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XX Solution of the differential equation for the proposed reaction scheme

Here we define amounts of species concerning to the ESHT reaction of the PhnOH—(NH3), cluster as follows,
[R] = [PhOH" - (NH,),| (D),

[P]=[- NH,NH;|(t),

[X] = [Intermediate, X](t).

When the ESHT reaction proceeds according to the reaction scheme proposed in the main text, time-changes

in the related species are represented by the following differential equations:

d[R

% =- (k1 + kz)[R] (SD),

W or-kx ),
dt

W m+ e o3
dt

The Laplace transformation of equation (S1)—(S3) transforms them into equations (S4)—(S6) as follows:

SL{[R]} - [Rlg == (ky + kp)L{[R]} ~ (S4),

SL{[X]} - [X]o = ko L{[R]} - ksL{[X]} ~ (S5),

SL{[P]} - [P]o = k. L{[R]} + k3L{[X]}  (S6),
where L{[Q]} and [ represent the Laplace transformation and initial amount of [, respectively. Since
[X]o=0 and [Plo = 0, the equations (S4)—(S5) reduce to

SL{IRT} - [Rlp == (ky + k)L{R]} (59,

SL{[X]} = k,L{[R1} - k3L{[X]} (55,

SL{PI} =k, L{IRD + ksL{[X]}  (S6).

The equations (S4)'—(S6)’ can be solved about L{[Q]} as follows:

L{[R]} = ﬂ (S7),
(ky+k,+5)
L= A (58),
(ky tky+s)(ks+s)
((ky + ky)kg + ky8)ky[R],
M = T otk + 9 (59)-
Partial fraction decomposition of equations (S7)—(S9) gives:
[R]o .
L{[R]} =m (§7),
= A 1] (s8)
(ky+ky—k)\(ky+5) (kg +ky+5) ’
1 (k1 = k3)k, ky

L{[X]} =[R], (59).

s (ky+ky—k)(ky +ky+5) (kg +k,—ky) (ks +5)



The inverse Laplace transformation of equations (S7)'—(S9)’ recovers [2] as follows:

[R] = [R]pe G i)t (510),
k, ~kgt = (kg + Ry
_ 2 _ S11),
[X] [R]O(k1 i, - k3)(e e ) (§11)
k,-k (k. +k k —k,t
[P]=[R]0(I(1_:Tz_3k3( G Z)t)+k1T22—k3(1_e N ©12).

Thus, the time evolutions are expressed in double exponential functions. The equation (S12) is used as the

equation (1) in the main text, where [Rlo is replaced by 4 to change the absolute amount of [Rlo to the signal
intensity. In the fitting procedure, convoluted forms of the functions by a Gaussian function that represents the

instrumental function were used.



