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1. Experimental Section

1.1. Materials

Methacrylic acid (MAA), benzyl methacrylate (BzMA), fluorescein O-metyiate (FMA, 97%)
4,4'-azobis(4-cyanovaleric acid) (ACVA; 99%), ammonium carbonate and calciumidehlor
hexahydrate were all purchased from Sigma-Aldrich (UK) and used as receivegand-432-
phenylethane sulfanylthiocarbonyl)sulfanylpentanoic acid (PETTC) was prepared acdordivey
protocol described by Semsarilar ee[l).eionized water was obtained from an in-house Elgastat

Option 3A water purification unit. All solvents and reagents were obtained from Sigma-AldKgh

1.2. Synthesis of poly(methacrylic acid) macro-CTA

A round-bottomed flask was charged with MAA (10.0 g; 116 mmol, target DP = 25), PETIEg;
4.65mmol), ACVA (260.5 mg, 0.93 mmol, [PETTC)/[ACVA] = 5.0) and ethanol (15.0 g). THedsea

reaction flask was purged with nitrogen and then immersed in a pre-heated oil BattCafor 3 h.
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The MAA polymerization was quenched by cooling the flask in ice, followed by exposube of t
reaction solution to air. The crude polymer was purified three times by itaénoip into a ten-fold
excess of diethyl ether. The resulting precipitate was redissolved in aadethe final purified
macro-CTA was obtained in powdered form by lyophilization (8.4 g; MAA caiwer= 844). A

mean DP of 29 was calculated for this macro-CTA uskhdNMR spectroscopy by comparingeth
integrated signal intensity assigned to the aromatic protons at 7.2-7.4 ppm witlu¢héo the
methacrylic backbone at 0.4-2.5 ppm. After exhaustive methylation using excess
trimethylsilyldiazomethane in THF, THF GPC analysis indicated anot4,900 g mot and an

Mw/M;, of 1.21.

1.3. Synthesis of poly(methacrylic acidy macro-CTA

A round-bottomed flask was charged with MAA (11.0 g; 128 mmol, target DP = 30), PETA% Y
4.26mmol), ACVA (238.8 mg, 0.85 mmol, [PETTC]/JACVA] = 5.0) and ethanol (16.5 g). THedsea
reaction flask was purged with nitrogen and then immersed in a pre-heated oil BattCafor 3 h.
The MAA polymerization was quenched by cooling the flask in ice, followed by exposuhe of t
reaction solution to air. The crude polymer was purified three times by ipaoip into a ten-fold
excess of diethyl ether. The resulting precipitate was redissolved in aradethe final purified
macro-CTA was obtained in powdered form by lyophilization (7.8 g; MAA ewsion = 780). A
mean DP of 36 was calculated for this macro-CTA uskhdNMR spectroscopy by comparing the
integrated signal intensity assigned to the aromatic protons at 7.2-7.4 ppm wittu¢héo the
methacrylic backbone at 0.4-2.5 ppm. After exhaustive methylation using excess
trimethylsilyldiazomethane in THF, THF GPC analysis indicated anof6,400 g mot and an

MW/Mn of 1.19.



1.4. Synthesis of poly(methacrylic acid) macro-CTA

A round-bottomed flask was charged with MAA (12.25 g; 142 mmol, target DP = 50), PETTC (0.97 g;
2.85 mmol), ACVA (159.6 mg, 0.57 mmol, [PETTC]/[ACVA] = 5.0) and ethanol (18.38 g). The
sealed reaction flask was purged with nitrogen and then immersed in a pre-hdaa#u atil70 °C for

3 h. The polymerization was quenched by cooling the flask in ice, followed by exposthre of
reaction solution to air. The crude polymer was purified three times by ienigp into a ten-fold
excess of diethyl ether. The resulting precipitate was redissolved in aadethe final purified
macro-CTA was obtained in powdered form by lyophilization (8.0 g; MAA caiwer= 806). A

mean DP of 54 was calculated for this macro-CTA uskhdNMR spectroscopy by comparing the
integrated signal intensity assigned to the aromatic protons at 7.2-7.4 ppm wittu¢hto the
methacrylic backbone at 0.4-2.5 ppm. After exhaustive methylation using excess
trimethylsilyldiazomethane in THF, THF GPC analysis indicated anofM6,800 g mot and an

Mw/M;, of 1.22.

1.5. Synthesis of poly(methacrylic acid} macro-CTA

A round-bottomed flask was charged with MAA (15.3 g; 178 mmol, target DP = 70), PETTC (0.864 g;
2.54 mmol), ACVA (142.4 mg, 0.508 mmol, [PETTCJ/JACVA] = 5.0) and ethanol (23.0Tkye.
sealed reaction flask was purged with nitrogen and immersed in a pre-hiebtgt at 70 °C for 3 h.

The polymerization was quenched by cooling the flask in ice, followed by expostire kdaction
solution to air. The crude polymer was purified three times by preaigjtaito a ten-fold excess of
diethyl ether. The precipitate was redissolved in water and tHepfinéed macro-CTA was obtained

in powdered form by lyophilization (11.5 g; MAA conversion =%)5 A mean DP of 73 was
calculated for this macro-CTA usindgd NMR spectroscopy by comparing the integrated signal
intensity assigned to the aromatic protons at 7.2-7.4 ppm with that due to thergtietbackbone at
0.4-2.5 ppm. After exhaustive methylation using excess trimethylsilyldiazomethandAnTHF

GPC analysis indicated anMf 8,700 g mot and an M/M,, of 1.21.
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1.6. Synthesis of poly(methacrylic acidy-poly(benzyl methacrylateyoo (M2e-B2og) Spheres

M2¢ macro-CTA (28.4 mg, 10.0 pumol), ACVA initiator (0.56 mg, 2.0 pmol, GYGYA molar ratio
=5.0), FMA (2.0 mg, 5.0 umol) and 75/25 w/w methanol/water (3.432 g) werdaekig turn into a

14 mL vial containing a magnetic stirrer bar. Then, benzyl methacrylate nen@?352 g, 2.0 mmol)
was added to afford a 10 % w/w solution. The flask was sealed and degassgfbri@ONmin at 0 °C
before being immersed in a 70 °C oil bath for 24#hNMR analysis indicated more than 99% benzyl
methacrylate conversion. The.§Boo Spheres were purified by dialysis against water for one week

using dialysis tubing with a molecular weight cut-off of 3,500 Da.

1.7. Synthesis of poly(methacrylic acid)-poly(benzyl methacrylate}oo (M2g-B2og) vesicles

M2 macro-CTA (28.4 mg, 10.0 umol), ACVA initiator (0.56 mg, 2.0 umol, GX&YA molar ratio

= 5.0), FMA (2.0 mg, 5.0 umol) and methanol (3.432 g) were weighed in turn itdond. vial
containing a magnetic stirrer bar. Benzyl methacrylate monomer (0.352rgnal) was then added
to afford a 10 % w/w solution. The flask was sealed and degassed fdga 30 min at 0 °C before
being immersed in a 70 °C oil bath for 24*H. NMR analysis indicated more than 99% benzyl
methacrylate conversion. ThexdB2oo vesicles were diluted to 1.0 % w/w and then transfemex

water by five centrifugation-redispersion cycles (30 min at 10,000 rpm for each cycle

1.8. Synthesis of poly(methacrylic acid)-poly(benzyl methacrylate}oo (M73-B2oo) spheres

M7z macro-CTA (66.2 mg, 10.0 umol), ACVA initiator (0.56 mg, 2.0 umol, GY@YA molar ratio
=5.0), FMA (2.0 mg, 5.0 umol) and 75/25 w/w methanol/water (3.773 g) werdaekig turn into a
14 mL vial containing a magnetic stirrer bar. Benzyl methacrylate monomer (0,252 mmol) was
then added to afford a 10 % w/w solution. The flask was sealed and degassedori 30 min at

0 °C before being immersed in a 70 °C oil bath for 2#HhNMR analysis indicated more than 99%



benzyl methacrylate conversion. Thes:M,q0 spheres were purified by dialysis against water for one

week using dialysis tubing with a molecular weight cut-off of 3,500 Da.

1.9. Synthesis of poly(methacrylic acid)-poly(benzyl methacrylate}oo (M73-B2og) vesicles

M7z macro-CTA (66.2 mg, 10.0 umol), ACVA initiator (0.56 mg, 2.0 umol, GY&YA molar ratio
=5.0), FMA (2.0 mg, 5.0 umol) and 33/67 w/w methanol/ethanol (1.677 g) wegbedein turn into

a 14 mL vial containing a magnetic stirrer bar. Benzyl methacrylate monomer (0.35@ gymol)
was then added to afford a 20 % w/w solution. The flask was sealed and degassddn/gd in at

0 °C before being immersed in a 70 °C oil bath for 244hNMR analysis indicated more than 99%
benzyl methacrylate conversion. ThesNB.q vesicles were diluted to 1.0 % w/w and then transferred

into water via five centrifugation-redispersion cycles (30 min at 10,000 rpm for each cycle)

1.10. Synthesis of poly(methacrylic acigy-poly(benzyl methacrylateyoo (Mss-B2og) vesicles

Mss macro-CTA (34.4 mg, 10.0 umol), ACVA initiator (0.56 mg, 2.0 umol, GY&YA molar ratio

= 5.0), FMA (2.0 mg, 5.0 umol) and methanol (3.486 g) were weighed in turn ibdond. vial
containing a magnetic stirrer bar. Benzyl methacrylate monomer (0.352rgnial) was then added

to afford a 10 % w/w solution. The flask was sealed and degassed fda 30 min at O °C before
being immersed in a 70 °C oil bath for 24'H. NMR analysis indicated more than 99% benzyl
methacrylate conversion. ThesiB2oo vesicles were diluted to 1.0 % w/w and then transferred in to

water by five centrifugation-redispersion cycles (30 min at 10,000 rpm for each cycle).

1.11. Synthesis of poly(methacrylic acid)-poly(benzyl methacrylate}oo (Ms4-B2og) vesicles

Mss macro-CTA (49.9 mg, 10.0 umol), ACVA initiator (0.56 mg, 2.0 pmol, GY@GYA molar ratio

=5.0), FMA (2.0 mg, 5.0 pmol) and 67/33 w/w methanol/ethanol (Z328&re weighed in turn into
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a 14 mL vial containing a magnetic stirrer bar. Benzyl methacrylate monomer (0,352 gimol)
was then added to afford a 15 % w/w solids concentration. The flask vie@ ard degassed via N
for 30 min at 0 °C before being immersed in a 70 °C oil bath for 24 INMR analysis indicated
more than 99% benzyl methacrylate conversion. TheByh, vesicles were diluted to 1.0 % w/w and
then transferrethto water via five centrifugation-redispersion cycles (30 min at 10,000 rpmdbr ea

cycle).

1.12. Precipitation of calcium carbonate crystals in the presence of various additives

An aqueous solution (10 mL) comprising Ca(l.5 mM) and 0.10 % w/w copolymer nanoparscle
was placed in a dessicator. Ca0fDystals were precipitated onto a glass slide placed at the base of
this aqueous solution by exposure to ammonium carbonate vapor (2-3 g, placed at the bokom of t
dessicator) for 24 h at 20 °C. Then the glass slide was removed from thensahdi washed three
times with deionized water followed by three rinses with ethanol. Each metlesperiment was

repeated at least twice and consistent results were obtained in each case.

2. Characterization
2.1.™H NMR spectroscopy

H NMR spectra were recorded using a Bruker Avance 400 spectrometer operating at 406ingHz

D,O, CD;OD or ¢-DMSO as solvents.

2.2. Gel permeation chromatography (GPC)

For THF GPC studies, the carboxylic acid groups on the PM#A&acro-CTA or PMMA-PBzMAy
diblock copolymer were exhaustively methylated using trimethylsilyldiazomethamepaded by
Couvreur et ﬂThe GPC set-up comprised a HPLC pump and twd%Mixed C columns connected
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to a WellChrom K-2301 refractive index detector. The mobile phase was HPLC-gidlde
containing 2% v/v triethylamine and 0.05% w/v butylhydroxytoluene (BHT)flavarate of 1.0 mL
min. Molecular weights are expressed relative to a series of near-monodisper&eetinll

methacrylate) calibration standards.

2.3. Dynamic light scattering (DLS)

DLS measurements were conducted using a Malvern Zetasizer NanoZS instrument by detekting
scattered light at an angle of 173°. Aqueous dispersions of the copolymer nanopaetielelluted

to 0.10 % w/v using deionized water. Aqueous electrophoresis measurements were conducted using
disposable folded capillary cells supplied by Malvern (DTS1070) using the satnament. For pH

titration analyses, the nanoparticle concentration was fixed at 0.10 % wig LsnM NaClas
background electrolyte. The solution pH was adjusted to pH 11 by addition bfa@Bl and then
manually reduced by addition of 0.01 M, 0.05 M or 0.10 M HCI. Fof*|Gération analyses, the
nanoparticle concentration was fixed at 0.10 % w/w and th&][@as adjusted to 0, 0.05, 0.10, 0.25,

0.50, 1.00, 1.50, 3.00 or 6.00 mM at pi9.

2.4. Transmission electron microscopy (TEM)

TEM images were obtained by depositing droplets of 0.15 % w/v aqueous dispersagolyimer
nanoparticles onto carbon-coated palladium-copper grids (Agar Scientific, &itls were treated
with a plasma glow discharge for approximately 30 seconds to create a hydrapféloe rior to
addition of the aqueous nanoparticle dispersion (5 pL). Excess solvent was removettinia dohd
each grid was stained with uranyl formate for 30 seconds. Excess stain was reraddetting and
each grid was carefully dried under vacuum. Imaging was performed using a Fial G Spirit

instrument operating at 80 keV.
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2.5. Scanning electron microscopy (SEM)

Crystals were fractured by placing a clean glass slide on top of the «alaitd glass slide, pressing
down lightly and twisting one slide relative to the other. The resut@mglomly-fractured calcite
crystals were examined by scanning electron microscopy using an Inspect F instrumaputée
coating with gold (15 mA, 1.5 min). To image the vesicles, one droplet afjagous dispersion of

vesicles was dried onto a clean glass slide and then sputter-coated with gold prior to imaging.

2.6. Small angle X-ray scattering (SAXS)

SAXS patterns were recorded at a synchrotron source (ESRF, station [@0Bpler France) using
monochromatic X-ray radiation (X-rayavelength A = 0.0995 nm, scattering vector g ranging from
0.0015 to 0.15 A, where q = 4 sin /. and@ is one-half of the scattering angle) and a Ravonix MX-
170HS CCD detector. A glass capillary of 2 mm diameter was used as a sample amolder
measurements were conducted on 1.0% w/w aqueous dispersions. Scattering dadugeteand
normalized with water being used for the absolute intensity calibratidmingilstandard routines

available at the beamline and were further analyzed using Irena SAS macros forﬁ;or Pro.

2.7. Other measurements

Optical microscopy images were recorded using a Motic DMBA300 digital biologicabsnope
equipped with a built-in camera and analyzed using Motic Images Plus 2.0 ML software.
Fluorescence microscopy images were recorded on a Zeiss Axio Scope Al microscopethitied wi
AxioCam 1Cml monochrome camera. Images were captured and processed using ZEN lite 2012
software. Confocal fluorescence images were recorded using a Nikon A1 microgogpeeé with

Nikon elements software. Raman spectra were recorded using a Renishaw 2000 Ramaopsiicrosc
equipped with a 785 nm diode laser. Thermogravimetric analysis (TGA) was condaaote2Df°C to

900 °C in air using a Perkin-Elmer Pyris 1 instrument at a heating rate of 10 4C min
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SAXS Models

In general, the X-ray intensity scattered by a dispersion of particles [represertedsbgttering

. : dz
cross section per unit sample volur%a(q)] can be expressed as:

[ee] oo

dy
E(Q) = NS(q)f f F(qm, ...,rk)zll’(rlr e, T ) ATy o dTye S1
0o 0

whereF(q, 1y, ..., 1) is their form factorry, ..., r is a set of k parameters describing the particle
morphology,#(ry, ..., 1) is the distribution function, S(q) is the structure factor [generalty), S(1

for dilute, non-interacting particles] and N is the particle number densitynitesample volume and

is given by:
_ %
N=-—"— S2
Jo =L V(ry, i) P(ry, o, 1 )dry o dryc

whereV (ry, ..., i) is the particle volume angis the particle volume fraction.
Spherical micelle model
The spherical micelle form factor for Equa S1 can be expresﬂad as:

Fs mic(@) = N&*Bs*As*(a, Rs) + NsPe*Fe(a, Rg) + Ns(Ns = DBCAZ () <3

+ 2Ns*BsBcAs(q, Rs)Ac(q)

where R is the radius of the spherical micelle core agdsRhe radius of gyration of the PMAA
coronal block. The core block and the corona block X-ray scattering length contiasni®ygs, =
Ve(&s — &) andB. = VL.(&: — &5o1), respectively. Herés, & andéso are the X-ray scattering length
densities of the core blocKsgzma = 10.38 x 1€° cnr?), the corona blockdwaa = 11.88 x 16° cni?)
and the solvent (for watefso = 9.42 x 18° cm?), respectively. Yand \¢ are the volumes of the core

block (Mkszma) and the corona block éMaa), respectively. Thee volumes were obtained froth=
N:VL’:] using the density of PBzMAogs,ma = 1.15 g cand MAA (ppman =1.31 g crﬁ)ﬁwhere
A

Mnpoi COrresponds to the absolute number-average molecular weight of the block copolymer as
determined by end-group analysis usittty NMR spectroscopy. The scattering amplitude of the

micelle core is expressed via the sphere form factor amplitude:
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qZO.Z
As(q'Rs) = CD(qu)exp <_ > ) S4

3[sin(qRs)—qRscos(qR
(qRs)3

the spherical micelle form factor (Equa S4). This is described by the expemantith a widthr

where®(gR,) = DIRN sigmoidal interface between the two blocks is assumed for

accounting for a decaying scattering length density at the membrane surfagevalbis was fixed at

0.22 nm during fitting.

The scattering amplitude of the spherical micelle corona is:

sin(q[Rs + 5Rg])

S5
q[Rs + ng]

A(q) = l’”(ng)[

where¥(qR,) = 1_%}(?"’Rg)anda is the non-penetration depth of the corona chains into the
g

core region, which was assumed to be equal Thd self-correlation term for the corona block is

given by the Debye function:

Z[exp(—qugz) -1+ qugz]

S6
q*Rg"

F.(q, Rg) =

where R is the radius of gyration of the PMAA coronal block. The aggregation numbeforN

spherical particleis given by:

4 3
37 Rs s7

N = (1 - xsol)

S

where X is the volume fraction of solvent within the PBzMA cores. A polydispersity ffor the
core radius (B was incorporated to the structural model (EquatiSl) assuming a Gaussian

distribution:

Y(r) =

 p 2
_ (r1 — Ry) ) S8

1
————exp
\ 2T oRs? < 20ps*
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whereors is the standard deviation fok.Rn accordance with Equati2, the number density per

unit sample volume for the micelle model is expressed as:

N = @

T o S9
fo V(r)¥(r)dr

where ¢ is the volume fraction of copolymer ia dispersion and/(») is the total volume of

copolymer in a spherical micell& (r;) = (Vs + V.)Ns(r1)].

Vesicle model

The vesicle form factor in Equatil is expressﬂi as:

Fres(@) = Ny*Bim’Am” (@) + NyByc’Fo(q, Rg) + Ny(Ny — 1By Avc’ (@) s10
+ ZNVZBm:BVCAm(q)AVC(q)

As in the spherical micelle model, the X-ray scattering length contrast fanéngbrane-forming
block (PBzMA) and the coronal stabilizer blockMRA) is given bySy, = Vin(ém — &so1) @andByc =

Voo (&ve — Eso1), respectively, wheréy, & and&so are the X-ray scattering length densities of the
membrane-forming blockie.ma = 10.38 x 18 cmi?), the coronal stabier block €pvaa = 11.88X
10'° cm?) and the solventéfo = 9.42 x 16° cm?). Vin and \(c are the volumes of the membrane-

forming block and the coronal stabilizer block, respectively. The volumes werdatat froml/ =
"’:\%w using the density of PBzMAoks.ma = 1.15 g cand the density of BAA (ppwaa =1.31 g
A

cm3ﬂ where M o corresponds to the number-average molecular weight of the block copolymer as

determined byH NMR spectroscopy. The amplitude of the membrane self-term is:

_ Vout(p(qRout) B Vin(p(qRin) qzainz S11
Am(q) = exp|————

Vout = Vi 2

whereR;, = R, — %Tm is the inner radius of the membraRg,; = Ry, + %Tm is the outer radius of

the membrandj;, = %nRirﬁ andVyy: = gnRouf. It should be noted that Equatjon $10 differs from

the original work in which they were first reporlﬁ?ﬂhe exponent term in Equation $11 represents a
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sigmoidal interface between the blocks, with a wigithaccounting for a decaying scattering length
density at the membrane surface. The numerical valueifavas fixed at 2.5. The mean vesicle

aggregation number,,Ns given by:

Vout - Vl S12

m

Ny = (1 - xsol)

where X is the solvent (i.e. water) volume fraction within the vesicle membrane. Assuming that there
is no penetration of the solvophilic coronal blocks into the solvophobic membrane, thikeidengi

the vesicle corona self-term is given by:

sin[q(Rout + Rg)] sin[q (Rin - Rg)] S13
CI(Rout + Rg) q(Rin - Rg)

1
Ayc(q) = lp(ng) E

For this vesicle model it is assumed that both the overall vesicle radiubeandsicle membrane
thickness (R and T, respectively) have an associated Gaussian distribution. Hence the polydispersity

function in Equatioﬁl can be expressed as:

V(1) = N exp (— 0 - Rm)2> ! exp <— (o = Tn)” m)2> s14
1vT2) =
\ 2moRm* 20pm* ) \[2m07m?

whereorm andorm are the standard deviations faof &d T, respectively. Following Equati2, the

number density per unit volume for the vesicle model is expressed as:

N=— L4 S15
fo fo V(ry, 1) ¥ (ry, 1p)drdry

whereg is the total volume fraction of copolymer self-assembled into vesicle¥ @pa-,) is the

total volume of copolymer in a vesid&(ry,1,) = (Vi + Vo) Ny (11, 12)1.
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Spherical micelle, dimer and trimer model

In order to achieve a satisfactory fit for the PMARBzMA200 Nnanoparticles, it was necessary to
consider the coexistence of spherical micelles together with dimer and trisembdies. The

contribution to the overall scattering intensity of the spherical meicddl represented by the form
factor, Fs mic(q), described in EquatioEFB. A formalism used for the scattering inteobity

interacting micellﬂ

I = Fs_mic(q) + F:Ymic(Q) [S(@) — 1] s16

was applied to derive form factors of both micelle dimers and mita@thers. Thus the relative
scattering intensity of a mixture of unimer micelles, dimer micedled trimer micelles can be

expressed as:

3 3
1= Fomic@ ) ko + Fiie(@) )k, [S(q) = 1] <17
n=1 n=2

where n is the number of spheres forming unimers, dimers or trimers, antthéc volume fraction of
each nano-objeck, + k, + k; = 1. The form factor for the average radial scattering length density
distribution of spherical micelles indicated in both Equation| S16 and Equath §iven by:

EX (CI) = NSZ.BSZAsz(qI Rs) + Ns(Ns - 1)BC2Ac2(q) + 2NSZBSBCAS(CI’ Rs)Ac(q) S18

Smic

The form factor for both dimer micelles and trimer micelles (Equatibf) $cludes the Debye

equatiorﬂ

2n—1 n . ( r )
sin ii
Su() =1 +;Z Z —Z,” S19
=1 j=it+1 i
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where the inter-micelle separation distances are- I3 = 2(R+R;) and fz = 4(R + Ry). Due to
possible interpenetration of the coronal chains on adjacent micejléstter than 2§ is used in the
expressions for the inter-micelle separation distances. The size disperdite ahicelles was

determined assuming a normal distribution of the core radiis (R

Calculation of the mean aggregation number (Bg and the number of copolymer chains per
unit surface area (Qgg), Otherwise known as the stabilizer surface density

For simplicity, the number of copolymer chains per nanoparticle (or mean aggregatibarnisn
termed Ngg regardless of the copolymer morphology. For spherical nanoparticlgss Ns (see
Equatio above), whereas for vesiclegg 8N, (see Equatign S12 abgvén all cases, the solvent

volume fraction within the PBzMA block ) was assumed to be zero.

Similarly, the number of copolymer chains per unit surface area is tergpeted@ardless of the
copolymer morphology. For spherical nanopatrticles, the following equation was used:

¢ =N S20
agg 47'[R52
For vesicles, the corresponding equation is:
N, S21

S

B " 47 (Rou? + Rin?)
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Table S1. Summary of Synthesis Parameters for the B2 Diblock Copolymer Nanoparticles

Copolymer 1D Macro-CTA BzMA FMA [mgcrg—CTA]/ Solvent composition Cg:cp:r:)t,rrzsgn

e s e e e Tl e e <l
Mas-B200 (S) 284 100 0352 2.0 2.0 5.0 5.0 m;iffo‘o’cv"‘;ter 3.432 10
M73-Baoo (S) 662 100 0352 20 2.0 5.0 5.0 m;i’jfo‘l’)’\ﬁv"‘;ter 3773 10
Mas-Baoo (V) 284 100 0352 20 2.0 5.0 5.0 methanol 3.432 10
Mas-Baoo (V) 344 100 0352 20 2.0 5.0 5.0 methanol 3.486 10
Msa-Baoo (V) 499 100 0352 20 2.0 5.0 5.0 oTia3 W | 2.283 15
M5Baoo (V) 662 100 0352 20 2.0 5.0 5.0 sl W 1677 20

0

HOJJ\/\|/S~'.rS\/\© 0
CN S S S
CTA HO

0 > CN 0 S
HO [CTAJ/[ACVA] = 5.0 "G

Ethanol, N,, 70 °C,3 h

Scheme S1Synthesis of poly(methacrylic acid) macro-CTAs via RAFT solution polymerization.
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Figure S1 Representative SEM images recorded for various anionic poly(methacrylic acid)
poly(benzyl methacrylate) diblock copolymer nanoparticles (either vesicles or spheesded via
RAFT dispersion polymerization of benzyl methacrylate. (agB4oo vesicles (b) M7s-B2oo Vesicles

(c) Mag-B2go spheres and (d) MB2oo Spheres.
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Figure S2. THF GPC curves (vs. poly(methyl methacrylate) calibration standaedsyded for
methylated M macro-CTAs and their corresponding methylatedByldiblock copolymers. In each
case, the methacrylic acid residues were methylated using excess trimethgisilylelihane.
According to these GPC curves, high blocking efficiencies were obtained wheregtending each
macro-CTA with benzyl methacrylate. Meanwhile, the GPC curves obtaimete two methylated
M2g-B2oo diblock copolymers and the two methylatedsM.q0 diblock copolymers overlap almost
perfectly. This means that essentially the same copolymer chains can self-assemirte githier
kinetically-trapped spheres or vesicles depending on the reaction conditions eamnfolioyhe PISA
synthesis (e.g. the solvent composition and copolymer concentratiorgldees?).

S17



18000 350
(@) = = (b) ]
16000 ‘gaeof ! 300
E T 250- E |
< 14000 5 £.250
—) 200 o ; =
3 | g 1 3
£ 5 150+ 92004 gl | | o
§12000 & A 5 wRE B B HH
° § 1 PR ¥ B @ T 150+
o 1500 70 « %9 ! g il
a N9 € 100 -
GJ o ¥ ] T X T T T T T = b |
> 1000 T ,3 4 5 6 7 8B 9 10 11 12 13 & :
® H 2 - : ps
N 4 P \ ¥ 50 e
500 A N 50+ 3 H = H
0 G T T T T T T T
0 1 2 3 4 5 6
[Ca™] (mM)
10 10
(c) (d) - ,
04 [ ] T + .
o% -20+ ’ ° .
-104 ! n i B
= ' S -304 a B
> 204 [| > 0
-E- \,ll‘ B ‘E‘ ¥ 1l
S 30 g | i 1 T404 w
E b ] ' [ § |
R 1SRN0 NSO A S3
2 50 [ Grom N g BT STHOTITT © P
s . © _ ‘ o]l Jle £ 0l @
N 60 : I A N i
704 -704
_80 T T T T T T T ¥ T ¥ T . T T x -BD T ¥ T ¥ T T T T T ¥ T
2 3 4 5 6 7 8 9 10 11 12 13 0 1 2 .8 4 5 5
pH [Ca”] (mM)

Figure S3. Characterization of various diblock copolymer nanoparticles by dynamic ligiérsog
(DLS) and aqueous electrophoresig. Zeaverage diameter vs. pH; the larger diameters within the
pink rectangle indicate nanoparticle aggregation while the inset shows morg theadata within

the dotted blue rectangl€b) z-average diameter vs. Taoncentration; (c) zeta potential vs. pH; (d)
zeta potential vs. CGa concentration. Open squarés) and filled squares (m) represent M2g-B2oo
vesicles and M-B2oo spheres, respectively; open circ{e$ and filled squares(e) represent M73-B2oo
vesicles and M-B.oo Spheres, respectively.
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Figure S4 SEM images of calcite crystals precipitated in the absence of any additivesol(co
experiments): (a) low magnification image showing several crystals; (b) afdurali calcite crystal;
(c) internal structure of a randomly-fractured calcite crystal; (d) higlagnification image showing
the featureless area indicated in (c).
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0.1% W/W MZQ-BZOO (V) 0.1% W/W M73-BZOO (V)

Figure S5 Calcite crystals precipitated in the presence of (a, b, ¢): @/A%M.oB2oo vesicles or (d,
e, f): 0.1% w/w Msz-B2go vesicles.
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Figure S6. Spatial distribution ofa-e) Mxg-B2oo vesicles and (f-j) Ws-B2oo vesicles occluded within
calcite crystals. (a) and (f) are representative SEM images; (b) arategepresentative optical
micrographs; (c) and (h) are representative confocal fluorescence rajmeg(d) and (i) are merged
micrographs; (e) and (j) are line profiles, calculated from the rezb lindicated in (c) and (h),
respectively. All scale bars correspond to 10 um. N.B. These calcite £rystad intentionally
imaged with one apex face-up because the highest resolution can be obtained under such conditions.
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Figure S7.Calcite crystals precipitated in the presence of (a) 8,1% w/w Msg-B2oo spheres and (d,
e,f) 0.1% w/w M3zB2go spheres.
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Figure S8. Powder XRD spectra recorded for calcite crystals precipitated in tisenoe of the
following anionic diblock copolymer nano-objects:2dMB2oo spheres, My-Baoo spheres, I-B2oo
vesicles and M-Bogo vesicles.
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Figure S9.Raman spectra recorded forB2oo cOpolymer, a pure calcite control, and calcite crystals
prepared in the presence of;dMBooo spheres, We-Baoo spheres, Mr-Baoo vesicles and -Baoo
vesicles.
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Figure S10.Thermogravimetric analysis (TGA) curves recorded for a pure calcite LdviteB2oo
spheres in calcite, dMB2oo vesicles in calcite, M-B2oo spheres in calcite, MBago vesicles in calcite

and Mys-B2oo copolymer alone. Detailed calculations for the extent of occlusion from sushd&ta
can be found in our previous publicaﬁm
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Figure S11.Calcite crystals prepared in the presence of 0.1% winB¥ho vesicles. (a) SEM image
recorded for Ms-B2oo vesicles with the inset showing the corresponding TEM image; (b) low
magnification SEM image of calcite crystals precipitated in the presence of WM 3s-B2oo
vesicles; (c) higher magnification SEM image of an individual crystalSEY image showing the
surface structure of this crystal; (e) and (f) SEM images oforalydfractured calcite crystgls
showing that vesicle occlusion is non-uniform in this case.
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Figure S12 Calcite crystals prepared in the presence of 0.1% w{»wBMo vesicles. (a) SEM image
recorded for MsBaoo vesicles with the inset showing the corresponding TEM image; (b) low
magnification SEM image of intact CaGOrystals prepared in the presence of 0.1% wi/swBAoo
vesicles; (c) higher magnification SEM showing the surface structure of asdirali crystal; (d) a
randonty-fractured crystal; (e)-(h) higher magnification SEM images ofatkkas indicated in (d);)(i
higher magnification SEM image of the area indicated in (h). Imagg$) @nfirm that thee Ms-

B2oo vesicles are uniformly occluded within calcite. The corresponding TGA data indibatethe
extent of vesicle occlusion is 8.65% by mass, which is slightly lower thaohtegined for the M-

B2oo vesicles (9.91% by mass
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Figure S13 Occlusion of poly(2-(phosphonooxy)ethyl methacrykatpdly(benzyl methacrylafsoo
(Ps2-Bsog) diblock copolymer nanoparticles within calcite crystals. (2) Chemical steuofu>-Bzoo
diblock copolymer nanoparticles; (b) SEM image recorded ferBRo diblock copolymer
nanoparticles; (c) SEM image showing the internal structure of a randomly-fracticitel castal
prepared in the presence of 0.1% w/iwBso0 diblock copolymer nanoparticles; (d) magnified SEM
image, showing the area indicated in (c). Clearly, occlusion of th®sk diblock copolymer
nanoparticles is hon-uniform, with the majority of the occluded nanoleartieing confined within a
surface layer.
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Figure S14 Occlusion of poly(2-(phosphonooxy)ethyl methacrykatpdly(benzyl methacrylatey
(Ps1-Bsog) diblock copolymer nanoparticles within calcite crystals. (a) Chemical steuofuR:-Bsoo
diblock copolymer nanoparticles; (b) SEM image recorded ferBRo diblock copolymer
nanoparticles; (c)-(h) SEM images showing the internal structure of aménéractured calcite
crystal precipitated in the presence of 0.1% wéwB2oo diblock copolymer nanoparticles. Note: (d)-
(h) are magnified SEM images, showing the corresponding areas indicated in (c)y, Cle#orm
Ps1-Bsoo diblock copolymer nanoparticle occlusion throughout the whole crystal is obserted in
case This demonstrates the generic nature of our findings.
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