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Section S1: Estimation of the partial pressures of
THF:chloroform mixtures inside the SVA chamber

In order to fully optimize the SVA process of our UHMW system, it was essential to deduce
the optimal choice of solvent to obtain phase separation into lamellar domains. The primary
solvents investigated were chloroform and THF, due to their relative neutrality towards both
PS and P2VP domains. In an ideal solvent mixture, the vapour pressures of each solvent would
exactly match the concentration of the solvent in the liquid mixture as per Raoult’s law.
Chloroform/THF mixtures are non-ideal, however, and therefore the activity coefficient (y) of
a solvent in a binary mixture must be considered in order to calculate the partial pressure:

Di = Vi Xi Pisat (1)

Where x; is the molar fraction of solvent i in the liquid phase, and p; 4. is the saturated vapour
pressure of the pure solvent i. p; ¢4¢ can be estimated from the Antoine equation:

B;
C;i+T

log(pi,sat) =4A; - (2)

Where A;, B; and C; are the component-specific constants, and T is the temperature. The values
of these constants for chloroform at 21°C are A = 6.995,B = 1202.29, C = 226.25, and for
chloroform are A = 6.955, B = 1170.97, C = 226.232 3. The molar ratio of both solvents in
the gas form (y) can be calculated using the following expression:

bi

Ptotal
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Where p;,:q: 1S the total pressure of the solvent mixture. The behaviour of chloroform and THF
in a binary mixture has been studied in past work. At temperatures of between 20-30°C it has
been found that the mixture displays a negative deviation from ideality, meaning that the total
pressure of the mixture passes through a minimum value as the composition of the mixture is
changed *°.

To analyse the effect of x; on the phase separation, the values of y; for each molar ratio of
solvent examined were required. Previous experimental work on chloroform/THF binary
mixtures determined that an athermal model based on Flory-Huggins theory can accurately
predict the values of y; obtained from experimental results.> ® The values of y; from this model
for both chloroform and THF were used to determine the partial pressures of both solvents in
the vapour phase during annealing (see Figure S1). Various ratios of both solvents were added
to the solvent bubbler and used to swell the block copolymer films to a constant ¢ value of
~0.83. All other parameters, including swelling rate, initial stage temperature, and swelling
time, were held constant.
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Figure S1: (a) Graph of the vapour pressures of chloroform (Pcyc,), THF (Pryp), and the total
equilibrium vapour pressure Py, Vs. the concentration of chloroform in solution (xcpc,) at
294.15K. Data for the values of the activity coefficients y; were obtained from Dohnal et al.!

(b) Vapour liquid equilibrium curve of the THF-chloroform mixture.
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Figure S2: AFM images (5 X 5 um) of PS-b-P2VP films annealed in the rig for 200s to a ¢ value of
~0.83 using a variety of chloroform/THF ratios. The calculated molar fraction of chloroform ycyy, in
the vapour phase is shown inset for each image.

Figure S2 shows AFM images of the BCP films after 200s of swelling to a ¢, value of ~0.83,
with bubbler temperature of 21C. In the case of pure THF, the film appeared to remain in the
original ‘as cast’ micellar form after SVA. A similar structure is observed when ycyc;, = 0.1,

which progresses to a partially phase-separated structure at ycyc;, = 0.54, and eventually to
the expected lamellar structure as the chloroform becomes the majority component.

Although the lamellar form was observed using pure chloroform, the solvent mixture that gives
Yeuci, = 0.82 was utilised for the kinetic studies outlined in the main text. This is because
despite multiple attempts of swelling to high ¢ values using pure chloroform, the resulting
lamellar structure was observed to contain nano-scale regions of non-uniformity where the
ordering was lost, as can be seen in (g). We suggest that this may be the result of increased
difficulty in maintaining a constant swelling profile across the film due to the ~20% higher
overall equilibrium vapour pressure of pure chloroform vs. the solvent mixture with ycpc;, =
0.82 at 21°C (calculated from figure 2 values). This is an interesting observation in itself, as it
suggests that negative azeotropic solvent mixtures may be better suited for maintaining
thickness control at high degrees of swelling where the swollen film thickness becomes
increasingly sensitive to temperature changes. A more in-depth examination of the effect of
solvent mixtures on film swelling kinetics will be the subject of a future study.



Section S2: Calculation of Refractive Index of Swollen
Film

The refractive index values of the solvent mixture, pure BCP film, and swollen BCP film were
estimated from their known pure component values (see table 1) using the Lorenz-Lorentz rule
of mixing’.

n%2_1: Tll—l nz_l
ni, + 2 2+2

(4)

Where ¢,, ¢, and n,, n, are the volume fractions and refractive indices of pure components
1 and 2, and n4, is the refractive index of the resulting mixture.

Component Refractive index value:
Tetrahydrofuran® 1.405 + 0.001
Chloroform® 1.446 + 0.001
Polystyrene!® 1.587 + 0.001
2-vinylpyridine!! 1.550 + 0.001

For the molecular weight of PS-b-P2VP used in this work, a refractive index value of 1.570
was obtained using the respective volume fractions of each block. For the chloroform/THF
mixture, an approximation was made that the ratio of each solvent absorbed into the film during
swelling is equal to the solvent ratio in the vapour phase. This yields a value of 1.438 using eq.
(4) for ycpci, = 0.82 . For the swollen film, refractive index values of between 1.503 and 1.453

were obtained for ¢ values between 0.5 to 0.88 respectively via incorporating the refractive
indices of the both the solvent mixture and block copolymer film.

During a swelling experiment, the refractive index was initially set at a precalculated profile
corresponding to the dry film (n=1.438, figure S3a). Once swelling was induced, the
precalculated refractive index profile was switched (within the Filmetrics software) to the
corresponding index profile of the desired solvent concentration of the swollen film for that
experiment (examples in figure S3b, c). Upon initiation of deswelling, the refractive index
profile was immediately reverted back to that of the dry film. This ensured that our
reflectometer model aligned with the measured BCP film during the experiment. We intend to
automate such refractive index changes in our future studies via a feedback loop system in
order to further enhance the scalability and precision of the technique
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Figure S3: Spectral reflectance of the unswollen neat BCP film (a), the film swollen to a ¢, value of

~0.69 (b), and swollen to a ¢, value of ~0.83 (c).



Section S3: Additional Swelling Plots

10 T T T T T T T T
410
16
0.8 - ]
14
0.6 ] g
%) 12 ©
< —— 60s hold £
04} —— 200s hold g
—— 480s hold 175
—— 1200s hold
0.2}
L WL
1 " 1 " 1 " 1 " 1 1 " 1 "

0.0 £~ : :
0 200 400 600 800 1000 1200 1400 1600 1800
Time (s)

Figure S4: Swelling plot of the films shown in figure 5 (a) to (e) of the main text.
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Figure S5: Swelling plot of the films shown in figure 6 (d) to (f) of the main text.
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Figure S6: Plot of the calculated swelling rate vs. the difference between the initial stage temperature
(varied between 15.9°C to 20.9°C) and bubbler temperature (21°C for all samples).



Section S4: Additional AFM, SEM data:

Figure S7: AFM image of the as cast PS-b-P2VP film.
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Fig. S8: 2-dimensional power spectral density (PSD) plot of an AFM image of the BCP film shown in
sample 2 (n). The peak corresponding to the feature spacing of 193 nm is marked, and was
determined using a Gaussian fit.
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Figure S9: AFM images of the PS-b-P2VP films as a function of the solvent concentration in swollen film ¢, and initial film thickness Dy.
These images were used to construct the orientation diagram shown in fig. 2 in the main text.
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Figure S10: FIB/SEM images of 166 nm thick PS-b-P2VP films after a total annealing time of 10 mins at a
¢, value of (a) 0.67 and (b) 0.86.

Section S5: Optical Micrographs of BCP films Post SVA

Figure S11: Optical microscopy images of the PS-b-P2VP film after a total annealing time of 10 mins at a
¢ value of 0.86 (giving lamellar orientation). Image is taken after SVA with no surface reconstruction.
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Section S6: Correlation Length example:
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Figure S12: (a) Example 10 X 10 ym AFM image (from film shown in figure 6 (d) of main text). (b)
Generated orientational map of skeletonized AFM image as generated from the ADAblock
application.'? (c) Calculation of correlation function from AFM image. Raw data is shown in red with
smoothed data in black. Correlation length is marked at the r value where the correlation function is
equalto1/e



S7: Feature height variation with etch time:

Etch time (s) 30 60 120 180

Height (nm) 78 145 373 493

Figure S13: High resolution cross-sectional SEM images of Si nanowalls, after (a) 30 seconds, (b) 60
seconds, (c) 120 seconds, and (c) 180 seconds of etch time. The table shows the variation of feature
heights with etching time. All scale bars are 200 nm.
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