Supplementary Information

Topological Defects in Liquid Crystals as Templates for Molecular Self-Assembly

Xiaoguang Wang', Daniel S. Miller', Emre Bukusoglu', Juan J. de Pablo”, and Nicholas L.
Abbott'”

1. Department of Chemical and Biological Engineering, University of Wisconsin-Madison,
Madison, WI 53706-1691 USA.
2. Institute for Molecular Engineering, University of Chicago, Chicago, Illinois 60637 USA.

"To whom correspondence may be addressed. E-mail: abbott@engr.wisc.edu.

Table of Contents:
Method: Exposure times used in fluorescence miCroSCOPY......eeeveerrreeriierieerreenieenieesreeseeeeveenens S2
Result: Absorption and emission properties of BODIPY-amphiphiles...........cccccceevevvienennen. S3-S5

Result: Proportionality of fluorescence intensity to exposure time and concentration of

FTUOTOPROTE. ...ttt ettt et sbe ettt sb et e e saeeaesaeens S5
Result: State of BODIPY 10 LCSuuiiiiiiiiiiiiiiiiieieeeetee et S5
Result: State of BODIPY-DHPE i LCS..iiiiiiiiiiiiiiiiiieieeeeeeeeeee e S5
Result: Contribution of “core replacement” energy to AG  ........o.oweveeeeeeeeeeeeeeeseeeeeeeeseeeeeeeeeeae S6
Result: Contribution of interfacial tension to AG1° ....................................................................... S6
Result: Reversible assembly and disassembly of amphiphilic molecules in LC defects.............. S7
Result: Thermodynamic model for molecular self-assembly in LC defects............cccoenueeneee S7-S13
Figure S1 Quantification of fluorescence INteNSItY........ceevvueeriieriieriieeieeriie e eree et eseeeiee e e S14
Figure S2 Absorption and emission spectra of BODIPY amphiphiles..........ccccceeeviieriieennneennne. S15
Figure S3 Rescaled fluorescence intensities of BODIPY in LCs......cccooveviviiniiniincniicneceene. S16
Figure S4 State of BODIPY-C5 in LCs below CAC......ccooiiiiiiniiiiiieieeieeeeeieeeee S17
Figure S5 State of BODIPY-DHPE in LCs..ccoooiiiiiiiiiiiiieieeeeeeeeeeeee e S18
RETEIEIICES. ...t ettt ettt e sttt e st e b e s st e e beesaee e S19

S1



Methods

Exposure times used in fluorescence microscopy.

Table S1. Exposure times used to collect images shown in Fig. 2, Fig. S4 and S5:

_ Exposure time (s)
Amphiphile 2™ 510-562 nm 2™ 606-684 nm
BODIPY 0.003 0.2
BODIPY-C5 0.003 0.1
BODIPY-C12 0.005 0.12
BODIPY-C16 0.01 0.15
0.3 (0.19-1.9 uM) 1(0.19-1.9 pM)
BODIPY-DHPE 0.1 (3-9.6 uM) 0.3 (3-9.6 uM)

Table S2. Exposure times used to collect data in Fig. 3:

BODIPY -fatty acids Exposure time (s)
Concentration (uM) A" 606-684 nm
19-57 0.1

95 0.05
140-190 0.04
285-950 0.025

Table S3. Exposure times used to collect data in Fig. S3:

BODIPY Exposure time (s)
Concentration (uM) A" 510-562 nm 2™ 606-684 nm
9.5 0.003 0.2
190 0.002 0.1
380-570 0.0005 0.05
760-950 0.0003 0.03
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Results

Absorption and emission properties of BODIPY-amphiphiles. To facilitate the interpretation
of fluorescence micrographs of the BODIPY-amphiphiles presented in the main text, we
characterized the absorption and emission spectra of BODIPY-amphiphiles. As stated above and
in the main text, we used two different filter sets on our fluorescence microscope to characterize
the state of assembly of the BODIPY-labeled amphiphiles. Filter set 1 was comprised of an
excitation filter that transmitted light with wavelengths between 457 nm and 502 nm (A*: 457-
502 nm) and an emission filter that transmitted light with wavelengths of 510 nm to 562 nm (A*™:
510-562 nm). Filter set 2 used excitation and emission filters that transmitted light with
wavelengths of 533 nm to 584 nm (A**: 533-584 nm) and 606 nm to 684 nm (A™": 606-684 nm),
respectively. Below, we describe how the state of assembly of the BODIPY-labeled amphiphiles

influences the fluorescence intensity that is quantified using each filter set.

We characterized the absorption and emission properties of the BODIPY-amphiphiles in three
different solvent systems, namely water, ethanol and isotropic SCB. These solvents were selected
because they generated different states of association of the BODIPY-amphiphiles, and thus they
allowed us to understand changes in optical properties of the compounds that accompany
changes in the state of assembly. Fig. S2a (black line) shows the absorption spectra of BODIPY -
C5 in ethanol. The singly dispersed state of the amphiphile is characterized by the absorption

maximum at 500 nm '

. We also observed BODIPY-C5 to assume a singly dispersed state in
water and isotropic SCB. The latter is evidenced by the absorption maximum at 512 nm (i.e., red-
shifted relative to water and ethanol) in Fig. S2d. The effects of self-association on the
absorption spectra of the BODIPY-amphiphiles are illustrated in Fig. S2a, showing BODIPY-
C12 in water (red line) and BODIPY-DHPE in water (blue line). Additional measurements of
absorption spectra (not shown) also revealed that at a concentration of 3.8 pM, no BODIPY
amphiphiles self-associated in either ethanol or isotropic 5CB, but that BODIPY-C16 self-
associated in water. Below we discuss the fluorescence signal generated by the singly-dispersed
(so-called monomeric signal) and assembled states (so-called dimeric signal) of the BODIPY

amphiphiles when using A*" 510-562 nm and 606-684 nm in the microscope. The discussion

below pertains to solutions that contained the same concentration of BODIPY amphiphiles (3.8

uM).
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Fig. S2b and e address the fluorescent signal generated when using A"™: 510-562 nm.
Specifically, Fig. S2b and e show the emission spectra from the BODIPY-amphiphiles when
excited with light with wavelengths of 464-494 nm (similar to excitation filter with A 457-502
nm). Also indicated in Fig. S2b and e is the range of wavelengths that correspond to the emission
filter of A*™ 510-562 nm. Inspection of these two figures reveals that the singly dispersed
BODIPY-amphiphiles give rise to a substantial intensity of emitted light that passes through the
emission filter of A™™: 510-562 nm, but that the assembled states of the BODIPY -amphiphiles
give rise to only very weak emission with A™™: 510-562 nm. Here we note, however, that the
emission spectrum of BODIPY-DHPE assemblies shows a stronger peak in the range of the
emission filter A°" 510-562 nm (Fig. S2b) as compared to the BODIPY-fatty acid assemblies.
This result indicates that BODIPY-DHPE should generate a substantial intensity of emitted light
that passes through filters at A°" 510-562 nm and 606-684 nm. We also note here that at the same
concentration, the intensity of fluorescence of BODIPY-fatty acids was approximate 10 times

that of BODIPY-DHPE (Fig. S2b, ¢, ¢ and f).

Fig. S2¢ and f address the fluorescent signal generated when using A°™: 606-684 nm.
Specifically, Fig. S2c and f show the emission from the BODIPY-labeled amphiphiles when
excited with light with wavelengths of 544-574 nm (similar to excitation filter with A** 533-584
nm). Inspection of Fig. S2c and f reveal that both singly dispersed and assembled states of the
BODIPY-labeled amphiphiles give rise to an intensity of fluorescence with wavelengths that
coincide with the emission filter of A" 606-684 nm (indicated in the figures). It is also evident,
however, that the intensity of fluorescence is greater for the assembled states of the BODIPY-

labeled amphiphiles than their singly dispersed state.

In summary, the results above indicate that the fluorescence signal from A™™ 510-562 nm will be
generated largely from singly dispersed BODIPY molecules whereas A" 606-684 nm will
contain contributions from both singly dispersed and assembled states of the amphiphiles but
with a dominant contribution coming from assembled states. We note here that the monomeric
emission spectrum overlaps with the adsorption spectrum of assemblies of BODIPY amphiphiles
(see Fig. S2), which might complicate our quantification. Next, we calculate the absorption of

light by BODIPY assemblies in LC defects. The Beer Lambert law can be written as™:
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ebC = log(Iy/1) (S1)
in which e is the molar absorptivity, b is the path length, C is the concentration of the compound
in the solution, and I, and / are the intensities of incident beam and transmitted beam,
respectively. From Fig. S2a (using A = 525 nm, which corresponds to the maximum in the
monomer emission, see Fig. S2b), e is estimated to be 2.1x10° L/(mol m) (c is 3.8 uM, b is ~ 5

mm, and log(1y/1) is ~ 0.04).

The concentration of BODIPY amphiphiles in assemblies within the LC defects (Cumphiphite-in-
defect) 18 estimated to be 1.6 M, which is equivalent to the concentration of pure amphiphiles
(assuming the molecular volume per amphiphile to be ~ 1 nm’). With the values of e and
Camphiphile-in-defect (S€€ above), we calculate the transmittance of an incident beam through a 10 nm-
thick assembly using equation (S2) to be /Iy ~ 99.2%. Thus, we conclude that light emitted by
the monomer is absorbed negligibly by BODIPY amphiphiles in assemblies in the system.

Proportionality of fluorescence intensity to exposure time and concentration of
fluorophore. In Fig. S3, using BODIPY, we confirmed that the rescaled fluorescence intensity
was linearly proportional to both exposure time and concentration of fluorophore for the range of

exposure times and concentrations used in the present study (10-950 uM).

State of BODIPY in LCs. The rescaled fluorescence intensities of BODIPY in the bulk LC and
defects are shown in Fig. S3. When using either A*™: 510-562 nm or A°™: 606-684, no measurable
difference between the fluorescence intensity of the defect and the bulk of the nematic phase was
detected over a wide concentration range (10-950 uM). In addition, the fluorescence intensities
measured using both filter sets in the bulk LC phase increased linearly with the concentration of
BODIPY. This behavior is consistent with the presence of singly dispersed BODIPY molecules
in both the bulk of the nematic phase and the defects. Overall, this result indicates that BODIPY
distributed uniformly between the bulk of the LC and defects.

State of BODIPY-DHPE in LCs. In this section, we characterized the behavior of the double-
tailed amphiphile BODIPY-DHPE (see Fig. 1c in the main text for molecular structure). Similar
to the BODIPY-fatty acids (Fig. 2h in the main text), we observed BODIPY-DHPE to exhibit a
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CAC of 1.5 uM within the -1/2 line defects of the nematic LC (Fig. S5 and Fig. 2i in the main
text). In contrast to BODIPY-fatty acids, however, we observed BODIPY-DHPE to also exhibit
a CAC in the bulk of the LC. The CAC in the bulk was 5.5 uM, and thus higher than that
measured in the environment of the defect. We comment here that above the CAC, a significant
difference in the fluorescence intensity was detected for both filter sets. This is because the
emission spectrum of BODIPY-DHPE assemblies shows a strong peak in the range of the
emission filter ™" 510-562 nm (see Fig. S2e and above for detail discussion). The observation of
two CACs for BODIPY-DHPE is thus analogous to that reported previously for the self-
assembly of surfactants in the presence of hydrophobically-modified polymers®. We comment
here also that the assemblies of amphiphiles formed in the bulk LC tended to be expelled from

the bulk LC (e.g., towards surfaces) over time.

Contribution of “core replacement” energy to AG:’. In addition to the role of the chain
entropy in driving self-assembly (see main text), we also evaluated the role of the defect core
energy in driving the self-assembly process. The “core replacement” contribution was estimated
to be ~ 10° kgT for transfer of a 10 nm-in-length assembly from the bulk LC to the defect
(EVassembry, 10 which € is the free energy of “melting” the nematic phase (0.65 kJ/mollO) and
Vassembly 18 the volume of the assembly (10 nm-in-length and 10 nm-in-diameter)). By assuming
the volume of a methylene group in an aliphatic chain to be ~ 26.9 A*'', we estimate the free
energy gain associated with replacement of the defect core to be ~0.04 kgT/methylene. This
calculation leads us to conclude that self-assembly of amphiphiles within LC defects is driven by
the free energy gain associated with both amphiphile tail entropy (see main text) and replacement

of the mesogens in the cores of LC defects by amphiphilic assemblies.

Contribution of interfacial tension to AG:°. In addition to evaluating the role of chain entropy
and “core replacement”, we also considered the role of interfacial tension between the nematic
bulk and the isotropic defect core in driving the self-assembly process. The interfacial tension
contribution was estimated to be ~ 1 kgT for transfer of a 10 nm-in-length assembly from the
bulk LC to the defect (ySqssemsr, In Which y is the interfacial tension between the nematic and
isotropic phase of 5CB (10 uJ/mz) 12, and Sgugsempiy 18 the surface area of the assembly (10 nm-in-

length and 10 nm-in-diameter)), which is three orders of magnitude smaller than the “core
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replacement” and chain entropy contribution to the standard free energy (see above and main
text). This analysis leads us to conclude that the contribution of the interfacial tension to the

standard free energy of transfer can be neglected.

Reversible assembly and disassembly of amphiphilic molecules in LC defects. As shown in
Fig. 5a and b in the main text, the “Saturn-ring” defect region exhibits more intense fluorescence
signal than the bulk. After the system was heated into the isotropic phase to erase the defects
(Fig. 5d and e), homogeneous fluorescence intensity was detected throughout the volume of the
system, which indicates that the molecular assemblies disassembled and the amphiphiles
dispersed into isotropic bulk LC. This result demonstrates that the defect-directed assembly of

amphiphiles is reversible.

Thermodynamic model for molecular self-assembly in LC defects. Our experimental
observations suggest that the self-assembly of amphiphiles in defects has many analogies to
cooperative self-assembly of amphiphiles with hydrophobically-modified polymers in water.
Here we sought to derive a simple thermodynamic model to describe key features of the
concentration-dependent monomeric and dimeric signals shown in Figure 4a and b. In Section 1
and 2, we describe a model for formation of free micelles in the absence of hydrophobically-
modified polymers according to References 2 and 11. In Section 3 and 4, we present a model for
a system containing surfactants and hydrophobically modified polymers, which can form
polymer—surfactant complexes in addition to free micelles according to Reference 13 and 14. In
Section 5, we adapt these models to describe the self-assembly of amphiphiles in topological

defects in LCs.

Section 1. Formation of micelles.

The formation of micelles can be described stepwise as:

k

X+ X SX (S2)
k

X, + X, S X, (S3)

and overall process can be written as:
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grXi Ei)@‘ (S4)
where X; denotes singly dispersed surfactant, X, denotes micelles with aggregation number gy,
ks is the equilibrium constant for each step (which is assumed to be constant), and k, is an
equilibrium constant for the overall process of formation of micelles.

From equation (S4), we can write:

k1:

(S5)

where [] denotes the volumetric concentration of each species. The concentration of surfactant
molecules in the micellar state [Xpicere] can be calculated for gz>>1 as:
Xmiceie) = 9r[Xr] = 97ka [X119F = gy (ke [X1])9F (S6)
Thus, the total concentration of all amphiphiles ([X;y.:]) can be written as:
[Xtotar] = [singly dispersed surfactant] + [surfactant in micelles]
= [X1] + [Xmiceue]
= [Xq] + gr (ke[ X197 (S7)

Section 2. Derivation of AG{ for formation of free micelles.

The relationship between standard free energy and equilibrium constant can be written as:

AG°
ki =e kT (S8)
or alternatively
AG° = —kTlnk, (S9)

Substitution of equation (S6) into (S9) leads to:

AG® = —kTin-24

[x,19F
= gskTin[X,] — kTIn[X/] (S10)
By dividing by gron both sides, we obtain:
86% _ Tin[x,] — ] (Si1)
gf gf
The second term on the right side of equation (S11) can be written as:
KTIn[Xf] é
o kTIn([X¢]°r) (S12)
1 1

For gg.>>1, [Xf]a will approach 1 or alternatively In [X f]ﬁ will approach zero. Thus, the second
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term on the right side of equation (S11) can be neglected for large gf and we obtain:

AGP = A;f = kTIn[X,] (S13)

Here AGY and AG® represent the standard free energy change per surfactant molecule and per
micelle, respectively. We note here that k; and [X;] must be converted to mole fractions

(dimensionless quantities) prior to evaluation of the logarithm in equation (S13).

Section 3. Formation of polymer—surfactant complexes.
Similar to the formation of free micelles (equation (S2) and (S3)), the formation of polymer—

surfactant complexes can be described as a stepwise process, namely:

k

X1+ Xp S Xip (S14)
k

X+ Xip & Xpop (S15)

or alternatively, the overall process can be written as:

K
2 X; + Xy & Xg, (S16)
where X}, denotes empty binding sites on the polymer, Xy, _;, denotes binding sites occupied by
surfactants (with aggregation number g), X, denotes polymers, p is the number of binding sites

per polymer chain, kj is the equilibrium constant for each step (assumed to be constant), and k,
is an equilibrium constant for the overall process leading to the formation of polymer—
surfactant complexes.

From equation (S16), we can write:

[ng—b]
ky =—"— S17
27 [X1190[x5] 17
and the concentration of surfactants in polymer—surfactant complexes can be written as:
Xg, -
9v[Xg,-b] = 95 Xop-o] X total binding sites (S18)

total binding sites
The concentration of all binding sites (capacity of the polymers for surfactant binding) can be

written as:
[binding sites] = p[X,]| = [Xy,-5] + [Xb] (S19)
Substitution of (S19) into (S18), and then (S17) into (S18) leads to:
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[ng—b]

b [ng—b] = 9p [T X p[Xp]

1
=9 T X p[Xp]
14Dl
[ng—b]

= gy —— X p[X,]

1+
k2[X119b

fea[X1]9b
kz[X1]19b+1

= gpp[Xp] (S20)

Thus, the total concentration of surfactant (in the presence of polymer) can be evaluated as:

[Xtota:] = [singly dispersed surfactant] + [surfactant in free micelles] + [surfactant in polymer—

surfactant complexes]
= [Xl] + [Xmicelle] + [Xpolymer—surfactant]

= [X1] + g7 (ke [X1 D97 + gup[X, ]

Ky [X1]9b
ky[X1]9p+1

(S21)
Section 4 Derivation of AGY expression for formation of polymer—surfactant complexes.

Here we assume that the CAC of the polymer—surfactant complex is much lower than the CAC
of surfactant alone. At a concentration between these two CACs, equation (S21) can be written
as:

[Xtota:]l = [singly dispersed surfactant] + [surfactant in polymer—surfactant complexes]

= [Xl] + [Xpolymer—surfactant]

ko[X1]
= [X1]+ gop[X, p]% (522)

Similar to equation (S9), we can write
AG° = —kTlInk, (S23)
Substitution of equation (S17) into (S23) leads to:

[Xg —b]

AG° = —kTln ——2>——

[X1]92[X5]
= gpkTIn[X,] — kTIn[X,, ]| + kTIn[X,] (S24)

From equation (S19) and (S20), we can write:
ko [X4] 1

[Xg,-] = PLXp) 202 and [X,] = X ($25)
Here we define © = kzk[if—]lgjil , which represents the percentage of binding sites on the polymer
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occupied by the surfactant. Thus, equation (S25) becomes:
[Xg,-»] = P[X,]6 and [X,] = p[X,](1 — 6) (S26)
Substitution of equation (S26) into (S24) leads to:
AG® = —kTin{p[X,]0} + grkTin[X,] + kTin{p[X,](1 — 6)}

= grkTIn[X,] + kTin (=2) (S27)
By dividing both sides of equation (S27) by g;,, we obtain:
o kTl ﬂ
8° _ 1rinix,] + ) (S28)
9b 9b

When g,>>1, the second term on the right side of equation (S28) is negligible, and (S28) can be
simplified to:

AG? =25 = kTin[X,] (S29)

9b

which has the same form as equation (S13).

Section 5. Self-assembly of amphiphiles in topological defects in LCs.

In this section, we adapt the above described model for polymer—surfactant complexation to
describe the concentration-dependent self-assembly of BODIPY-C5 in LC defects. In this
analogy, the core of the defect plays the role of the polymer described above. Similar to
equation (S16), we assume that the overall process for self-assembly of amphiphiles with defects

can be written as:

kq
8d X+ Xempty—d < ng—d (830)

in which Xeppey—q denotes unoccupied “binding sites” for amphiphilic assemblies of
aggregation number g; in LC defects. The total number of binding sites is denoted by X,
([Xd]=[X empty_d] +[Xg d_d]) and thus the maximum capacity of the defects of host amphiphiles
is g4[X4]. The actual number of amphiphiles in the defects at a given concentration is
da [X G- b], and k is the equilibrium constant describing the distribution of amphiphiles between
the singly dispersed state in the LC and the assemblies formed in the LC defects.

From equation (S22) and (S30), we can write:

[Xtota:]l = [singly dispersed amphiphile] + [amphiphile in assemblies in LC defects]

= [Xl] + [Xdefect]
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ka[X,]94

= [X1] + galX4l PRTALLTE) (S31)

We comment here that in equation (S31) we exclude the free micelles term shown in equation
(S21) because BODIPY-C5 did not form assemblies in the bulk LC over the concentration range
that we investigated (see above).

Next, we sought to determine the parameters in equation (S31). We considered a 1 cm-length of
a line defect (with core diameter of ~ 10 nm) in a sample of size 1 cm X 1 cm x 80 um. The
number of mesogens localized within the defect core when divided by the total volume of the
system provides the apparent concentration of mesogens within the system that are within

defects

volume of defect mass density of 5CB

volume of bulk = molecular weight of 5CB

[XSCB in defect] =

1emxmx(5nm)? 1008g/L
lemX1lcmx80um  249.35g/mol

~10=°M (S32)

When amphiphiles self-assemble in the defect region, mesogens are displaced to the bulk LC. In
our simple model, because the sizes of the amphiphiles and mesogens are similar, we estimate
the maximum concentration of amphiphiles in the defects (capacity of defect) as [Xscg in defect]
(galXq] = [XSCB in defect]). Furthermore, we assume g, is 100 (i.e., g4 > 1), which allows us

to estimate the concentration (based on the system volume) of binding sites in defects ([.X,]) as:

[X ] — [XscB indefect] — ~10_11 M (833)
ga

We note that our conclusions below are not dependent on the exact value assumed for g;. As
described in the main text, we propose that self-assembly of amphiphiles within LC defects is
dominated by the free energy gain associated with transfer of the amphiphile tails from the bulk
LC to the assemblies and the replacement of the mesogens in the cores of LC defects by the
assemblies. Past studies of the self-assembly of amphiphiles in aqueous solutions have reported

CS1315-17  In contrast to this

that [X;] largely ceases to increase with [Xy] above the CA
signature of self-assembly, inspection of the monomer signal in Fig. 2 and 3 of the main text
reveals that the concentrations of singly dispersed BODIPY-labeled amphiphiles increase at the
same rate above and below the CAC. We hypothesized that the behavior of the BODIPY-labeled
amphiphiles seen in Fig. 2 and 3 in the main text reflects the fact that the defect cores contain a

gradient in ordering of mesogen and thus offer a range of environments in which surfactants can

self-assemble. Specifically, the cores of defects possess a continuous gradient in molecular order
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and we hypothesized that this leads to growth of the amphiphilic assembly with increasing
concentration (above the CAC of 59 uM for BODIPY-C5). To explore the self-assembly
behavior predicted by such a model, we arbitrarily considered the LC defects to define ten
discrete environments (m=10, indicating 10 CACs were defined between the onset of association
of BODIPY-C5 (59 uM) and the concentration at which we measured BODIPY-C5 to saturate
LC defects (220 uM); the conclusions are unchanged by assuming a different number of

environments). We account for this heterogeneity, by defining a series of equilibrium constants:

[}
-AGq

kqn =€ # and AGY, = kTInCAC, (S34)
For simplicity, we assume that each environment defined by the defect possesses the same
capacity to host amphiphiles (g4[X4]/10 = 1 x 1071° M) with g, of 100.

Based on the above assumptions, the model becomes:

_ m=109dlXal kan[X1]9d
[Xeorar] = [X1] + X5 =5 RanD]9aT

(S35)
As shown by the red curve in Fig. 3e in the main text, this simple model predicts a linear
increase of [X;] with [X;,:q:], consistent with the experimental observations. Furthermore, as
shown by the blue curve in Fig. 3e, the model predicts growth of the amphiphilic assemblies
within the defects above the CAC, until the defects are saturated. We note here that we also
measured the monomer signals of BODIPY-fatty acids in the concentration range 10-950 uM,

and found the signal also increased linearly with concentration (similar to the dimer signal shown

in Fig. 3a and b).
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Figure S1 | Quantification of fluorescence intensity. Method to quantify the fluorescence

intensity within -1/2 disclination lines and within the bulk of LCs. a,b, Original bright field (a)
and fluorescence micrographs (b; A™: 606-684 nm) showing distribution of BODIPY-DHPE
(1.9 uM) in nematic SCB. c, Bright field micrograph showing the selection of the defect region.
d,e, Fluorescence micrographs showing the selection of the LC defects (d) and the bulk region

around the -1/2 disclination (e). Scale bars, 20 um.
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Figure S2 | Absorption and emission spectra of BODIPY amphiphiles. a-c, Absorption (a)

and emission spectra (b and c) excited by incident light of 464-494 nm (b), and 544-574 nm (C)

for BODIPY amphiphiles in ethanol or water. The black, red and blue curves represent BODIPY -
C5 in ethanol, BODIPY-CI2 in water and BODIPY-DHPE in water, respectively. d-f,

Absorption (d) and emission spectra (e and f) excited by incident light of 464-494 nm (e), and
544-574 nm (f) of BODIPY amphiphiles in ethanol and isotropic 5CB (39 °C). The black, red

and blue curves represent BODIPY-CS in ethanol (same curve in a-c), BODIPY-CS5 in isotropic
5CB and BODIPY-DHPE in isotropic 5CB, respectively. Insets in (b) and (e) show the curves in

the wavelength range of 500-700 nm. The concentration of BODIPY amphiphiles was 3.8 pM.

Ex. indicates excitation filter and Em. indicates emission filter.
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Figure S3 | Rescaled fluorescence intensities of BODIPY in LCs. The solid lines are fits to the
fluorescence intensity in the bulk nematic phase. Red: A" 510-562 nm; Blue: A" 606-684 nm. o
in defect, x in bulk. See Method section for actual exposure times. Error bars represent standard
deviations and n=3 for each data point. One arbitrary unit represents 100,000 (left y-axis) or

2000 (right y-axis) rescaled fluorescence intensity units.
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Figure S4 | State of BODIPY-C5 in LCs below CAC. a-f, Bright field (a,d) and fluorescence
micrographs (b,e: A*™ 510-562 nm; c,f: L™ 606-684 nm) showing the distribution of BODIPY-
C5 (a-c: 9.5 uM; d-f: 57 uM) in nematic SCB. Scale bars corresponds to 20 um.
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bright field Asm: 510-562nm Aem: 606-684nm

Figure S5 | State of BODIPY-DHPE in LCs. a-i, Bright field (a,d,g) and (b,e,h: A°™ 510-562
nm; C,fi: A" 606-684 nm) fluorescence micrographs showing the distribution of BODIPY-
DHPE (a-c: 1.3 uM; d-f: 1.9 uM; g-i: 9.6 uM) in nematic SCB. Scale bars corresponds to 20 pum.
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