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S1. Experimental Section

Chemicals. All agueous solutions were prepared in doubleilldidt water. Copper(ll)
trifluoromethanesulfonate (Cu(O%f) Alpha Aesar, 98%) and tetrakis(acetonitrile)capipe
tetrafluoroborate (C(CHsCN)4BF4, Sigma-Aldrich, 97%) were used without furtherification.
Stock solutions of Cuwvere standardized by spectrophotometric analysigy2,9-dimethyl-1,10-
phenantroline as a specific ligand, as describedhm literaturé. Amine ligands, tris(2-
pyridylmethyl)amine (TPMA, ATRP Solutions, 98%), isf2-(dimethylamino)ethyllamine
(MesTREN, Sigma-Aldrich, 98%) and,N,N’,N",N"-pentamethyldiethylenetriamine (PMDETA,
Sigma-Aldrich, 98%) were used as received. Oligofene oxide) methyl ether acrylate (OEOA,
Sigma-Aldrich, averag®lw 480) was passed through a column filled with bakimina to remove
polymerization inhibitors. N-isopropylacrylamide (NiPAM, Sigma-Aldrich, 97%) wa
recrystallized fromm-hexane. 2-hydroxyethyl 2-bromoisobutyrate (HEB#gma-Aldrich, 95%)
was used as receivad-isopropyl 2-bromopropionamide (NiPBPA) and oligb¢dene oxide) 2-

bromopropionate (OEOBP) were synthetized accorttifigerature procedures’

Cyclic Voltammetry (CV). CVs were performed by an Autolab PGSTAT30 potetéin(Eco-
Chimie, Utrecht, The Netherlands) interfaced toCarenning an Autolab GPES 4.9 software. A
three-electrode cell with a glassy carbon workilegteode (3 mm diameter disc, Metrohm) and a
Pt counter electrode was used. The reference etlctvas a saturated calomel reference electrode
(SCE, Schott Gerade). Potential step chronoampérgragperiments were performed using a
rotating disc electrode, RDE, with a glassy carbprof 3 mm diameter (Autolab, Eco-Chimie).
Prior to each experiment, the working electroddaser was cleaned by polishing with 0.2%
diamond paste, followed by ultrasonic rinsing inagtol for 5 min.

Digital simulation of voltammetric responses wasf@ened with DigiSim 3.03 (Bioanalytical

Systems, Inc.).



S2. Determination of ka by monitoring [Cu'L]* decay at RDE

Electrochemical Behavior of [Cu'L]* at a RDE

[CUL]* exhibits a well-defined anodic wave at the RDEe#r sweep voltammetry Figure S).
The limiting current)., was used to monitoticy - during the activation reaction, according to

Levich equatiorf:
- 2/ 3,41/ 2,1/ 6
I, = 062nFAD # %!/ 2y Couy* (S1)
where n is the number of exchanged electrénss the Faraday constari, is the diffusion

coefficient of [CUL]*, A is the area of the electrode,is the RDE rotation speed amds the

kinematic viscosity.
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Figure S1. Linear sweep voltammetry of 2x30/1 [CUTPMA]* in H,O + 0.1 M EfNBF4 at RDE

(o = 2500 rpm). The red circle indicates the typEahused to monitor Ciconcentration.

Derivation of Kinetic Lawsto Determine Kact
Slow reactions were studied under pseudo-firstfocdaditions withch > ZOC[((’:U.L]+ ;

INCyyp- =INCieyyyr —K't (S2)



wherek' = KacCo%x.
The concentration of [CU]* at any moment during the reaction with RX was waked fromeq

S1as follows:

2 /2,,-1/6
| 062nFADZ %2y Ceuly* :C[CU,L]+

5= 23 12,160 0 (S3)
19 a6FADZ %ot 2y~Y6c0 o CO |
[Cu'L] [Cu'L]
where I,‘_) is the limiting current measured for [C{f att = 0.
Combining equationS1andS3gives
(i /10)= Kt (S4)

Faster reactions were analyzed under second-ordeditons with identical initial
concentrations of alkyl halide and [Cir:

dC[Cul L]+

- T = kactC[CU'L]+CRX = kact(:[zcu'L]+ (S5)

which upon integration gives:

1 1
- = Kot (S6)
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Combining S3 and S6 gives

1 1 12 1
C ~~0 = OL ;) = Kae (S7)
[cu'L]* C[Cu' 0t l LC[Cu' * C[Cu' gt

Experimental Procedure to Determine Kact

Experimentally, a solution of initiator is prepared an electrochemical cell filled with all
electrodes, background electrolyte and a radicavestger,e.g., TEMPO. Then a constant
potential in the plateau region of the oxidationvevaf CU is applied (sedrigure S} with

recording ofl. and the catalyst is injected. Efficient mixingeissured by fast magnetic stirring



and by the fast RDE rotating speed (up to 10000).rjime output of the experiment is a decay

curve for the oxidation current of Cwhich is consumed during the reaction with Rg(re
S2a, c). Sincd. is proportional toCcyy*, the curve represents the rate of disappearance of

[CUL]*. Elaboration of the data accordingeéq S2or eq S6 depending on the experimental

conditions, provides the rate constdat; Examples of linear plots based eqs S2andS6 are

reported inFigure SB, d.
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Figure S2. Determination ofkac: for the reaction between 2.5x401 [CUTPMA]* and (a, b)
2.5x10* M OEOBP or (c, d) 5x1®M NiPBPA in the presence of 5x38M TEMPO at 25 °C. (a,
c) Variation ofl. with time recorded &Eapp = -0.15 Vvs. SCE on RDE¢ = 5000 rpm). Kinetic

analysis according to (b) a second-oraer £6 or (d) pseudo-first-order rate lawq S3.



This technique is applicable in both water and nigaolvents as long &ppis significantly
more positive thaiky, of all the relevant copper complexes present int&m (i.e. Eappis in the

plateau region of Cwxidation,e.g. in Figure S). First-order conditions are suitable for slow

reactions act< 10 M1 s?), whereas second order conditio(; ;- = Cpx ) are suitable for faster

reactions Kact> 1 Mt s1).

S3. CV of [CU'"TPMA]? in the Presence of OEOBP at Different Scan Rates
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Figure S3. Background subtracted CVs of AWM [CU'TPMA]?*in H.O + 0.1 M EiNBF;,
recorded at a glassy carbon electrode in the absgludted line) and presence (solid lines) of

5x10% M OEOBP at different scan ratdsaas normalized by'/?).

. Determination of Parameter s Required for the Simulation of CV

The reactions occurring during CV of [t1]* in the presence of RX and TEMPCO ) &re here
reported (numeration is the same as in the mai). tf€kermodynamic and kinetic parameters of
interest are reported in the same line.

[CulL]?* + e = [CuL]* Ecutjzeuy K 2)

[CUL]* + RBr = [BrCU'L]* + R Kact, KaTrp (3)



[Br-CU'L]* = [CU'L]?* + Br Ker!!, ke (4)

[Br-Cu'L]* + € = [BrCuLl] E®r_cull L] +[Br-culL), K° (5)
[Br-CuL] = [CuUlL]* + Br Ka', kar' (6)
R +R — RR ko )
R +T — TR ki (8)

For all radicals, coupling reactionsgs 7and8) were considered to be very fast with rate
constantkio = 1@ M-'st andki1 = 1 M1s157

Table S1. Thermodynamic Data Used for the Simulation of CVv?

Species KaTrP” Kg!' (M) Ke!' (M)
[CU'TPMAJ?* 0.8 8.05 155
[Cu'MesTRENR* | 8.0x10 4.26 4.26
[CU'PMDETAJ?* 4.6x10? 0.84 0.84

aFrom referencé. PDetermined for the reaction of [@* with HEBIB in water.

The equilibrium constants of Bassociation with [CLL]?* and [CUL]* in water have recently
been reported We used these values for both pure water and agusalutions containing 18%
monomer (w/w) Table S). Additionally, we assumed that the associati@solciation equilibria
are fast so that they constitute conditions ofgaaHibrium for the activation step. Therefore, we
used a rate constarkz;, of 10" M-s? for the reaction of Brwith both [CUL]?* and [CUL]*.
Higher values okg: did not affect the degree of catalysis in the $atad CVs.Katrp for the
reaction between Cgomplexes and HEBIB in water is in the range 6-:@808 Karre values in
water/monomer mixtures are not known, but are ebggeto be smaller than in pure water. The
role ofKatre ON the simulation was investigated and it was dbilvat simulated CV responses are
unaffected provided thd€arre > 10%.° Since this limit is much smaller than the typi&alre
values in agueous medidhe values reported for pure water were used iaqaleous solutions.

E° andk® of the complexes [ClL]?* as well as the diffusion coefficients of all sgecivere
determined by cyclic voltammetr{£® was measured as the half-sum of the cathodic aodi@a
peak potentials. The standard reduction potentiailse ternary complexes [BEu'L]* could not
be measured, but SinE&x_culj+x-cul] > E%cullj2+[cu]+, the same values were used for'[Cd*
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and [Br-CUL]*. Diffusion coefficients of the complexes were dh¢a from the cathodic peak

current,l,c, according to the following equation valid foreversible electrode process:
| o =(2.691C)n¥2ADH2Cy1/2 (S8)

where n is the number of exchanged electrénis, the area of the electrode a@ds the bulk
concentration of the Gucomplex. The initiators HEBiB, OEOBP and NiPBPA/aia single
irreversible reduction peak in cyclic voltammetRygure S4 corresponding to a 2eeduction of
the carbon-bromine bond to RH and.HBihe peak current can be used also in this casa¢alate

D according to the following equatidn:

| o =(2.991F)ohADHCu12 (S9)

where C is the bulk concentration of RX amul is the transfer coefficient, which also was
determined from the peak characteristics accordimgknown procedure¥. The equation
(GEp)/ologyv = -1.15RT/aF was used, which relates the shift in the reductieak potential,,
with logo, to the transfer coefficient, Table S2summarizes all thermodynamic and kinetic data

determined from cyclic voltammetry for Cu complexesl initiators.

Table S2. Data from Cyclic Voltammetry of [Cu''L]?>* and RX in H20 and in H20 + 18 wt%
Monomer (OEOA or NiPAM)?

Species Water Water/OEOA Water/NiPAM
Eeb 1D 10%° E°P  10°D 10%k° E°®  10°D 10°k°
V) (cné/s) (cm/s) (V)  (cmé/s) (cm/s) (V)  (cmé/s)  (cm/s)
[CU'TPMA]?* -0.35 4.6 18 -0.18 0.98 3.1 -0.17 11 2.0
[Cu"MesTRENP* -0.40 2.0 10 -0.34 0.58 15 -0.33 0.91 1.0
[CU'PMDETA]** -0.37 5.0 5 -0.34 -0.33
HEBIB -0.7¥F 6.0 -1.23 2.0
OEOBP -0.81 3.1 -1.11 0.58
NiPBPA -1.34 8.3 -1.57 3.2

aData obtained at 25 °C, using 0.1 MNBF; as supporting electrolyt®/ersus saturated calomel
electrode (SCEY}.Cathodic peak potential at= 0.2 Vs.

8



12+
i .
N HEBIB
\ /- - - OEOBP
241 - —— NiPAM

| I | I | I | I |
-1.6 -1.2 -0.8 -0.4 0.0
Evs.SCE / V

Figure $4. CVs of 10° M RX in H.O + 0.1 M EfNBF4, recorded at a glassy carbon electrode at
v=0.2Vsh

S5. Construction of the Theoretical Curves for Homogenous Redox Catalysis

and Comparison with Experimental 1,/1,° data

The degree of catalysis or current enhancemifit?, depends on the following kinetic
parametef?!
Cu"L]2+
Fov

Theoretical working curves relating/l,° to A can be constructed by digital simulation of the

| _RIKG

voltammetric response of the catalytic systems(2-§. Voltammetric simulations were carried
out for a large number afvalues and the results were plotted Ag° versus log. (Figure S@).

To make easy the comparison between experimerdadiarulated data, the latter were first fit to
appropriate functions that perfectly interpolatedaka Figure SB). Two equationsegs S1Gnd
S11) were used, depending on whether the theoretig&lecpresented a maximum or a plateau.

Examples of the fittings are reportedrigure S5



Cx_d N 1-c f (S10)
1+ex{ j 1+ex{x_ j
e g

y = a+bx+cx? +dx® +ex* + fx* + gx° (S11)

y=a+h

wherea, b, ¢, d, g, f, g are fitting parameters.
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Figure S5. (a) Theoreticallp/l® versus Iogk:Iog(RTkactC[Cu..L]2+/Fv) obtained from digital

simulation of the CVs, considering the mechanismadga 2-8with [Cu'MesTRENJ* as catalyst
and OEOBP as initiator). (b) Fitting of the thearakly/1,° vs. A toeqs S1(fory = 2.5 and 5) and

S11 (for y = 1). (c) Comparison of the experimentgl % vs. log A’ (blue squares) with the

theoretical working curves before the fitting prdeee (Iog’:Iog(RTqCu..L]z+/Fv)). (d)

Comparison of the experimentall ° vs. log ) (black squares) with the theoretical working csrve
after the fitting procedure.
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The procedure for the determinatiorkgdwas as follows. The CV experiment was done with

fixed values ofy. Then a set ofy/1,° versus log' values ('= RTC[CU”L]2+ / Fv) was calculated

for eachy value (experimental points ifigure S8). The theoretical working curves were then
constructedKigure S%) and fitted teeq S10or S11to define the constants in the equatiBig(re
SH). The experimental data were finally fitted te #hppropriate equation by definigg 1p/1°
andx = log\'+ log kact, With kactas the only adjustable parameteig(re Sg-d).

S6. Comparison between Experimental and Smulated CVsin the Presence of

[Cu"TPMA]? and OEOBP.
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Figure S6. Comparison between experimental (solid lines)sindilated (circles) CVs of M
[CU"TPMA]?* in H20 + 0.1 M EfNBF: atv = 0.2 in the presence of (a) 2>l or (b) 3x16° M
OEOBP.
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S7. Comparison of the CV Response in the Absence and in the Presence of
Monomer
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Figure S7. Cyclic voltammetry of 18 M [CU'TPMA]?* in water (solid line) and water-OEOA
mixture (dashed line) recorded at 0.2-Viis the presence of 0.1 MA&BF,.

S7. Estimation of Katre for the[Cu'L]*/OEOBP Systems

Katre Was calculated as described in reference 8, fhenidllowing equatior:

_AGg

L2 [cu'Ly? ) RT (812)

X IX™

F 2 2
In KATRP =In K>|(| +ﬁ(E - E[Cu"

whereKx'" is the halidophilicity constank is the Faraday constarm,is the gas constant, and

AGr-x is bond dissociation free energy of the alkyl dheli

Kx!" andE®cullj2+cuiy+ values were obtained from reference 8, whereasahe for E;/X_ of

the Br/Br redox couple in water was obtained from referebh2eThe bond dissociation free

energy was calculated from the following equafién:

AGQR_ X(aq) = BDﬁg) _TABDSQ(g) +AAG§ (S 13)
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where BDEg) andAspS’(g) are the bond dissociation enthalpy and entropjéngas phase, and
AAGS is the difference in the solvation Gibbs free ggdyetween products and reactants. BPE
andAspS(g) are not known for OEOBP, therefore the valuesrethyl 2-bromopropionate were
used!® considering that the pendant oligo(ethylene oxigejup has a small effect on the
properties of the C-Br bondAGs® is not known but was assumed to be negligiblggre@ment

with previous report8.
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