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Experimental

General Comments. Allreagents were purchased from commercial suppliers and used without further
purification. Na[PdCls] was generated in situ immediately prior to use as previously described. Monomers
1,2-dimethyl-3-(4-vinylbenzyl)-1H-imidazol-3-ium chloride () and 2-methyl-1-(2,5,8,11,14,17,20,23-
octaoxapentacosan-25-yl)-3-(4-vinylbenzyl)-1H-314-imidazolium chloride (Il), polymers PPho-PIILP (1a) and
PPh,-PEGPIILP (2a), precursors [PdCl;@PPh,-PIILP (1b) and [PdCl@PPh,-PEGPIILP (2b) and catalysts
PANP@PPh.-PIILP (1c)and PANP@ PPh,-PEGPIILP (2c) were prepared aspreviously described." *Hand “*C{'H}
NMR spectra were recorded on JEOL LAMBDA-500 or ECS-400 instruments. Solid-state **P spectra were
recordedat161.87 MHz usinga Varian VNMRS 400 spectrometer and a4 mm (rotor 0.d.) magic-angle
spinning probe. They were obtained using cross-polarization with a 2 srecycle delay, 3 ms contact time, at
ambient probe temperature (~25 °C) and at a sample spin-rate of 10 kHz. Between 1000 and 3600
repetitions were accumulated. Spectral referencing was with respect to an external sample of 85%
phosphoric acid. Solid-state **C spectra were recorded at 100.562 MHz using a Varian VNMRS 400
spectrometer. They were obtained using cross-polarization with a 10 s recycle delay, 1 ms contact time, at
ambient probe temperature (~25 °C) and at a sample spin-rate of 6 kHz. Spectral referencing was with
respecttoan external sample of neattetramethylsilane (carried out by setting the high-frequency signal
from adamantane to 38.5 ppm). Thermogravimetric analysis (TGA) was performed using a TA TGA Q600
instrument, ataheating rateof 10°C min™'inair. Theonsetoftheweight lossineachthermogramwas used
as ameasure of the decomposition temperature. SEMimages were acquired ona Tescan Vega 3LMU
scanning electron microscope with digital image collection. XPS measurements were carried out using a
ThetaProbe system (Thermo Scientific, UK) equipped witha microfocused monochromatic AlKa.source. The
X-ray source was operated at 100 W and 15 kV. X-ray photoelectron spectroscopy spectra were analysed
using CasaXPSpeakfitting software. The Pd 3dregionwasfitted using Gaussian/Lorentzian peak shapeswith
mixing ratio of 30:70, respectively, without imposing parameter constraints on the fwhm. The background
was subtracted using the Shirley background subtraction algorithm. For X-ray photoelectron spectroscopy
of Pd 3d, each electronic environment of Pd gives two components due to spin-orbit coupling: Pd 3ds, and
Pd 3ds.. Samples for transmission electron microscopy (TEM) were dispersed in ethanol using anultrasonic
bath and deposited on lacey carbon film coated copper grids. TEM images were acquired on a FEI Tecnai
TF20 field emission gun microscope operating at 200 kV. NP size distribution histograms were obtained from
measurements of at least 100 different NPs assuming a spherical shape and with random distribution. All
FD-XAS measurements were carried out on the XMaS beamline (BM28) at the ESRF. Samples were deposited
onto carbon tape, which was then mounted onto a stainless-steel sample holder. FD-XAS edge inflection
points were obtained by fitting a smoothing spline to the measured spectrum, and taking the firstderivative
ofthe fittedspectrum. Powder X-ray diffraction patterns (XRD)wererecorded usingaPANalytical X'Pert Pro
Multipurpose Diffractometer (MPD)Using Cu Ka/p radiation of wavelength of 1.5418 A. The palladium loading

was quantified using inductively coupled plasma optical emission spectroscopy (ICP-OES). FT-IR spectroscopy
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was performed onaVarian800 FT-IR instrument (Varian Inc.). CHN analysis was performed onaCarloErba

1108 Elemental Analyser and controlled with Carlo Erba Eager 200 software.

Table S1 Structures of Monomers and PIILP based Catalysts 1c-8c discussed in Table 3
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Synthesis of tris(4-vinylphenyl)phosphine. A round bottom flask was charged with Mg turnings (1.96 g, 81.7
2 mmol) suspended inanhydrous THF (25 mL). 1,2-dibromoethane (20 uL) was addedin orderto
activatethe Mg and themixture was stirredfor 10 min. Afterthis, 4-chlorostyrene(7.49 g, 54.0
{ ] 3 mmol)was added dropwise and the mixture was heated to 60°C and stirred for 4 hours. The
i mixture was then cooledto 0°C and PCls (1.30 mL, 14.9 mmol) was added dropwise before
stirringovernightatroomtemperature. After thistime, the THF was removedfrom the mixture by vacuum
distillation and to the resultant solid, degassed distilled water (20 mL) was added and the product was
extracted with degassed diethyl ether (3 x 30 mL). The organic phases were then combined, dried over
MgSO., filtered and the solvent was removed under vacuum to yield a white crystalline solid (3.16 g, 62 %).
%P NMR (162 MHz, CDCls, 8): -6.65. *H NMR (400 MHz, CDCls, 8): 7.40 - 7.08 (m, 12H), 6.67 —6.60 (m, 3H),
5.67(d,J=16.8 Hz,3H),5.16(d, J=10.9 Hz, 3H); ®*C NMR (101 MHz, CDCl;, 8):136.95,135.61(d, Jcs=10.7
Hz, 3C), 135.63 (3C), 132.84 (d, Jc.r=19.6 Hz, 6C) 125.28 (d, Jc.»= 7.13, 6C), 113.65 (3C).

Synthesis of PSty=PIILP (3a). An oven-dried Schlenk was charged with tris(4-vinylphenyl)phosphine (4.0 g,

11.7 mmol), 1,2-dimethyl-3-(4-vinylbenzyl)-1H-imidazol-3-ium chloride (5.84
PS

/@P@\ PS g, 23.50 mmol) and AIBN (0.157 g,0.959 mmol) and dissolved in a mixture of
m\\ anhydrous ethanol (30 mL) and anhydrous THF (50 mL) under a nitrogen
N
a® NV@P/S cl 0:[@] atmosphere. The mixture was degassed using the freeze thaw method six
@

3a times and then heated at reflux for four days. After this time, a further
equivalent of AIBN (0.27 g, 1.64 mmol) was added, the degassing process repeated and the resulting mixture
heated at refluxfor one more day. The solventwas removedinvacuo, theresulting residue dissolvedin

dichloromethane (35 mL) and added dropwise to diethyl ether (350 mL) with vigorous stirring. The solution
was stirred for 45 minutes and then allowed to settle, filtered and the solid washed with ether to afford 3a

as an off-white solid in 98% yield (9.75 g).

Synthesis of PSty:-PEGPIILP (4a). An oven-dried Schlenk was charged withtris(4-vinylphenyl)phosphine
(2.33 g, 6.88 mmol), 2-methyl-1-(2,5,8,11,14,17,20,23-0ctaoxapentacosan-25-

oo ® y1)-3-(4-vinylbenzyl)-1H-324-imidazolium chloride (7.77 g, 13.75 mmol) and
fﬁ/ \QWN AIBN (0.157 g, 0.959 mmol) and dissolved in a mixture of anhydrous ethanol (30
@( “ : Y'@ilo mL) and anhydrous THF (50 mL) under nitrogen atmosphere. The mixture was
ol \]/O Meo\/ ! degassed using the freeze-thaw method six times and then heated atreflux for
\750""9 four days. After this time, afurther equivalent of AIBN (0.157 g, 0.959 mmol)

was added, the degassing procedure repeated and the resulting reaction

mixture heated at reflux for a further 24 h. The solvent was removed in vacuo andthe resulting residue
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dissolved in dichloromethane (35 mL) and added dropwise to diethyl ether (350 mL) with vigorous stirring.
The solution was allowed to stir for 45 minutes, left to settle, filtered and the resecting solid washed with
diethyl ether to afford 4a as an off-white solid in 91 % (9.0 g).

Synthesis of PPh,PEGstyrene (5a). An oven-dried Schlenk was charged with 1-(4-vinylphenyl)-
2,5,8,11,14,17,20,23,26-nonaoxaheptacosane (8.67 g, 18.6 mmol), diphenyl(4-
vinylphenyl)phosphine (2.8 g, 10 mmol), divinyl benzene (0.19 mL, 1.4 mmol), AIBN

O O O (0.22 g, 1.4 mmol), ethanol (35 mL) and THF (50 mL). The resulting mixture was

PPh, degassed using the freeze thaw method repeatedly six times before being heated at 80
o)
5/ °C for 4 days. After this time, a further equivalent of AIBN (0.22 g, 1.4 mmol) was added
-
o< and the degassing process repeated before heated at the same temperature for a

further24 h. The solventwas removed in vacuo and theresulting residue wasdissolved
indichloromethane (30 mL) and added dropwise to vigorous stirring diethyl ether (350 mL). The solution was
left to stir for 45 minutes, allowed to settle then filtered and the resulting solid washed with ether toyield
10.21 g of yellow solid (87%).

Synthesis of PEGPIILP (6a). Anovendried Schlenkwaschargedwith 1,2-dimethyl-3-(4-vinylbenzyl)-1H-
imidazol-3-ium chloride (2.48 g, 10 mmol), 1-(4-vinylphenyl)-2,5,8,11,14,17,20,23,26-nonaoxaheptacosane
(2.59,5.4 mmol), 2-methyl-1,3-bis(4-vinylbenzyl)-1H-imidazol-3-ium chloride

O O O (0.259,0.7 mmol)and AIBN (0.11 ¢,0.7 mmol) and dissolved in ethanol (60
mL). The resulting mixture was degassed using the freeze thaw method
(\ ,ch qé a %/5 repeatedlysixtimes beforebeingheatedat 90°Cfor4 days. Afterthistime,
SN \‘w afurther equivalent of AIBN (0.11 g, 0.7 mmol) was added, the degassing

6a ny

process repeated and the solution heated at the same temperature fora
further 24 h. The solvent wasremoved in vacuo and the resulting residue dissolved in dichloromethane (30
mL) and added dropwise to vigorous stirring diethyl ether (350 mL). The solution was stirred for 45 minutes,

thenleft to settle, filtered and the solid washed with ether to afford 4a as a pale yellow solid (4.22 g, 82%).

Synthesis of PPhz-polystyrene (7a). An oven-dried Schlenk was charged with diphenyl(4-
vinylphenyl)phosphine (1.5 g, 5.2 mmol), styrene (1.1 mL , 9.7 mmol), divinylbenzene (104
pL,0.73mmol), AIBN(0.12 g, 0.74 mmol)andamixture of anhydrous ethanol(30mL)and

anhydrous THF (40 mL) under a nitrogen atmosphere. The mixture was degassed using the

freeze thaw method sixtimes and then heated at reflux for 4 days. After this time, afurther
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equivalent of AIBN (0.12 g, 0.74 mmol) was added and the degassing process repeated before heating at
reflux for a further 24 h. The solvent was removed in vacuo and the resulting residue was dissolved in
dichloromethane (20 mL) and added dropwise to diethyl ether (350 mL) with rapid stirring. The solution was
left to stir for 45 minutes, then left to settle filtered and the resulting solid washed with diethyl ether to
afford 7a as an off-white solid in 78 % yield (2.02 g).

Synthesis of Styr-PIlILP (8a). An oven-dried Schlenk was charged with 1,2-dimethyl-3-(4- vinylbenzyl)-1H-
imidazol-3-ium chloride (3.17 g, 12.76 mmol), styrene (0.79 mL, 6.93 mmol), 2-
methyl-1,3-bis(4-vinylbenzyl)-1H-imidazol-3-ium chloride (0.34 g, 0.97 mmol), AIBN
(0.16g,0.97 mmol) andanhydrousethanol (50 mL)under a nirogen atmosphere. The

Qe Oy

I

Co? mixture was degassed using the freeze thaw method sixtimes and then heated at

8a refluxfor 4days. Afterthistime,afurtherequivalentof AIBN(0.16g,0.97 mmol)was
added, the degassing processrepeated and the mixture heated atreflux for a further
24 h.The solventwas removed in vacuoand theresulting residue was dissolved in dichloromethane (35 mL)
and added dropwise to diethyl ether (350 mL) with vigorous stirring. The solution was left to stir for 45
minutes, thenallowedtosettle filteredandthe isolated solidwashedwith diethyl etherto yield8a as anoff-

white solid in 96 % yield (4.06 g).

Synthesis of [PdCl]@PStys-PIILP (3b). A round bottomed flask charged with charged with palladium
dichloride (0.3 g, 1.7 mmol), NaCl (2.2 g, 37.6 mmol) and water (45 mL) was

/@/F’\Q PS heatedto 80 °C for ca. 40 min to afford aclear deep red solution. The solution
\Q\\ was allowedtocooltoroomtemperatureafterwhich3a(1.42g, 1.70mmol)was

N P o 2 added with the resulting red/orange mixture stirred vigorously for 12 hours. The
3b precipitate was isolatedbyfiltration through a fritandthe resultingsolid washed
with distilled water (L0 mL), ethanol (10 mL) and diethyl ether (10 mL) to yield 3b as ared/brown powder

(1.57 g, 82%). ICP-OES data: 3.2 wt% palladium and a palladium loading of 0.30mmolg™.
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Synthesis of [PdClj @PSty :-PEGPIILP (4b). Around bottomed flask charged with charged with palladium
dichloride (0.3 g, 1.7 mmol), NaCl (2.2 g, 37.6 mmol) and water (45 mL) was

PS P PS . . .
/@f O~ heated to 80°C for ca. 40 min to afford aclear deep red solution. The solution
F@/P . Q\;\N was allowedtocooltoroomtemperatureafterwhich4a (2.55g, 1.70mmol)was
o)
@Y [PACI I \(( = addedandthe resulting red/orangemixturestirred vigorouslyfor 12hours. The
O
o MeO\J ' precipitatewas isolatedbyfiltration through afritandtheresulting solidwashed
\{OME withdistilled water (10mL), ethanol (10 mL)anddiethyl ether (L0mL)toyield 4b

asared/brown powderin96%yield (2.87 g). ICP-OES data: 4.13wt% palladium

and a palladium loading of 0.39 mmolg™.

Synthesis of PdCIlx(MeCN).@PPh.PEGstyrene (5b). A round bottomed flask was charged with
PPh;PEGstyrene co-polymer3a(2.0g,1.7mmol)anddissolvedindichloromethane

(8 mL). To this solution was added a solution of PdCl,(MeCN):(0.48 g, 1.9 mmol) in

O O O dichloromethane (15 mL) dropwise. The resulting clear yellow solution was stirred
o PPhz atroom temperature for 24 hours duringwhichtime adeep orange solid formed.
5/« PdCl,(MeCN), Thesolidwasisolatedbyfiltration and themotherliquorconcentrated andadded
\5., dropwise to an excess ofrapidly stirred ethanolto induce precipitation ofa second

crop oforangesolid (2.1 g,1.46 mmol, 86% yield). ICP-OES data: 1.1 wt% palladium and apalladium loading

of 0.10 mmolg™.

Synthesis of [PdClsJ@PEGPIILP (6h). Around bottomed flaskwas charged with PEGPIILP 4a(2.0g, 2
mmol) and water (10 mL) and stirred vigorously while adding a solution

of Na2PdCl4(0.62 g, 2.1 mmol) inwater (4 mL). The solution instantly

O O O turnedyellow and was leftto stir at room temperature for a further 24
(/\%) 5 E?% hrs during which time a red/brown precipitate formed. The reaction
/N’K _Odh )‘N mixture was added dropwise to a large volume of acetone (ca. 250 mL)

[PdCI]? 6: L@ﬁ* toinducecomplete precipitation of the product, whichwas isolated by

filtration, washed with diethylether (2x30 mL) and driedundervacuum
for 3 hoursto afford 1.84 g of product (76% yield). ICP-OES data: 6.3 wt% palladium and a palladium loading
of 0.59 mmolg™.
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Synthesis of [PdCl{MeCN).] @PPh,-polystyrene (7b). Around-bottomedflaskwas chargedwith 7a(0.51g,
1.0 mmol) and suspended in anhydrous dichloromethane (8 mL). To this, was added a

O O O solution of PdCl;(MeCN): (0.28 g, 1.1 mmol) dissolved in anhydrous dichloromethane (5.0
PhoP mL)dropwisewithrapidstirring over 5min.resulting inthe precipitation ofan orange solid.
Pdc‘i(:qecm The mixture was leftto stir for 5 hours atroom temperature after which time the solid was

isolated byfiltration and washed with dichloromethane (2 x 20 mL) to afford 7b as a free-

flowing orange solid in70 % yield (0.53 g). ICP-OES data: 13.2 wt% palladium anda palladium loading of 1.24

mmolg™.

Synthesis of [PdCls]@Styr-PIILP (8b). To around-bottomed flask charged with a solution of Na,[PdCl4] (0.14
g,0.48 mmol) indistilledwater (15mL)was added polymer 8a(0.24 g,0.43mmol) in

O O O asingleportion. Theresultingred brownprecipitatewas lefttostirfor 5hours atroom

@N o %@Nx temperature then isolated by filtration and washed with distilled water (2 x 5 mL),
I paci - © ethanol (2 x5 mL) and diethyl ether (2x 5mL) to afford 8b as afree flowing brickred
b ? powder in 73% yield (0.25 g). ICP-OES data: 22.2 wt% palladium and a palladium

loading of 2.1 mmol g™.

Synthesis of PANP @PSty s-PIILP (3c).Around-bottomflaskcharged with3b (0.759,0.69mmol) and ethanol

(20mL) under a nitrogen atmosphere was cooled in anice bath. Asolution of

b @,p PS NaBH; (0.18 g, 4.85 mmol)inwaterwas addeddropwiseto the cooled mixture
é \Q\\ duringwhich time the orange suspension rapidly turned black. The resulting

é:;ap/s Py :@7 reaction mixture was allowed to warm to room temperature and stirred
~ 3¢ overnight after which the productwas precipitated by dropwise addition to a
large excess (ca.200 mL) of cold acetone with vigorous stirring. The solid was isolated by filtration dried and
the resulting black solid was ground to a fine powder and washed with distilled water (10 mL) ethanol (10
mL) and diethyl ether (10 mL) to afford 3c in 83%Yyield (0.77 g). ICP-OES data: 5.2 wt% palladium and a

palladium loading of 0.48 mmolg™.
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Synthesis of PANP@PStys-PEGPIILP (4c). A round bottom flask charged with 4b (1.4 g, 0.8 mmol) and ethanol

(20 ml) under a nitrogen atmosphere was cooled in anice bath. A solution of

PS/@/PO kS NaBHs (0.21 g, 5.6 mmol) in water (2-3 ml) was added to the mixture slowly
ﬁ Q\\ during which time the orange solution rapidly turned black. The resulting mixture
@&/ e o O\(;@ was allowedtowarmtoroomtemperatureandstirredovernightafter whichthe
5 Meo\/ ! product was precipitated by dropwise addition to a large excess (ca. 200 mL) of
\Tfome cold acetone with vigorous stirring. The solid was isolated by filtration, dried and

4e theresulting blacksolidground toafine powderand washedwithdistilledwater

(10 mL)ethanol (10 mL) and diethylether (10 mL) to afford 4cin 83% yield (1.17 g). ICP-OES data: 5.4 wt%

palladium and a palladium loading of 0.51 mmolg™.

Synthesis of PANP@PPh.PEGstyrene (5c). A round bottom flask was charged with
PdCl,(MeCN).@PPh,PEGstyrene (1.0g,0.7 mmol) and ethanol (30 mL) and the resulting
O O O suspensiontreateddropwisewitha solution of NaBHs4 (0.18 g,4.9 mmol)inwater (1 mL).

Thesolutioninstantly turned from orangeto black. After stirringat roomtemperature for

PPh,

05/ 5hrthe solventwas removal under vacuum and the resulting solid was dissolvedinthe
Pd’ - . , .

o: minimumvolume of dichloromethane and filtered through a pad of celite. After removal

5S¢ ofthe solventundervacuumthe productwas obtainedas a black solid (0.77 g, 86%). ICP-

OES data: 4.4 wt% palladium and a palladium loading of 0.42 mmolg™.

Synthesis of PANP@ PEGPIILP (6c). A solution of [PdCl,J@PEGPIILP (0.33 g,0.33 mmol) in ethanol (10
mL) was treated dropwise with solution of NaBH, (0.09 g, 2.3 mmaol) in
water (0.5mL). The solution instantly turned from red/orange to black

O O O and stirring was continued for a further 5h. After this time the solvent

/3 was removed under vacuum and the solid residue dissolved in the

Pd

6c The desired productwas isolated as a black solid in 78% yield (0.22 g) by

(\ ClI
’K Hé CI)\ m minimum volume of dichloromethane and filtered through a pad of celite.
0 H

—_—

removing the solventundervacuumand drying (0.22 g, 79%). ICP-OES

data: 6.7 wt% palladium and a palladium loading of 0.64 mmolg™.
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Synthesis of PANP@PPh-polystyrene (7c¢). A round bottomed flask was charged with 7b (0.44 g, 0.57 mmol)

and ethanol (10 mL) and the resulting suspension treated dropwise with a solution of
NaBH,4(0.15 g,4.03 mmol) dissolved in distilled water (1 mL). The orange reaction mixture

01010

PPh,

@ black solution was then cooled to 0 °C and filtered to yield a black powder which was
e washed with distilled water (2 x5 mL) ethanol (2 x 5mL) and diethyl ether (2x 5mL)to
afford 7c as afine black powder in89%yield (0.31 g). ICP-OES data: 6.0 wt% palladium and a palladium

instantly turned blackand was left to stir overnightatroom temperature. The resulting

loading of 0.57 mmolg™.

Synthesis of PANP@ Styr-PIILP (8c). A round bottomed flask was charged with 8b (0.55 g, 0.69 mmol)
suspendedinethanol (15 mL) andtreated dropwise over 5 minwith a solution of

O O O NaBH; (0.18 g, 4.81 mmol) dissolved in distilled water (1.5 mL). The red brown
J@N\BP @ /N@\ solution instantly turned black and was then left to stir overnight at room

E)N
cl temperature. After this time the solution was cooled to 0 °C, filtered and the
8¢ resulting solid washedwithdistilled water (2x5mL),ethanol (2x5mL)and diethyl
ether (2x5mL)to afford 8c as afine black powderin 90%yield (0.41 g). ICP-OES data: 31.6 wt% palladium

and a palladium loading of 3.0 mmolg™.

General procedures for the catalytic reduction of nitroarenes with sodium borohydride

A Schlenk flask equipped with a magnetic stirrer was charged with catalyst (0.5 umol, 0.05 mol %) and
distilled water (2mL). NaBH4(95.4 mg, 2.5 mmol) was added and the mixture stirred vigorously for2 min
during which time rapid evolution of gas was observed. The reaction was initiated by slow addition
nitroarene (1 mmol) and the resulting yellow solution stirred at room temperature for two hours. The
products were extracted into ethyl acetate (3 x 10 mL), dried over MgSOy, filtered and the solvent removed
underreduced pressuretoyield ayellowoilwhichwas analysedby*HNMR using 1,4-dioxaneasinternal
standard and GCanalysisusingn-decaneas internal standard to quantify the composition ofstarting material

and products.

General procedure for the catalytic hydrogenation of nitroarenes

All'hydrogenation reactions were conducted in a 50 mL temperature controlled Parr reactor equipped with
amagneticallycoupledstirrerandgas ballast. Reactions wereconductedinaglassinsertfor Lhour with1
mmolsubstrate, 0.5-1 mol% catalystloading, 13 mL solvent, 20 °C and 70 psiunless otherwise stated. After

assembling the apparatus, the reactorwas pressurized to 70 psiof hydrogen andleft to standfor 10 s before
S15



releasing the gas through an outletvalve. After this sequence had been repeated ten times the reactor was
pressurizedto 70 psiand the solution stirred vigorously atthe desired temperature. Forreactions conducted
inorganic solvent, the pressure was released, the reaction mixture diluted with ethyl acetate (5 ml) and
passedthroughashortsilica plug and the solventremoved. Conversion and selectivity were determined
using 'H NMR spectroscopy and gas chromatography. For reactions conducted in water, the product was
extractedinto ethylacetate (3x25mL)theorganicfractions combined, driedover MgSO., filteredand the
solventremoved. The resulting residue was analysed by H NMR spectroscopy and GC to quantify the
composition of starting material and products and to determine the selectivity; for each substrate tested an
internal standard of decane was initially employed for the GC analysis to ensure mass balance. All ‘H NMR
spectrawere recorded using dioxane as internal standard with relaxation delays of 10, 20 and 30 sec to
establish the optimum time to ensure accurate integration ofthe signals chosen to determine the selectivity
and conversion. Gas chromatography was performed on a Shimadzu 2010 series gas chromatograph
equipped with a split-mode capillary injection system and flame ionization detection using a Supelco Beta
DEXcolumn. (injectiontemp200°C;column conditions 90 °Cfor 4minrampto120at4 °C/minhold for 20

min rampto 180 at 7 °C/min hold for 15 min total run time = 56 min).

General procedure for the recycle sodium borohydride reductions

A Schlenk flask equipped with amagnetic stirrer was charged with catalyst (0.5 umol, 0.05 mol %) and
distilled water (2mL). NaBH4 (95.4 mg, 2.5 mmol) was added and the mixture stirred vigorously for 2min
during which time rapid evolution of gas was observed. The reaction was initiated by slow addition
nitroarene (1.0 mmol) and the resulting yellow solution stirred at room temperature for two hours. The
products were extracted into ethyl acetate (3 x 10 mL), dried over MgSOs, filtered, the solventremoved
underreduced pressure and the residue analysed by 'H NMR using 1,4-dioxane as intemnal standard and GC
analysis using n-decane asinternal standard. The aqueouslayerwasthen addedback into the Schlenk flask,

recharged with 1 mmolofaryl nitroarene and stirredforafurther 2 h;this procedurewasrepeated 6 times.

Catalyst poisoning studies using pyridine

A Schlenk flask wascharged with catalyst (0.05 mol %) and suspended indistilled water (7 mL).NaBH4(0.336
0,8.75 mmol)was addedslowly and themixture stirredrapidly for2 minduringwhich timethere was rapid
evolution of gas. After this, nitrobenzene (0.360 mL, 3.5 mmol) and 1,4-dioxane (0.298 mL, 3.5 mmol) were
addedslowly and the resulting yellow solution stirredat room temperature fortwo hours. Conversion and
selectivitywere analysedbyHNMR spectroscopybysampling 50 pL portions at 20 minute intervals and

extracting the productinto ethyl acetate and dissolving the crude residue in d-chloroform (0.5mL).
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Continuous flow reduction of nitrobenzene

Solution reservoirs for the pumps were prepared by dissolving nitrobenzene (6.1555 g, 50 mmol) in ethanol
(250 mL); and sodium borohydride (4.7288 g, 125 mmol) in 1M NaOH @) (250 mL). Reagents were pumped
using JASCO PU980 dual piston HPLC pumps and pump streams were mixed using a Swagelok SS-100-3 tee-
piece. The sodiumborohydride solution was stirred on a hotplate. A2.5 mL aluminium tube was packed with
PANP@ PEGPPh; catalyst 2¢c (92 mg, 3.8075 wt% Pd) and sand (3.915 g). The packed column was placed inan
aluminium block, whichwas heated by nickel elementinserts controlled using a Eurotherm temperature
controller. Thereactor wasmaintainedunder afixedback pressure using an Upchurch Scientific 100 psiback
pressureregulator. SStubing (1/16” OD, 1/32” ID)was usedthroughout the reactor. AO.5mLaliquotwas
collectedfromthereactoroutlet and dilutedwith0.5mLofa 0.02Msolution of 1,3, 5-trimethoxybenzenein
ethanolfor HPLC analysis. HPLC analysis was performed on an Agilent 1100 series LC instrument using an
Ascentis Express C18 reverse phase column (5 cm length, 4.6 mm ID and 2.7 um particle size), a
water/acetonitrile (A/B) mobile phase and a multiple wavelength detector. Quantitative analysis was
conducted based on normalisation of response factors using 1,3,5-trimethoxybenzene as aninternal
standard. The method used was 10%1t090% B 12mins, 90%to 10% B 0.1 min,10% B 1 min, flow rate 1.5

mLmin™, column temperature 20 °C.

Figure 1. Photo of continuous flow reactor
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Figure 2. Photo of packed bed reactor (deconstructed)
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Characterization Data for Polymers and Palladium Loaded Polymers
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Figure S3

Solution *P NMR spectrum of PSty=PIILP (3a)
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Figure S4

Solid state “C NMR spectrum of PSty=-PIILP (3a)

Current Data Parameters

NAME sdo_20170821
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170821
PROBHD 4 mm MAS BB/1H
PULPROG cptoss

NS 1800

SWH 39682.539 Hz
AQ 0.0129024 sec
TE 298.0 K
CNST31 10000.0000000

D1 2.00000000 sec
D31 0.00010000 =ec
——— CHANNEL f1 ===—=— —_
SFO1 100.6328111 MHz
NUCL 13C

p2 6.60 usec
P15 1000.00 usec
PLW1 110.00000000 W
PLW11 140.00000000 W
m—emmenee CHANNEL f2 —eeeceo—
SF02 400.1708600 MHz
NUC2 1H
CPDPRG[2 spinal64_13

P3 3.60 usec
PCPD2 7.00 usec
PLW2 oW

PLW12 120.00000000 W
PLW13 120.00000000 W
SPNAM[0] ramp90100.100
SPOALO 0.500
SPOFFS0 0 Hz

SPWO 80.00000000 W

F2 - Processing parameters
SI 8192

SF 100.6227398 MHz
WDW EM

SSB 0

LB 50.00 Hz
GB o

PC 1.00

—145.4

1902/7959 TrisStyPPh3 @ 10 kHz

=+

& . Le @ ™ ™M —
o ™m . RANTE 4
o~ — oY —
— n T ™M —

T T T T
240 220 200 180

T
160

T
140

T
120

S21



Figure S5 SEM image of freshly prepared PSty=PIILP co-polymer (3a)

5
SEM HV: 8.0 kv wD: 14.62mm | VEGA3 TESCAN| SEM HV: 5.1 kV WD: 10.47 mm VEGA3 TESCAN|
SEM MAG: 473 x  Date(m/dly): 03/02/17 100 um SEM MAG: 3.32kx Date(midly): 09/06/16 50 ym

BI: 16.00 Det: SE EM Research Services BI: 9.00 Det: SE EM Research Services
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Figure S6 TGA curve for PSty=PIILP co-polymer (3a); wt% v temperature (green) and (b) derivative wt% v temperature (blue). Heating rate of 10 °C
. _l . .
min™ in air
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Figure S7
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Figure S8 Solid State *P NMR spectrum of PSty-PEGPIILP (4a)
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Figure S9 Solid state “C NMR spectrum of PSty=PEGPIILP (4a)
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Figure S10 SEM image of freshly prepared PSty=PEGPIILP co-polymer (4a)

SEM HV: 8.0 kV WD: 14.61 mm VEGA3 TESCAN
SEM MAG: 628 x  Date(m/dly): 03/02/17 100 um
BI: 15.00 Det: SE EM Research Services

SEM HV: 8.0 kv WD: 14.79 mm VEGA3 TESCAN
SEM MAG: 995 x  Date(m/dly): 03/02/17 50 ym
BI: 15.00 Det: SE EM Research Services
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Figure S11 TGA curve for PSty=PEGPIILP co-polymer (4a); wt% vtemperature (green) and (b) derivative wt% v temperature (blue). Heating rate of

10°C mintin air
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Figure S12

Varian Resolutions
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Figure S13

'"H NMR spectrum of PPh,PEGstyrene (5a)
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Solid state “C NMR spectrum of PPh,PEGstyrene (5a)
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Figure S15 Solid state P NMR spectrum of PPh,PEGstyrene (5a)

1699/7048
PPh2Styrene

File: 19/sdo_20160907_01

Pulse Sequence: onepul

-6,268

Date Sep 72016
Probe 4.0_MM_PENCIL
Spectrometer: VNMRS

Observe P31

Frequency 161.874 MHz
Spectral width 100.0 kHz
Acquisition time 30.0 ms
Recycle 30.0 sec

No. repetitions 52

Direct excitation
Pulse duration 3.2 us

TPPM decoupling at 86.2 kHz
Spin-rate 10364 Hz

Gaussian broadening 0.010 sec
FT size 16384
Ambient temperature

25.028
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Figure S16 SEM images offreshly prepared PPh,PEGstyrene (5a)

- o’
SEM HV: 8.0 kV 5 | VEGA3 TESCAN
SEM MAG: 932 x | Date(m/dly): 11/18/16 50 pm

BI: 19.00 Det: SE EM Research Services

L 4 v ey
SEM HV: 8.0 kV WD: 14.11 mm VEGA3 TESCAN
SEM MAG: 445 x | Date(m/d/y): 11/18/16 100 um
BI: 17.00 Det: SE EM Research Services
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Figure S17 TGA curve for PPh,PEGstyrene (5a); wt% v temperature (green) and (b) derivative wt% v temperature (blue). Heating rate of 10 °C min™

in air
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Figure S18

FT-IR spectrum of freshly prepared PPh.PEGstyrene (5a)
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Figure S19

'"H NMR spectrum of PEGPIILP co-polymer (6a)
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Figure S20 Solid state “C NMR spectrum of PEGPIILP co-polymer (6a)

Current Data Parameters
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F2 - Processing parameters
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Figure S21 SEMimages offreshly prepared PEGPIILP co-polymer (6a)

SEM HV: 8.0 kV WD: 14.76 mm | [ VEGAS TESCAN|
SEM MAG: 1.09 kx | Date(m/dly): 11/18/16 50 pm
BI: 18.00 Det: SE EM Research Services

SEM HV: 8.0 kV WD: 15.08 mm | | VEGA3 TESCAN
SEM MAG: 2.37 kx | Date(m/dly): 11/18/16 20 ym
BI: 14.00 Det: SE EM Research Services
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Figure S22 TGA curve for PEGPIILP copolymer (6a); wt% v temperature (green) and (b) derivative wt% v temperature (blue). Heating rate of 10 °C

min™t in air
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Figure S23
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Figure S24 Solution 'H NMR spectrum of PPh-polystyrene (7a)
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Figure S25 Solid state ®P NMR spectrum of PPh-polystyrene (7a)

1699/7048
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Spectrometer: VNMRS

Observe P31

Frequency 161.874 MHz
Spectral width 100.0 kHz
Acquisition time 30.0 ms
Recycle 30.0 sec

No. repetitions 52

Direct excitation

Pulse duration 3.2 us

TPPM decoupling at 86.2 kHz
Spin-rate 10364 Hz

Gaussian broadening 0.010 sec
FT size 16384
Ambient temperature
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Figure S26 Solid state ®C NMR spectrum of PPh-polystyrene (7a)
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Figure S27 SEM images of freshly prepared PPh-polystyrene (7a)

SEM HV: 5.1 kV WD: 10.80 mm VEGA3 TESCAN|
SEM MAG: 2.01 kx  Date(m/dly): 09/06/16 50 um
BI: 7.00 Det: SE EM Research Services

SEM HV: 8.0 kv wo: 1476 mm | ] VEGA3 TESCAN
SEM MAG: 1.09 kx  Date(m/dly): 11/18/16 50 pm
BI: 18.00 Det: SE EM Research Services
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Figure S28 TGA curve for PPh-polystyrene (7a); wt% v temperature (green) and (b) derivative wt% v temperature (blue). Heating rate of 10 °C min*
in air
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Figure S29 FT-IR spectrum of freshly prepared PPh-polystyrene (7a)
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Figure S30

Solution 'H NMR spectrum of Styr-PIILP (8a)
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Figure S31 Solid state “C NMR spectrum of Styr-PIILP (8a)

Current Data Parameters
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Figure S32 SEMimages offreshly prepared Styr-PIILP (8a)

SEMHV: 5.1 kV. WD: 10.58 mm VEGA3 TESCAN
SEM MAG: 319 kx  Date{midly): 09/06/16 50 pm
BI: 7.00 Det: SE EM Research Services

SEM HV: 5.1 kV WD: 10.58 mm VEGAS TESCAN
SEM MAG: 8.47 kx  Date(mvdly): 09/06/16 20 ym
B1:9.00 Det: SE EM Research Services
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Figure S33 TGA curve for Styr-PILP (8a); wt% v temperature (green) and (b) derivative wt% v temperature (blue). Heating rate of 10 °C min™ in air

Sample: Sample 3 Hle: ChlAWatalsD Hsample 3.001
Size: 10.7230 mg DSC-TGA Operator: sf
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Figure S34 FT-IR spectrum offreshly prepared Styr-PIILP (8a)
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Figure S35 Solid state *C NMR spectrum of [PdCl]@PStys-PIILP (3b)
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Figure S36 Solid state P NMR spectrum of [PdCl]@PStys-PIILP (3b)

1886/7896
PdCl4@TrisSty

File: 21/sdo_20170620_03

Pulse Sequence: tancpx

27.530

Date Jun 202017
Probe 4.0_MM_PENCIL
Spectrometer: VNMRS

Observe P31

Frequency 161.878 MHz
Spectral width 100.0 kHz
Acquisition time 10.0 ms
Recycle 1.0 sec

No. repetitions 3000

CP: linear ramp on H

Contact time 5.00 ms

TPPM decoupling at 62.5 kHz
Spin-rate 10000 Hz

Gaussian broadening 0.005 sec
FT size 16384
Ambient temperature

31
[PdCl,)@PStys-PEGPIILP- P shows almost all phosphine is coordinated to Pd, small amount (6%) of uncoordinated phosphine (*)
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Figure S37 SEM images of freshly prepared [PdClj@PStys-PIILP (3b)

A # 5 - NN
SEM HV: 8.0 kV wo:1537mm || ([} SEM HV: 8.0 kV WD: 15.43 mm il VEGA3 TESCAN,

SEM MAG: 441x  Date(m/dly): 11/18/16 100 um SEM MAG: 1.14 kx  Date(m/dly): 11/18/16 50 pm
BI: 19.00 Det: SE EM Research Services BI: 18.00 Det: SE EM Research Services
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Figure S38 FT-IR spectrum of freshly prepared [PdCls@PStys-PIILP (3b)
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Figure S39 Pd 3d corelevel XPS spectrum of [PdCl@PStys-PIILP (3b) referenced to the hydrocarbon C1s
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Figure S40 Solid state “C NMR spectrum of [PdCl.]@PStys-PEGPIILP (4b)
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Figure S41 Solid state *P NMR spectrum of [PdCl]@PStys-PEGPIILP (4b)

1802/7496 PdC14@TriStyPPh3PEG @ 10 kHz

T T T
140 120 100 80 60 40 20 0 -20 -40 -60 -80 ppm

31
[PdCls]@PStys-PEGPIILP- P shows almost all phosphine is coordinated to Pd, small amount (14%) of uncoordinated phosphine (*)
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Figure S42 SEM images of freshly prepared [PdCls@PStys-PEGPIILP (4b)

SEM HV: 8.0 kV WD: 16.47 mm Ll VEGA3 TESCAN

SEM MAG: 938 x  Date(m/dly): 03/02/17 50 um
BI: 19.00 Det: SE EM Research Services

SEM HV: 8.0 kv wo:1s.4a7mm |0 VEGA3 TESCAN|
SEM MAG: 467 x  Date(m/dly): 03/02/17 100

BI: 18.00 Det: SE EM Research Services
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Figure S43
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Figure S44 Pd 3d core level XPS spectrum of [PdClj] @PStys-PEGPIILP (4b)referenced to the hydrocarbon C1s
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Figure S45 Solid state ®*C NMR spectrum of[PdCl{MeCN),] @PPh,PEGstyrene (5b)

Current Data Parameters
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Figure S46 Solid state P NMR spectrum of [PdCl{MeCN).]@PPh,PEGstyrene (5b)

1699/7049
(MeCN)2-PPh2Styrene

File: 19/sdo_20160907_02

Pulse Sequence: onepul

30684

Date Sep 7 2016
Probe 4.0_MM_PENCIL
Spectrometer: VNMRS

Observe P31
Frequency 161.874 MHz

Spectral width 100.0 kHz

Acquisition time 30.0 ms

Recycie 30.0 sec

No. repetitions 96

Direct excitation

Pulse duration 3.2 us

TPPM decoupling at 86.2 kHz

Spin-rate 9930 Hz

Gaussian broadening 0.010 sec

FT size 16384

Ambient temperature

LY v
T RN R R

80 60 40 20 o] -20

T T

T
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- Vst s
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Figure S47 SEM images of freshly prepared [PdCI(MeCN).]@PPh,PEGstyrene (5h)

P . i
SEMHV:80kV | WD:15.28 mm VEGA3 TESCAN

SEM MAG: 1.97 kx | Date(m/dly): 11/18/16 20 um
BI: 15.00 | Det: SE EM Research Services

RN
SEM HV: 8.0 kV WD: 15.43 mm | | VEGA3 TESCAN

SEM MAG: 1.14 kx | Date(m/d/y): 11/18/16 | 50 pm
BI: 18.00 Det: SE EM Research Services
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Figure S48 FT-IR spectrum of freshly prepared [PdCl(MeCN);] @PPh,PEGstyrene (5h)
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Figure S49 Pd 3d corelevel XPS spectrum of [PdCl(MeCN).] @PPh,PEGstyrene (5b) referenced to the hydrocarbon C1s
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Figure S50 Solid state *C NMR spectrum of [PdClJ@PEGPIILP (6b)

Current Data Parameters

NAME sdo_20160906 1699/7047 @ 10 kHz
EXPNO 11

PROCNO 1

F2 - Acquisition Parameters

Date_ 20160906

PROBHD 4 mm MAS BB/1H

PULPROG cptoss - ™

NS 720 PP & 2 g L= o
SWH 39682.539 Hz = = ~ o~ I
aAQ 0.0129024 sec — — 0 = ™ —
TE 298.0 K

CNST31 10000.0000000 | ] | \ /

D1 5.00000000 sec

D31 0.00010000 sec

=== CHANNEL fl —=—

SFO1 100.6328030

NUCL 13C

P2 6.50 usec
P15 1000.00 usec
PLW1 110.00000000 W
PLW11 140.00000000 W
——— CHANNEL £2 mmm——m —
SFO2 400.1706407 MHz
NuC2 1H
CPDPRG[2 spinal64_13

p3 _10 usec
PCPD2 6.20 usec
PLW2 W

PLW12 140.00000000 W
PLW13 140.00000000 W
SPNAM[O] ramp90100.100
SPOALO 0.500
SPOFFSO 0 Hz

SPWO 80.00000000 W

F2 - Processing parameters
SI 192

SF 100.6227390 MHz
WDW M

SSB o

LB 20.00 Hz
GB o

pC 1.00

T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 0 ppm
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Figure S51 SEM images of freshly prepared [PdCIJ]@PEGPIILP (6b)

4 J ) 47
WD: 15.26 mm VEGAS3 TESCAN|
SEM MAG: 1.43 kx  Date(m/dly): 11/18/16 | 50 um
BI: 17.00 Det: SE EM Research Services

SEM HV: 8.0 kV WD: 15.49 mm VEGA3 TESCAN
SEM MAG: 1.99 kx  Date(m/dly): 11/18/16 | 20 ym
BI: 15.00 Det: SE EM Research Services
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Figure S52

FT-IR spectrum of freshly prepared [PdCls@PEGPIILP (6h)

Varian Resolutions

100%

%Transmittance

955

b

rsesaainsyes Basonodt
b8 (B3 S A s S CE L Lot 8

o

‘.
O S [ e LT

2;%&23‘;2

BRSNS
3800 3600

5 ImSyPEG(9
~BACAGMImSIPEC(O)

3400

PORUISE . S SRR S

] /i \
/ 7 /1

/ 7 /1 8527}53 452 7}
r & )/
2 S !
1597.1% 285287 s afé 74 100269
2867.910 913.074 - ! ; g
1436.220- 138514~ 1195.324 47 859 /
1349.078 65 661 824515 61347
i
1028)564 0.000 {/
/
1301.475 B4.718 /J 6

747977 182313

1095640 1219.131

A A R I S A B e A M e AR RN s N B Pl R A S S 8 L G R R R S D D T LA AR st
3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 600 6

Wavenumber

S69



Figure Sb3 Pd 3d core level XPS spectrum of [PdCl] @PEGPIILP (6b) referenced to thehydrocarbon C 1s
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Figure S54 Solid state “C NMR spectrum of [PdCl(MeCN);] @PPh-polystyrene (7b)

Current Data Parameters

NAME
EXPNO
PROCNO

sdo_zcxsoogg 1699/7049 @ 10 kHz
1

F2 - Acquisition Parameters
Date_
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PULPROG

PLWl
PLW11

F2 - Processing parameters

20160906
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720 . . ™ o ~ o
= w0 © . . . .
39682.539 Hz <« < o " o ©
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sic . .
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0.00010000 sec

CHANNEL f1 ===
100.6328030 MHz
13C
6.50 usec
1000.00 usec
110.00000000 W
140.00000000 W
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H
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1
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80.00000000 W
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EM
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Figure S55

Solid state *P NMR spectrum of [PdCl(MeCN);] @PPh-polystyrene (7b)

1699/7049
(MeCN)2-PPh2Styrene

File: 19/sdo_20160907_02

Pulse Sequence: onepul

30.684

Date Sep 72016
Probe 4.0_MM_PENCIL
Spectrometer: VNMRS

Observe P31
Frequency 161,874 MHz
Spectral width 100.0 kHz
Acquisition time 30.0 ms
Recycle 30.0 sec
No. repetitions 96

Direct excitation

Pulse duration 3.2 us

TPPM decoupling at 86.2 kHz
Spin-rate 9930 Hz

Gaussian broadening 0.010 sec
FT size 16384
Ambient temperature

Winrtro el R /\\\’WWWWW\NMWW

140 120 100 80 60 40 20 o] -20 -40 -60 -80 -100 -120 ppm
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Figure S56 SEM images of freshly prepared [PdCl(MeCN).] @PPh,-polystyrene (7b)

=

SEM HV: 5.1 kV WD: 10.97 mm VEGA3 TESCAN|
SEM MAG: 3.23kx  Date(midly): 09/06/16 50 um
BI: 8.00 Det: SE EM Research Services

SEM HV: 5.1 kV WD: 10.97 mm VEGA3 TESCAN
SEM MAG: 519 kx  Date(m/dly): 09/06/16 20 ym
BI:7.00 Det: SE EM Research Services
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Figure S57

FT-IR spectrum offreshly prepared [PdCl{(MeCN).] @PPh-polystyrene (7h)
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Figure S58 Pd 3d core level XPS spectrum of [PdCl(MeCN).] @PPh-polystyrene (7b)referenced to the hydrocarbon C1s
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Figure S59 Solid state “C NMR spectrum of [PdCl]@Styr-PIILP (8b)

Current Data Parameters
NAME

sdo_20160906 1699/7047 @ 10 kHz
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160906
PROBED 4 mm MAS BB/1H
PULPROG cptoss <« )
s 720 8 o o s S
SHH 39682.539 Hz - @ N o~ ~
AQ 0.0129024 sec — — n  Tm —
TE 298.0 K
CNST31 10000.0000000 | | | \ {
D1 5.00000000 sec
D31 0.00010000 sec
=== CHANNEL fl =mm=m —
SFOL 100.6328030 MHz
NUCL 13C
p2 6.50 usec
P15 1000.00 usec
PLW1 110.00000000 W
PLW11 140.00000000 W
————— CHANNEL 2 mmmm—m —
SFO2 400.1706407 MHz
NUC2 1H
CPDPRG[2 spinal64_13
p3 3710 usec
PCPD2 6.20 usec
pLW2
PLW12 140.00000000 W
PLW13 140.00000000 W
SPNAM[0] ramp90100.100
SPOALO 0.500
SPOFFSO 0 Hz
SPWO 80.00000000 W

F2 - Processing parameters

8192
100.6227390 MHz

T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 0 ppm
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Figure S60 SEMimages offreshly prepared [PdCl]@Styr-PIILP (8b)

SEM HV: 5.1 kV ‘WD: 10.51 mm VEGA3 TESCAN|
SEMMAG: 2.72kx  Date(midly): 09/06116 50 um
BI: 7.00 Det: SE EM Research Services

SEM HV: 5.1 kV WD: 10.51 mm VEGA3 TESCAN|

SEM MAG: 2.72kx  Date(m/dly): 09/06/16 50 ym
BI: 7.00 Det: SE EM Research Services
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Figure S61
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Figure S62 Pd 3d corelevel XPS spectrum of [PdCl @Styr-PIILP (8b) referenced to the hydrocarbon C 1s
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Solid state “*C NMR spectrum of PANP@PSty-PIILP (3c)

Current Data Parameters

NAME sdo_20170821 1902/7960 PdNP@TrisSty @ 10 kHz
EXPNO 2

PROCNO 1

F2 - Acquisition Parameters

Date_ 20170821

PROBHD 4 mm MAS BB/1H

PULPROG cptoss =] o~ ~

NS 1800 o o S e 4
SWH 39682.539 Hz - - ~ o w <« o
aAQ 0.0129024 sec o - — +m ~ —
TE 298.0 K

CNST31 10000.0000000 | ’ ‘ f |

D1 2.00000000 sec

D31 0.00010000 sec

———— CHANNEL £l =mmm=m —

SFO1 100.6328111 MHz

NUC1L 13C

P2 6.60 usec

P15 1000.00 usec

PLW1 110.00000000 W

PLW11 140.00000000 W

———— CHANNEL £2 =mmm=m -

SFO2 400.1708600 MHz

NUC2 1H
CPDPRG[2 spinal64_13
P23 3.60

usec
PCPD2 7.00 usec
PLW2 W

PLW12 120.00000000 W
PLW13 120.00000000 W
SPNAM[0] ramp90100.100
SPOALO 0.500
SPOFFSO 0 Hz

SPWO 80.00000000 W

F2 - Processing parameters

SI 8192

SF 100.6227398 MHz
WDW EM

SSB e

LB 50.00 Hz
GB o

pC 1.00

T T T T T T T
240 220 200 180 160 140 120
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Figure S64 Solid state *P NMR spectrum of PANP@PStys-PIILP (3c)

1886/7895
PANP@TrisSty

File: 21/sdo_20170620_01

Pulse Sequence: tancpx

29.717

Date Jun 202017
Probe 4.0_MM_PENCIL
Spectrometer: VNMRS

Observe P31

Frequency 161.878 MHz
Speciral width 100.0 kHz
Acquisition time 10.0 ms
Recycle 1.0 sec

No. repetitions 3000

CP: linear ramp on H
Contact time 5.00 ms

TPPM decoupling at 62.5 kHz
Spin-rate 10000 Hz

Gaussian broadening 0.005 sec
FT size 16384
Ambient temperature

-4.143

* Uncoordinated phosphine
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Figure S65 SEM images of freshly prepared PANP@PStys-PIILP (3c)

SEM HV: 8.0 kV WD: 15.47 mm (| I VEGA3 TESCAN|

SEM MAG: 760 x  Date(m/d/y): 03/02/17 100 pm
BI: 19.00 Det: SE EM Research Services

SEM HV: 8.0 kV WD: 15.61 mm Lo L VEGA3 TESCAN|
SEM MAG: 736 x  Date(m/dly): 03/02/17 100 pm
BI: 19.00 Det: SE EM Research Services
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Figure S66 FT-IR spectrum of freshly prepared PANP@PStys-PIILP (3c)
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Figure S67 Pd 3d core level XPS spectrum of PANP@PSty:-PIILP (3c) referenced to the hydrocarbon C1s
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Figure S68 (a-b) TEM images of PANP@PStys-PIILP (3c), (c) histogram of particle size (diameter, nm). Scale bars are 20 nm (black) and 5nm (white)
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Figure S69 Powder X-ray Diffraction Pattern of PANP@PStys-PIILP (3c)
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Solid state “C NMR spectrum of PANP@PStys-PEGPIILP (4c)

Current Data Parameters

ggﬁo sdo_201701é§ 1802/7497 PANP@RTriStyPPh2PEG @ 10 kHz
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170112
PROBHED 4 mm MAS BB/1H

PULPROG cptossf3 n ™
NS 1400 S & b R pes 2
SWH 39682.539 Hz - ™M o o~ o =3
AQ 0.0149436 sec - — -~ n n = —
TE 298.0 K
CNST31 10000.0000000 \/
D1 2.00000000 sec
D31 0.00010000 sec
— CHANNEL fl ===——-— —_—
SFOL 100.6328123 MHz
NUCL 13C
p2 6.40 usec
P15 1000.00 usec
PLW1 110.00000000 W
PLW1l 140.00000000 W

=—w== CHANNEL f3 ==
SFO3 400.1706488 MHz
NUC 1H
CPDPRG[2 spinal64_13
P3 3.40 usec
PCPD3 6.80 usec
PLW3 oW
PLW12 80.00000000 W
PLW13 80.00000000 W
SPNAM[0] ramp90100.100
SPOALO 0.500
SPOFFS0 0 Hz
SPWO 70.00000000 W
F2 - Processing parameters
SI 8192
SF 100.6227522 MHz
WowW EM
SSB 0
LB 50.00 Hz
GB o
PC 1.00

T T T ] T 5 T ¥ T ' T d T ¥ T E T 5 T Z T ¥ T ¥ 1
240 220 200 180 160 140 120 100 80 60 40 20 ppm
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Figure S71

Solid state P NMR spectrum of PANP@P Stys-PEGPIILP (4c)

Current Data Parameters

NAME
EXPNO
PROCNO

sdo_20170111
106
1

F2 - Acquisition Parameters

Date_
PROBHED
PULPROG
NS

20170111
4 mm MAS BB/1H
cptoss£3
248
100000.000 Hz
0.0051200 sec
300.0 K
10000.0000000
2.00000000 sec
0.00010000 sec

—- CHANNEL £l =mmm=m -

NUC3
CPDPRG[2
p3

PCPD3
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SPOALO
SPOFFSO
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161.9917850 MHz
31p

5.60 usec

1000.00 usec
80.00000000 W
80.00000000 W

CHANNEL 3 ==e——- -

400.1706488 MHz

1H
spinal64_13
3.20 usec
6.50 usec
oW
80.00000000 W
80.00000000 W
ramp90100.100
0.500
0 Hz
80.00000000 W

F2 - Processing parameters

8192
161.9917409 MHz
EM
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1.40
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1802/7497 PANP@TriStyPPh3PEG @ 10 kHz

T T
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Figure S72 SEM images of freshly prepared PANP@PStys-PEGPIILP (4c)

&
X
A

_‘b_ . i

‘ Pl ,? -
> A b
SEM HV: 8.0 kV WD: 15.39 mm VEGA3 TESCAN|

SEM MAG: 1.17 kx  Date(m/dly): 03/02/17 50 um
BI: 18.00 Det: SE EM Research Services

SEM HV: 8.0 kV WD: 15.45 mm VEGA3 TESCAN
SEM MAG: 1.89 kx  Date(m/d/y): 03/02/17 20 ym
Bl 15.00 Det: SE EM Research Services
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Figure S73 FT-IR spectrum of freshly prepared PANP@PStys-PEGPIILP (4c)
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Figure S74 Pd 3d corelevel XPS spectrum of PANP@PStys-PEGPIILP (4c) referenced tothe hydrocarbon C1s
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Figure S75 (a-b) TEM images of PANP@PSty:-PEGPIILP (4c) and (c) histogram of particle size (diameter, nm). Scale bars are 20nm (black) and 5 nm
(white)

e

~—
N
o

40

0 _IIIIIIII--_

0O 1 2 3 4 5 6 7 8 9 10
PdNP Diameter / nm

w
o

Frequency
N
o

-
(@)

S92



Figure S76 Powder X-+ay Diffraction Pattern of PANP@P Stys-PEGPIILP (4c)
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Figure S77

Solid state ®*C NMR spectrum of PANP@PPh,PEGstyrene (5c)

Current Data Parameters

NAME sdo_20161101

EXPNO 31

PROCNO 1

F2 - Acquisition Parameters

Date_ 20161101

PROBED 4 mm MAS BB/1H

PULPROG cp © —
NS 720 4 5
SWH 39682.539 Hz = 4
AQ 0.0199332 sec — v
TE 298.0 K | |
D1 5.00000000 sec

—————- CHANNEL f1 ————— -

SFO1 100.6327802 MiHz

NUC1 13C

P15 1500.00 usec

PLW1 110.00000000 W

—————— CHANNEL £2

SFO2 400.1715

NUC2

CNST21 ©
spinal64_13

720 usec
PCPD2 6.50 usec
PLW2 ow

PLW12 140.00000000 W
PLW13 140.00000000 W
SPNAM[0] ramp70100.100
SPOALO 0.500
SPOFFS0 © Hz

SPWO 100.00000000 W

F2 - Processing parameters
s1 2048

SF 100.6227505 MHz
WDW EM

SSB °

LB 20.00 Hz
GB o

pC 1.00

1750/7273, PANP@PPh2styPEG @ 10kHz, RT, EH

—70.7
—59.0
—40.8
—32.4

T T T T T T
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S94

T T
120 100 80 60 40 20  ppm



Figure S78 Solid state *P NMR spectrum of PANP@PPh.,PEGstyrene (5¢)

Current Data Parameters

NAME sdo_20161102 1750/7273, PdNP@PPh2StyPEG @ 8kHz RT, EH
EXPNO 5 €

PROCNO 1

F2 - Acquisition Parameters

Date_ 20161102

PROBHD 4 mm MAS BB/1H

PULPROG cp

NS 7 @ =
SWH 100000.000 Hz D o
AQ 0.0299400 sec IS
TE 298.0 K |

D1 5.00000000 sec

— CHANNEL f1
161.9945172

aip

1000.00 usec
100.00000000 W

Hz

- CHANNEL £2 —
400.1707545 MHz
1B

1.0000000
CPDPRG[2 spinal64_13

P2 3720 usec
PCPD2 6.60 usec
PLW2 ow

PLW12 140.00000000 W
PLW13 140.00000000 W
SPNAM[O] ramp90100.100
SPOALO 0.500
SPOFFS0  © Hz

SPWO 100.00000000 W

F2 - Processing parameters
s1 8192

SF 161.9917390 MHz
WDoW

SSB o

LB 100.00 Hz
GB

pC 1.00

T T T T T T T T T
140 120 100 80 60 40 20 o -20 -40 -60 -80 -100 -120 ppm
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Figure ST79 SEM images of freshly prepared PANP@PPh,PEGstyrene (5¢)

Shet o drish, -5
SEM HV: 8.0 kV WD: 15.27 mm | VEGA3 TESCAN
SEM MAG: 448 x | Date(m/d/y): 11/18/16 100 pm
BI: 15.00 Det: SE EM Research Services

SEMHV:80kV | WD:15.35 mm || VEGA3 TESCAN

SEM MAG: 962 x | Date(m/d/y): 11/18/16 | 50 um
Bl: 19.00 Det: SE EM Research Services
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Figure S80 FT-IR spectrum of freshly prepared PANP@PPhPEGstyrene (5c)
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Figure S81 Pd 3d core level XPS spectrum of PANP@PPh ,PEGstyrene (5c) referenced to the hydrocarbon C1s
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Figure S82 (a-d) TEM image of PANP@PPh,PEGstyrene (5c)and (e) histogram of particle size (diameter, nm). Scale bars are 25 nm (black) and 5nm
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Figure S83 Powder X-ray Diffraction Pattern of PANP@PPh;PEGstyrene (5c)
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Figure S84  Solid state ®C NMR spectrum of PANP@PEGPIILP (6c)
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Figure S85 SEM images of freshly prepared PANP@PEGPIILP (6c)

Lt

SEM HV: 8.0 kV WD: 14.60 mm | VEGA3 TESCAN SEM HV: 8.0 kV WD: 14.95 mm | VEGA3 TESCAN

SEM MAG: 2.10 kx | Date(m/dly): 11/18/16 | 20 ym SEM MAG: 1.40 kx  Date(m/dly): 11/18/16 50 um

BI: 17.00 | Det: SE EM Research Services BI: 17.00 Det: SE EM Research Services
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Figure S86 FTIR spectrum of freshly prepared PANP@PEGPIILP (6c)
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Figure S87 Pd 3d core level XPS spectrum of PANP@PEGPIILP (6c) referenced to thehydrocarbon C 1s
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Figure S88 (a-d) TEM image of PANP@PEGPIILP (6c)and (e) histogram of particle size (diameter, nm). Scale bars are 5 nm (white)
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Figure S89 Powder X-ray Diffraction Pattern of PANP@PEGPIILP (6¢)
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Figure S90 Solid state “C NMR spectrum of PANP@PPh ~polystyrene (7c)
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Current Data Parameters
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Figure S92 SEMimages offreshly prepared PANP@PPh,-polystyrene (7c)

SEM HV: 8.0 kV WD: 15.27 mm
SEM MAG: 448 x Date(m/dly): 11/18/16 100 pm
BI: 15.00 Det: SE EM Research Services

SEM HV: 5.1 kV WD: 1.7 mm |
SEM MAG: 3.01 kx Date(m/dly): 09/06/16 50 ym
BI: 8.00 Det: SE EM Research Services
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Figure S93

FTIR spectrum of freshly prepared PANP@PPh-polystyrene (7c)
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Figure S9%4 Pd 3d corelevel XPS spectrum of PANP@PPh2-polystyrene (7c) referenced to the hydrocarbon C1s
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Figure S95 (a-d) TEM images of PANP@PPh »-polystyrene (7c)and e) histogram showing thedistribution of particle sizes (average NP diameter =

1.39 £ 0.19 nm). Scale bars 25 nm (black) and 5 nm (white).
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Figure S96 Powder X-ray Diffraction Pattern of PANP@PPh-polystyrene (7c)
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Figure S97

Current Data Parameters

Solid state °C NMR spectrum of PANP@Styr-PIILP (8c)
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Figure S98 SEM images of freshly prepared PANP@Styr-PIILP (8c)

© SEMHV: 5.1 kV WD: 10.98 mm
SEMMAG: 326 kx  Date(midly): 09/06116 50 ym
BI: 7.00 Det: SE EM Research Services

SEM HV: 6.1 kV WD: 10.47 mm VEGAS TESCAN|
SEM MAG: 3.32kx  Date(midly): 09/06/16 50 pm
BI: 9.00 Det: SE EM Research Services
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Figure S99 FT-IR spectrum of freshly prepared PANP@Styr-PIILP (8c)
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Figure S100 Pd 3d corelevel XPS spectrum of PANP@Styr-PIILP (8c) referenced to thehydrocarbon C1s
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Figure S101 (a-d) TEM images of of PANP@Styr-PIILP (8c) and e) histogram showing the distribution of particle sizes (average NP diameter =3.01 +
0.63 nm). Scale bars 25 nm (black) and 5 nm (white).
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Figure S102 Powder X-ray Diffraction Pattern of PANP@Styr-PIILP (8c)
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Figure S103 FD-XAS spectra showing the Pd Lyedges ofla(red), 1b(green)and 1c(blue). The raw data(black) hasbeenoverlaid on the smoothed
versions.
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Figure S104 FD-XAS spectra showing the Pd Liyedges of2a(red), 2b(green) and 2c(blue). The raw data (black) hasbeenoverlaid on the smoothed
versions.
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Figure S105 FD-XAS spectra showing the Pd Liyedges of3a(red), 3b(green) and 3c(blue). The raw data (black) hasbeenoverlaid on the smoothed
versions. The raw data (black) has been overlaid on the smoothed versions.
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Figure S106 FD-XAS spectra showing the Pd Liyedges of4a(red), 4b(green) and 4c(blue). The raw data (black) hasbeenoverlaid on the smoothed
versions.
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Figure S107  FD-XAS data for 1b-4b and 1c-4c showing the Pd L, edge and white line energies.

Sample Edge energy / KeV | White line Shift from Naz[PdCl4] Sample Edge energy / KeV | White line Shift from
energy / KeV [ eV energy / KeV Pd/C/ eV

1b 3.175706 3.176722 +0.51 | 1c 3.174740 3.176730 +0.12

2b 3.175440 3.176433 +0.22 | 2c 3.175874 3.176880 +0.27

3b 3.175624 3.176591 +0.38 | 3c 3.175883 3.177000 +0.39

4b 3.175646 3.176590 +0.38 | 4c 3.176035 3.176982 +0.37

Naz[PdCl4] 3.175202 3.176215 Pd/C 3.175485 3.176614
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Figure S108 FD-XAS spectra showing the Pd Lyedgesforlb(red), 2b(blue), 3b(green), 4b(yellow) and Na;[PdCl] (purple). Theraw data (black) has
been overlaid on the smoothed versions.
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Figure S109 FD-XAS spectrashowing thePtLyedgesforlc(red), 2c(blue), 3c (green), 4c(yellow) and Pd/C (purple). The raw data (black) hasbeen

overlaid on the smoothed versions.
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Figure S110 (a-d) TEM images of 2c formed in situ and e) histogram showing the distribution of particle sizes (average NP diameter=3.36 £0.61 nm).
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Scale bars 25 nm (black) and 5 nm (white).
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Figure S111  (a-d) TEM imagesof4c formed in situ and e) histogram showing the distribution of particle sizes (average NP diameter=2.55+0.97 nm).

Scale bars 25 nm (black) and 5 nm (white).
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Figure S112  (a-d) TEMimages of 2c afterrecycling and e) histogram showing the distribution of particle sizes (average NP diameter =3.05+£0.86 nm).

Scale bars 25 nm (black) and 5 nm (white).
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