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Supporting Material

1. Quantum yield of singlet oxygen production measurement
The quantum yield of singlet oxygen production by chlorothalonil was measured using

perinaphtenone as a reference.

Figure S1: Scheme of photosensitized oxidation of the probe

Where, P is the photosensitizer (here perinaphtenone or chlorothalonil) and S the probe (1,3-
diphenyl isobenzofuran) reacting with '0, . DBB (o-dibenzoylbenzene) is the transformation
product of the probe. The range of concentrations used in our experiments is 10™ to 10° M for

the probe S and 5x10°® M for perinaphtenone or chlorothalonil.

kabs : rate constant of photon absorption by P (s'l)
kq; : deactivation rate constant of p* (s"l)

kqo : deactivation rate constant of 3p° (s"l)

kisc : rate constant of internal system crossing (s'l)
ko, : reaction rate constant of 3P" with 0O, ( M! s'l)
k; : reaction rate constant of S with 102 ( M! s'l)

k4 : deactivation rate constant of 102 ( s'l)

Using the hypothesis of the steady state for 'P” and *P°, one gets:

il

di =O=kam[P][hV]_klsc[lp*]_kdl[lp*] (1)
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d =O=klsc[1P*]_k02 [02][3P*]_kd2|:3P*] 2)

The quantum yield of singlet oxygen production is expressed as followed:

number of 'O, molecules formed

Pso =

number photons received per unit of surface

The number of photons received per unit of surface (/) is equal to k_, [P][hv].

abs

[0.] & f0.TP]

K s [P][hv] B i 3)

We therefore have: ¢, =

a

ka 'lOZ J klsc[lp*]

Using equation (3) and (2) Dso = 7 P [0 ]+ L
a 0, Y2 dz2
k, |O
then using equation (1) bo= o OZ[EJ z]lfk SCAL
a\"o, Y2 d2 Isc d1
¢ — koz [02 ] ' kISC . kabs [P][hV] — kISC . koz [02] (4)
¥ kabs [P][hv] (ko2 [02]+ kdz) kISC + kdl kISC + kdl (ko2 [Oz]' kdz)

We make the hypothesis of the steady state for [102] .

d[i:z]=0= ka[02][3P*]_kd[IOZ]—k,[S][IOZ] 5)
%Z kr[S][loz]
Using equation (5) we have % = k, [S] ) %

Using equations (2), (1) and (4)

dls] k [s] koz[Oz] kzsc[lp*]

dr Tk, +k,[S] ko [0, ]+ Ky,
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M: k,[S] ko, [02] ) ks .kahs [P][hv]

dt . k, +kr[S] koz [02]+kd2 kise +kg
d[s] _ k[s]

= L . -k . |P|h
i kd+kr[S] Pso abs[ ][ V]

The quantum yield of the probe (S) is expressed as followed:

number of S molecules converted to DBB

s = . .
number photons received per unit of surface

dls]
dt
We therefore h = 4dal_
e therefore have ¢ i [P][hv]
Thus, we can express ¢, as: ¢ = ¢ M
| T Yk rk[s]

As [S] is small, k; [S] can be neglected behind kg, and the quantum yield of S disappearance
is linked to the quantum yield of singlet oxygen production according to:

k
—-[S]

g5 = Py 'kd

Some values of rate constants k; and kq were obtained from literature (table S1). Since rate
constants depend strongly on the solvent and no values are available in n-heptane, we
performed experiments to estimate the ratio k,/kq using perinaphtenone as a sensitizer (figure
S2).

Table S1 : Reaction rate constants k, and ky obtained from literature data for

perinaphtenone
solvent k; (M'1 s'l) & (s'l) k. / kq reference
benzene 6.6 x 10° (4.2 +0.9) x 10* 15714 1,2
cyclohexanol 2.1x 108 (6.3 +0.9) x 10* 3333 2,3
cyclohexane (5.9+0.2) x 10* 4
n-hexane 3.9 x 10° (5.9+0.2) x 10* 66667 5
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In Figure S2, we have plotted ¢, against[S]. As expected from equation given below, the plot

is linear. The slope is equal to 8730 M. Taking the value * $so =0.97 in n-heptane®, we
estimate k,/kq = 9000 M in n-heptane.
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Figure S2: ¢, = f([S]) using perinaphtenone as the sensitizer
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Figure S3 : ¢, = f([S]) using chlorothalonil as the sensitizer

The linear regression of Figure S3 gives a slope of 8926. Taking the previous value for k/kq =
9000 M™', we obtain " g, = 0.99
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2. Use of DPBF as the probe

The reaction of the probe, diphenylisobenzofuran, with oxygen singlet is leads first to an
intermediate which is then converted to o-dibenzoylbenzene. The reaction is described in
figure S4’. DPBF concentration was followed by fluorescence, Aex = 410 nm and Aep= 454 nm
using the method described previously®. DBB is not fluorescent and thus does not interfere
with DPBF fluorescence signal.

S DBB
(1,3-diphenylisobenzof uran) (o-dibenzoylbenzene)

Figure S4: reaction of the probe with singlet oxygen

3. GC-MS data:

The GC-MS analyses of irradiated solutions of chlorothalonil in air-saturated n-heptane show
the formation of 3 major photoproducts photoproducts (figure S5).
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Figure S5: Chromatogram of an irradiated solution of chlorothalonil in n-heptane

The first photoproduct with a retention time of 8.7 min is the chloro-1,3-dicyanobenzene
(figure S6).
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Figure S6 : Mass spectra of chloro-1,3-dicyanobenzene

The second identified photoproducts are the congeners dichloro-1,3-dicyanobenzenes (figure

S7).
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Figure S7: Mass spectra of the dichloro-1,3-dicyanobenzene congeners

The mono dechlorinated chlorothalonil isomers have retention time around 12 minutes, their
mass spectra is given in figure S8.
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Figure S8: Mass spectra of trichloro-1,3-dicyanobenzene

In figure S9 is reported the mass spectra of the parent compound.
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Figure S9: Mass spectra of chlorothalonil

The chromatograms show two isomers of dichloro-1,3-dicyanobenzene and two isomers of

tri-1,3-dicyanobenzene.
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4. Quenching of CT triplet by phenol

The quenching of CT triplet by phenol was monitored in air-saturated n-heptane. Thus, in the
plot kobs against [phenol] (Figure S10), the intercept is the sum of the first order rate constant
of triplet deactivation and triplet quenching by oxygen. The slope is kgru, the bimolecular rate
constant of triplet scavenging by phenol.

We obtained kry = (1.83 + 0.14)x10” M''s™ with R? = 0.994
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Figure S10: Quenching of the CT triplet excited state by phenol

5. Energy transfer from CT triplet to anthracene:

To confirm that the transient species observed is the triplet and to measure the quantum yield
of inter-system crossing, we used anthracene as an energy acceptor. The figure S11 shows the
320-nm absorbance variation with time upon laser excitation of CT (10* M), anthracene
(4x10™* M) and CT+ anthracene solutions. The lifetime of triplet CT is faster in the presence
of anthracene than in the absence of anthracene showing that anthracene has reacted with the
CT triplet.
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Figure S11: Absorbance decay from CT alone, anthracene alone and mixture CT +
anthracene at 320-nm
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This second graph (figure S10) shows that the formation of the triplet of anthracene at 421
nm. The absorbance is drastically more important in the system CT+ anthracene than in the
solution of anthracene alone. This evidences the energy transfer between triplet CT and
ground state anthracene.
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Figure S12: Anthracene triplet formation monitoring

To measure the quantum of inter system crossing of CT, we made as follows. We measured
the product e x ¢sc for anthracene alone using peroxodisulfate as actinometer (&1 X ¢isc =
1880 M cm™ at 450 nm). We found 33600 M cm™ at 421 nm at 0.2 microsecond. Then one
measured the er X ¢isc of anthracene in the mixture CT+anthracene from absorbances
monitored at 1 microsecond. We found 31100 M cm™ at 421 nm. Using that ¢;sc for
anthracene is equal to 0.71 (9) and using the relative absorbances of anthracene and CT in the
mixture, one finally got that ¢;sc for CT is around 0.7.
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