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Experimental section

1. Materialsand Characterization

Anhydrous 1,2-dichlrobenzene (DCB), tolue&éN-dimethylformamide (DMF), methanol (MeOH),
dichloromethane (DCM), 2-[4-(bromomethyl)phenyl]pamoic acid from Aldrich, neutral alumina, 2,2’-
bipyridine (bipy), benzyl bromide from Alfa Aesaand dicobaltoctacarbonyl (g&€0)) from Strem
Chemicals were purchased and used as receiveduwiimdher purification. Copper(l) bromide (98 %,
Aldrich) was purified by stirring in glacial acetaxid overnight. Styrene (99 %, Aldrich) was pdsse
through a short column of neutral alumina to remimebitors prior to use in polymerization reaction
Deoxygenation of styrene amN-dimethylformamide (DMF) was achieved by bubblinghaargon gas
for 30 minutes prior to use in polymerization réatt Reaction temperatures were controlled usimg a
IKAmag temperature modulator for polymerizationatgan. Themolysis reactions were performed using
an Omega CSC32 benchtop controller with K-type rtfueouple and reported temperatures were
measured in reaction mixturesH NMR spectra were obtained using a Bruker DRX 4000 MHz
spectrometer in CDgkolution. Chemical shifts are referenced to,8dor '"H NMR and CDC]J ©77.0
ppm) for*C NMR. Size exclusion chromatography (SEC) wadopered in a tetrahydrofuran (THF)
mobile phase with a Waters 1515 isocratic pumpinghthree 5-um PLgel columns (Polymer Labs, pore
size 10, 10° and 18 A) at a flow rate of 1 mL/min with a Waters 241ifetential refractometer and a
Waters 2487 dual-wavelength UV-vis spectrometerlaMmasses were calculated using the Enpower
software (Waters), calibrated against low polydisipe linear polystyrene standards. Transmission
electron microscopy (TEM) images were obtained QiEl100CX |l transmission electron microscope
(JEOL) at an operating voltage of 60 kV or a PbdICM12 transmission electron microscope at 80 kV,
using in-house-prepared copper grid (Cu, hexag®@t, mesh). Analysis of images was carried out
using ImageJ software (W. S. Rasban, Nationaltlrte8 of Health, 1997-200H(ttp://rsb.info.nih.gov/ij.
Relative uncertainty of particle size determinasiarsing ImageJ was found to be 1 % of the diameter
averaged.g., 20 + 0.2 nm). Vibrating sample magnetometry (\jSieasurements were obtained using a
waker HF 9H electromagnet with a Lakeshore 7300trotler and a Lakeshore 668 power supply.
Magnetic measurements were carried out at roomdgatyre (27°C or 300 K) and low temperature (-
223°C or 50 K) with a maximum S-2 applied field of 116&/m, a ramp rate of 2630 Als” and a time
constant of 0.1. X-ray diffraction (XRD) measurense were performed using the X'pert X-ray
diffractometer (PW1827, Phillips) at room temperatwith Cuka radiation source at 40 kV and 30 mA.
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2. Syntheses of polymeric ligands and cobalt nanoparticles

2.1. Synthesis of Carboxylic acid End-Functionalized Polystyrene (PS-COOH)*

To an oven dried 125 mL Schlenk flask equipped wittir bar were added Cu(l)Br (0.57 g, 4.0 mmol),
2-[4-(bromomethyl)phenyl]propanoic acid (0.97 d) /aamol) and bipy (1.3 g, 8.0 mmol). The flask was
fitted with a rubber septum, evacuated and batddfiivith argon for three cycles. Deoxygenated DMF
(6 mL) was addedia syringe and stirred until a red complex formedeokygenated styrene (54 g, 60
mL, 520 mmol) was addeda syringe to the reaction flask. The flask was @thin a thermostated oil
bath held at 110C for 12 h to reach a monomer conversion of 80®he reaction mixture was diluted
with dichloromethane (300 mL) and passed throughaat alumina column to remove the copper catalyst.
The polymer solution was washed with 10 % EDTA amsesolution, dried over anhydrous MgSO
fillered and concentrated. The concentrated palysedution was precipitated into stirring methanol
three times, followed by dryinm vacuo to yield a white powder (28 g, 65 % yield basedn@anomer
conversion).

'H NMR (600 MHz, CDCJ) & 7.20-6.30 (br, ArH), 2.25-1.20 (br, CH+@HM, sec = 12000 g/mol;
Mw/M, = 1.11.

2.2. Synthesis of Phenylethyl End-Functionalized Polystyrene

To an oven dried 25 mL Schlenk flask equipped witstir bar were added Cu(l)Br (0.14 g, 1.0 mmol)
and bipy (0.31 g, 2.0 mmol). The flask was fitteith a rubber septum, evacuated and back-filledh wit
argon for three cycles. Deoxygenated styrene (13tgnL, 120 mmol) and benzyl bromide (0.17 g, 1.0
mmol) were addetlia syringe to the reaction flask. The flask was @thm a thermostated oil bath held
at 110°C for 14 h to reach a monomer conversion of 85 ¥he reaction mixture was diluted with
dichloromethane (50 mL) and passed through a sthamina column to remove the copper catalyst. The
polymer solution was washed with 10 % EDTA aquesnlstion, dried over anhydrous MgaQiltered
and concentrated. The concentrated polymer soluias precipitated into stirring methanol threeetim
followed by dryingin vacuo to yield a white powder (7.6 g, 68 % yield basadhmnomer conversion).

'H NMR (400 MHz, CDC)) & 7.25-6.25 (br, ArH), 2.30-1.20 (br, CH+GHM, sec = 14000 g/mol;
Mw/M, = 1.18.

2.3. Preparation of PS-CoNPs using Carboxylic acid End-Functionalized Polystyrene (PS-COOH)

2.3.1. Preparation of PS-~CoNPson 1.8 g scale

To a 100 mL three necked round bottom flask equippigh condenser, stir bar and thermocouple was
added a solution of carboxylic acid end-functioredi polystyrene (PS-COOH, 0.80 g, 6.7 ¥ hdmol)

in 1,2-dichlorobenzene (15 mL) and a solution of(C@®) (2.50 g, 7.3 mmol) in 1,2-dichlorobenzene
(25 mL). The reaction mixture was heated at ontheftarget temperatures of 120, 130°C, 140°C,
150°C, 160°C, or 170°C. Reaction time ranged from 1 hr to 6 hrs fromgerature at 17¢C to 120°C
however reactions were allowed to run for 24 hrhatit change in particle size or morphology. After
cooling to room temperature, the ferrofluid wascpp#ated into stirring hexanes (800 mL) to yield a
black precipitate, which was collected by sedimimtausing a standard AINiCo magnet and decanting
of the hexanes phase. The resulting precipitatedsiadin vacuo to yield a black powder (1.8 g), which
was soluble in a variety of organic solvents (e¢a@uene, tetrahydrofuran and dichloromethane).
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2.3.2. Preparation of PS-=CoNPson 7.6 g scale

The preparation of PS-CoNPs on 7.6 g scale wasedaout by following the same procedure as
described in section 2.3.1 with the exception ah@$S-COOH (3.2 g, 2.7 x Tanmol) and Cg(CO)
(20.0 g, 29 mmol) in 1,2-dichlorobenzene (160 mL).

2.3.3. Preparation of PS-CoNPson 19 g scale

The preparation of PS-CoNPs on 19 g scale wasedaotit by following the same procedure as described
in section 2.3.1 with the exception of using PS-GD@.0 g, 6.7 x 18 mmol) and Cg(CO) (25.0 g, 73
mmol) in 1,2-dichlorobenzene (400 mL). It is imfamt to note that at this scale mechanical stiritn
essential to maintain optimal mixing of reactiorxtuare.

2.4. Kinetics of PS-CoNPs synthesis

To investigate the nucleation and growth processaoioparticles in solution, we obtained transmissio
electron microscope (TEM) images of a series afualis drawn from the solution during the reaction a
different reaction times and temperatures (Fig@8d@. A 0.1 mL aliquot drawn from the reactionswva

diluted with 3 mL of toluene, sonicated for 3 mi@sitand drop-casted onto a carbon coated coppeatgrid
zero field.

2.5. Comparison of PS-COOH ligands and oleic acid ligands on the preparation of CoNPs

2.5.1. Synthesis of oleic acid coated CoNPs

The preparation of oleic acid coated CoNPs wasezhaut by following the same procedure as desdribe
for the PS-COOH coated experiment (section 2.3iff) the exception of replacing PS-COOH ligand
with oleic acid (19 mg, 6.7 x Yommol), which gave 0.68 g of irregular, flocculat@d particles (Figure
S11A).

2.5.2. Synthesis of super paramagnetic oleic acid coated CoNPs

The preparation of superparamagnetic oleic acidedo@oNPs was carried out by following the same
procedure as described for the PS-COOH coated iexgmar (section 2.3.1) with the exception of

replacing PS-COOH ligand with oleic acid (0.8 g8 2nmol), which resulted in the formation of

uniformly sized superparamagnetic CoNPs (0.31 digmdiameter = 14.@ 1.83 nm) (Figure S11B).

2.5.3. Synthesis of phenylethyl end-functionalized polystyrene coated CoNPsin the presence of oleic

acid

The preparation of phenylethyl end-functionalizedyptyrene coated CoNPs was conducted using the
same procedure as previously described for the ®SHE coated experiment (section 2.3.1) with the
exception of using phenylethyl end-functionalizedyptyrene (0.8 g, 5.7 x Fammol) and oleic acid (19
mg, 6.7 x 1G mmol), which gave an increased yield of nanoscepjmerparamagnetic CoNPs along with
larger particulate aggregates (Figure S11C).

2.5.4. Synthesis of phenylethyl end-functionalized polystyrene coated CoNPs
The preparation of phenylethyl end-functionalizedyptyrene coated CoNPs was conducted using the
same procedure as previously described for the ®SHC coated experiment (section 2.3.1) with the
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exception of using phenylethyl end-functionalizedyptyrene (0.8 g, 5.7 x Fommol), which afforded
0.75 g of micron sized particulates of metallic @blfFigure S11D).

3. Figures

Figure S1. Experimental setup for the preparation of PS-CoNPs
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Figure S2. SEC trace of PS-COOH (Mec= 12000 g/mol, M/M, = 1.11).
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Figure S3. *H NMR spectrum of PS-COOH.
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Figure $4. SEC trace of phenylethyl end-functionalized ptlsene
(M, sec= 14000 g/mol, M/M, = 1.18).
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Figure S5. "H NMR spectrum of phenylethyl end-functionalizedystyrene
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Figure S6. A plot of reaction time versus the average partdilEmeter formed at different reaction
temperatures
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Figure S7. A plot of internal temperature versus the time 8fGoNP reactions
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Figure S8. TEM images of PS-CoNPs in the sample aliquots driram solution at 120C at: (a) 15
min, with particle diameter = 4.601.76 nm, (b) 1 h, with particle diameter = 12.8.48 nm, (c) 3 h,
with particle diameter = 14.4 2.44 nm, (d) 4 h, with particle diameter = 31.1.48 nm, (e) 8 h, with
particle diameter = 37.8€5.64 nm, (f) 24 h, with particle diameter = 39.3.66 nm.
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Figure S9. TEM images of PS-CoNPs in the sample aliquots drirem solution at 140C at: (a) 15
min, with particle diameter = 11#44.33 nm, (b) 1 h, with particle diameter = 12.3.61 nm, (c) 3 h,
with particle diameter = 26.4 3.97 nm, (d) 4 h, with particle diameter = 22.8.66 nm, (e) 8 h, with
particle diameter = 264.4.10 nm, (f) 24 h, with particle diameter = 24.9.47 nm.
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Figure S10. TEM images of PS-CoNPs in the sample aliquots drirem solution at 170C at: (a) 15

min, with particle diameter = 12462.79 nm (b) 1 h, with particle diameter = 1£.8.56 nm (c) 3 h, with
particle diameter = 17.42.17 nm, (d) 4 h, with particle diameter = 12.1.93 nm, (e) 8 h, with particle
diameter = 17.% 1.84 nm, (f) 24 h, with particle diameter = 1£.8.39 nm.
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Figure S11. TEM images of CoNPs in the sample aliquots dranemfsolution under different reaction
conditions: (a) 6.67 x Idmmol of oleic acid (section 2.5.1), (b) 0.8 g tdio acid, with particle diameter
= 14.0+ 1.83 nm (section 2.5.2), (c) 6.67 x4éhmol of oleic acid and 0.8 g of phenylethyl end-
functionalized polystyrene (section 2.5.3), (d) @8of phenylethyl end-functionalized polystyrene

(section 2.5.4).
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Figure S12. Overlay XRD patterns of PS-CoNPs prepared aeuifit temperature (a) 12C, D = 43+
5.4 nm, (b) 130C, D = 35+ 3.9 nm, (c) 140C, D = 281 4.6 nm, (d) 150C, D = 25+ 3.9 nm, (e) 160
°C,D =23+ 3.5nm, (f) 170C, D = 18t 2.4 nm.

Powder X-ray diffraction (XRD) was used to charaete the solid-state structure of PS-CoNPs. The
XRD results confirmed that PS-CoNPs in all casdsuleted a metallic face-centered cubic (fcc) cobalt
phase possessing low degrees of crystallinity. Aigkest degree of crystallinity of PS-CoNPs formatd
120°C correlated with the largest size of colloids fedrat this temperature.
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Figure S13. VSM of PS-CoNPs prepared at different temperafayel20°C, D = 43+ 5.4 nm, (b) 130
°C, D = 35% 3.9 nm, (c) 140C, D = 28t 4.6 nm, (d) 150C, D = 25+ 3.9 nm, (e) 160C, D = 23+ 3.5
nm, (f) 170°C, D = 18+ 2.4 nm.
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Figure Sl14. Plots of the particle diameter of PS-CoNPs vels)ssaturation magnetization {Vi(b)
magnetic coercivity (k)
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