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S1. Determination of composition in isotropic and nematic phases coexisting in DMP/5CB
mixtures at T < T'w.

Our visual observation (cf. Fig. 1 in the main text) clearly detected the phase changes in the
DMP/5CB mixtures with 7. Those changes were confirmed also from cross-polarized optical tests,
as shown in Fig. S1 for the mixture with wpyp = 3.1 wt%. The phase changes seen therein, from the
isotropic one phase state at 28°C to the onset of phase separation into the isotropic and nematic phases
at 27°C, and further to the nematic one phase state at 7' = 25°C-20°C (characterized by the nematic

texture spread throughout the view field), well correspond to those noted in Fig. 1.

DMP/5CB, wpyp = 3.1 wt%

28°C 25°C

100 pm

Fig.S1 Results of cross-polarized optical microscopy observation of DMP/5CB mixture (wpmp = 3.1 Wt%)

at temperatures as indicated.

At temperatures where the DMP/5CB mixtures (charged in a glass flask; cf. Fig. 1) were separated
into the isotropic and nematic phases, aliquots were taken from both phases and FTIR measurements
were made for those aliquots diluted with chloroform. Fig. S2(a) shows an example of the IR
adsorption coefficient A obtained for the isotropic and nematic phases (blue and red curves,
respectively) coexisting at 22.0°C in a mixture having wpupiow = 5.0 wt %. (This mixture is
DMP-rich compared to that examined in Fig. S1.) Logarithm of A is normalized at the wavenumber
of 5CB adsorption (2228.3 cm!), so that the blue and red curves at wavenumbers > 2200 cm! are
indistinguishable. On the basis of the Lambert-Beer law,! log Apyp (at 1727.4 cm) and log Ascp (at
2228.3 cm™) exclusively assigned to adsorption of DMP and 5CB coexisting in the aliquot are related

to each other as

_K with & - LEowr/ Mo }
log Ascp 1= wpyp {8503 I M scp

log Apyp Womp

(=5.8) (S1)

Here, wpwp 1s the DMP weight fraction in the aliquot, &wmp and &cp are the molar adsorption
coefficients of DMP and 5CB at respective adsorption bands, and Mpyp and Mscp are respective
molecular weights. Calibration with DMP/5CB mixtures having known wpye (Fig. S2(b)) showed
that the logA,,, /logAs.; ratio was indeed proportional to a wpwe/(1-wpmp) factor (cf. eq S1) and

gave the value of the pre-factor K (= 5.8). This K value was utilized to determine wpyp in the
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isotropic and nematic phases coexisting in the DMP/5CB mixture. The results are summarized as

the phase diagram (Fig. 3 in the main text).
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Fig.S2 (a) IR adsorption coefficient A of aliquots taken from isotropic and nematic phases (blue and red curves,
respectively) of DMP/5CB mixture (Wpmp ol = 5.0 Wt%) coexisting at 22.0°C. (b) Calibration of A obtained

from mixtures having known wpwmp.

S2. Analysis of free energy given by simple model.
For the DMP/5CB mixture, the current study adopts the simplest possible expression of the free
energy G contributed from the Flory-Huggins type mixing entropy? and the Landau-de Gennes (LdG)

type nematic interaction® (cf. eqs 4-6 in the main text),

G

0 _
RT o ln¢o,e T, ln¢1,o

R (S2)
1,1 A0, T-T7(9,,)]0; + B(®,,)0) + C(9,,)0; }

The subscript @ specifies the phase in the DMP/5CB mixture, 1 ¢ and n, ¢ denote the mole numbers of
DMP (component 0) and 5CB (component 1) in the phase &, and ¢ ¢ and ¢, ¢ are the volume fractions
of DMP and 5CB in the phase 6. Qgis the scalar orientational order parameter of SCB in the phase 6,
and A, B, C,and T" are phenomenological LdG parameters that depend, in principle, on ¢o. Eq.
S2 can be analyzed straightforwardly to give the DMP volume fractions in the coexisting isotropic and
nematic phases in the mixture at equilibrium, as explained below.

Hereafter, the indices « and £ (instead of @) are used to exclusively designate the nematic and
isotropic phases (i.e., Q. >0 and Qp=0), respectively. =~ We start with the equilibrium condition with
respect to the orientational order parameter Q, in the phase a, ({G,+ Gy}/ 90,) 00 = 0 (eq
9a in the main text). We apply this condition to the total free energy {G. + G} specified by eq S2 to
find

n(J,D( SN,
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{240, )[T-T70,,)]+38@,,)0,+4C®,,)0: }0, =0 ($3)

Eq S3 has the following solution Q¢ o) > 0,

1
000 gt {280,070 | (34)
with
J(,,)=9B(9,,) =324, N T-T"4,,)}C@,,) (S5)

given that Jo( ¢y o) > 0. Furthermore, the nematic phase having this Q¢ ) is stable if the following

condition (deduced from eqs 4-6 and 9b in the main text) is satisfied.
P(#,,)=-3B(8,,)0,(9,,) =44, ) T-T"(8,,)]>0 (S6)

In fact, the numerical calculation explained later showed that J, > 0 and P, > O at low T thereby
giving Qudha) > 0 (eq S4) as a stable solution of eq S3. In contrast, at high 7, the solution
Qo .2) > 0 vanished and the mixture was in the isotropic one-phase state.

Now, we focus on the equilibrium condition with respect to the mole number n;, of the

component j (= 0, 1) in the phase « , (B{Ga + Gﬁ} / anj’a) =0; cf. eq 8a in the main text.

1, 4 (#1005 (=0)
Applying this condition to the total free energy {G. + Gp} spécified by eq S2 and considering
relationships derived from eq 7 in the main text, (d¢,/ ano)nl =—(0¢, / Bno)nl =(1-¢,)/(n,+Nn)
and (¢, / E)nl)no =—(0¢, / anl)nﬂ = =N¢,/(n,+ N n) with N; (= 2) being the molar volume ratio of
5CB to DMP, we find relationships among the DMP volume fractions ¢ » and ¢, g in the nematic and

isotropic phases « and £ and the orientational order parameter Q. in the phase o as

(1_¢0,a)2 .
TL(¢0,0(’Q0¢’T) (S7)

1

Ing, , —Ing, ,+ [1 - NLJ(%ﬁ - ¢0,a) = _Q;

ln(l—q)o’a)— 1n(1—¢0,5)+(1_ Nl)(¢o,a _¢0,ﬁ)

(S8)
= 01{0,,(1-0,)L(9,,,0,sT) = AT -T™)~ BQ, - €O’ |
with
dy 4, )| T-T"(4,,) dB(g, ,dC(@,,
L(¢,,.0,:T)= { : [dq) : J}+Qa dif ’“)+Qa7dgp’ ) (S9)

(Qe and the LdG parameters A, B, C, and T™ are dependent on ¢, but this dependence is not

explicitly shown in eqs S7-S9 so as to avoid complication/confusion in these equations.) Eqs S7 and
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S8 give ¢ha = dhp (no phase separation) if Q, = 0, which confirms that the isotropic-to-nematic
transition of SCB triggers the phase separation in the DMP/5CB mixtures.

Because the DMP volume fractions ¢« and ¢ sin our DMP/5CB mixtures are considerably small
(= 0.05; cf. Fig. 3 in the main text), we can replace the terms In(1-¢,) appearing in eq S8 by
—(q)o + (/’)02 /2) with a negligibly small error. Then, eq S8 reduces to a simple quadratic equation for

a difference Ag= th s — dv.a

AQ* +2{9,,+ N, | Ap+2021(9, ,.0,:T)=0 (S10)

with
W@, ,.0,:T)=AT-T")+BQ, +CQ’—¢, (1-9, VL($,,.0,:T) (<0) (S11)

where L(¢,,,0,;T) isgivenby eq S9. Fromeq S10,A¢is obtained as

Ap= \/{Nl +0,. ) ~202h9,,.0,:1) (N, +4,,} ¢0) (S12)

Replacing ¢ sin eq S7 by ¢« +A@, we obtain the following equation that determines ¢ « (in the

nematic phase) as a function of the temperature 7.

Gy, T AP N N

1 1

1n(¢°—’“]+(1—LJA¢+MQ§L(¢O,Q,QQ;T)=0 (S13)

If functional forms (¢ o dependence) of the LdG parameters A(¢ ), B(¢ho), C(dh o), and T . (¢,,)are
known, Qu(¢h o) is explicitly expressed as a function of ¢ and T (cf. eq S4). Furthermore, we can
utilize this Qu(¢h.o) to explicitly express L(4,,.0,;T) (eq S9), h(9,,.0,;T) (eq S11), and Ag (eq
S12) as functions of ¢« and 7. Then, eq S13 includes just ¢ oand T as variables, which allows us
to numerically calculate ¢ for a given 7. Actually, we assumed simple functional forms for A(¢ «),
B(ha), C(heo),and T . (4,,) to conduct this numerical calculation, as explained below.

For our DMP/5CB mixtures having small ¢ (< 0.05), we can safely assume first-order
Maclaurin expansion forms for those LdG parameters specified by the following equations (identical

to eqs 10a-10d in the main text).

A@,,)=A+A'¢,, (>0) (Sl4a)
B(9,,)=B"+B'¢,, (<0) (S14b)
C(4,,)=C"+C'9,, (>0) (Sl4c)
(@) =Ty +T'¢,, (I'<0) (S14d)
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Then, Qo). L(9,,.0,:T), h9,,.0,:T), and A¢g are explicitly expressed as functions of ¢
and T (cf. eqs S4, S9, S11, and S12), with the parameters in eqs S14a-S14d (4°, A", B°,B', C°, C',
TI; , and T') being included as numerical coefficients in these functions. We utilized those
functions in eq S13 to numerically calculate ¢, for a given temperature 7. Specifically, we
scanned ¢« in a range between 0 and 1 to find the ¢ value that satisfied eq S13 for the given 7.
An example of this numerical calculation is shown in Fig. S3 where the left-hand-side of eq S13
calculated for 7 = 24.0°C is shown with the red curve. The expansion parameters utilized in the
calculation are summarized in Table 2 in the main text. The value of ¢, = 0.03294 satisfies eq S13,
as noted for the crossing of the red curve and horizontal dotted line. The corresponding A¢ (=
0.00217; cf. eq S12) gives ¢hp = o +A¢p=0.03511. These ¢ and ¢ gT) values were confirmed
to satisfy the stability conditions, eqs 8b and 9b in the main text.

The ¢ and ¢p values determined as above were dependent on 7, thereby specifying the
transition temperatures deduced from our model. Namely, 71y = T and Tix* = T for the DMP volume
fractions ¢ A7) and ¢ «7) in the isotropic and nematic phases coexisting at the temperature 7.

These Ty and Tiv* deduced from our model are shown in Fig. 3 in the main text with the red and blue

curves.
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Fig.S3 Numerical determination of the DMP volume fraction ¢« in the nematic phase of DMP/5CB
mixture at 24.0°C deduced from our model. The left-hand-side of eq S13 (calculated from the

parameters summarized in Table 2 in the main text) is plotted against ¢ o; see red curve.
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S3. Dielectric Behavior of pure DMP.

Fig. S4 shows the &" data of pure DMP at representative temperatures as indicated. Intensive
dielectric relaxation noted for those data reflects rotational motion of DMP molecules (having a large
dipole due to the —COO group). The data obey the time-temperature superposition, except at their
low-wtail, as shown in Fig. S5. (The DMP molecules might exhibit 7-dependent collective

dynamics to have this low- tail, although its detail is still unclear.)
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Fig.S4 ¢&" data of pure DMP at temperatures as indicated.
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Fig. S5 Test of time-temperature superposition for £" data of pure DMP. Data are reduced at 7, =15.8°C.

In Fig. S6, the dielectric relaxation time evaluated from the angular frequency at the &"-peak, 7. =
1/ @peax, 1s compared for pure DMP and DMP/5CB mixture (wpmp = 3.1 wt%). In the entire range of 7,
7e 1S much larger (by a factor > 100) for the mixture than for pure DMP. This result strongly
suggests that the dielectric relaxation of the mixture, seen in Fig. 5 in the main text, detects the

rotational dynamics of SCB molecules (the major component therein).
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Fig.S6 Comparison of dielectric relaxation times of pure DMP and DMP/5CB mixture (Wpmp = 3.1 wt%).

S4. Relaxation mode distribution of pure SCB and DMP/5CB mixture.

Fig. S7 tests validity of the time-temperature superposition for the &" data of pure SCB. The
superposition works well at 7 higher than the isotropic-to-nematic transition temperature 7 I;
(=35.0°C) by 2.9 °C or more; cf. Fig. S7(a). Thus, the dielectric mode distribution of pure SCB
broadens and the superposition fails only when T is decreased to the close vicinity of T I; , as noted
from comparison of the data at 35.4 and 35.2 °C (colored symbols in Figs. S7(b)) and at T > T I; +
2.9 °C (black symbols therein). The broadening seen for the colored symbols can be related to the
orientation fluctuation coupled with the density fluctuation in this vicinity of T, 1;1 , as discussed in the
main text.

In contrast, at 7" well below Tl; where the nematic texture is developed, the mode distribution
becomes bimodal; cf. colored symbols in Fig. S7(c). This bimodal distribution, most clearly noted
for a high-@ hump of the &" curve at 26.3°C, reflects a difference in the dielectrically detected
rotational motion of 5CB molecules for two cases the nematic director being parallel and
perpendicular to the electric field utilized in the measurement,*” as explained in the main text. (This
difference is most clearly noted when the director is macroscopically aligned under a magnetic field
and/or shear*7) Even at such low 7, the terminal peak at @ < @,..« remains as sharp as the Debye

(single-Maxwellian) peak shown with the dotted black curve. In fact, this sharpness of the terminal

peak is noted at all 7 examined.
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Fig.S7 Test of time-temperature superposition for &" data of pure SCB. Data are plotted against @/ @pca.

Fig. S8 presents results of the same test for the DMP/5CB mixture (wpyp = 3.1 wt%). The
time-temperature superposition works well only at 7 higher than Tiy (= 27.0 °C) by 10.9 °C or more
(Fig. S8(a)), and it fails in a wide range of 7 between Ty and Ty + 10.9 °C (cf. colored symbols in Fig.
S8(b)). This failure, seen for the mixture in the isotropic one-phase state, should reflect coupling of
the orientation and composition fluctuations occurring in this range of 7 (that is much wider than the
range for the coupling of the orientation and density fluctuations noted for pure SCB; cf. Fig. S7(b)).

The mode broadening of the mixture proceeds on a decrease of T below Ty (cf. Fig. S8(c)) and
further below Tiv*(= 25.0°C; cf. Fig. S8(d)). This broadening can be related to the coexistence of the
5CB molecules in the isotropic and nematic phases (at 7 between 71y and 7Ti*), and also to a
difference of the rotational motion of 5SCB molecules in different directions with respect to the
nematic director and the electric field (at 7 < Tiv*) as explained above for the pure SCB system.
Nevertheless, the terminal peak at @ < @,..« remains as sharp as the Debye peak (dotted black curve)

in the entire range of 7, as similar to the behavior of pure SCB.
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Fig.S8 Test of time-temperature superposition for &" data of DMP/5CB mixture (wpmp= 3.1 wt%).
Data are plotted against @/ @peax-
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