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1. Structureand relative energy of conformers

According to the Rotational Isomeric State (RISpragimation [1], the 8CB molecule is described
in terms of a finite number of conformers. The dita angles that define the conformational
degrees of freedom of 8CB-dre shown in Figure S1. Conformers were selectsked on a
knowledge of the torsional potentials for the vasiadihedrals. The torsional potential for the
biphenyl twist angleo exhibits four degenerate minimg, (1+35°, +145°) [2], whereas that for the
X1 dihedral has two minimg{= £ 90°) [3]. Each bond in the alkyl chaig.(- X7) has three minima,
corresponding to the so-calladns (t), gauche+(g+) andgauche—g-) states.

Figure S1. Molecular structure of 8CB,dvith labelling of the two prochiral deuterons awid
the dihedral angles (the rotating dihedrals arecatdd by arrows).

In our calculations we considered only conformemsgiing no more than ongauchestate in the
alkyl chain. Two equivalent conformers of biphemygre assumedy§ (I +35°), together with a
single state of the £CH, bond {1 =90°). Thus a total number of 26 conformers, tiste Table
S1, was assumed. The structure of some of thehmisrsin Figure S2. Conformers are labeled by
a six letter code: the first letter indicates thetes of biphenyl R andM for right- and left-handed
twist, respectively) and the subsequent lettersr rtef the state of the GHCH, bonds fttttt, g-+ttttt,
g-ttttt, tg+tttt, tg-tttt, etc).
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Table S1. Conformers of 8CB considered in our calculations.

1 Mttt 10 Mtg-tttt 19
2 Pttt 11  Mttg+ttt 20
3 Mgttt 12 Pttg-ttt 21
4  Pg-tittt 13  Pttg+tit 22
5  Pg-ittt 14 Mttg-ttt 23
6 Mg-ttttt 15  Mtttg+tt 24
7 Mg+ttt 16 Ptttg-tt 25
8 Ptg-titt 17 Ptttg+tt 26
9 Ptg+ttt 18 Mtttg-tt

Mttttg+t
Pttttg-t

Pttttg+t
Mttttg-t
Mttttg+
Ptttttg-

Ptttttg+
Mttttg-

Assuming that the dihedral angles in the alkyl ocherie uncorrelated, the conformational energy of

the J-th conformer can be expressed as:

V=30, AV, 6y

(S1)

where the sum is over dihedral angld¥; is thegauche-transnergy difference for thieth bond
andciﬁg is the Kronecker deltaéf(gzl if thei-th bond is in theg+ or g- state, otherwiséﬂg:O).
Energy differences were evaluated at the quantieamudal level, by DFT with M06-2X functional
and 6-31+G** basis set [4]. Fgp the valueAV, = -1.1 kJ/mol was obtained, in agreement with the
literature [5]. For all the other chain dihedral®; = 2.2 kJ/mol was found, a value in agreement

with the results of high-levelb initio calculations [6].
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Figure S2. Some of the conformers of 8CB-d, employed for the calculations of the quadrupolar
splittings.

2. Details on calculation of Scp order parameters

According to eq. (5) in the main text, calculation of the Scp order parameters requires the sum of

quantities evaluated for single conformers. The partition function Q; and the average <cos28CD >J

are computed for each conformer by integrating over the (a,p,y) angles that define the molecular
orientation in the LAB frame, with its Z axis parallel to the helix axis (see Figure S3).

Q=(apy)
LAB 5 " mol __, methylene
X,Y7) (¢a 0> 0) nA — (x,.2) (a,b,c)
Z /] helical axis
/I By {QC‘O 8
B} CD,
% oD
zep//CD bond

Figure S3. Reference frames and the transformations between them.
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For each orientation the potential of mean torg(@), eq. (4) in the main text, is calculated as the
sum of contributions from discrete elements of thelecular surface. The contribution to the
potential of mean torque of a given tessera isutailed as:

R, (A 3) =g[sin260(s§co§cp+ § sifp+ s s sin@)+

+s2c00, + S, S SinB, cop+ S S SIN, s«pﬂ—%

(S1)

wheresx (sy, &) are components of the unit vectdmormal to the tessera, expressed in the LAB
frame andpis the azimuthal angle, defined @s2riz/p, with p being the helical pitch.

A tessellation into triangles of the molecular agd was used, as defined by the algorithm reported
in ref. [7] and implemented in the program MSMS.eTbllowing parameters were used: rolling
sphere radius equal to 0.3 nm, surface densityetffoes equal to 500 ni8], together with the
van der Waals radiiy = 0.1 nmfy = 0.15 nm andc = 0.185 nm [9].

3. Scp order parameters of single conformers

Figure S4 shows the effect of the chain confornmatio the quadrupolar splittings calculated in the
nematic phaseAv = Avp, = Avp,, for a range o€-values . The curve labeled ittt was obtained
by averaging the results computed for Bi#ttt and Mtttttt conformers of 8CB-d(see Figure S2),
that differ in the biphenyl twist angle. The cutabeled agttttt reports the splittings calculated by
averaging over the four conformePg+ttttt, Mg+ttttt, Pg-ttttt, Mg-ttttt(see Figure S2). Analogous
considerations hold for the other curves. We caniisehe figure that at low orienting strength the
largest splittings were obtained for thigttt set of conformers, and splittings are predicted to
decrease monotonically as thauchestate is moved from the tail towards the firstifjas of the
alkyl chain @ttttt set), but at highes-values odd-even effects appear.

Figure S5 shows the mean and the difference ofjtlaelrupolar splittingsalculated as a function
of the orienting strengtla for 8CB-@ in the N phase, withds= 30° andp=50 A. For both
guantities, the largest values are obtained fottttteset of conformers and an odd-even effect can
be detected.
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Figure $S4. Quadrupolar splittingsyv, calculated for conformers of 8CB-toh the nematic phase, as
a function of the orienting strength,
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Figure Sb5. Mean (left) and difference (right) of the quadslgy splittings,Av, calculated for
conformers of 8CBlin the Nrg phase, as a function of the orienting strengtfihe conical angle
0,=30° and the helix pitch=50 A were assumed.

3 Conformational distribution

Figure S6 shows the conformational distributioricaated using Eq. (6) of the main text, in the
isotropic phase , in the nematic phase close td\faeN transition €=0.023 A?) and in the Ng
phase o =35°,p = 50 A, & = 0.0754%). A temperature of 376 K, comparable to the experital
Nte-N transition temperature of the CB7CB liquid cafdtost [10], was assumed in the Boltzmann
exponent. The conformer probability in the isotmphase is determined solely by the torsional
potential, thus it reflects thieans/gaucheenergy difference. Since the absolute minimum Qf2V
corresponds to gauchestate, conformers having gauchein the first CH-CH, bond have the
highest probability. The next most probable confemrsnare those with an dtans chain; finally
there are the conformers havinggauchestate in a CRCH, bond different from the first one,
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which all have the same probability. In the liquidystal phases the interaction with the
environment is superimposed on the torsional p@terdnd gives a different stabilization of the
conformers, depending on how well they are acconateatd Alltrans conformers, which are the
most elongated, become the most stable, and soifeeedce is introduced between conformers
having agauchein even {», X4, Xs) Or odd s, Xs X7) positions along the chain, the first less
elongated than the last. This is an example obtltteven effect. The changes observed on moving
from the isotropic to the N phase are magnified witee Ng phase is considered, but this is only
due to the higher ordering (largetvalue in the calculations). There is a furthereeffthat is
peculiar to the chiral # phase, that is the different probability of enamteric conformers (such
as Mtttttt and Ptttttt). Again the largest differences are for thetahs and for conformers with a
gauchestate in odd positions along the chaktowever, these differences are very small, and
clearly scarcely significant if compared to thegkareffect of the chiral 4 environment on the
guadrupolar splittings, which has been demonstratdae main text.

i

Figure S6. Conformer distribution calculated for 8CB in tisotropic € =0, bars), in the
nematic £=0.023 A2, black squares) and in thed\bhase £ =0.075 A?, red circles).

4 Quadrupolar splittingsfor afictitious achiral confor mer

Figure S7 shows the quadrupolar splittings caledldbr a single, fictitious achiral conformer of
8CB-a; having an alkrans chain and perpendicular rings in the biphenyl rtypithis structure has
Cs point symmetry. The results reported in the Figare intended only to highlight the role of
molecular chirality and should not be compared Wit experimental data. They were obtained
assuming for each value the samp and6, values used for the calculations shown in Figylg 3
of the main manuscript, which had been estimatedhi® set of physically meaningful conformers
of 8CB.
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Figure S7. Quadrupolar splittings calculated for the achi@hformation of 8CB-g shown on the
right, in the nematic phase (open symbols) anchenNrg phase along a path of constant helical

pitch, p=50 A (closed symbols).
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