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Force field parameters and topology for 4-octyl-4’-cyanobiphenyl (8CB) 

 

 

Figure S1. Atom types for 8CB. 

 

 

 

Table S1. Lennard-Jones parameters. 

Atom Type ε (kcal·mol-1) σ (Å) 

CT 0.1094 3.331605 

N1 0.17 3.184963 

HA 0.015 2.547614 

HC 0.0157 2.596613 

CA 0.086 3.331605 

C1 0.086 3.331605 

CP 0.086 3.331605 

 

 

Table S2. Bond-stretching parameters. 

Bond type Kb (kcal·mol-1·Å-2) r0 (Å) 

CA-CA 469 1.4 

CA-HA 367 1.08 

CA-CP 469 1.4 

CP-CP 469 1.4 

C1-CA 404.1 1.44 

C1-N1 1014.5 1.138 

CA-CT 317 1.51 

CT-CT 310 1.526 

CT-HC 340 1.09 
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Table S3. Bond-angle bending parameters. 

Angle Type Ka (kcal·mol-1·degree-2) θ0 (°) 

CA-CA-CA 63 120 

CA-CA-HA 35 120 

CA-CA-CP 63 120 

CP-CA-HA 35 120 

CA-CP-CA 63 120 

CA-CP-CP 63 120 

C1-CA-CA 65.9 120 

CA-CA-CT 70 120 

CA-CT-CT 63 114 

CA-CT-HC 50 109.5 

CT-CT-HC 50 109.5 

HC-CT-HC 35 109.5 

CT-CT-CT 40 109.5 

CA-C1-N1 63 180 

 

 

Table S4. Dihedral parameters. 

Dihedral Type Ka (kcal·mol-1) δ (°) n 

X-CA-CA-X 3.625 -180 2 

X-CA-CT-X 0 0 2 

X-CT-CT-X 0.16 0 3 

X-CA-CP-X 3.625 180 2 

X-CP-CP-X 0.745 -180 2 

 

 

Table S5. Improper parameters. 

Improper Type Ki (kcal·mol-1·degree-2) χ0 (°) 

HA-CA-X-X 1.1 0 

X-CA-X-X 1.1 0 

CT-CA-CA-CA 1.1 0 
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Comparison between Charge_mono and Charge_di models (384-molecule 

system) 

In order to investigate the polarization effect of cyano groups on the property of liquid-crystalline 

phases, we examined the densities, orientational order parameter <P2>, positional order parameter 

<τCN>, and phase transition temperatures (the experimental values1: smectic A‒306.05 K‒nematic‒

313.15 K‒isotropic) using two models: the Charge_mono model and the Charge_di model, used to 

calculate the partial charges of the monomer and the dimer (Figure 2 in the main text), respectively. 

The NpT calculations started from the amorphous 384-molecule system at various temperatures. In 

general, simulation of the first-order phase transitions requires such a long simulation time that our 

calculations were run for 300–900 ns. The data in Figures S2‒S4 were obtained by averaging the 

last 100 ns trajectory. The temperature dependencies of the density and the order parameters (<P2> 

and <τCN>) are shown in Figures S2 and S4, respectively. Similar to the previous MD studies of 

liquid crystals,2–4 considering a system with <P2> > 0.4 (Ref. 2–4) and <τCN> < 0.1 (Ref. 2) as the 

nematic phase, the predicted nematic‒isotropic transition temperatures are 302.5 ± 2.5 K (384-monoTNI) 

and 322.5 ± 2.5 K (384-diTNI) for Charge_mono and Charge_di, respectively. In addition, the 

Charge_di model shows a sharp change of <τCN> at 312.5 ± 2.5 K, which suggests the smectic A–

nematic transition temperature (384-diTSmAN). In the Charge_mono model, a sharp change for <τCN> 

was not obtained. It is noteworthy that the results of the smectic phase of the 384-molecule system 

include an uncertainty derived from the finite-size effect; this is because a smectic phase simulation 



S5 

 

requires a >1000-molecule system as at least three layers are needed in the cell with a periodic 

boundary condition. 

 

Figure S2. Simulated (Charge_mono and Charge_di models) and experimental (dashed red line) 

density of 8CB as a function of temperature. The dashed vertical lines indicate the experimental 

transition temperatures from nematic to smectic A and those from the isotropic to nematic phase. 
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Figure S3. Simulations (Charge_mono and Charge_di models) of: (a) orientational order parameter 

<P2> with the experimental values (□5, ○6, *7, ×8) and (b) <τCN> as a function of temperature. The 

dashed vertical lines indicate the experimental transition temperatures from nematic to smectic A 

(expTSmAN) and from isotropic to nematic phase (expTNI), respectively. 

 

Structural analyses were performed in the nematic phases at 384TNI ‒ 2.5 K to discuss the difference 

of the phase behavior between the Charge_mono and Charge_di models. The radial distribution 

function g(r) and orientational correlation function g1(r) = <cosθ(r)> of the cyano groups are shown 

in Figure S4. The first peak of g(r) shown in Figure S4a and g1(r) shown in Figure S4b of the 

Charge_di model is stronger than that of the Charge_mono model, which means that the Charge_di 
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model is more likely to have an antiparallel dimer configuration due to the larger dipole moment 

considering polarization effect. Furthermore, this suggests that stabilization of the antiparallel dimer 

configuration due to the polarization effect of cyano groups contributes to the formation of the 

smectic phase of 8CB because the smectic A phase was obtained only in the Charge_di model 

(Figure 5b in the main text).  

 

Figure S4. (a) Radial distribution function g(r) and (b) orientational correlation function g1(r) of the 

cyano groups in the Charge_mono and Charge_di models. 
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Simulated transition from the nematic to smectic A phase of the Charge_di 

model (2048-molecule system) 

The NpT calculation at 305 K was run from the nematic phase of the 2048-molecule system. 

According to the time evolution of P2 and τCN (Figure S5b), P2 continued above 0.4 and τCN 

increased to more than 0.3, demonstrating that the nematic phase changed to the smectic A phase. In 

addition, Figure S5a shows the formed smectic layer. Therefore, the phase transition from the 

nematic A to the smectic A phase occurred spontaneously.  

 

Figure S5. (a) Snapshot of the mesogenic group of the smectic A phase of 8CB (density = 999 

kg·m-3 and Time = 900 ns) and (b) time evolution of P2 and τCN of the 2048-molecule system 

(Charge_di model) from the nematic A phase to the smectic phase at 305 K. 

 

  

(a)
(b)

(c)
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Selectively scaled MD with extremely low scaling factor αinter-alkyl = 0.01 

A simulation at extremely small αinter-alkyl (= 0.01) was performed; the obtained last snapshot is 

shown in Figure S6. This system has a twisted layer structure like that of cubic liquid crystals. The 

layers may have been twisted to relax the repulsion between the alkyl chain perpendicular to the 

mesogenic group. This result suggests ssrMD can be useful for modeling not only the smectic A 

phase, but also the cubic-like phase.  

 

Figure S6. Snapshot of the mesogenic group obtained by ssMD with αinter-alkyl=0.01 (density = 278 

kg·m-3, P2 = 0.14, and Time = 40 ns). 
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