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1 UV-vis absorbance spectra for photoisomerisation

On irradiation with UV (365 nm) light, a change in the UV-vis absorbance spectrum indicates
photoisomerisation for both AzoTAB and AAPTAB to form a photostationary state (PSS) of
mostly Z isomers (Figure S1). On subsequent irradiation with blue light, AzoTAB shows high
reversibility into the E isomeric form. In contrast, the response of AAPTAB is much slower,
showing only minimal change over a 20-minute irradiation period with green light. The change
in peak intensity for AzoTAB in the E-rich state in the native form and blue PSS is thought to
be due to a difference in the dissolved concentration of the surfactant before and after light
irradiation.
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Figure S1: UV-vis absorbance spectra of (a) AzoTAB (50 uM in water) and (b) AAPTAB (100 uM in
water) in the native state, which consists of mostly the E isomer, and after irradiation with UV (365 nm)
light for 15 minutes to form a PSS of mostly Z isomers. Subsequent irradiation with blue (460 nm)
triggers Z—E isomerisation in AzoTAB. In AAPTAB, irradiation with green (525 nm) light for 20 minutes
shows only a small change in the absorbance spectrum.

2 Small-angle X-ray scattering using in-situ irradiation

For AzoTAB, on irradiation of the Z-PSS with in-situ blue (460 nm) irradiation, the SAXS signal
shows a gradual return towards the original pattern given by the E isomer (Figure S2a). Data
fits indicate that this is associated with a return to the ellipsoidal cylindrical micelle morphology,
with polar and equatorial radii of 25 and 14 A, and a length of 104 A, which is shorter than the
136 A in the original state (Table S1). This discrepancy in the micelle size on reverse
isomerisation could be due to slow agglomeration of the micelles into longer cylinders over
time. Evidence of larger-scale aggregates in the E isomer for this sample, before UV or blue
irradiation is visible as a straight-line power-law decay in the low-Q region of the SAXS curve
(Figure S2a). The decay follows the relationship 1(Q) « Q2, which is characteristic of random-
walk interactions from worm-like micelles[1,2]. This suggests that there is heterogeneity in
some samples, leading to larger-scale cylindrical forms that begin to behave akin to worm-like
micelles. Z—E isomerisation in azobenzene photoswitches can also be induced using gentle
heating due to the low activation energy for the reversal to the thermodynamically stable, Z
state[3]. On heating AzoTAB in the Z-rich PSS to 55 °C and holding it in the dark, a return of
the SAXS profile towards that of the original, E isomer was observed (Figure S2b), as
expected due to thermally-induced reverse isomerisation at these temperatures.
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Figure S2: SAXS patterns showing the effects of in-situ (a) blue light irradiation (460 nm) and (b)
heating at 55 °C on the self-assembly of AzoTAB (50 mM in water) in the Z-rich photostationary state.
Note that the original, unirradiated sample in (a) is given by the black circles.

For AAPTAB in the Z-rich PSS, on irradiation with green light there is little change in the SAXS
signal (Figure S3). On heating to 55 °C, the Guinier plateau region remains unchanged, which
indicates little change in the micelle shape and size; however, there is decrease in the gradient
of the straight-line power-law decay scattering in the low-Q region, indicating a loss of large-
scale aggregates in the solution which could be forming due to a lower solubility of the

AAPTAB at room temperature.
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Figure S3: SAXS patterns showing the effects of in-situ (a) heating to 55 °C and (b) irradiation with
green (525 nm) light for AAPTAB (50 mM in water) on showing minimal change over 40—60 minutes. In
comparison, irradiation with 50 s of X-rays (black) indicates a dramatic change in the structure.
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Figure S4: SAXS patterns showing the negligible effects of X-ray exposure time on (a) AzoTAB and

(b) AAPTAB (both 50 mM in water) in the native, E isomer.
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Figure S5: SAXS patterns show no change in the backgrounds of (a) H20 and (b) D20 on X-ray
irradiation of up to 70 s.
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Figure S6: SAXS curves for AzoTAB (50 mM) in deuterium dioxide (D20) showing the changes in form
factor, and therefore micelle size and shape, after UV (365 nm) irradiation to the Z-rich PSS and
subsequent X-ray irradiation. The solid black lines indicate the results from model fitting to the SAXS

data. The grey circles indicate the original, E isomeric state.
3 Models used for SAXS Fitting

The SAXS scattering profiles were modelled in SASfit software (version 0.94.11)[4]. This
minimises the goodness-of-fit, X;?, by adjusting the model parameters, to match the model
intensity with the measured intensity. Goodness-of-fit, X2 is defined as:

N
X2 = 1 Z [Iexp(qi) - Imod(qi) 2 Eq. S1
" (N - M) = Oexp (qi)

where lexp(q) and Imoda(q) are the measured and modelled intensities, respectively, and Oexp(q)
is the uncertainty on the intensity.
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The model intensity, Imod(q) is defined as:

N b
moa(@) = Z{[ [ Panr@ dx]S(q)} Eq. S2
i=1 ‘@

where P(q, x) is the form factor, describing the shape of the scatterer, f(x) is a shape parameter
distribution, and S(q) is the structure factor, describing interactions between the scatterers.

The form factor for the elliptical cylindrical shell in SASTit, Isnen(q) is defined by the following
equation:

Isnen(q Ry, Ra, An, 1) = [K(q, Ry, A7) - K(q, Ry, An(1-12))] 2 Eq. S3
with
K(q,R, A7) = %nR3A773 sin QR (—Qg;cos CR Eq. S4
The forward scattering for g = 0 is given by:
4 2
lim Isneu(q, Ry, Ry, A ) = (3 [RE=R3CL = 1) Eq. S5

where R1 = overall radius of the spherical shell
R = radius of spherical core
An = scattering length density difference between the shell and the solvent

U = scattering length density difference between the core and the matrix relative to the
shell

The form factor for the ellipsoid of revolution in SASit, lecsn(q) is defined by the following
equation:

1
Igcsn(q) =f [F(q, Rp, Req, t, 1)) 2dp Eq. S6
0

with

3j1(xc) 3j1(xt)
—1xc ] ! t] Eq. S7

+ (nshell' r]sol)Vt [ .

F(q' Rp' Req' t, l’l) =(ncore' nshell)Vc [

sin(x) — xcos(x)

Ji(x) = 2

xe = Q [RE 1+ REL = 1)
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x = Q J(Rp + 022 + (Re + D2(1 — 12)

4 2
Ve = 5mRyR;

4
V. = §n(Rp + t)(R, + t)?

where neore = scattering length density of core
Nshen = Scattering length density of shell
Nsol = Scattering length density of solvent
Rp = polar semi-axis of elliptical core
Re = equatorial semi-axis of elliptical core
t = thickness of shell
V¢ = volume of core

V; = total volume of core along with shell

The form factor for a randomly oriented cylindrical shell with elliptical cross-section in SASit,
leicyi(q) is defined by the following equation:

Kellel (q' An; R, &L, t, P, (Z) =meR (SR + t)LAT]

. L
2J1(qr(R, &, t, @, a)) sin(q 5 cos(a)) Eqg. S8
qr(R,&,t, @, @) q%cos(a)

r(R,&,t,0,a) = /(R + t)2sin2(p) + (eR + t)2 cos2(¢p) Eq. S9
T
) 2

Iellel(CI) = E ff(Kellel(q' Ncore — Nshell » R &Lt ®, a) Eq. sS10

0

+ Keticy1 (@ Msnen — Nsow R €, L, t, @, a))* sin(@)da do

where R = radius of the micelle core
€ = stretching factor of ellipsoid
L = cylinder length
T = shell thickness
Neore = Scattering length density of cylinder core
Nshel = Scattering length density of cylinder shell

Nso = Scattering length density of solvent
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4 Micelle Dimensions from SAXS Fits

Table S1: Fitted parameters from modelling of the SAXS data for AzoTAB (50 mM) in water and D20 after varying UV, X-ray and blue light irradiation times,
where Ry is the polar radius, Req is the equatorial radius, t is the shell thickness, L is the cylinder length, SLD is the scattering length density, Z is the micelle
charge, n is the micelle volume fraction and x? is the goodness-of-fit.

Irradiation time Model Rp/ A Req/ A t/A L/A SLD z n X2
uv X-ray Blue Core Shell
(min) (s) (min)
H20
0 0 0 Elliptical 31.39+0.05 11.46+0.04 13.28+0.02 136.0+0.2 51x10® 184x10° 16.9 0.08 3.56
cylindrical shell
80 0 0 Ellipsoidal shell  13.25+0.14 19.32+0.20 10.25+0.18 6.0x106 136x10° 11.1 0.09 0.85
80 50 0 Elliptical 12.69+0.12 1467+0.14 7.77%0.11 97.5+0.6 5.0x10% 2.8x105% 11.0 0.08 0.68
cylindrical shell
80 15 70 Elliptical 25.01+0.15 13.78+0.18 8.80+0.13 1035+1.1 49x10% 22x10°% 11.0 0.08 0.74
cylindrical shell
D20
0 0 0 Elliptical 3486+0.05 1217+0.05 12.77+0.04 201+£1 59x10% 155x10°% 156 0.10 4.19
cylindrical shell
80 0 0 Ellipsoidal shell 154+0.1 23.3+0.3 44+04 6.0x10% 19x10% 114 0.07 0.82
80 50 0 Elliptical 24.1+0.1 12.8+0.2 11.1+0.1 106 £1.2 43x106% 1.3x10° 6.8 0.08 0.87

cylindrical shell
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Table S2: Fitted parameters from modelling of the SAXS data for AAPTAB (50 mM) in water after varying UV, X-ray and blue light irradiation times, where Rp
is the polar radius, Req is the equatorial radius, t is the shell thickness, SLD is the scattering length density, Z is the micelle charge, n is the micelle volume
fraction and x? is the goodness-of-fit.

Irradiation time Model Rp/ A Req/ A t/A SLD z n X2
UV (min) X-ray (s) Core Shell
H20

0 0 Ellipsoidal shell 23.8+0.1 13.41 £ 0.03 7.07 £ 0.06 9.0 x 106 1.9 x10° 3 0.11 3.63
10 0 Ellipsoidal shell 251+£0.2 13.28 £ 0.03 542 +0.01 9.0 x 106 2.2 x10°% 2.7 0.10 0.80
20 0 Ellipsoidal shell 22.3+04 13.07 £ 0.14 5.16 £ 0.30 9.0 x 106 2.2 x10° 0.44 0.09 1.01
30 0 Ellipsoidal shell 23.9+0.2 13.49 £ 0.05 3.69 £ 0.01 9.1 x 106 2.6 x 10° 0.44 0.09 1.03
40 0 Spherical shell 19.1+£0.1 56+0.2 9.4 x 106 2.0 x10°% 3.82 0.07 0.96
50 0 Spherical shell 18.7+0.1 52+0.2 9.4 x 106 2.0 x10°% 433 0.07 0.97
60 0 Spherical shell 19.0+0.1 6.4 +0,1 9.4 x 106 1.9 x10° 2.68 0.07 0.72
70 0 Spherical shell 185+ 0.1 51+0.3 9.4 x 106 2.0x 10°% 3.32 0.07 0.99
80 0 Spherical shell 18.4+0.1 5.6+0.3 8.4 x 106 1.9 x10° 3.38 0.07 0.88
80 0.5 Spherical shell 19.2+0.2 5.8+0.2 9.4 x 106 1.8 x 10® 3.78 0.07 0.58
80 1 Spherical shell 195+0.2 6.6+0.2 9.4 x 106 1.8 x 10® 4.04 0.07 0.62
80 2 Spherical shell 19.9+0.2 6.7+0.2 9.3 x 106 1.8 x10° 441 0.07 0.66
80 5 Ellipsoidal shell 21.2+0.3 125+0.1 7.0+£0.2 9.0 x 106 1.9 x10° 0.38 0.09 0.95
80 10 Ellipsoidal shell 20.2+0.3 120+ 0.1 94+0.2 9.0 x 106 1.7 x 10° 0.11 0.10 0.90
80 50 Ellipsoidal shell 23.8+0.2 134+0.1 6.8+0.2 9.0 x 106 1.9 x 10° 2.79 0.10 0.86
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Table S3: Fitted parameters from modelling of the SAXS data for AzoTAB (50 mM) in D20 after varying UV, X-ray and blue light irradiation times, where Ry is
the polar radius, Req is the equatorial radius, t is the shell thickness, SLD is the scattering length density, Z is the micelle charge, n is the micelle volume fraction
and x? is the goodness-of-fit.

Irradiation time Model Rp/ A Req/ A t/A SLD z n X2
UV (min) X-ray (s) Core Shell
D20

0 0 Ellipsoidal shell 234+0.1 11.49 £ 0.04 11.7+0.1 9.0 x 106 1.4 x10° 7.44 0.06 1.67
10 0 Ellipsoidal shell 26.2+1.2 14.7 £ 0.6 46+1.1 8.5 x 106 1.7 x 10® 1 0.04 051
20 0 Ellipsoidal shell 21.5+0.8 11.0+£0.3 10.0+ 0.5 8.5 x 106 1.2 x10° 1 0.03 0.52
40 0 Ellipsoidal shell 20.0+£0.3 20.0£0.3 56+0.2 1.0 x 107 6.1 x 106 1 0.02 0.62
60 0 Spherical shell 19.9+0.3 5.4 +0.2 1.0 x 107 6.2 x 106 1 0.02 0.62
80 0 Spherical shell 21.4+0.2 9.0+05 8.5 x 106 4.3 x 10 0.72
80 0.5 Spherical shell 204+0.4 6.9+05 1.0 x 107 5.2 x 106 0.59
80 1 Spherical shell 20.7+0.4 75+0.4 1.0 x 107 5.1 x 106 0.57
80 2 Spherical shell 20.4+04 65+04 1.0 x 10”7 5.8 x 106 0.61
80 5 Spherical shell 209+0.2 58+0.2 1.0 x 107 6.4 x 106 1.06 0.03 0.74
80 10 Spherical shell 21.9+0.2 6.9+0.2 1.0 x 107 5.8 x 106 1.00 0.03 0.67
80 50 Spherical shell 245+0.1 10.9+0.3 9.0 x 106 5.0 x 106 1.15 0.03 0.68
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5 UV-Vis absorbance spectra before and after X-ray irradiation

To investigate the Z—E isomerisation of AAPTAB during X-ray irradiation, UV-Vis absorbance
spectroscopy was used. AAPTAB (1 mM in water) was irradiated to form the Z isomer (Figure
S7). This was then loaded into the beamline, irradiated with X-rays (1 s), and re-cuperated.
The UV-Vis absorbance spectrum after irradiation shows some changes (Figure S7b), which
indicate a percentage of the sample has reversed back to the E isomer. However, the
observed change is small due to the small volume of sample that is irradiated by the X-ray
beam (0.375 L) in comparison to the volume of the sample (10 pL) that has been re-
cuperated to run the UV-Vis spectrum. The volume loaded is the lower limit that can be used
so that the sample stays centred on the X-ray beam during measurement, so this could not
be modified further. However, due to the high stability of the Z isomer for AAPTAB, we can
assume that this small contribution of Z—E isomerisation has been induced by the X-ray beam,
rather than thermal isomerisation during the time taken for the measurements. We note that
the UV-Vis absorbance spectra here are taken on a NanoDrop 1000 spectrophotometer, and
therefore more quantitative results cannot be obtained, as this was all that was available at
the synchrotron facility.
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Figure S7: UV-Vis absorbance spectra for AAPTAB (1 mM in water) (a) in the Z-rich PSS, before X-
ray irradiation, and (b) after 1 s of X-ray irradiation, showing partial reversion back to the spectrum given
by (c) native, E isomer. Note that the spectra in red correspond to 0.1 mm absorbance and in black to
1 mm absorbance
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6 Calculations for the pH change on X-ray irradiation

To estimate the pH change on X-ray irradiation for the X-ray flux at beamline B21, Diamond
Light Source, the absorbed X-ray dose rate, D, was first calculated using the relationship[5]:

E Eq. S11
D=— A
m
D Iy X E xt(1—exp(—p (E) X 1))
B AX A Xp

where, E;/m is the transferred energy per mass, m, I, is the incident X-ray beam intensity, E
is the X-ray energy, t is the exposure time, ;. is the incoherent contribution of the attenuation
coefficient, A is the beam area, p is the beam density and A is the beam attenuation length.
The parameters used and source of the information are summarised in Table S4.

Table S4: Parameters used for the calculation of the absorbed X-ray dose rate for the experimental
conditions used at beamline B21, Diamond Light Source, and the source of the parameter values.

Parameter Description Value Source
lo Beam Intensity 4 x 102 photons s From experiment
E X-ray energy 13 keV From experiment
t Exposure time 500 ms From experiment
Uic Incoherent contribution of the 2.325cm?g? Calculated for H20 at
attenuation coefficient 13 keV [6]
A Beam area 1.0x 0.25 mm From experiment
A Attenuation length 0.403 cm or Calculated for H20 at
0.402 g cm2 13 keV [6]
P Density 997 kg m- Density of water

The resulting dose is D = 1.6 kGy (note that 1 Gy = 1 J kg™) for a single X-ray frame
of 500 ms or a dose rate of D = 3.2 kGy s™*. Fritsch et al. used kinetic modelling to simulate
the acid-base chemistry of neat, aerated water as a function of dose rate of incident X-ray
radiation and the initial pH value of the solution[7]. By comparing their results to the X-ray
dose rate calculated here, =102 Gy s™*, we can expect a solution of pH 7 to change to pH 5—
6. It is worth noting that the addition of free bromide ions will also have an effect on this pH
change. For additions of between 1 and 10 mM of Br-, Fritsch et al. calculated that the pH
change for an X-ray dose rate of =10° Gy s™* varies between 5.6 and 5.7[7]. We therefore
chose to investigate the effect of pH 5 and 6 on isomerisation properties in this work.
Hydrobromic acid was used to modify the pH as the Br  counterion is identical to the
photosurfactant counterions, minimising additional chemical effects on the system.
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7 Calculations for temperature change on X-ray irradiation

To estimate the temperature change induced at the sample position due to the X-ray beam,
we can use the absorbed X-ray dose rate calculated above, D = 3.2 kGy s, or 3.2 J kg™*
(Section 6, Equation S11). If we adopt an upper-limit scenario where all this energy is
transferred to heat energy, we can calculate the induced temperature change in the water
using the equation][8]:

Q= mcAT Eqg. S12

where Q is the heat energy transferred, m is the mass of water, c is the specific heat capacity
of water (4180 J kg™ K™1[8]) and AT is the temperature change. This gives a temperature
change of 0.38 °C over a single, 500 ms X-ray frame, or 38 °C over the longest X-ray exposure
of 50 s. However, these calculations assume that there is no heat transfer to the surrounding
sample or cooling system. This cooling system actively keeps the sample capillary at 25 °C
during measurement, meaning these calculations will be an over-estimate, especially at longer
irradiation times.

Taking this upper-limit scenario, the amount of Z—-E isomerisation induced for 50 s X-ray
exposure would be ~2 % for AzoTAB, which shows the greatest thermal instability in
comparison to AAPTAB. This is calculated by taking the thermal rate constant at 60 °C from
an Arrhenius plot for a similar, AzoTAB surfactant [9]. The AAPTAB will be even more stable
to heating, meaning that the effect on this molecule can be assumed to be negligible under
these conditions. Using these calculations, we can conclude that thermal effects from the X-
ray beam will be minimal in modifying the ratio of E to Z isomers in these systems.

8 UV-vis absorbance spectra for acid-induced isomerisation
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Figure S8: UV-vis absorbance spectra for AAPTAB (100 uM in water) in the Z-rich PSS (obtained after
UV, 365 nm, irradiation for 15 minutes) as a function of time held at 25 °C in the dark on addition of
hydrobromic acid to form a pH of (a) 5, (b) 6 and (c) 7.
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Figure S9: UV-vis absorbance spectra for AzoTAB (100 uM in water) in the Z-rich PSS (obtained after
UV, 365 nm, irradiation for 15 minutes) as a function of time held at 25 °C in the dark on addition of
hydrobromic acid to form a pH of (a) 5, (b) 6 and (c) 7. The grey lines indicate the spectrum every 30
minutes between the first and final timestamps.
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