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Derivation of reaction Kinetic expressions

Kinetic expressions, in the absence of transport limitations, derived from the cationic or the anionic
mechanisms are readily available when their intermediate complexes react virtually as fast as they are
formed (Pseudo-Steady-State-Hypothesis). Now let us consider the cationic mechanism of Fig. 2a. During
the initial stages of the reactions, the substrate concentrations are high and far from equilibrium. The rate

of disappearance of the aryl halide is derived as,
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where Ki are the rate constants of the reaction steps of Fig. 2a, and A1 is defined by,
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As one can anticipate, the rate expression (eqn (S1)) depends on the concentrations of all free species
in the cationic mechanism. A similar analogy yields the rate expression, derived from first principles, for

the anionic mechanism of Fig. 2b,
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where Ki' are the rate constants of the reaction steps of Fig. 2b, and A2 is defined by,
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Similarly, the kinetic expression for ionic mechanism can be derived as,
~ T 4ogr = Tarp = Ky Ky, ks ks [ATBr][R - M][Base][L][Pd] A, (55
where K" are the rate constants of the reaction steps of Fig. 4, and A3 i defined by,
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Both kinetic expressions (eqn (S1), (S3) and (S5)) are expected to hold under conditions when 1) the

rate of formation of the catalytically active PdL, species 7 (or 7°, or 7°°) are dominated by the catalytic

cycle, ii) Pd colloid formation does not influence the kinetics, and iii) in reactors where the mass transfer

rates are instantaneous relative to the reaction rates.

Calculation of ligand concentration



To identify the role of water on cationic and anionic mechanisms, quantitative assessments of the

catalytically active intermediates of either Fig. 2a or 2b are necessary. The concentration of PdL, can be

calculated by performing mole balances on the number of Pd catalytic intermediates having n coordinated

ligands (i.e., 7, 8, 10 and 11 from Fig. 2a, or 7°, 8’ and 11’ from Fig. 2b), as given in eqn (S7)',

PaL,) = (2

n

)(1 ~6)[Ll; .

where x is the total number of active transition metal intermediates and y is the number of metal
intermediates with n coordinated ligands. The fraction of inactive Pd, 6, can be calculated from the
difference between the free ligand concentration [L] and the total ligand concentration [L]r (from Fig. 2a or
b). Similarly, the concentration of PdL,_; (Pd catalytic intermediates having (n-/) coordinated ligands) can

be derived as!,

X—-Z
PaL, 1= (St o, .

where z is the total number of intermediates with (n-/) coordinated ligands. The concentration of free
phosphine ligand [L] can be determined by its stoichiometric relationship to the number of Pd

intermediates (x, y, z, and n) and the total concentration of ligand [L]r, as expressed in eqn (S9)!,

[L] = [1 —(1- 9)(y al nz)
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L
L]y 9)

Quantitative understanding of the transition metal intermediates and free ligands makes the determination

of intrinsic rate constants and Gibbs free energy possible.
Determination of intrinsic rate constants and Gibbs free energy
The intrinsic rate constant, k;, derived as!,
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and,

Kin-1= ki,fit(x )_C Z)(1 i 9)([[LL]]T) (S11)

where k;; is the measured apparent rate constant. Eqn (S10) describes k; values of steps involving

intermediates with n coordinated ligands (i.e., 7, 8, 10 and 11 from Fig. 2a, or 7°, 8’ and 11’ from Fig. 2b)
and eqn (S11) describes k; values of steps involving intermediates with (n-/) coordinated ligands (i.e., 9

from Fig. 2a, or 9’ and 10’ from Fig. 2b).

. . . L .
The relationship between Gibbs free energy (AG " ), intrinsic rate constant (k;,), the concentration of

Pd catalytic intermediates with n coordinated ligands ([PdL,]), and the free ligands concentration ([L]) is

expressed by the Eyring-Polanyi equation’,

k, [PdL,]"[L]®h

AG,, ** =—RTIn[ 2"
' kT
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and for Pd catalytic intermediates having (n-1) coordinated ligands, the Gibbs free energy is described as,

in
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MGy, ;" =- RTln(ki.n- 1[Pc;anT 'L h)
B
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where R is the gas constant (8.3144 J mol! K'!), T is the absolute temperature, 4 is the Planck’s constant
(6.62606957x10-34 J s, and kg is the Boltzmann’s constant (1.3806488x1023 J K!). Here, V =1 for
reaction steps involving ligand association (otherwise V =0), and & =1 for reaction steps having free

ligands (otherwise & =0).

The Hatta modulus



The Hatta modulus (M) is defined as the ratio of the maximum possible conversion in the film and the

maximum diffusional transport through the film, given as! 2,

k[L]*[R*X1P[R*H]"[Base]’x,
D

M=
(S14)

where £; is rate constant of the fastest reaction step, D is the molecular diffusivity of the Pd intermediate
through the solvent, and a, B, y, J each separately equal to 1 if involving in the fast step, else equal to 0.
My is useful to distinguish reaction rates from diffusive fluxes of substrates, catalytic intermediates, or
products. In general, My >2 indicates that the reaction occurs in the film, whereas My < 0.02 means
infinitely slow reactions and diffusion does not control the reaction kinetics. If 0.02 < My < 2, it is a

transition region?.

Fig. S1 E-factors at 353 K for My values from 0.01 to 10 and aqueous-organic film thicknesses (x;) from 1
to 10 um (linear axis).
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Fig. S2 E-factors at 343 K for My values from 0.01 to 10 and aqueous-organic film thicknesses (x;) from 1

to 10 pm
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Fig. S3 E-factors at 323 K for My values from 0.01 to 10 and aqueous-organic film thicknesses (x,) from 1

to 10 pm.

Symbols used



[47Br]

ArR

[Base]

AG ++

in

kg

[L]r

Reaction order with respect to the free ligand concentration, 0 or 1

Reaction order with respect to the aryl halide concentration, 0 or 1

Reaction order with respect to the alkyne substrate concentration, 0 or 1

Reaction order with respect to the base concentration, 0 or 1

Fraction of stoichiometrically inactive Pd

Reaction order with respect to Pd catalytic intermediate concentration, 0 or 1

Aryl bromide concentration, mol L!

Denotes alkyne product

Base concentration, mol L-!

Binary molecular diffusivity, m? s!

Gibbs free energy for reaction steps involving Pd catalytic intermediates, kJ mol-!
Plank constant = 6.62606957 x 1034 J !

Denotes reaction species

Boltmann constant = 1.3806488 x 1023 J K-!

Intrinsic cationic reaction rate constant of step 7, min!, mol L-! min™!, or mol? L-? min’!
Intrinsic anionic reaction rate constant of step 7, min-!, mol L-! min'!, or mol? L-? min’!
Intrinsic ionic reaction rate constant of step 7, min'!, mol L-! min™!, or mol? L-? min’!
Fitted cationic reaction rate constant of step i, min-!, mol L-! min-!, or mol?> L? min"!

Fitted anionic reaction rate constant of step i, min"!, mol L-! min-!, or mol? L-2> min-!

Intrinsic reaction rate constant of step i having n coordinated ligands, min’!,

mol L min’!, or mol? L-2 min'!

Free ligand concentration, mol L-!

Total ligand concentration, mol L-!



My Hatta modulus

[PdL,] Concentration of Pd catalytic intermediates having »n coordinated ligands, mol L-!

[Pd]r Total concentration of Pd, mol L-!

R Gas constant = 8.3144 J mol"! K-!

-7 Rate of disappearance of species i, mol min'!

[R-H] Alkyne concentration, mol L-!

[R-M] Phenylacetylide concentration, mol L-!

52 Least squares difference between measured and calculated concentrations, mol? L2

T Reaction temperature, K

X Denotes halide

X0 aqueous-organic thin film thickness, 4

X Number of active transition metal intermediates in any catalytic cycle

y Number of active transition metal intermediates having »n coordinated ligands

z Number of active transition metal intermediates having n-/ coordinated ligands
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