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X-ray diffraction

Figure S1: X-ray diffraction of TIPS-Ac films compared to TIPS-Ac powder and the two poly-
morphs, TIPSp (CCD deposition no. 1962254)S1 and TIPSA (CCD deposition no. 962668),S2

reported in the Cambridge crystal database.
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Photoluminescence
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Figure S2: Steady state PL of thin-film TIPS-Ac compared to a 1 mM solution. Samples were
excited at 355 nm. Steady-state PL measurements were taken with an Edinburgh Instruments FS5
spectrofluorometer.
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Additional transient absorbance data

Transient absorbance 1 mM solution

a b

Figure S3: Transient absorption of 1mM TIPS-Ac in toluene. Excited at 380 nm (51 µJ cm−2,
1 kHz, 100 fs duration pulses). (b) Initial decay fitted to a monoexponential with the time constant
of 4185 ± 500 ps.
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Triexponential global fit

a b

Figure S4: TA data of the thin films (a) fitted with a triexponential using the least squares method
and the resulting residuals (b). This fit is reported in the main text with the following time con-
stants: τ1 = 14 ± 1 ps, τ2 = 115 ± 9 ps, τ3 > 7 ns .
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Biexponential global fit
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Figure S5: TA data of the thin films (a) fitted with a bi-exponential using the least squares method
and the resulting residuals (b). This fit shows that a bi-exponential does not accurately represent
the TA data
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Triplet lifetime

Figure S6: Kinetics of the long-time spectrum probed at the 442 nm GSB. The red line is a mono-
exponential fit with the fitting result of τ1 = 100± 20 ns and τ2 > 4µs

SF-yield calculations

The ground state bleach (GSB) represents a depletion of the ground state absorption as chro-

mophores are excited by the pump pulse. As chromophores return to the ground state the GSB

recovers. However, if SF takes place these chromophores will end up in the triplet state and will

not return to the ground state within the temporal range of the experiment (7 ns) resulting in per-

sistence of the GSB. Therefore, the SF-yield can be calculated by estimating the contribution of

the GSB to the transient spectrum. An estimation of the GSB contribution is obtained by fitting a

negative-going linear absorption spectrum to the transient spectrum (Figure S7). To obtain a rea-

sonable fit the excited state absorptions (ESA) are modelled with a single gaussian at early times

and two gaussian’s at latter times. The values in Figure S7 are the GSB contributions. By dividing

the latter time contributions (Figure S7 c, f) by the early time (Figure S7 a, d) a SF-yield estima-

tion is made. This process is carried out for both the species associated spectra and the raw TA

spectrum, the resulting yields are 23% and 19% respectively.Thus, the upper limit for SF-yield in

these films is 19%.
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Figure S7: Spectral fitting of the transient absorption data for SF-yield calculations. The numbers
inset represent the relative contribution of the ground state bleach to the transient spectrum. (a),
(b) and (c) are model fits of the species associated spectra σA, σB and σC respectively. (d), (e) and
(f) are the model fits of the raw TA data at 0.5 ps, 100 ps and 1 ns respectively.

Deriving the decay and species associated spectra

For well-separated time-scales, a kinetic scheme written as

a

k1

⇌

k−1

b→ c (1)

will have

[a]t = [a]0 (x exp(−t/τ2) + (1− x) exp(−t/τ1)) (2)

and

[b]t = [a]0(1− x) (exp(−t/τ2)− exp(−t/τ1)) (3)
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where τ1 = 1/(k1 + k−1) and τ2 = 1/k2. Species c is generated and then decays on a long time

scale.

[c]t = Φ[a]0 (exp(−t/τ3)− exp(−t/τ2)) (4)

where we include a yield, Φ.

The transient absorption spectrum σ(λ, t) can be generated by multiplying the concentrations

by a molar absorbance ∆ε(λ)l, where l is the sample thickness, and adding.

σ(λ, t) = [a]0l (∆εax exp(−t/τ2) + ∆εa(1− x) exp(−t/τ1)

+(1− x) (∆εb exp(−t/τ2)−∆εb exp(−t/τ1))

+ Φ (∆εc exp(−t/τ3)−∆εc exp(−t/τ2))) (5)

= σa (x exp(−t/τ2) + (1− x) exp(−t/τ1))

+σb(1− x) (exp(−t/τ2)− exp(−t/τ1))

+Φσc (exp(−t/τ3)− exp(−t/τ2)) (6)

The decay-associated spectra are therefore

σ1 = (1− x)σa − (1− x)σb (7)

σ2 = xσa + (1− x)σb − Φσc (8)

σ3 = Φσc (9)
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Kinetic modeling of the magnetic photoluminescence

Figure S8 depicts the full kinetic model used in Figure 7. Note that Figure 7a and d depict a

simplified version of the below model as different aspects of the model are investigated:
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Figure S8: Modified Kinetic model from Clark and co-workers.S3

Initial excited concentration

The initial excited population of the S1 state was calculated by first calculating the photon energy

at 380 nm follows:

E380 nm =
hc

λ
(10)

where h is Planck constant, c the speed of light, and λ is 380 nm. Next, the absorbed photon

density is calculated as follows:

ρ =

f
E380nm

× (1− 10−A380nm)

ℓ
(11)

Where ℓ is the thickness of the thin film which is measured as 200 nm, f is the fluence of the

laser (15 µJcm−2), and A380nm is the linear absorption at 380 nm. Finally, the concentration of

excited molecules is calculated:

S-10



C =
ρ× 1000

NA

(12)

The excited concentration of molecules is therefore 0.86 mM.

Rate equations

The rate equations for the model represented in Figure S8 are described as follows

d[T1]

dt
= 2kD

9∑
l=1

(T...T )l + kIC21[T2] + kIC1|C l
T |2[3(TT )]− 2k′TTA[T1][T1]− kT [T1] (13)

d[T...T ]l

dt
=

1

9
k′TTA[T1][T1]− kD[(T...T )

l]− kTF (|C l
S|2 + |C l

T |2 + |C l
Q|2)

+kTS(|C l
S|2[1(TT )] +

∑
m=x,y,z

|C l
Tm|2[3(TT )m] +

∑
m=x,y,z

|C l
Qm|2[5(TT )m]

(14)

d[5(TT )m]

dt
= 2kTF

9∑
l=1

|C l
Qm|2[(T...T )l]− kTS(

9∑
l=1

|C l
Qm|2)[5(TT )m] (15)

d[3(TT )m]

dt
= kTF

9∑
l=1

|C l
Tm|2[(T...T )l]− kTS(

9∑
l=1

|C l
Tm|2)[3(TT )]

+k′IC2T2 − (kIC1 + kIC2)[
3(TT )]

(16)

d[1(TT )m]

dt
= kTF

9∑
l=1

|C l
S|2[(T...T )l]−kTS(

9∑
l=1

|C l
S|2)[1(TT )m]+kSF [S1]−(k′SF −kNR)[

1(TT )]

(17)

d[(S)1]

dt
= Gs + kRISC [T2] + k′SF [1(TT )]− (kNR + kSF + krad + kISC + kIC)[S1] (18)
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d[(T )2]

dt
= kIC2

∑
m=x,y,z

|C l
T |2[3(TT )m] + kISC [S1]− (k′IC2 + kRISC + kIC21)[T2] (19)

The character of the singlet eigenstate is represented as:S4

|C l
S|2 = |⟨S|ψl⟩|2 (20)

the triplet character as:S5

|C l
T |2 =

∑
m=x,y,z

|⟨Tm|ψl⟩|2 (21)

And the quintet character as:

|C l
Q|2 =

∑
m=a,b,x,y,z

|⟨Qm|ψl⟩|2 (22)

Singlet character of the triplet-pair eigenstates

To calculate the singlet character of the triplet-pair eigenstates, we use the following form for the

triplet-pair spin Hamiltonian:

HTT (B) = Hzfs +Hzee(B) +Hexc (23)

consisting of the zero-field splitting, Zeeman splitting, and inter-triplet exchange coupling

terms. For each value of the magnetic field, we numerically diagonalise HTT to find its eigen-

states, and compute

⟨1TT |ei⟩ , i = 1, 2, ...9 (24)

for each eigenstate |ei⟩, where |1TT ⟩ is the unique eigenstate of the triplet-pair S2 matrix with
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eigenvalue 0. The ZFS parameters of TIPS-anthracene (D = 2063MHz, E = −243MHz) were

estimated using those of an ordinary anthracene model.S6 One anthracene molecule of the pair has

its ZFS tensor rotated according to Euler angles α = 0◦, β = 12.39◦, γ = 0◦, in accordance

with the nearly coplanar nearest-neighbour pair identified from the crystal structure in CCDC file

number 962668.

Rates from model

The free energy (G) for S1 is set at 0 and −KBT ln(5.25) for 1(TT), l(T...T), and T1. Where 5.25

is the calculated equilibrium constant from the TA.

Table S1: Rates applied to the model

Rate Value (s−1) Notes
krad 1× 108

kT 2.5× 105 Approximated from T1 lifetime (Figure S6)
k’SF 3.2× 109 kSF × e(G1(TT )−GS)

kSF 1.7× 1010

kTF 1× 1010 Lower bound of triplet hopping rateS3,S7

kTS 1× 1010 k′TF × e(GTT−G
(T...T )l

)

kD Varied See Fig. 7b
kTTA Varied Scales linearly with kD (Fig. 7b)
kIC21 1× 1012

kIC varied 6.7× 1010 − kISC − kSF − k′SF − krad
kIC2 1× 109

k’IC2 1× 109 k′IC2 × e(GT2
−G1TT )

kIC1 1× 109

kNR 9× 109

kRISC Varied See Fig. 7e
kISC Varied See Fig. 7e
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