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Materials and Methods 

Materials 

 Hexadecyltrimethylammonium bromide (CTAB, approx. 99%), ethyl acetate 
(EtOAc, ACS grade), tetraethyl orthosilicate (TEOS, ≥99%, GC), (3-
aminopropyl)triethoxysilane (APTES, > 95%), ammonium hydroxide (NH4OH, 29%), 
acetic acid (glacial), hydrochloric acid (HCl, 36.5-38%), ethanol (absolute, anhydrous), 
ethanol amine (99%), iridium (III) chloride hydrate (99.9%) and deionized water (Milli-
Q, 18.2 M-cm) were used as obtained without further purification. 

Synthesis of multicompartment mesoporous silica nanoparticles (mc-MSNs) 

Multicompartment mesoporous silica nanoparticles (mc-MSNs) were prepared by 
increasing [EtOAc] in the synthesis of highly aminated cubic MSNs reported previously. 
(19, 20) The volumetric ratio in milliliters of chemicals used in the synthesis of cubic 
MSNs was 1 CTAB (aq):0.045 TEOS:0.055 APTES:0.54 NH4OH:0.176 EtOAc:27.38 
H2O. For mc-MSNs, EtOAc volume per CTAB (aq) was varied from 0.264 for 137 mM 
to 0.880 for 457 mM. CTAB solution was gently stirred in a container to which H2O, 
EtOAc, NH4OH, and mixed silanes were added in this order. We note that after EtOAc 
addition, the mixture was left stirring for a few minutes to let the EtOAc dissolve before 
adding the rest of the reagents. Five minutes after silane addition was complete, H2O 
(7.98 v/v CTAB (aq)) was added and the mixture was left stirring for 24 hours. On 
completion of the reaction, samples were neutralized with 2 M HCl (aq), and the MSNs 
were cleaned of incorporated CTAB micelles with acetic acid as reported previously. The 
particles were redispersed in absolute ethanol or kept dry for storage to prevent further 
hydrolysis. In order to demonstrate the accessibility of higher-level particle architectures, 
syntheses were also performed as two-step processes. To that end to the reaction mixtures 
from [EtOAc] of 91 mM and 274 mM additional amounts of TEOS and APTES (either 
identical to or half of the initial amount) were added at 5 and 30 min aging time points. 
Results of the 91 mM EtOAc sample treated with half the initial amount of silanes 
(TEOS + APTES) at 30 min aging time is shown in Fig. 4M in the main text. Please note 
that through the amine in APTES the addition of monomers will lead to a slight increase 
of the solution pH. 

In order to determine the surface amine content on the mc-MSN using elemental 
analysis by energy-dispersive x-ray spectroscopy (EDS), iridium (III) chloride hydrate 
was used as a contrasting agent according to previous literature (28). 

Measurement of solution pH 

The time dependent pH of the reactions was measured from model reactions in 
the absence of silanes (to protect the pH meter) or with equimolar amounts of 
ethanolamine to simulate the effect of the amine in APTES on pH. The reaction mixture 
pH was monitored with a VWR Model 8000 pH meter. 

Characterization 

Bright-field transmission electron microscopy (BF-TEM) images were obtained 
on a Tecnai T12 Spirit microscope, equipped with a LaB6 source and a SIS Megaview III 
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CCD camera and running at an acceleration voltage of 120 kV. High-angle annular dark 
field scanning transmission electron microscopy (HAADF-STEM) images and EDS 
elemental maps were acquired on a Tecnai F20 microscope operating at an acceleration 
voltage of 200 kV and a camera length of 300 mm. Hanning-filtered Fast Fourier 
transform (FFT) images were calculated and analyzed in the Electron Direct Methods 
(EDM) software suite, version 3.0. 

Small-angle x-ray scattering (SAXS) patterns of surfactant-extracted, dried MSN 
samples were obtained on a home-built rotating anode beamline as well as at the G1 
station in Cornell High Energy Synchrotron Source (CHESS). (19, 20) For the rotating 
anode setup, a flight path of 15 cm was used with the CuKα source, while a 40 cm flight 
path with 10 keV x-ray was used in CHESS G1. Two-dimensional patterns obtained on a 
phosphor-optical fiber coupled CCD were azimuthally integrated to generate the 1D 
SAXS patterns in the MATLAB software suite. 

Nitrogen sorption experiments were performed on a Micromeritics ASAP2020 
instrument. Around 10 mg of the samples were degassed at 110-120 °C under vacuum 
overnight prior to the measurements. Acquired isotherms were analyzed for pore size 
distribution using the non-local density functional theory (NLDFT) package using a 
cylindrical geometry and Tarazona’s density functional model.  
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Fig. S1. TEM image of a mc-MSN showing one of the four branches (dark domain in the 
middle) growing in the same direction as the electron beam. Pore alignment geometry 
inside the hexagonal branch suggests that the external facets are parallel to the [10] 
direction of the hexagonal lattice, as shown in the model schematic in Fig. 1F in the main 
text. 
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Fig. S2. Comparison of hexagonal pore-to-pore (squares) and cubic (211) (triangles) 
spacings in MSNs for varying amounts of APTES at a constant amount of EtOAc (91 
mM), as well as for varying amounts of EtOAc at a constant amount of APTES (54 
vol.%; 4 data points on the very right). Data points for 0-49 vol.% APTES in the 
synthesis feed are from a previous report. (20) 
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Fig. S3. pH evolution of reaction mixtures mimicking the condition for mc-MSN 
formation with varying [EtOAc]. Ammonium hydroxide solution and ethanolamine were 
added at 0 min, whereas the additional water was added at 5 min (perpendicular dashed 
line). pKa of APTES is shown as a horizontal dashed line for reference (23). 
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Fig. S4. EDS-derived elemental mapping profiles on a line slice of an iridium-stained 
mc-MSN. Inset shows the contour along which the spectra were taken. Scale bar is 200 
nm. Note that the Si/Ir ratio difference between the branch and the core is insignificant, 
indicating that the amine content in the branch and core is similar.  
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