SUPPLEMENTARY DOCUMENT

Integrating Process

Choosing F (7/) as a general representation of the functions including a parameter

refers to the separation angel between the two rods
¢ = J.J.F(}/)f(ﬂl)f(Qz)dQldQZ

dQ = sin 0d0d

The Onsager trial function is used as the orientational function

- J-J-J-J- a cosh (e, cos8,) a, cosh (e, cosb,)
47 sinh () 47 sinh(a,)

—K”UF )cosh (e, cos 6, )cosh (a, cos 6, )sin 6,d6,d ¢, sin 6,d6,d 4,

sin 6,d6,d 4, sin 0,d6,d

— a1a2
167 sinh (¢, )sinh (e, )

According to the product to sum formula of hyperbolic functions

I :%{LJ L L cosh (&, cos 6, + a, cos 6, )sin 6, sin 6,d 6,d ¢,d 6,d ¢,

+ Li] L& J‘g] Lz cosh(e, cosd, —a, cos 8, )sin , sin ,d0,d,d6,d ¢, }
For the first time, a variable substitution skill is used, 7 =7z —6,, then

< =§{J-IJ. J.gl ::()F(yf)cosh(wl cos 6, +a, cos b, )sin 6, sin 6,d 6,d ¢,d 0,d ¢,

—J. J- J-HJ. ™ 7 )cosh (e, cos 6, + a, cos7)sin sintddgdrdg,}
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The integrating process has no concern with the label of the variables, so the Eq(6) can be

simplified to

¢ = 2K7rJ- J- J. cosh a cosd +a, cos . )sm@ sinyd@dydé¢

(7



¢ = KL. J;& L L F(y)cosh(a, cos6, +a, cos b, )sin b, sin 0,d6,d¢,d6,d ¢, 8)

The coordinate is rotated as depicted in the addendum of Onsager’s original work ,so that y and
0, are chose for convenience instead of @ and 6@,. One azimuthal angle can be integrated out,
and the remaining one is used a new variable ¢=¢ —¢, , then the expression becomes

¢ = 2K72'L L L} F(y)cosh(q, cosf, +a, cos 8, )sin 6, sin yd G dgdy 9

For the third time the variable substitution is applied

cos 6, =sin;(cos(l//+f(7)) (10)
sinéﬁcos¢=sin;(sin(l//+f(7)) (11)
tan f () = — 22507 (12)

a, +a,siny

The Jacobian used in the substituting the integration variables is

a((91,¢):Sin}[ (13)
(x.w) siny
Then
_ 2 b4 Fa 2z . . d d d
= KﬂL:OL:O WZOF(;/)sm;(sm;/ ydydy (14
cosh [(alz +a,” +2a,a, cos 7/)1/2 sin y cos 1//]
The final transformation of the integral is based on
sin y cosy =cos u (15)
cos y =sin gcos& (16)

The Jacobian is



After simplification

b b 2z . .
¢ = 2K7rJ-¢:0 L:o 5:0F (7)sin usinyd udédy

172
cosh [(alz +a,” +2a,a, cos }/) cos y}

The variable £ can be directly integrated out and

P n ) 2 172 .
{=4Kr J.yzo - F(;/)cosh[(oz1 +a,” +2a,a, cos }/) cosy}sm ydyd cos u

2sinh [(alz +a,” +2a,a, cos 7/)1/2}
dy

=4kz*[" F(y)siny
J.VZO ) (alz +a,” +2aa, cosy)u2

Apparently when cosy is seen as the variable

2sinh [(0{12 +a,” +2a,a, cos 7/)1/2]

§=4K7ZQLZOF(7/) dcosy

P ) 2 172
(al +a, + alazcosy)

—8K7?* ¢x 12
= F dcosh[a2+a2+2aa cos }
aa, -‘-7:0 (7) ( 1 p) 1%, 7)
Integrated by parts
J— 2 T
&= 8K (7)cosh [(0{12 +a,” +2a,a, cos 7)1/2}
ala2 y=0
8Kz’ 7 ) ) 12
+ e L:Ocosh [(0{1 +a,” +2a,a, cos 7/) ]dF (7)

The rod model has a symmetry requirement, that
F(y)=F(z=7)

Therefore,
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—8K7*

¢ = e F(0)[ cosh(a, +a,)—cosh(e, —a,)]
2
+ 8K J.” cosh [(ozl2 +a,” +2a,a, cos }/) ’
o,a, 7770
1

2sinh ¢, sinh e, 77

And when the rods are in the same shape o =¢a, =a,,

1
" 2sinh’a

¢

1
 2sinh’«

J.”:Ocosh [(alz +a,’ +2a,a, cos }/) }dF(}/) +F(0)

J.;Ocosh[a@ +2cos }/)llz}dF(;/) +F(0)

Lﬂocosh{Zacos(gﬂdF(y)ﬁL F(0)

(23)

(24)

(25)

The F ( 7) used in the article is base on the excluded volume and the integration used in both

thesteric part and perturbative part involves a expression as
F(}/) = ZCI. |sin’ }/|

When the index is even, the Eq 24 is used

Con = J‘J.Sinh 7f(Ql)f(Qz)dgld92

__n I”cosh(a [2(1 +cos 7/)]”2)sin2”’l ycosydy

sinh? ¢ 70

A simple variable substitution is applied

172

H=0+cosy)

Then

(26)

(27)

(28)



o = [[sin” 7 £(Q) £ (Q,)dQ,dQ,

- smﬁz J, cosh(@2” )" Va2 -t} " dn 29)
- smh2 ZCJ COSh(azl/zﬂ)ﬂjdﬂ

Where C;. is a constant which depends on the index and calculated by part integral. On the other
hand, when the index is odd, the Eq(25) is used

Conit = H|Sin2n+l 7|f(Ql)f(Qz)d91d92

= ﬁ—;}jj cosh (20{ cos (gnsinz” ycosydy
sinh” o

2n+1 ¢= Y 2\
=————| cosh| 2acos| = | |(1—cos cosyd

ZSZIHH—LIZCJ. cosh(Zacos(gDcosz”l ydy

(30)

Where C, is the coefficient of the binomial. When the index of a cosine function is odd, then the

expression can be written as a algebraic combination of cosine functions of multipule y,

therefore

1 e y .
Cprn= m;q _[0 cosh[Za cos [5]] cos jydy (31)

Where C] is a constant based on the coefficient of the binomial and the exact

expression of the cosine functions



é’; = C;,J‘O”cosh(Za cos(g)jcos Jrdy
=2, jf cosh (2a cos (1)) cos 2 jud u
=C, [J‘Ozexp(2a cos 1) cos 2 jpud p + J? exp (—2e cos ) cos 2j,ud,u} (32)
=C, [L’Zexp(Zacosy)costydy—I}exp(Zacosy)costydy}
= C}.J.Oﬂexp(2a cosp)cos2judu = Czl,; (2a)

Where 1,,(2a) is the modified Bessel function, therefore

oo = [[[sin™ 7| £ (2)) £(2,) 42,00,
3 72'(2n +1

)ZC;IZJ(Za)

2sinh’*a 5

(33)

These are as the general integral process and the three can be applied in the article take the form

¢ = [[lsins] £ (2) £(©,)d0Q,aQ,

T (34)
 2sinh’a » (22)
& =|[fsin* 7] £ (@) £(Q,)d0d0,
1 2 6
e, {51nh(2a)(;+?) (35)
5 3)Y 1 3
—COSh(ZOK)(?‘F?)—?‘F?}

¢ = |[lsin’ A £ () £(2,)dQd 2,
3 (36)
:m[lz(Za)—IG (2a)]



Results using the diameter d as one of the adjusted parameters
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Fig. A1 The chain length dependence of 7 and 7, for PHIC in toluene at 25°C. Circles and

squares are the experimental data of the two phases, respectively. The solid lines are the results

given by Eq. (5) with the parameters of d=1.55nm,¢,/kT =1x10", &, /kT =3x10".
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Fig. A2 The chain length dependence of 5 and 7, for PHIC in DCM at 20°C. Circles and

squares are the experimental data of the two phases, respectively. The solid lines are the results

given by Eq. (5) with the parameters of d=2nm,¢,/kT =22x107, &,/kT =8.5x107".



