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The aim of this Supporting Information (SI) is to calculate the pulse energy absorbed by
individual CIAIPc molecules (Ag) dissolved in ethanol (EtOH) at two concentrations, 4.2x10'7 cm=
and 1.2x10'7 cm=3, Given that the Beer’s law equation (eqn (5)) and the associated population-change-
rate equations (eqn (6)-(8)) govern the time rate of pulse energy absorption by CIAIPc molecules in a
unit of volume, collectively, we numerically derive Ag by tracking the excitation and relaxation
behaviors of individual CIAIPc molecules (in addition to alternately integrating egn (5) and egn (6)-
(8) to evaluate the intensity I(z’,r,t) and population densities of the Sp, S; and S> states, denoted by
Nso(z',r,t), Ns1(z',r,t) and Ns2(z',r,t), respectively). Here, z' denotes the penetration depth of a pulse into
the sample and falls in the range [0, L=1 mm] with L being the sample thickness, r the lateral distance
relative to the laser beam axis and t the time relative to the pulse peak. In the following, we first show
how we evaluate 1(z',r,t) and N's(z',r,t) specified by the subscripts by alternately integrating eqgn (5)
and eqn (6)-(8). Afterward, we explain how we derive Ag, by counting the numbers of one-photon
So—|V)S1, two-photon So—|v)S2 and one-photon [0)S1—|v)S2 excitation processes that individual

CIAIPc molecules experience in the course of pulse-matter interaction.

As mentioned in the Main Text, The intensity of each laser pulse incident on the sample’s front
surface at a certain position z relative the beam waist is denoted by 1(z'=0,r,t)=I,(r,t) given by eqgn (1).
When each pulse has a width of =19 ps (HWe~M), we ignore the pulse for the time beyond +3 ¢ (+57
ps) when simulating the pulse-matter interaction. This is because the intensity outside the time range
[-37, 37] is vanishingly small. When the pulse-matter interaction starts at t=—3z, CIAIPc/EtOH is in
full thermodynamic (thermal, mechanical and chemical) equilibrium with Nsi(z',r,—37)=Ns2(z',r,—37)
=0 and Nso(z',r,—37)=4.2x10*" cm= or 1.2x10'7 cm~2 throughout the whole solution.

In our numerical integration of 1(z',r,t) and N's(z’,r,t) and derivation of A&, we slice the sample into
10 layers and divide each pulse into 5000 temporal segments. Therefore, each layer of the sample has
a thickness of Az'=0.1 mm and each temporal segment of a pulse has a width of At=675000=22.8 fs.
Labeling each layer of the sample by an integer m ranging between 1 and 10, we denote the depths for
the leading and closing edges of the m™ layer by z'mp=(M-1)Az’ and z'mi=2' m+1)=MAZ’, respectively.
Labeling each temporal segment of a pulse by an integer n ranging between 1 and 5000, we denote the

times for the leading and the closing edges of the n" temporal segment by tn=—37+(n—1)At and



tni=t(+1p=—3 7+NAL, respectively.

First of all, we deal with the interaction of a 19 ps pulse with the entrance layer (m=1) of the sample
ranging between z'1,=0 and z’1+=0.1 mm. By substituting the incident intensity 1(z'1p,r,t")=I.(r,t"), with
t'=tny (1<n<5000), for 1(z',r,t") on the right hand sides of eqn (6)-(8) and then integrating these three
equations over t' from tap t0 thr, we obtain Nso(z'1b,r,t)=Nso(z'1b,I,tab)+ANso(Z' 16,1, tab), Nsi(z'1,r,t)=

Ns1(Z'1b,F,tnb)+ANs1(2'1b,F,tab) and Ns2(z'1b,r,t)=Ns2(z 16,1, tnn) +*ANs2(Z'1b,F,thb) With t=ta=tp+p (1SN

5000). Here
2
ANg, =| ~ZalNsol _ ANG1™ 1 (S.1)
hao 2ho
AN, = 5Nl — TNyl + Ns, % At (S.2)
ho ho Ts,
and
2
AN, = BNyl + g Ng ! N < At (S.3)
2hw ho Ts,

in which the arguments (z'1,1,tn) Of I, N’s and AN's are omitted. Note that after the above integrations
Nso(z'1b,F,tin)= 4.2x10Y" cm=2 or 1.2x10Y" cm~3, Ns1(2'16,F,t16)=0 and Ns2(z'1b,r,t1)=0 remain unchanged.
Next, by substituting the concentrations Nso(z”,r,t) and Ns1(z”,r,t), with t=ta, (1<n<5000), for Nso(z",r,t)
and Ns1(z",r,t) on the right hand side of egn (5) and then integrating this equation over z” from z', to
z'1r, we obtain 1(z'11,r,t)=1(z" 20,1, t)=1(2' 1b,1,t)+ Al (Z'10,r,t) With t=tsp (1<n<5000). Here

Al =[ =(05Ngy + 05 Ng; ) x I = BNg x 17 |x AZ', (S.4)

in which the arguments (z'1,r,tnn) Of I, N’s and Al are omitted. During this integration, we consider that
N’s(z",r,tab) equals N's(z'1b,r,tab) and does change with z”.

Secondly, we consider the 19 ps pulse advances to the second layer of the sample ranging between
2'20=0.1 mm and z'2r=0.2 mm. By substituting 1(z'2o,r,t"), with t'=t,p (1<n<5000), for I(z’,r,t’) on the

right hand sides of egn (6)-(8) and then integrating these three equations over t' from tap to tor, we



obtain  Nso(z'2b,F,t)=Nso(z'2p,r,tab) +ANso(Z'20,tab),  Ns1(z'26,F,t)=Ns1(z'20,r,tab) +ANs1(Z'20,1 thb), and
Ns2(z'2b,F,t)=Ns2(2'2b,r,tab) TANs2(Z' 26,1 thp),  With  t=ta=tn+p  (1<n<5000). Here ANso(z'2,r,thn),
ANs1(2'2,1,tab) and ANs2(z2p,F,taw) can be derived from eqn (S.1)-(S.3) with (Z'20,r,tns) being the
arguments of I, N's and AN's. Note that after the above integrations Nso(z'2b,r,tin)=4.2x10*" cm=3 or
1.2x10%7 cm3, Nsi(z'2b,r,t1)=0 and Nsz(z'2n,1,t15)=0 remain unchanged. Next, by substituting the
concentrations Nso(z”,r,t) and Nsi(z”,r,t), with t=tn, (1<n<5000), for Nso(z”,r,t) and Nsi(z",r,t) on the
right hand side of eqn (5) and then integrating this equation over z” from z'2p to z'2r, we obtain
1(2'21,1,1)=1(Z"30,1,t)=1(Z" 20,1 ,t)+ Al (z'20,r,t) With t=tny (1<n<5000). Here Al(z'2b,F,tnb) can be derived from
eqn (S.4) with (z'2n,r,tan) being the arguments of I, N's and Al. During this integration, we consider
that N's(z”,r,tan) equals N's(z'2p,r,thn) and does change with z”.

Finally, by repeating the same procedures, we advance the 19 ps pulse, in increments of 0.1 mm, to
the last layer of the sample ranging between z'100=0.9 mm and z'10+=1.0 mm. In each layer of the sample,
we derive 1(z',r,t) as well as Nso(z',r,t), Nsi1(z',r,t) and Nsz(z',r,t) with z'=z"1 and z'10r (1<m<10) as well

as t=tip and tnr (1<n<5000). In summary, all N's(z',r,t) at t=txr can be related to those at t=tap (1<n<5000)

N, (tnf ): Nq, (tnb)+[o'soNso (ht;b)) I (tnb) _ T5:Ng; (;;[Z))) I (tnb) + NS;(tnb)i|XAt ’ (S.5)
st (tnf ) — st (tnb)+|:ﬂNSO (;n;l) I ] (tnb) + Os1 (tr;ll) I (tnb) _ NSZ (tnb)}XAt (86)
® @ T,
and
Nso (tnf ) = N (_37)_ Ns; (tnf )_ Ns, (tnf ) - (S.7)

For simplicity, we have dropped the arguments z’ and r of Nso(z',r,t), Ns1(z',r,t) and Nsz(z',r,t) in egn
(S.5)-(S.7).

When deriving Nso(z',r,t), Ns1(z,r,t) and Ns2(z',r,t) by integrating eqn (S.5)-(S.7), we additionally
track the excitation and relaxation behaviors of individual CIAIPc molecules by counting the number
of one-photon So—|)S1, two-photon So—|1)S2 and one-photon |0)S1—|v)S. excitation processes that

individual CIAIPc molecules on |0)S: and |0)S2 have experienced up to any time t<3z. Accordingly,
4



we decompose Nsi(z',r,t) and Nsz(z',r,t) into their components Nesi(i;z',r,t) and Nesa(i;z',r,t) which
designate the concentrations of CIAIPc molecules on |0)S: and |0)S; that have absorbed i photons (i >1)
up to t<3z Nesu(i;z',r,t)+Nes2(i;2',r,t), denoted by Ne(i;z',r,t) henceforth, designates the concentrations
of CIAIPc molecules on Sp, |0)S:1 or |0)S2 (all the CIAIPc molecules indeed) that have individually
absorbed i photons with energy of iz (i >1) up to t<3z. Because CIAIPc molecules relaxing to So from
|0)S1, with a fluorescent lifetime =z (12.1 ns) greatly longer than 7 (19 ps), are neglected during the
pulse-matter interaction, Nso(z',r,t) does not actually contribute to Ng(i;z’,r,t) for i >1. For simplicity,
we drop the arguments z', r or t, of I(z',r,t), Nso(z',r,t), Ns1(z',r,t), Ns2(z',r,t), Nes1(i;z’,r,t), Nes2(i;2',r,t)

and Ng(i;z',r.t), fully or partially, in the following unless it is necessary to express them explicitly.
Given Nesi(i;ti)=Ns1(t1n)=0, Nes2(i;tin)=Ns2(t1n)=0 and Nso(t1n)=4.2x10" cm=3 or 1.2x10%" cm3,
|0)S1 and |0)S> are respectively populated, in the time range [tuw, tif], by one-photon So—|1)S: and two-
photon So—|1)S2 excitations of the solute molecules pertaining to Nso(tw). Therefore, after the first
temporal segment of a pulse, falling in the time range [tu, tif], traverses the sample, both Nesa(i;tif) and

NEes2(i;t1f) have a single nonzero component

Nesy (1;t1f ) =N, (tlf ) (S.8)

and

Nes (21t ) = Ng, (11 ). (S.9)
Both Nsi(tir) and Nsa(tir) on the right hand side of eqn (S.8) and (S.9) are derived from egn (S.5)
and (S.6) with n set to be 1.

After the second temporal segment, falling in the time range [to, tof], of this pulse traverses the
sample, the solute molecules on |0)S: may have absorbed one or two photons according to egn (S.5)-

(S.7) in combination with egn (S.8) and (S.9). Hence Nesi(i;tor) has the following two nonzero

components
o Ne, (L )1 (L) o N, (Lt )1(t
NESl(l;tzf)zNESl(l;th)4{ S0 soilzb) ) Os1 ESl( 2b) (2b)}<m (S.10)
w ho
and
NESl(Z;th):MxAt. (S.11)

Ts2

When the first term on the right hand side of eqn (S.10), i.e., Nesi(1;t2b=t1r) derived from eqn (S.8),



is the initial condition, the second and third terms denote the change of Nesi(i=1) induced in this
temporal segment by one-photon Se—|v)S: and |0)Si1—|v)S2 excitation of the solute molecules
pertaining to Nso(t2n) and Nesi(1;tzn). Eqn (S.11) shows the change of Nesi(i=2) induced in this

temporal segment by |v)S2~~|0)S2~~|v)S1~~|0)S:1 relaxation of the solute molecules pertaining to
Nes2(2;t2n). Here, 752=900 fs (the |v)S2~~|0)S2~|1)S1~~|0)S1 relaxation lifetime) is much longer than

the temporal segment width of At=22.8 fs. The initial condition Nes1(2;t2p)=0 is omitted herein.
Analogously, Nesz(i;tzr) has only one nonzero component
Nes, (2;t2f ) = Nes (2;t2b)
+|:ﬂNso (th) N (th) n T Negy (1;t2b) I (tzb) Neso (Z;tzb ):| % At ' (512)

2hw hw Ts,
When the first term on the right hand side of eqn (S.12), Nes2(2;tp=t1r) derived from eqgn (S.9), is the
initial condition, the second through the fourth terms respectively denote the changes of Nes2(i=2)
induced in this temporal segment by two-photon So—|v)S2 excitation of the solute molecules

pertaining to Nso(t2b), one-photon |0)Si1—|v)S2 excitation of the solute molecules pertaining to
Nes1(1;t2n) and |1)Sa~~|0)S2~~| 1) S1~+|0)S1 relaxation of the solute molecules pertaining to Nes2(2;tan).

Nso(t2n) in the second terms of both egn (S.10) and (S.12) is derived from egn (S.5)-(S.7) with n set
to be 1.

After the third segment, falling in the time range [tan, taf], of this pulse traverses the sample, the
solute molecules on |0)S: may have absorbed one or two photons and those on |0)S2 may have absorbed
two or three photons according to eqn (S.5)-(S.7) in combination with egn (S.10)-(S.12). Hence

NEes1(i;tar) and Nes2(i;tsr) respectively contain two nonzero components

N, () (t O Neo, (Lt ) (T
NESl(l;t3f ): NESl(l;tsb)+|: SO" 'S0 E;ZZ) ( 3b) _Ta ESl(ha:b) ( 3b):|XAt , (813)
0N (21, )1 (t N 2:t
NESl(Z;tSf ) = NESl(Z;tgb)_|: S1'VES1 (ha)3b) ( 3b) _ ESZT(S2 3b):|XAt, (814)
Nes, (2;t3f ): Nes, (Z;tsb)
n BNg, (t3b) |2 (t3b) n 051 Nest (1;t3b) I (tSb) _ Nes, (2;t3b) % At (S.15)
2hw ho Ts,

and



Neo, (3 t,, ) Os1Nest (;atjb) I (tSb)

When the first terms on the right hand side of eqgn (S.13)-(S.15) obtained from eqn (S.10)-(S.12) with
tor replaced by tsp, are the initial conditions, the subsequent terms denote the changes induced in this

x At . (S.16)

temporal segment by one-photon Se—|v)S1 and |0)S1—|v)Sz excitation of the solute molecules
pertaining to Nso(tsp) and Nesi(1;tsp) respectively (related to eqn (S.13)), one-photon |0)Si—|V)S:2

excitation and |v)Sz~~ |0)S2~~|1)S1~~]0)S: relaxation of the solute molecules pertaining to Nes1(2;tap)

and Nes2(2;tap), respectively (related to eqn (S.14)) as well as two-photon So—|1)S> excitation, one-

photon |0)S1—|v)S2 excitation and |1)S2~~|0)S2~~|1)S1~+|0)S:1 relaxation of the solute molecules

pertaining to Nso(tan), Nes1(1;tan) and Nes2(2;tas), respectively (related to egn (S.15)). The initial
condition of egn (S.16) Nes2(3;tsb)=0 is omitted herein. The only term on the right hand side denotes
the change of Nes2(i=3) induced in this temporal segment by one-photon |0)S1—|)S. excitation of the
solute molecules pertaining to Nes1(2;tan). Nso(tan) in the second terms of both egn (S.13) and (S.15)
is derived from eqn (S.5)-(S.7) with n set to be 2.

When n exceeds 3 and is even, we analogize the above processes to obtain

Neso [ (n/2+1); nb]

Nesi [ (n/2+1)5t, | = X AL, (S.17)

Ts2
N531(|,tnf) NESl(i;tnb)_{O'slNEm(I;tnb) I (tnb) B NEsz(I;tnb)}(At (5.18)
hw T,
and
NESZ(I +1,tnf) N, (i +1;tnb)+|:o-slNE81 (;l;tnb) | (tnb) B N, (i +1;tnb):|XAt (S.19)
1) T,

with 2<i<n/2. On the other hand, when n exceeds 3 and is odd, we simply omit egn (S.17) and retain

egn (S.18) and (S.19) for 2<i<(n+1)/2. No matter n is even or odd, for the case of i=1, we have

OsoNgo (tp )1 (L) 05 Neg (Lt ) 1 (T,
NESl(l’tnf) E51(l;tnb)+|: S0 SO;;) ( b)_ S ESl(ha)b) ( b)}XAt (8.20)

and

NESZ( ’nf NESZ 2’tnb

ﬂN nb) + GSlNE51 (1’tnb)| (tnb) _ NESZ (Zatnb) XAt (821)
2ha) ho T,

At the desired z, z’ and r, we sequentially integrate eqn (S.5)-(S.21) to derive Nesu(i;z’,r,37) with i

7



ranging between 1 and 2501 and Nes2(i;z',r,37) with i ranging between 2 and 2501. Accordingly, we
derive Ng(i;z',r,37) as a function of i at three incident pulse energy levels (1.1, 4.5, and 8.7 wJ), two
concentrations, 4.2x10'" cm~2 and 1.2x10'" cm~3 and three penetration depths (0.1, 0.5 and 1.0 mm).

The results are shown in Fig. 4 of the Main Text.



