1 153.6 413.1 116.8 jyjies that the individual blocks stay together in pairs that form

4330 5853 3531 427.9 3532 289.3 3532 1804 4330 1357 | lecules. b 7 their original affiniti
4529 5797 373.0 428.8 3732 3043 3732 205.7 the copolymer molecules, but retain their original affinities to

393.3 434.1 393.1 320.5 393.0 229.4 the solvent. In other words, we need to enforce the block pair

413.2 4409 413.1 3353 413.1 250.0 stoichiometry, but allow the blocks to interact with each other

433.2 447.6 433.2 348.8 433.2 267.2 in the presence of the solvent as if they did in an unbonded
homopolymer state. This means that there is no need to adjust

TABLE 5: Cloud-Point Pressures of PiP in Propane (Figure . A . .
4) P (Fig the block-block dispersive interaction energy relative to the

M = 76500 M = 30000 Mr = 10100 M = 3000 bIock—soIvent_ dlspers_l\_/e interaction energy (as we do fqr the
bulk cloud-point transitions), and hence thg parameter will

T[K] Plbar] TI[K] Plbar] TI[K] Plbar] T[K] P[bar] be set equal to zero.

2935 366.4 2933 2522 2932 956 3333 56.0 A practical advantage of such a nanophase equilibrium

3134 3651 3132 2664 3131 130 = 3539 893  zpproximation is that one can use the well-established bulk phase

3535 384 3545 3043 3533 1928 3733 1212 : .
3037 4124 3939 3396 3735 2186 3934 146g equilibrium calculation procedures to describe both the nanophase

4333 4362 4336 3723 3934 2461 4133 169.2 Pphase transitions (whege = 0) and the bulk cloud points (when

453.4 382.1 4335 286.7 4332 1814 k/;p = 0).
453.0 301.7 4531 1925

TABLE 6: Cloud-Point Pressures of PSb-PBD (Figures Results and Discussion

5-7) and PSb-PiP (Figure 8) in Propane Homopolymer in Propane. The experimentally determined
Figure 5 Figure 6 Figure 7 Figure 8 properties and SAFT1 parameters for PS in propane scgjltljjtions
used in this work are the same as those reported previdusly.
T[4 Piba TIK] Plbad TIK Pibal TiK] Plbar The properties and SAFT1 parameters for the other homopoly-
ggg'l 10978 3032 637.7 3032 9870 2932  489.7  \norg solutions are determined in this work. The experimental
.1 10084 3130 5638 3132 8685 313.2 410.6 e : .
3132 9323 3333 4809 3331 737.3 13332 3818 datataken in this work are tabulated in Tables74 Figure 3
3332 7620 353.6 4411 3532 6789 3532 3762 shows the experimental and calculated cloud points of PBD in
353.2 6421 3928 4172 3732 6441 373.0 3783 propane, upon fitting ous®, A5, and the binary interaction
8734 5824 4332 4191 3932 6226 3932 3826 pargmeter between segmgrin PBD and solvent Sks), with

393.1 5474 451.6 4324 4132 6088 4132 3788 o .
4131 5292 4332 5993 4330 13836 (he average absolute deviation (AAD) of about 5 bar. This

4332 516.9 4532 575.8 453.0 23848 fit can be represented by simple empirical expressions as
4532 5074 follows:

Micellization Hypothesis. The experimental cloud-point data MU’k = 5.78V; — 914.720 (17a)
for the homopolymers suggest that propane is a stronger solvent
for PBD and PiP (it requires lower pressure to dissolve them) Mgd; = 0.0399M; + 0.6045 (17b)
and a weaker solvent for PS (it requires higher pressure to
dissolve it). Therefore, propane is expected to be a selective kss = 0.01026+ 5.2143x 10°T[inK] (17¢c)

solvent for the corresponding diblocks. If the difference in its
affinity to the two blocks is large enough (if it is selective These expressions will be used in all other calculations in this
enough), propane can lead to micelle formation. Since eachwork, without further readjustment.

TABLE 7: Cloud-Point Pressures and Micellization of PSh-PBD (Figure 9) and PSbk-PiP (Figure 10) in Propane (the Latter
Measured in Ref 8)

Figure 9 cloud points Figure 9 micellization Figure 10 cloud points Figure 10 micellization
T[K] P [bar] T[K] P [bar] T[K] P [bar] T[K] P [bar]
293.4 1080.9 358.0 1556.7 293.1 451.2 333.2 1002.0
303.2 981.8 363.7 1420.1 313.1 438.0 328.0 1002.1
313.2 922.2 3735 1225.2 333.2 441.8 393.8 551.4
322.9 893.3 3734 12429 353.1 451.8 395.0 555.8
332.9 867.5 383.3 1106.3 373.1 471.6 323.3 1165.6
353.3 812.6 393.3 1017.4 413.0 502.5 323.2 1092.5
373.2 780.2 403.2 943.5 453.3 504.6 348.1 787.3
393.2 755.8 413.1 894.3 348.1 767.5
413.3 739.0 423.0 850.2 372.7 680.3
433.1 728.2 433.1 890.0 372.9 639.3
452.9 724.1 372.9 616.0

373.0 639.6
373.0 611.4
333.0 948.1

333.0 901.5
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propane.
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Figure 4. Cloud points of PiP (0.5 wt %) in propane. Figure 6. Cloud points of PS, PBD, and symmetric BSBD

(0.5 wt %) in propane.
Figure 4 shows the experimental and calculated cloud points
of PiP in propane, upon fitting af-° and the binary interaction =~ The PBD cloud points are calculated using the parameters
parameter between segment C in PiP and solvent segment Sbtained in this work, while the PS cloud points are calculated
(kcs), with the average absolute deviation (AAD) of about 9 using the parameters obtained by Tan €t’dor the diblock,
bar. This fit can be represented by simple empirical expressionsthe SAFT1 parameters are taken from the previous correlations,
as follows: without further readjustment, except for a binary parameter that
adjusts the interaction energy between segmgmsPBD and
ucolk = 146.9126 [K] (18a) segments P in P&4p), which is derived from the experimental
cloud-point data with AAD of 15 bar. The value for this
kes= —0.0037— 5.27x 10 ° T[in K] (18b) parameter happens to be a constant:

Diblock Copolymer in Propane. Not all diblock copolymers kgp = 0.033 (19)
used in this work exhibit micellization. If the PS block is not
large enough relative to the other block, micelles cannot be In order to test its physical significance, this parameter is
formed. This is because the difference of the bles&lvent used to predict the properties of other BHBD systems,
affinities, and hence the solvent selectivity, is not sufficient to without further readjustment. The results are presented in Figure
form micelles. 6 for PSh-PBD with a molecular weight different from that in

Such diblock systems that do not exhibit micellization are a Figure 5 and in Figure 7 for a P$PBD that is strongly
convenient starting point for a SAFT1 analysis. Figure 5 shows asymmetric. In both cases, the SAFT1 predictions turned to
experimental and calculated pressttemperature cloud points  capture the experimental curves realistically.
for a PSb-PBD diblock as well as the corresponding block- For an asymmetric P8-PiP system shown in Figure 8, with
forming homopolymers. Their molecular weights are shown in a relatively large PiP block, as expected, no micellization is
parentheses. As expected, the cloud-point pressures of theobserved. The cloud-point predictions shown in Figure 8,
diblock fall between those of the corresponding homopolymers. without any fitting, are less accurate than those for thebPS-
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Figure 10. Cloud points and micellization of P&PiP (0.5 wt %) in
propane (experimental data are taken from our previous $vork

temperatures, where the cloud points means a conventional
PBD systems, but they are realistic, including the proximity of transition from a disordered homogeneous solution to a bulk
the diblock curve to that of the large PiP curve. two-phase system.

When the PS block is large enough to form micelles, the  Fipally, in order to verify the micellization hypothesis,
measured diblock cloud-point pressures, shown with open circlespamely, that the onset of micelle formation can be approximated
in Figures 9 and 10, are overestimated by SAFT1. This is shown 55 4 nanophase separation (a transition from a homogeneous
with & solid curve predicted with the same value of the binary sojytion to a micellar solution), we predict it using the same
interaction parametelsp = 0.033 as that used to predict the  SAFT1 parameters as those used to calculate all of the other
onset of the bulk two-phase separation starting from a homo- ¢|oyd-point transitions, except fég that is set equal to zero.
geneous solution. This is because the experimental cloud pointstpe calculated results, shown as dotted curves in Figures 9 and
in Figures 9 and 10 have a different physical meaning, namely, 10, capture the experimental micellization points, shown as
they represent the onset of a bulk two-phase separation startingsquares in Figures 9 and 10. While such mean-field calculations
from a micellar solution instead. The bulk-phase separation cannot shed light on the micelle structure, they can be used to
pressure is lower for the micellar solution compared with that estimate the onset of micellization, which is an important
of the homogeneous solution because of a corona—stabiIizingtechnmOgy issue in designing processes to make micellar

effect. In other words, propane is a better solvent (requires lower nanoparticles, such as those used for drug and gene delivery.
pressures) for the micelles than it is for the corresponding

homogeneous solution. This effect could be captured by Conclusion

revisiting theksze parameter to match the measured micellar-

solution cloud-point pressures, but this correction is not a trivial ~ Polystyrene, polybutadiene, polyisoprene, and their diblock

and requires more work. copolymers can form compressible homogeneous solutions in
As expected, the homogeneous-solution predictions, kyith propane that separate upon decompression into a solvent-rich

= 0.033, become realistic above the micelle decomposition phase and a polymer-rich phase. If the styrene block is large
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enough, the diblock copolymers can also form a pressure-tunableOthers

micellar nanophase that exists below the micellization pressure 5
but above the cloud-point pressure. The onset of micellization
and cloud-point transitions can be realistically estimated within

a statistical associating fluid theory (SAFT1) framework using
universal SAFT1 parameters characteristic of the segment
volumes and segment energies, except for the segrsegment
interaction energy between the two blocks, which requires an
adjustment to account for different types of cloud-point and

micellar transitions.
B
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dimensionless Helmholtz energy
average absolute deviation

z (Pcalc_ F)exp)2

n

AAD=

Pcaic = calculated pressuréle, = measured pressure;
n = the number of experimental points

the fraction of a bond type in the molecule

the fraction of a segment type in the molecule

Boltzmann constant

binary interaction parameter between segmiemtnd
segmeni

number-averaged molecular weight

absolute temperature [K]

ogy that inspired early SAFT applications.

Glossary

Polymers

PBD Polybutadiene

PiP Polyisoprene

PS Polystyrene

PSb-PBD  PolystyrendslockPolybutadiene
PSb-PiP Polystyrenédslock-Polyisoprene

Segment-Type Subscripts

segment type of “C—C—"in PBD, PS, and PiP
segment type of “C=C—" in PBD and PiP
segment type of methyl branches in PiP
segment type of phenyl branches in PS
segment type of the solvent

MW T O™R

SAFT1 Parameters

m segment number
u segment energy
% segment volume

A square-well width parameter
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