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Sl.1 — Experimental procedures

All chemicals were of reagent grade and used agligdp (Sigma-Aldrich). The
molecular structure of the chiral organic molecyfe®43 and FD48) is presented in Fig. 1.
As can be observed in Fig. ED43 presents molecular chirality because of the cluiaabon
attached to the phenyl ligand, while the chirabfyFD48 is due to their helical molecular

structure. Details about the synthesis and putificacan be found in Réf
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Figure SI.1 - Structures of the chiral molecules studied baseghemylacetyleneFD43 andFDA48).

We prepared=D43 and FD48 chloroform solution with concentrations 5X¥@Gnd
(approximately) 18 molecules/crfy for linear and nonlinear optical measurements,
respectively. For the spectroscopic measuremertsdmple was placed in a 2 mm thick
quartz cuvette. The circular dichroism (CD) speattrwas recorded using a Jasco J-815
Spectrometer. Figure S1.2 displays the CD speoiréal) FD43 and (b)FD48 molecules. The
electronic circular dichroism is defined (cggstem of units) as the difference in the molar

absorptivity for left circularly and right circullgrpolarized light, i.e.,

64TCN L2
AECD(Q))ZEL_EF{:9><103 In(f(;hc7Rf (@), 51

where 7 is Planck’s constant divided byt.2c is the speed of lightw is the excitation laser

frequency,L =3n? /(2n2 + 1) is the Onsager local field factor introduced tketinto account

the medium effect witlf with n=1.49 for chloroform andg(w) represents the linewidth

function. R is the electronic circular dichroism strength, evhis given the expression:
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Rf :glm(agf - iy ) (S.2)

and i and My are, respectively, the transition electric and nedig dipole moments. The

solid lines in Fig. S1.2 shows the fit of the lowesergy band using the Eqg. S.1. Considering
that the dipole moments are parallels we can esith@ magnetic dipole moment magnitude

sincefiy, can be obtained from the linear absorption specfd].
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Figure SI1.2 - CD spectra ofFD43 (top) and-D48 (bottom) molecules.

For the nonlinear optical measurements, we empldiedopen aperture Z-scan
technique, using 120-fs laser pulses from an dptiaeametric amplifier pumped by 150-fs
pulses (775 nm) from a Ti:sapphire chirped pulsepldied system. The Z-scan
measurements were carried out with intensitiesingnfjom 100 to 200 GW/cm(50 to 120
nJ/pulse) and with beam waist size at the focuginvgrfrom 15 to 18um. To ensure a
Gaussian profile for the laser beam used in theemxgnts, spatial filtering is performed
before the Z-scan setup. A silicon detector wasleyep to monitor the laser beam intensity
in the far-field. To improve the signal to noisdisgawe employed the oscillatory Z-scan

method, in which the sample is continuously scanreggkeating the experiment several times.
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Moreover, we used a lock-in amplifier to integra@00 shots for each point of the Z-scan
signature.

In the open aperturd-scan technique, 2PA cross-section is determineldmglating
the sample through the focal plane of a focuseds8an beam, while transmittance changes
in the far field intensity are monitored. For a 2pAcess, the light field creates an intensity
dependent absorptiom, = ap +41; in which | is the laser beam intensityy is the linear
absorption coefficient, anfl is the 2PA coefficient. Far from one-photon resaasn the
power transmitted through the sample, for each lgagth, is integrated over time (assuming

a pulse with a Gaussian temporal profile) to gheeriormalized energy transmittance,

00

T(2) :mim[h q(z0) e} d (S.3)
with
0, =A1.L(1+(2/2)) (S.4)

wherelL is the sample thicknesg, is the Rayleigh lengtlg is the sample position, and is
the laser intensity at the focus. The nonlinearffenent S is obtained by fitting th&-scan

data with Eqg. (1). The 2PA cross-sectigy,,, is determined frono,,, =7wB/N, where

hw is the excitation photon energy, aNds the number of chromophores per’cithe 2PA
cross-section is expressed in Goppert-Mayer uGikd)( wherelGM=1x 10*° cnf .s.photot\.

To control the laser polarization state from linéarcircular, we used a broadband
zero-order quarter-wave plate. To guarantee theesawperimental condition for the
measurements, the quarter-wave plate is kept irsé¢t@p in both experiments (linear and
circular polarization), i.e., we set the angle atiation of the\/4 wave plate at 0° for linear
polarization and at 45° for circular polarization.

Since 2PA-CLD is a nonlinear optical effect thaigmsverned by the electric dipole
moment, the difference between the 2PA cross-sectiosing circularly and linearly
polarized light is significantly large in most moldes. Therefore, the 2PA-CLD signal can
be easily determined by employing the well-knowempperture Z-scan. In the present work
the 2PA measurements using circularly and linegbtarized light were performed

independently in separated runs. Afterward, thevered 2PA cross-sections were combined

according to the equation that defines 2PA-CLAXE, (1) =[ Q275 (A) -1]/[ Q25 (1) +1]

S.5



). Figure SI.3 shows typical open aperture Z saaneas measured using linearly polarized
(LP) (circles) and circularly polarized (CP) (sgesrlight at three different wavelengths. The
difference in TPA using CP and LP depends on tlegaion wavelength.
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Figure SI1.3 — Open-aperture Z-scan curves f8D43 (a-c) and FD48 (e-g) with linearly (circles), left (up
triangles) and right (squares) circularly polarizight. The solid line represents the fitting

employing the theory described in R&f.

Sl.2 — Computational details

In the present work all quantum-chemical calcolai were performed using the
Kohn-Sham formulation of density functional the¢KS-DFT). The equilibrium molecular
geometries of the studied molecules were determipedorming DFT calculations
employing the hybrid exchange-correlation B3LYP functional and the standard 6-
311G(d,p) basis sétas implemented in the Gaussian 03 pacKdgethese calculations the
molecules were assumed toiberacuo Subsequently, to determine the lowest one- and tw
photon allowed states of the studied moleculestgbponse functions calculations within the
DFT framework were performed using the DALTON pmamgf In this approach, the
excitation energies and transition dipole momett®-photon probabilities) are analytically
computed as, respectively, poles and single residifethe linear (quadratic) response
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function of the molecular electronic density. Thesieed states dipole moments were also
determined in the present work by computing thebtlowesidue of the quadratic response
function. Moreover, (electronic) circular dichroisf@D) calculations were also performed
within the DFT framework using the DALTON prograniThe rotatory strengths were

calculated for the twenty lowest-energy transiticarsd the CD spectra of the studied
molecules were simulated and compared with the rerpatal spectra. All the response
functions and CD calculations were performed empbpythe hybrid exchange-correlation
B3LYP “*° functional in combination with the standard 6-31diGbasis sef assuming the

moleculesn vacuo

The orientationally averaged two-photon absorppoobability (502}”‘(500f )) for the
degenerate case is given‘by,
= 1 .
%?PA(wgf)=§)Zﬁ(Fxsfé Jrocg e w3 (S5)

where the two-photon transition takes place froemglound stat¢g> to a final excited state

| f}. Theog element of the two-photon tensSﬁ} depends on the light angular frequency
(w= a)gf/Z) and,F, G andH are scalars used to define the polarization ¢itl{§ =G =H =

2 for LP and F = -2, G = 3 and H = 3 for CP). Besmaof the symmetry of the two-photon
tensor, Eq. (S.5) simplifies fo

55 (wy ) = FA(wy ) +(G+ H) Bwy ), (S.6)

where A(wgf):%zﬁ; S48 and B(wgf):%zﬁ“ SRS E'QZfPA(a)gf) is given in atomic

units.
The simulated 2PA cross-section spectra for botlahé CP were obtained using Eq.
8.7,10'11

Araa]
c

O.ZPA(Zw) —

o Y[ (w127 55 (wq ) (20,0 1) (S.7)

n
f=1
wherea is the fine structure constang i@ the Bohr’'s radium, c is the speed of light and

Eqf :hcugf/z is the photon energy (half of the transition ewaargg(Zw,wgf ,I') represents

the line-shape function of the final excited stdiere we have used a Lorentzian function
given by
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92w, wy ,F)=i gfz 5
7'r(a)gf - 2w) +1 g

((
(S.8)

where I (in s%) is the damping constant described as the halthwid half-maximum
(HWHM) of the final excited state line-width. Tonsulate the 2PA spectra, in this report it
was adopted” = 0.2 eV (~ 0.5 x 1 s* or ~ 0.75 x 18 atomic units) for all 2PA electronic
transitions playing along the spectral UV-Vis ragidhis specific value was estimated from
the experimental 2PA spectra. To obtain the 2PAsxg®ections in Goppert—Mayer units, in
Eq. (S.7) one has to usg=5.291772108xI8cm, ¢ = 2.99792458x1fcm/s and the values

of E=hay /2,T and 5’;”(%) in atomic units.

Table S.1 —Summary of the theoretical results provided by thadratic response functicralculations

performed within the DFT framework (B3LYP/6-31+G)d) is the excited state numbeA;(wgf) (a.)

and B(a)gf) (au) are molecular parameterggﬁﬁp(%) (GM) and ggfj/ép(wgf) (GMm) are the 2PA cross-sections for

LP and CP, respectively andzéf’g:aéfép(wgf)/aéf tHwy) is the ratio between the 2PA cross-sections

obtained using CP and LP.

n A (nm) Alewy) (au)  Blay) (au)  ofte(w) (M)  oft(wy) (GM)  QZPA
FD43

S 379 12100 12300 144 97 0.676

S 286 11000 9980 213 130 0.612

Se 275 7070 7470 164 114 0.697
FD48

n A (nm) Alwy) (au)  Blay) (au)  oirte(w) (GM)  oirts(wy) (GM)  QZPA

S, 384 6510 10100 102 91 0.891

Ss 361 11200 7110 110 44 0.399

Sis 280 9350 12900 253 211 0.835

St 274 19500 14000 357 169 0.474

By merging the 2PA-CLD definition with Egs. (S.e)da(S.7), one can obtain the

following simple expression for the theoretical 2BAD spectra written in terms 04\(%)

and B(a)gf) ,1e1s
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Zg(Za) Wy ’r)[é_ZA(wgf)-'_ B(wgf)) )
Aasz—CLD(Za)): f (S.9)

o F)05B(ey))

20.)0)

To simulate the CD spectra, the same linewidtlesi us simulate the 2PA spectra
were also adopted for the transitions playing altimg investigated spectral region. The

simulated CD spectra are presented in Fig. SI.4
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Figure Sl.4 —(a) Simulated CD spectrum BD43 (top) and-D48 (bottom) molecules.

From a comparison between experimental and siedil@D spectra (Figs. SI.2 and
Sl.4) one can note that the CD calculations pravigssults consistent with the experimental
data. For both molecules the simulated CD speejpeoduce the shape of the experimental
spectra. The good agreement between simulatedxaatdtimental CD spectra evidences that
the equilibrium molecular geometries determineaulgh DFT calculations assumifdp43

andFDA48 in vacuoare adequate to study their spectroscopic preseiti solvents with low

dielectric constant, such as chloroform. The thicaevalues forAg., and R"are certainly

overestimated, nevertheless from a comparison leetwee theoretical values determined for
FD43 and FD48 becomes evident the larger chirality D48 molecule, as it was

experimentally verified.
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SI.3 — Sum-over-essential states approach: Two-plmt circular-

linear dichroism

Two-photon circular-linear dichroism (2PA-CLD) is monlinear optical effect
governed by the electric transition dipole momé&uansequently, 2PA-CLD is a third-order
nonlinear optical effect governed by the electimote moment, therefore much more intense
than the 2PA-CD, opening access to the determmatioche angle between electric transition
dipole moments and the symmetry of excited statesliral samples. Moreover, since right
and left circular polarization are identical withime electric dipole approximation, one can
use either one in non-optically active samples. ZR® was firstly proposed by Wanapun

|.15

et. al.”” in 2006 and can be expressed as:

(S.10)

where Q274 (w) = g5 (w)/ o254 w) is the ratio between the 2PA cross-section obdhirging

circularly (o2t («)) and linearly 675 («)) polarized light.

According to the second order time-dependent peation theory the 2PA cross-

section can be evaluated, in the sgstem of units, as

5
on(209) =2 Z0 LY |s% (o] oy T) (S.11)
(nhc) B

whereh is Planck’s constant is the speed of lightw is the excitation laser frequency,

L=3n%/ (2n2+]) is the Onsager local field factor introduced tketanto account the effect

media” with n=1.49for chloroform andg (2w) represents the linewidth functiog} (w) is
the 2PA transition matrix elements given by:

SRR e

(S.12)

where'Z’ is the dipole moment vectoF,gkis the damping constant describing HWHM of the

final state linewidth (assuming Lorentzian line{sép wy is the transition frequencg,is the

versor that describes the light polarization state the subscripta and p represent the
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Cartesian indices. The summation represents theostemall real electronic states, i.e., the

initial (|g)), intermediate|f)) and final (f)) states.

Many molecules, including those studied here, dopmesent a center of inversion
and, therefore, initial and final states have perena dipole moment. In addition, in non-
centrosymmetric molecules the electric dipole giacrule are most likely relaxet and,
therefore, one- and two-photon transitions arewadth between any electronic states. For a
non-centrosymmetric molecule as tRB43 the 2PA cross-section can be estimated by using
a two-level system model (Fig. SI.5 (a)) and takimg account the average over all possible

molecular orientations in an isotropic medium, as:

5 a8\ (A8 |
ang(Zw)=ﬂa)2L4 z(e'ﬂgl)(Aﬂgl i Jo (26)., (S.13)
(nhc)? ap w

As it can be observed in Eg. S.13 the 2PA crosseseaepends on the light
polarization state. In an anisotropic medium likeodution, where the molecule is randomly
oriented with respect to polarization of the exaita beam, it is necessary to take into
account the orientational average on all the ptessilirections of the molecular dipole
moment. For this, it is necessary to employ theeElrtegral’® having as integrand the 2PA

transition matrix element. Proceeding in this wag,have:

(ol (6.00.99) = 2(—27T):L4901(2w)<\5éi”‘)(e,w,¢)\2>= (5.14)

(nhc)
2(2n)” , or 21 m e
(Emc)) L0y (20) — ,72 j dqo£ dt//j; selﬁe)gﬁ:( e? )tk (o Wog) &

where (6,¢,¢) are the Euler angles.

Considering the linearly and circularly polarizeshin and the methodology described
by Andrews and Thirunamachandrarf’, the Eq. (S.14) provides the following equatiorain

two-energy level model in non-centrosymmetric moles®:

O'(ZPA)(CU _i (277)5 4 ( (8.15)
30(nhc)2

21 |2
g f P 6[101A[101)|ﬂ01| |Aio]” goa(20)

In Eq. (S.15),P(8) describes the polarization light state, being
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=R (9[101A/701) = 2(200§ (gﬂopﬂm) + ? , (S.16)
for linear polarization and
r=R (9/701A/701) = (0052 (0/70@/701) + % ' (S.17)

for circular polarization. € is the angle between the dipole momemts and Ay, .

Therefore, according to this approach, circulaedinration can be written &:%

Q2PA _ cos’ (HﬂmAﬂm) *3 (S.18)

CLD 2[200@ (9[101A,L701)+ ﬂ |

Two-level system Three-level system 2 + 3 level system

<l

10)

Figure SI1.5 —(a) 2PA transition in a two-level system with armpanent dipole moment difference between

ground and final excited staté\fi,; # 0). (b) 2PA transitions in a three-energy level sgst There are two

distinct transition pathways for 2PA in this systefhe first path involves the permanent dipole moime

difference between ground and final excited stadi@,¢ # 0), while the second involves the same initial and

final states but with an intermediate one-phot@onance (blue arrows) due to the detuning betweephoton
energy and the first excited state allowed by 1@A2PA transition in a 2 + 3 level system. Suchtem is a

linear combination of the two diagrams previoushgctibed.

It is observed that in a two-level system mc%:f signal varies between 0.667 and 1.5

for any value of angle between the dipole momentsdoes not depend on the wavelength.
Therefore, using the 2PA cross-section obtainenh ftike Z-scan technique it is possible to
determine the angle between the dipole momentsed@r, according to theoretical results

reported by Nascimento, [22] on the polarizatiopetelence of 2PA rates for randomly

oriented molecules, 0<QFf <1 for 0°<6, o, <547, 1<QEpH<Ll5 for

54.7 <0 ap, < 90, and Q&H =15 for 6y s, =90°. Nascimento also showed that
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O, =90° corresponds to transitions between states of diftersymmetry, while
6, <90 corresponds to transitions between states ofetime symmetry.

The dash line in Fig. SI.6 (a) shows the fit obgdiremploying the Eq. (S.18) with
6,00, =8 4°. Such result is in good agreement with one obthimeusing the theoretical

results of response function calculatioag (, =11.5°, solid line in Fig. SI.6 (a)).
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Figure SI.6 — Experimental (diamonds) and simulated (solid [inBBA-CLD spectra of (aFD43 and (b)
FD48. Dashed lines show the fit employing the SOS amghtdn Fig. SI.6 (c) and (d), the solid
lines along the circles and squares correspondntalated 2PA spectra based on the

theoretical results and in Fig. 3 (c) and (d) e 3OS approach.

Following in the same way, the 2PA cross-sectiomfm-centrosymmetric molecules

considering a three-energy level system (Fig. @) can be written as:

2
oy 2207 | (e8F)(EY () (o (5.19)
JO”Z(w)_szL azﬁ: %1—0610+il‘1§1(w)+ ozw = Gz (200).
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Calculating the square modules, we obtained:

5 (é*gf)( pi (o) et ' (520
B R R e R )
_ ()( D o) (ot ety nart

where 4, is the transition dipole moment between the two 2Rlawed excited states
(51—S) and R(w a)z/[ apy — +F%1(a))} Is the resonance enhancement factor. Using the

Euler integral the 2PA cross-section is given by:

2 2

[ do] dwa(e-ﬂs’é‘)(uoz 9 (0ag-Y(enn) sett) @
e wal”dw];;ﬂ;(éﬂgf)(ﬂgf-‘ (i) o) sdo) av i (20).

Jaof awf2(osme) ont (a2 (ostte) )2 ) set) o

0

(S.21)

Considering the linearly and circularly polarizegbins and the orientational average
methodology described by Andrews and Thirunamaafser'd, the Eq. (S.21) provides the

following equation in a three-energy level systemrfon-centrosymmetric molecul&s

] P (Gt el 180 +
(o) = ) P Rl (). 5D
2P (Gnne) R el
The polarization parameter?(e)) are given by:
K=R (eﬂmﬂz) [200§( Hofly 2)+ @ (S.23)
=R (Oauin) =2 2608 (Grmp) + (S.24)
c=P (0 ) COS( /102A/102) CO% ,Uoﬂ12) (S.25)
Bt oM o2 cos( /,lZAﬂOZ) cos€ . 1UOZ)+ cofd, o 02) cr( Mgl)
for linear polarization and
Y= P( ﬂﬁllz):[cosz( Hodl 1, )+?J (526)
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¢ =R (Gos) =| 0% (Eopin) * 3 (S.27)

)_ 2 Cos(eﬂozmoz) C°§9ﬂoﬂu)+ (S.28)

J=P-(6, =
) ( Scos(gﬂleﬂoz) C0§6ﬂ01‘702) + 3CC(§/7 o oz) C(égﬂ o 1)

HorfloH oA 02
for circular polarization .

The Eq. (S.22) describes the 2PA cross-section fgoooind to the second excited

state b(()%PA) (a))) with an intermediate energy level,{STherefore, in a three-energy level

system (Fig. SL.5 (b)), the 2PA cross-section isegoed by three contributions: the first
corresponds to a 2PA transition in a two-level aystwith a change of permanent dipole

moment Oy, #0), while the second contribution corresponds taditions in a three-

energy level system with one final excited statg €é8d one intermediate real excited state
(S1) which is responsible by the resonance enhancerokrihe nonlinearity. The last
contribution corresponds to interference between ttho excitation pathways previously
described. However, if the excitation photon enasgyery close to the intermediate real state

(w - apy), the contribution of the interference term to th&al 2PA cross-section is very

small. Otherwise, if the two excited states arey\@ose the interference term can strongly
increase or decrease the 2PA cross-section, depemdi the relative phase between the
dipole moments.

Since, according to the theoretical calculatiohe AD48 molecule presents two 2PA
allowed transitions very close in energy and witimiler 2PA probabilities (

d2Ph =53500 a.L and &.™ =50800 a.L), it is necessary to consider a two plus three-

energy level diagram in this case. The diagram shiowFig. S1.5 (c) refers to the two plus

three-energy level diagram which is a linear coratom of the two diagrams previously

reported. In this system theif:‘ signal can be written as

(e - )

pc 017901(2w)+{ﬁk+ R(e) xo+ 2R(@) "= c} G2 (2w)
2PA( )_ 2PA —

LD T PL

2PA aT901(2w)+{3(//+ R(w) x{ + 2R w) y(abla;w)ﬁ} %2 ()

with
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3x16 In(10(hc)* n  &(aw,) 00 s

2 2
O =|Hoa| [BHor| = ~ —a’, (S.30)
| 01| | OJJ (2”_)2 NA L2 %]gmax(wo]) oF
3x10° In( 10 (hc)? £ j
B =t |t == n(ZQ( d &Lt (@) 00,0 (S.31)
(277) NA L %ngax(woz) oF
=l =) FO 0 0 e(a) e(a) s:32)
' ' (27-[)2 NA Lz gmax(a)01) Wo1 9 ma)(a) 0) W 1,
V=|ﬁ01||ﬁ12||[102”AﬁoJ =vBC, (S.33)

where s(wgﬂf) is the peak molar absorptivity corresponding atximam transition

frequencyw, .+ andN, is the Avogadro’s numbew =0,,;—-0,, is the difference between

the wavenumber of the fluorescence and absorptipectaim maxima (in ci).
F(né)=2(é-0/(2+7- Z(nz— )/( ’+ ). is the Onsager polarity function withf

being the dielectric constant of the solvenis the radius of the molecular cavity, assumed as
spherical. The parametets, B, x and y can be obtained through of solvatochromic shift
measurements as reported in RefThe other parameterg (k, 0,¢,7 & , and 9) are given

by the Eqgs. (S.16-17) and (S.23-28). To obtainaihgle between the dipole moments from
experimental data we modeled the experimental 2BB-€pectrum (dash line in Fig. SI.6
(b)) using the least square-based finite differemmthod?® taken as initial values those
obtained through the theoretical calculations.

It is important to mention that the angles set usethodel the 2PA-CLD spectrum
should necessarily fit the 2PA spectra obtainedgubioth linearly and circularly polarized
light (solid lines in Figs. SI.6 (c) and SI.6 (dk.is observed that, in general, there is good
agreement between the experimental data and theadnetsults. The values estimated for the

parameterB and the angle between the dipole momepts and Az, are the only

exceptions, in those cases a considerable differenobserved. These parameters, to some
extent, may explain the difference between the mexyamtal and theoretical data verified in

Fig. SI.6 (b) for the spectral region below 360 nm.
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Table SI.2 —Estimates of the angles between the dipole mon@E®48 molecule. The estimates were made
based on the theoretical results (DFT) and by niogléhe experimental 2PA-CLD spectrum using

the sum-over-essential states (SOS) approach.

Dipole angles DFT SOS
100 ios 18 45°
6,0, 172 18C°
O tortion 101° 91°
O riouiins 157° 155
O ity 87° 85
O orits 64 8¢
60010, 108 118

S.17



Sl.4 Sum-over-essential states approach: Two-photowircular

dichroism

Two-photon circular dichroism (2PA-CD) is a specifionlinear optical property for
optically active samples because it depends dyrectlthe magnetic transition dipole moment
and the electric transition quadrupole moméht* Basically, the 2PA-CD is defined
analogously to the electronic CD widely employednieestigate the secondary structure of
proteins, i.e.:

AT, (w) = 087 (w) - 02 @), (S.34)

where 07" (w) and 02" (w) are the 2PA cross-sections for left and right ulady

polarized light.

Normally, the electric dipole terms dominate thenlmear optical &ects, and the
magnetic dipole and electric quadrupole contrimgimay only be measured/identified if the
effects of the electric dipole term vanish or theycehnas is the case in nonlinear circular
dichroism.

We performed measurements of the 2PA-CD for botleautes and the results are
shown in Fig. SI.7. However, we did not observehimi our experimental error, differences

between 2PA using right and left circularly poladaight.

o 1.05 1.05 T
()
o g |(b)
S 100} G 100k
= = =
% 0.95¢ =
S c
S 0.90} g
©
] °
X 0.5} 8
= . O right circular = N
c ©  left circular [+ ~ o right circular
= 0.80f :f!t € 0.80 O left circular
o fit — —fit
P % — it
0.75 - - + + . 0.75
-0.75 -050 -025 000 025 050 0.75 -0.75 -050 -0.25 0.00 0.25 0.50 0.75
Z (cm) Z (cm)

Figure SI1.7 — Z-scan curves to the moleculeB43 and FD48employinglinearly and circularly polarization
light. The solid lines represent the fitting. Thes@an curves (right and left circular polarization)

were shifted from the focal position for a bettemparison between them.

To obtain an estimative about the magnetic dipoiel alectric quadrupole
contributions to the total 2PA cross-section, weduthe differential two-photon absorption
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model proposed by Meatfi According this model, considering a two- levedteyn, the two-

photon circular dichroism can be expressed by:

AUZPA( ) UEPA(C«)) ZPA PA(a) +g: PA(a) (S.35)
where
2P 2 (277)5 4 ainr |2 o o o
() = 15( o L {6|A,L101| [Im(Zopmoy) |+ 2 022 of Im( T ez oﬂ} (S.36)
and
5
SPA( ) 1—25((:2)2 '—4{%)Mﬂoﬂ[(ﬂof‘ﬂﬂm)’éoﬂ}- (S.37)

o2A(w) and aéPA(m) are the magnetic and electric quadrupole conidhst respectively.

As it can be seen in Egs. (S.36) and (S.37) the@B4Asignal, in a two-level system, depends

on the transition dipole momenjf), the permanent dipole moment changgi(), the
magnetic dipole momenti(,;) and the electric quadrupole momenqy,(). The two first can

be obtained from solvatochromic measurements agigus®y mentioned. The magnetic
dipole moment can be estimated from the conventiGBameasurements as reported in the
section SI.1. The magnitude of the electric quadieipmoment were estimated through DFT
calculations (B3LYP/6-31+G(d)) carried out using Baussian 03 packagén this context,
we used these parameters and, considering the maxialues from Egs. (S.36) and (S.37),
estimated the 2PA-CD for both molecules. Table Sih@ws the results obtained to the dipole
and quadrupole moments as well as the 2PA-CD signal

The 2PA-CD signal presented by tk®43 and FD48 molecules are 1000 times
smaller than their 2PA-CLD signal. Therefore, tH@A2cross-section reported here to the
2PA-CD signal corresponds to a normalized tranamit difference o€.a. 0.001, which
limited our experimental measurements. It is imgortto mention that the results presented
here to the 2PA-CD based on Meath’s Theory areodggreement with those obtained by
Rizzo et. al.?®3° for molecules with different types of chiralitying modern analytical

function, within the TD-DFT framework.
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Table SI.3 —Magnitude of the dipole and quadrupole momentsyels as the 2PA-CD signal, as determined

from the experimental measurements and theoretadalilations.

Molecules | oy | Ao lut Qo AT5pA
FDA43 8.5 13.0 1.8x10° 240 0.014
FD48 8.5 145 3.3x18 410 0.060

Obs: |fip;| and |Afzy,| are given in Debyejiiy,| is given in Bohr magneton unitgfg = eh/2mc),|(301| is

given in Debyex Aand AgSS, in GM.
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