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Supplementary Material 

"Coarse-grained modelling of the effects of chain length, solvent quality, and chemical defects 
on the solution-phase morphology of MEH-PPV conjugated polymers" 

	  

	  

Figure S1. Chemical structures of an MEH-PPV (both with and without a saturation defect) monomer, a 
PPV monomer, and a tetrahydrofuran (THF) molecule. Atoms of different types are labelled with different 
numerical suffixes. Note that atom types C1* and C2* in MEH-PPV and PPV are simply C1 and C2 
respectively in all monomers except for the end monomers, where the chains are terminated by hydrogens 
and the partial charges on the carbon atoms are adjusted to ensure monomer charge neutrality. Details of 
each atom type are given in Table S2.  
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Table S1. Interaction potential functions used in the OPLS-AA force field for the atomistic simulation 
models for bonded (bond stretching, angle bending, and torsions) and non-bonded (Lennard-Jones (van der 
Waals) and Coulombic) terms. 

Intra-/ intermolecular potential functions Notation 

Bond length 

(bond stretching) 

!bond ! = !b ! − !! ! Kb : (force constant)/2 

!!: equilibrium bond 
length 

Bond angle 

(angle bending) 

!angle ! = !θ(! − !!)! !θ: (force constant)/2 

!!: equilibrium bond 
angle 

Dihedral angle 

(torsion)A 
!dihed ! =    !! cos! !

!

!!!
 

 

!!: constants 

Non-bonded 
(Lennard-Jones (LJ) + 
Coulombic)B 

!nb ! = 4!!"
!!"
!

!"
−

!!"
!

!
+

1
4!!!

!!!!
!

 
!!", !!": LJ parameters 
between atom types i & j 

  qi, qj: partial charges on 
atom types i & j  

r: inter-particle distance 

A The parameters in this equation are related to those in the conventional form of the dihedral potential in the 
OPLS-AA force field,   

!dihed ! =   !!
!
1 + cos! + !!

!
1 − cos 2! + !!

!
1 + cos 3! + !!

!
(1 − cos 4!), 

by 

!! = !! +
!! + !!

2
;   !! =

−!! + 3!!
2

; !! = −!! + 4!!    ;     !! = −2!!    ;     !! = −4!! 
B Parameters for heteronuclear Lennard-Jones interactions are obtained using the combining rules  

!!" = !!!!!! ,    !!" = !!!!!!. 
Non-bonded interactions are zero between atoms separated by less than 3 bonds and are half their normal 
value for atoms separated by 3 bonds; otherwise they are normal. LJ interactions are cut off at 12 Å.   



	   3	  

Table S2. Non-bonded interaction parameters (LJ diameter σ, LJ interaction strength ε, and partial charge q) 
from the OPLS-AA force field for the atomistic simulation models for MEH-PPV, PPV, and THF. The 
OPLS-AA atom types used for defining bonded interactions is also given.  

MEH-PPV 

Atom Type OPLS-AA Type Mass (amu) σ (Å) ε (kcal mol-1) q (e) 

C1A CA 12.011 3.550 0.070 0.000 

C2B CM 12.011 3.550 0.076 -0.115 

C3 CT 12.011 3.500 0.066 -0.180 

C4 CT 12.011 3.500 0.066 0.110 

C5 CT 12.011 3.500 0.066 -0.120 

C6 CT 12.011 3.500 0.066 -0.060 

C7 CT 12.011 3.500 0.066 0.140 

C8 CA 12.011 3.550 0.070 -0.115 

C9 

C10 

CA 

CT 

12.011 

12.011 

3.550 

3.500 

0.070 

0.066 

0.085 

0.080 

H1 HC 1.008 2.500 0.030 0.030 

H2 HC 1.008 2.500 0.030 0.060 

H3 HA 1.008 2.420 0.030 0.115 

H4 HC 1.008 2.420 0.030 0.115 

O1 OS 15.999 2.900 0.140 -0.285 

O2 OS 15.999 2.900 0.140 -0.400 
A C1* in end monomers has a partial charge of -0.115e (equivalent to C8) and is bonded to a H3 hydrogen. 
B C2* in end monomers has a partial charge of -0.230e and is bonded to another H4 hydrogen.  
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Table S3. Bond and angle parameters defined by the OPLS-AA force field for the atomistic simulation 
models. 

Bond Kb (kcal mol-1 Å -2) l0 (Å) Angle Kθ (kcal mol-1rad-2) θ0 (deg.) 

CT-HC 340.00 1.090 HC-CT-HC 33.00 107.80 

CA-HA 367.00 1.080 CT-CT-HC 37.50 110.70 

CA-OS 450.00 1.364 CT-CT-CT 58.35 112.70 

CT-OS 320.00 1.410 CM-CM-HC 35.00 120.00 

CT-CT 268.00 1.529 CA-CM-HC 35.00 123.30 

CA-CA 469.00 1.400 CA-CM-CM 85.00 117.00 

CM-HC 340.00 1.080 CA-CA-CM 63.00 120.00 

CM-CM 549.00 1.340 CA-CA-CA 63.00 120.00 

CA-CM 385.00 1.460 CA-CA-HA 35.00 120.00 

   CT-OS-CA 75.00 111.00 

   CA-CA-OS 70.00 120.00 

   HC-CT-OS 35.00 109.50 

   CT-CT-OS 50.00 109.50 

   CT-OS-CT 60.00 109.50 
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Table S4. Dihedral angle parameters defined by OPLS-AA force field for the atomistic simulation models. 

DihedralA a0 a1 a2 a3 a4 

CA-CA-OS-CT 3.0 0 -3.0 0 0 

CA-OS-CT-HC 0.38 -1.14 0 1.52 0 

CA-OS-CT-CT 0.41 -0.68 0.25 1.34 0 

CT-CT-CT-OS 0.68 -0.139 0.5 1.326 0 

HC-CT-CT-OS 0.234 -0.702 0 0.936 0 

CT-CT-CT-CT 0.7 0.35 0.05 0.4 0 

CA-CT-CT-CA 0.7 0.35 0.05 0.4 0 

CT-CT-CT-HC 0.15 -0.45 0 0.6 0 

HC-CT-CT-HC 0.15 -0.45 0 0.6 0 

CA-CA-CM-CMB      

CA-CA-CA-CM 7.25 0 -7.25 0 0 

CA-CA-CA-HA 7.25 0 -7.25 0 0 

CA-CA-CA-OS 7.25 0 -7.25 0 0 

CA-CA-CA-CA 7.25 0 -7.25 0 0 

X-CM-CM-XC 14.0 0 -14.0 0 0 

OS-CA-CA-HA 7.25 0 -7.25 0 0 

HA-CA-CA-HA 7.25 0 -7.25 0 0 

CT-CT-OS-CT 0.41 -0.68 0.25 0.134 0 

CT-OS-CT-HC 0.38 -1.14 0 -1.52 0 
A Potential constants an are in unit of kcal mol-1  
B This dihedral potential was fit to an 8th-order polynomial, as specified in the main text: an = 6.375, 0,                         

-11.232, 0, 11.306, 0, -9.284, 0, and 2.835 kcal mol-1 respectively for an
 (n = 0, 1, 2, ..., 8).  

C X is any atom type.  
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Table S5. Interaction potential functions used in the coarse-grained (CG) MEH-PPV model. 

Intra-/ intermolecular potential functions Notation 

Bond length 

 

Ubond ! = !b ! − !! ! Kb: (force constant)/2 

!!: equilibrium bond length 

Bond length 
(defect) 

!bond ! = !! ! − !! ! + !! ! − !! ! + !! ! − !! ! !!,!!,!!: (force 
constants)/2 

!!: equilibrium bond length 

Bond angles 

 

!angle ! = !θ(! − !!)! !θ: (force constant)/2 

!!: equilibrium bond angle 

Dihedral angle 

 
!dihed ! =    !! cos! ! ,    ! = 4  or  8

!

!!!
 an: constants 

Non-bondedA 

(pair interaction) 
!nb ! = 4!

!
!

!
−

!
!

!
 

!, !: potential parameters 

r: inter-particle distance  

A Non-bonded interactions are cut off at 20 Å and are zero for sites separated by less than 4 bonds.   
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Table S6. Optimized parameters for MEH-PPV CG model. Site definitions are depicted in Figure 2 in the 
main text (A: methoxy substituent centre-of-mass (COM); B: phenyl ring COM; C: ethylhexyloxy 
substituent).A 

Bond Kb (kcal mol-1 Å-2) l0 (Å) Non-bonded ε (kcal mol-1) σ (Å) 

B-B 82.92 6.58 A-A 0.510 3.718 

B-A 178.94 3.20 A-B 0.212 4.015 

B-C 2.79 5.42 A-C 0.280 4.395 

Angle Kθ (kcal mol-1rad-2) !0 (deg.)  B-B 0.083 4.483 

B-B-B 15.80 179.82  B-C 0.092 4.712 

B-B-C 8.31 109.09  C-C 0.115 5.398 

B-B-A 35.95 75.63     

A-B-B 37.05 103.71     

C-B-B 9.92 74.26     

A-B-C 4.07 177.04     

Dihedral (8th order polynomial) an (n = 0–8) (kcal mol-1) 

A-B-B-A 0.961 -0.637 -4.407 2.260 10.350 -2.891 -10.773 1.068 4.138 

C-B-B-C 0.559 -0.756 -1.540 1.888 3.968 -2.759 -4.402 1.386 1.678 

A-B-B-C 0.755 1.098 -2.702 -4.250 6.139 6.817 -6.309 -3.406 2.283 

C-B-B-A 0.594 0.540 -1.459 -0.766 3.051 -0.166 -3.967 0.781 2.177 

Dihedral (4th order polynomial) an (n = 0–4) (kcal mol-1) 

B-B-B-B 0.084  -0.058  0.223  -0.137  -0.109 B-B-B-C 0.015  -0.092  0.119  0.144  -0.030 

A-B-B-B 0.013   0.069   0.180   0.112   0.016 B-B-B-A 0.032  0.143  0.114  -0.220  0.004 

C-B-B-B 0.039  -0.035  0.171  -0.130  -0.039  
A Note that, due to the asymmetry of the monomers, the polymer chain has directionality, so that the tail (left) 

end and head (right) end depicted in Figure 2 in the main text are different. In the notation used for the 
bonded interactions, sites are listed in order from the tail to the head end. 
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Table S7. Optimized parameters for MEH-PPV CG model for defect sites. Site definitions are depicted in 
Figure 2 in the main text.A 

Bond Kn (n = 2,3,4) (kcalmol-1 Å-n) l0 (Å) Dihedral an (n = 0–4) (kcal mol-1) 

E-E 11.10    14.88    5.04 6.59 D-E-E-D 0.282  0.134  -0.597  -0.320  0.501 

Angle Kθ (kcalmol-1 rad-2) !0 (deg.)  F-E-E-F 0.171  0.095  -0.137  -0.325  0.196 

B-E-E 1.319 180  D-E-E-F 0.185  -0.157  -0.489  0.374  0.526 

E-E-F 1.477 109.58  F-E-E-D 0.254  -0.084  -0.385  0.277  0.324 

E-E-D 2.574 77.53  B-E-E-B 0.569  -0.399  -1.086  0.177  0.866 

D-E-E 2.324 100.59  D-E-E-B 0.432  0.085  -0.136  -0.297  -0.082 

F-E-E 2.026 79.46  F-E-E-B 0.409  -0.123  0.109  0.346  -0.294 

    B-E-E-D 0.414 0.393  -0.023  -0.688  -0.096 

    B-E-E-F 0.802  0.175  0.481  0.520  -0.588 
B Note that, due to the asymmetry of the monomers, the polymer chain has directionality, so that the tail (left) 

end and head (right) end depicted in Figure 2 in the main text are different. In the notation used for the 
bonded interactions, sites are listed in order from the tail to the head end. 

 

 

 

 

Figure S2. Radial distribution function g(r) for non-bonded sites calculated from an atomistic simulation of 
20 MEH-PPV monomers in THF (0.022 g/mL, NTHF = 2700) at 298 K and 1 atm (circles) and from a CG 
simulation of an equivalent system with optimized CG interaction potentials (solid lines). The optimized CG 
potentials Unb(r) are given by dashed lines. Site definitions are given in Figure 2 in the main text.  
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Figure S3. Bond length probability distributions Pbond(l) computed from an atomistic simulation of 30 MEH-
PPV decamers in THF (0.252 g/mL, NTHF = 2700) at 298 K and 1 atm (circles) and from a CG simulation of 
an equivalent system with optimized CG interaction potentials (solid lines). The optimized CG potentials 
Ubond(l) are given by dashed lines. Site definitions are given in Figure 2 in the main text. 

 

Figure S4. Bond angle probability distributions Pangle(θ) computed from an atomistic simulation of 30 MEH-
PPV decamers in THF (0.252 g/mL, NTHF = 2700) at 298 K and 1 atm (circles) and from a CG simulation of 
an equivalent system with optimized CG interaction potentials (solid lines). The optimized CG potentials 
Uangle(θ) are given by dashed lines. Site definitions are given in Figure 2 of the main text. 
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Figure S5. Dihedral angle probability distributions Pdihedral(φ) computed from an atomistic simulation of 30 
MEH-PPV decamers in THF (0.252 g/mL, NTHF = 2700) at 298 K and 1 atm (circles) and from a CG 
simulation of an equivalent system with optimized CG interaction potentials (solid lines). The optimized CG 
potentials Udihedral(φ) are given by dashed lines. Site definitions are given in Figure 2 of the main text. 

 

 

Figure S6. Defect bond length probability distributions Pbond(l) computed from an atomistic simulation of 30 
MEH-PPV decamers, each with a central saturation defect, in THF (0.252 g/mL, NTHF = 2700) at 298 K and 
1 atm (circles) and from a CG simulation of an equivalent system with optimized CG interaction potentials 
(solid lines). The optimized CG potentials Ubond(l) are given by dashed lines. Site definitions are given in 
Figure 2 in the main text. 
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Figure S7. Defect bond angle probability distributions Pangle(θ) computed from an atomistic simulation of 30 
MEH-PPV decamers, each with a central saturation defect, in THF (0.252 g/mL, NTHF = 2700) at 298 K and 
1 atm (circles) and from a CG simulation of an equivalent system with optimized CG interaction potentials 
(solid lines). The optimized CG potentials Uangle(θ) are given by dashed lines. Site definitions are given in 
Figure 2 of the main text. 
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Figure S8. Defect dihedral angle probability distributions Pdihedral(φ) computed from an atomistic simulation 
of 30 MEH-PPV decamers, each with a central saturation defect, in THF (0.252 g/mL, NTHF = 2700) at 298 K 
and 1 atm (circles) and from a CG simulation of an equivalent system with optimized CG interaction 
potentials (solid lines). The optimized CG potentials Udihedral(φ) are given by dashed lines. Site definitions are 
given in Figure 2 of the main text. 

 

 

	  




