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This document gives details regarding the synthesBA with short alkyl groups, the NP

size, and complementary data related to IR, TGA,sanall-angle scattering.

1. Synthesis of C3PA and CsPA
Propylphosphonic and pentylphosphonic acids wemnéhggized in the following way.

49.8 g (0.3 mol) of triethylphosphite was graduatided via syringe into a flask containing
0.24 mol of 3-bromopropane (29.5 g) or 5-bromopeaté86.2 g), which was attached to a
reflux condenser, a bubbler, and a septum. Afterailgh mixing, the reaction was refluxed
for 12 hin a 150 — 160°C oil bath under argondontmuously remove the bromoethane away.
After the cooling, the reaction mixture was distillunder reduced pressure (0.05 mbar) to
give 23.8 g (55%) of pure diethylpropylphosphonate 26.5 g (53%) of pure
diethylpentylphosphonate.



Diethylpropylphosphonate (22.5 g, 0.125 mol) ortluyentylphosphonate (26.0 g, 0.125
mol) were then placed into a flask equipped witleflux condenser and containing 40 mL of
dry CH.Cl, under an argon atmosphere. 57.4 g (0.375 mol) &5Mr were then added via

syringe and the reaction mixture was stirred fdroBirs at room temperature. The solution
was then concentrated under vacuum and 1.875 3oI'§3nL) of HPLC grade water was

added dropwise under an argon atmosphere. Thaamawixture is then stirred for 12 hours,
concentrated in vacuum and the crude oily whiteds@cristallized from hot acetonitrile to

obtain 13.8 g (89%) of propylphosphonic acid 010557 (79%) of pentylphosphonic acid.

2. Characterization of the nanoparticles

The form factor of Levasil nanoparticles measurg@®BXS is shown in Fig. S1.
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Fig. S1 Scattered intensity I(q) of colloidal alumina-cahtlica at 0.2 vol % in water. The line is the
description by the form factor of spheres takingpimccount a log-normal poydispersity. Inset:
normalized NPs size distribution g(R) obtained linfy to the form factor. Arrows indicate the

characteristic radii from TEM and DLS.

The different characterizations and propertiesheftanoparticles are summarized in Table 1
in the article. The density of NPs was determingthddlium pycnometry with a Micromeritics
AccuPyc 1330 apparatus. The specific surface afellRs was determined by nitrogen
physisorption at 77 K on a Micromeritics Tristamr@ometer. Prior to analysis, the dried



nanoparticles were degassed under vacuum (2 PE0AC overnight. The specific surface

area was determined via the BET methoassuming an area of 0.162 Tper N> molecule.

HLB values of the different PA grafts are summatize Table S1.

Table S1 Phosphonic acid molecules used for grafting alangitica NPs.

Phosphonic acid Notation HLB **
HsC(CH,);,PO(OH) | C4PA 16.5
HsC(CH)/PO(OH) | C.PA 17.9
HsC(CH,),PO(OH) | CPA 18.9

HOOC(CH):PO(OH) | CAPA 20.0
H(OCH,CH,);PO(OH) | DEPA 21.9

3. Infrared spectroscopy (IR)

Fig. S2 shows the FTIR spectra of the modified NR&ig. S2(a), the vibrations in the 1000-
1300 cni range can be ascribed to the antisymmetric Si-@M=(Si or Al) stretching, the
shoulder at ca 950 ¢mto Si-OH (possibly Al-OH) antisymmetric stretchinghe sharp
vibration at 810 cil is ascribed to the symmetric Si-OM (M = Si or pblsAl) stretching

(used for the normalization of the spectra).
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Fig. S2 (a) FTIR spectra of NPs grafted withRA at nominal grafting densities betwegp., = 0
(bare) and 6 P/nmThe arrow indicates the band used for normatmatfb) FTIR spectra of the C-H
stretching region of the bare NPs and NPs grafig tve different PAsg..m = 4 P/nm). Spectra are
shifted vertically for clarity.

Fig. S2(b) shows the vibrations associated to #t¢ SIretching of the methyl and methylene
groups. The asymmetric GHtretching at 2937 cmin CsPa is shifted to lower wavenumber
values when increasing the length of the alkyl gr¢@926 cnt in CsPa). These values

suggest that the monolayers are rather disorderd,order increasing with the alkyl chain
length. The same trend is observed in self-assemitonolayers of long-chains

alkylphosphonic acids. Note that such an effect is also discernablehensymmetric Chl

stretching vibrations around 2860 ¢ifsee arrows in Fig. S2(b)).

4. Thermogravimetric analysis (TGA)

TGA was performed under air (flow: 50 mL/min) frod® to 800°C with a heating rate of
5°C/min on a Netzsch STA 409 PC Luxx thermoanalyZke average of three different TGA
runs of raw NP powders dried before at 120°C gaweight loss of 4.7% between 200°C and
800°C, which is attributed to the condensationyafrbxyl groups.



The TGA curves of bare and modified NPs providelence of the grafting (Fig. S3).
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Fig. S3 TGA curves for the modified and bare NPs. (a) @rgfwith various phosphonic acids with
nominal grafting densitp,.m= 1 P/nm. (b) Grafting with GPA, prom= 0 — 4 P/nrh

The weight losses are given in Table S2.

Table S2 Weight loss between 200 and 800°C in air for tifferdnt NPs investigated.

Nominal
PA (P/nmz)p AM/M
Bare NPs 0 3.3%
C,PA 1.0 53%
CsPA 1.0 6.1 %
CsPA 1.0 6.6 %
CsPA 2.0 7.6 %
CsPA 3.9 9.9 %
DEPA 1.1 7.4 %
DEPA 1.9 9.0 %
DEPA 5.3 14.8 %




5. ICP-OES

The nominal grafting densities of the modified N&s given in Table S3, where they are

compared to the values measured using ICP-OES.

Table S3 Nominal and measured grafting density for the ediNPs. The nominal values are
corrected for the PA water content.

PA Nominal p Measured p
(PInm?) (PInm?)
CsPA 0.47 0.40
CsPA 0.96 0.93
CsPA 4.19 3.62
CsPA 0.51 0.40
CsPA 1.00 1.09
CsPA 4.37 3.88
CsPA 0.29 0.18
CgPA 0.48 0.41
CsPA 0.98 1.05
CsPA 1.08 1.09
CsPA 1.90 1.84
CsPA 2.15 1.97
CsPA 3.85 3.52
CsPA 4.30 3.99
CgPA 5.76 6.07
DEPA 0.55 0.44
DEPA 0.94 0.71
DEPA 1.64 1.13
DEPA 4.68 3.02
DEPA 5.27 3.86
DEPA 5.54 4.16
CAPA 0.49 0.53
CAPA 0.98 0.99
CAPA 1.95 2.03
CAPA 3.89 2.59
CAPA 4.84 2.75




6. Colloidal stability

The evolution of the solution structure has beesratterized as a function of time. This has
been achieved with DLS measurements during 6 day$wo NP concentrations, 1 wt % (as
in zetametry) and 0.1 wt % (as with scatteringj, farious grafting densities of;A and
CgsPA. The result for B is shown in Fig. S4.
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Fig. $4 Stability of dilute suspensions of NPs (1 wt % &ntl wt %) observed by DLS. The apparent
hydrodynamic radius deduced from a cumulant argligsplotted as a function of time. The solid line
stands for B of the bare NPs. The legend indicates the diftegeaits with their grafting density,
and polydispersity. The arrows refer to the time windows of variobaracterizations.

We have also checked the influence of shaking #mepte as usually done just before the
experiments. It was found that this led to minordifioations of the order of 10% in&

only for the highest grafting densities ofR&, which also showed some sedimentation by
visual inspection. The more concentrated solutielswt % and 1 wt % as compared to 0.1

wt % — were found to be as stable in time as theedbnes, with similar B>.



7. Changesin interactions

For all SAXS measurements, the scattered intessiieve been normalized to the high-q
intensity of the bare NPs representing the forntofaB(q) in order to compensate variations

in capillary diameter and NP concentration indubgdedimentation.

7.1. CAPA

The data obtained for the particles modified witAR&, carrying a carboxylic acid end-
group, bring further insight for the interpretatiohthe results with respect to the influence of
hydrophobicity and electrostatic charges. In DL#&\PB-grafting was found to make the
system more prone to aggregation. Reflecting stracbn a more local scale, the scattered
intensities are compared in Fig. S5, for increasd#d®A-grafting densities. In the inset, the

corresponding structure factors are shown.
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Fig. S5 Scattered intensity from SAXS for NPs grafted WitAPA at 0.2 vol % in water. The grafting
densities are 0 (bare), 0.2 and 0.8 PlnRor comparison, the strongly aggregated cas@eofriuch
higher grafting density of 4 P/rris also shown, see text for details. Structuréofacare shown in the

inset.

The series of intensities follows the grafting dgnsAt the lowest grafting density = 0.2

P/nnf, the result is superimposed to the form factorttedag, indicating absence of

interactions. Fop = 0.8 P/nm, the low-q upturn below 0.01 Aleads to S(g) approaching

two in our g-window, and the local structure athhig stays identical. The highest grafting

density of 4.0 P/nf which according to Fig. 3(b) corresponds to sitpnaggregated
8



samples, is shown for comparison. The scatterimgnstfrom the (even more dilute)
supernatant, which explains the important noisendtleeless, the strong upturn characteristic
for the interactions between the remaining NPa ige with the previous observations.
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