Supplementary Information (SlI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2025

Supporting Information

Growth of Cylindrical Micelles and their Use to Prepare Porous Materials
with Tailored Dimensions and Alignment
Mengxue Zhang, Xiaomeng Li, Chuanbing Tang, Morgan Stefik”
Department of Chemistry and Biochemistry, University of South Carolina, Columbia, SC, 29208,
United States
*Corresponding author email: morgan@stefikgroup.com

= 2 DCC, DMAP 0
o \
Ho{’\/ 7\ + HDJ\],Br e (’O\/\)‘OJJ\]'B'
795 CHCl, 705
rt.

(b) 2
0 o
CuBr, PMDETA
(,o\/\}o)l\rar + — = (oA, Br
795 Anisole 705 n
110°C

Figure S1. Synthesis scheme of (a) PEO-Br via Steglich esterification with 2-bromopropanoic acid
to form an ATRP macroinitiator, followed by (b) ATRP chain extension to yield PEO-b-PS.
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Figure S2. IH-NMR spectra of (a) the PEO;95-Br ATRP macroinitiator and (b) the O7955g35 (0S1)
diblock copolymer both measured within CDCls.



Table S1: Molecular weight (M,), volume fraction of hydrophilic block (fpeo) and molar mass
dispersity index (D) analysis of OS diblock copolymers.

Name Degree of Total M,,_NMR o
Polymerization (g/mol) foeo (Wt%) GPCH

0S1 PEO;95-b-PSg3s 122,000 28.7 1.08
0S2 PEO795-b-PS;351 283,000 12.4 1.35
0s3 PEO113-b-PSgg 14,000 35.7 1.07
0s4 PEO;13-b-PS144 20,000 25.0 1.15
0S5 PEO113-b-PS50, 26,000 19.2 1.05
0S6 PEO113-b-PS;98 36,000 13.9 1.08
0s7 PEO113-b-PS4g0 55,000 9.1 1.05
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Figure S3. Micelle morphologies were mapped as a function of the polymer architecture using
DCM/EtOH = 40/60 vol%. For each composition, an aliquot was quenched with 95 vol% EtOH,
deposited on a TEM grid and stained with UrAc.
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Figure S4. The thermal characteristics of OS were measured by (a) DSC and (b) TGA. The PEO
melting was apparent at 57.5 °C and the PS T, at ~100 °C. The polymer degraded at ~400 °C
under N,.

(c) DCM/MeOH = 35/65 vol% | (d) DCM/MeOH = 30/70 vol%

Figure S5. Micelle morphology trend for OS1 as a function of MeOH/DCM composition.

Representative TEM images shown using UrAc stain (relative brightness of micelles depends on
the local concentration of stain agent).
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Figure S6. TEM images of (a) aggregated micelles, (b) Impy cylinders and (c) homogeneous
cylinders.



2D PMT Model for Aligned Cylinders

The parallelepiped has a total volume of:
Vunitcell = ydemL (EqS]_)
Where d,,,.m, is the micelle-to-micelle spacing, L is the cylinder length, and gamma is a scalar less

than or equal to 1.0.

The template volume (Viempiate) depends on the cylinder radius, r:

2
Vtemplate = Vegre =mr"L (EQSZ)

The remaining volume is occupied by the matrix which is a combination of the material and the
corona chains:

|4 |4

2 2
material T Vcorona - dm - mLy -l (EqSS)

matrix —

The corona volume can be calculated from the core volume using the corona volume fraction of
the polymer:
fcorona 2 fcorona

=nr

corona 1- fcorona (Eq 54)

corona = Vcorel _ f

The combination of equations S1 — S4 can be used to solve for Vaterial:
f
% = dmszy - nrzL(l + ﬂ)

4 matrix ~ " corona -f (E 55)
corona q.
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For use with experimentally convenient parameters we define X as the mass ratio of

material:template using the material, core, and corona densities:

m Vmaterialpmaterial

+ Vcoranapcorona ( Eq 56)
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The x could be calculated by combining equation S2, S4 and S5 into Eq.S6 to yield:

f
d 2 yL-mr’L(l+——" )
Pmaterial - f corona

2
f corona nr°L

pcore 1 _ pcorona
fcorona

(Eq.S7)

When simplifying this expression, it becomes apparent that the cancelation of L reduces this to

a two-dimensional problem (L-independent):

2
x = pmaterial rdm - my fcorona
= ( _
fcorona 7'[7‘2 1- fcorona
Pcore T’D corona
corona (Eq'SS)
For convenience, a convolved-density term is defined to simplify the pre-factor:
fcorona
Pcore mpcorona
B =

Pmaterial (EqS9)

Using this pre-factor, equation S8 can be solved for the cyIinder radius to yield:
m . (xﬁ + 1 + corona ) 1/2
\[ 1-fcorona (EqSlO)
The dn,.m value is derivable from the SAXS d-spacing when the structure factor scalar, Spmr, is

known such that:

dm—m
Spur =d—.
spacing (EqSll)
Equations S10 and S11 can be combined and expressed in terms of the micelle diameter (D=2r)
to yield:
T fcorona
. 14 _Lcorona vi/2
Spacttg 28 y(Xﬁ T 1- fcorona) (EQS].Z)

Please note the power of % in equation S12 arises from the cancelation of cylinder length
(equation S8) which reduces the dimensionality and corresponds to two-dimensional area
conservation. This is distinct from the power of 1/3 that was found in all prior PMT models which

were rather based on spheres and volume conservation.



3D PMT Model for Non-Aligned Cylinders

When the cylinders are not aligned, the geometry is more analogous to the original PMT model
derivation.! Here, it will be shown that the lack of cylinder alignment prevents the geometric
equations from reducing to two dimensions. Please note that the following derivation is in the
spirit of crystallographic analogs, however, the rotational freedom makes this rather a descriptor

of a “representative volume unit.”

) | = | =

Here the representative parallelepiped has a total volume of:

Vinitcen = ydm:jm (Eq513)
Viemplate Ff€émMains the same as expressed by equation S2.

The remaining volume is occupied by the matrix which is a combination of the material and the

corona chains:

3 2
Vmaterial + Vcorona = dm -mV T L (Eq514)

Vmatrix =

Please note that the full cylinder volume is considered, regardless of the size of the unit cell size.
In this sense the geometry represents the average volume occupied by cylinders. The volume of

corona remains the same as expressed by equation S4.

The combination of equations S13, S14, S2, and S4 allows one to solve for Vaterial:

f
% = dmfmy—rtrzL(l +ﬂ)

v corona —
1- fcorona (EqS]_S)
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The material:template mass ratio, X, remains the same as defined by equation S6.

X can be expressed by combining equation S6 with S2, S4 and S15 to yield:

3
Pmaterial fdm -mY fcorona
X = 1§ -
2 —
fcorona nreL 1 fcorona
Pcore Pcorona
1- fwrona
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The same convolved-density term, B, is used as defined in S9.

The combination of equations S6 and S16 can be used to solve for the cylinder radius:
fcorona _1/2
1 _fcorona (Eq517)

m-m

r=d 32 X xpt+1+
L

The same definition of Spyr is used as specified in equation S11.

Combining equation S11 with S17 allows one to solve for dsp,cing as expressed in terms of the
micelle diameter (D=2r) to yield:

p ( D3/3 ) i/ﬂ( B+1+ fcnrona )1/3
spacing — o oa77| ¥ [ W 1-f
pacing g « \/Z 14 1~ feorona (Eq.S18)

Please note that the final power of 1/3 on the last quantity arises from the 3D character of the
representative volume since the L term did not cancel itself out in the case of non-aligned

cylinders.

Table S2: 3D PMT fit parameters for OS ShortCyls.

3D PMT model

ol 1.11

Bl 0.91

i 1

L (nm)3 266
foeo? 0.260
Spwmrt 1.95
Pore/Template Diameter3 62.8

(nm)

!Determined from the least squares fitting within the PMT window
2Determined from the 'H-NMR and the densities of the polymer blocks
3Determined by SEM measurements



Table S3: 2D PMT fit parameters for OS LongCyls

2D PMT model
ol 1.40
B! 0.486
1t 0.5610
foeo? 0.260
Spmt? 1.64
Pore/Template Diameter3 60.4
(hm)

IDetermined from the least squares fitting within the PMT window
2Determined from the 'H-NMR and the densities of the polymer blocks
3Determined by averaging the pore diameter measured by SEM

Reference

(1) Sarkar, A.; Stefik, M. How to make persistent micelle templates in 24 hours and know it
using X-ray scattering. J. Mater. Chem. A 2017, 5 (23), 11840-11853. DOLI:
10.1039/C7TA01034F.



