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where no permission to publish could be obtained.



REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

In this manuscript, the authors report the anfiaromafic 4pi-electron five-membered ring-based dyes (AF) 

for NIR-II imaging. Overall, the manuscript is presented reasonably. However, this work did not show 

obvious advantages in the in-vivo imaging experiment (e.g., Figure 4) compared with previous reported 

probes. Addifionally, some issues sfill need addressing:

1. The manuscript fitle “Ultra-photostable……” should be modified. From the manuscript, it seems a bit 

hard to see the “ultra-photostable” feature of the dyes.

The stabilifies of the dyes should be compared with typical commercially-available stable dyes.

2. The experiments proving the potenfials of the dyes are too few, more mouse models should be 

employed to demonstrate the applicability of these dyes.

3. Table 1 shows that AF3 has the molecular weight of 355，and Figure S76 shows that Dextran-N3 has 

the molecular weight of 40000Da. But Figure 4 shows that AF3-Dextran has the molecular weight of 

44000Da, which does not add up.

4. From Table 1, it is obvious that for the AF dyes, their Stokes shift is quite small and the fluorescence 

quantum yield is not high, which is no good for fluorescence imaging given the enhanced excitafion-light 

interference and self-absorpfion. In addifion, these dyes molar exfincfion coefficient is not high either, 

which is no good for photoacousfic imaging. These limitafions would hinder the dyes’ pracfical 

applicafions, hence these limitafions should be pointed in the manuscript.

5. In cell experiments, why choose AF3? It does not seem to have the best properfies among all the dyes.

6. In Figure 2, photophysical mechanisfic invesfigafion was conducted for only AF3. This is inappropriate. 

The invesfigafion should be conducted for other dyes.

7. In Figure 4, the number of repeafing units of AF3-Dextran (x and y) should be clearly provided. AF3-

Dextran should be properly characterized，e.g., NMR spectra and MALDI-TOF mass spectrum.

8. In Figure 5, the phenylboric acid group of AF2B would respond to various ROS members. The 

selecfivity should be invesfigated.

The photoacousfic imaging quality is very poor. A larger area of the mice’s body should be included in 

the photoacousfic imaging, so that at least some anatomical features could be observed.

9. In Scheme 1a, which represents the AF dyes should clearly indicated.

In Scheme 1b, what NJ, FD and BTC stand for should be described in the figure capfions.

The quality of scheme 1 should be improved.



10. The solvents used in the experiments (e.g., measurements of opfical properfies) should be described 

in the figure capfions and the notes for the table.

Reviewer #2 (Remarks to the Author):

The authors introduced the concept of aromaficity reversal upon electronic excitafion as a means of 

developing small gap emifter with relafively small molecular weights. Overall, the manuscripts contain 

significant materials that would support their main conclusions. However, I found that some more 

improvements are needed.

1) The ulfimate theorefical approaches of studying the internal conversion processes are the locafion of 

conical intersecfions and nonadiabafic molecular dynamics simulafions. Therefore, the conclusions 

regarding ultrafast dynamics need to be revised. Although their stafic calculafions hint at the rapid 

dynamics, it would be much clearer if they could show how the dynamic events would occur in the 

atomisfic details in the sub-picosecond fimescale. The experimental fimescale of 7.41 ps only represents 

the slow dynamics after the inifial rapid mofions.

2) This is especially important that their conclusions are based on the rapid internal conversions. Some 

nearby states such as S2 can be also involved during the processes.

3) The concept of an anfiaromaficity design principle for low band gap with small molecular weight has 

already been demonstrated in their ref. 12, which needs to be properly credited. The authors need to be 

clear about what exactly is their original idea.

Reviewer #3 (Remarks to the Author):

Yan et al explored a new set of fluorophores which when compared to earlier ones are smaller and this 

brings a number of benefits. As the unique approach in their molecular design they make use of ground 

state anfiaromaficity/excited state aromaficity. Yet, it is the computafional invesfigafions of the 

aromaficity effects that are the weakest in the manuscript; far below the quality one can expect to find 

in a paper published in a high-impact journal.

The aromaficity assessment is based on magnefic (NICS and ACID) and geometric aromaficity aspects 

(changes in BLA), yet this analysis is very unconvincing. First, it is wriften that NICS and ACID were 

calculated for the S1 state, however, these computafions were apparently done with (what the authors 

call) the DeltaSCF method. No reference is given to this method, but I suspect that it is the approach 

which was used by Kawashima et al in hftps://onlinelibrary.wiley.com/doi/10.1002/anie.201904882, and 

heavily crificized by Karadakov and Saito in 

hftps://onlinelibrary.wiley.com/doi/full/10.1002/anie.202001934. That computafional approach is easy 

but should never be used as the state which results is not a pure singlet state but a mix of singlet and 

triplet mulfiplicity. Much more useful would be a small CASSCF. Of course, the lafter will not provide the 



authors with an ACID plot, but they can calculate NICS at CASSCF level with the Dalton program.

With regard to the ACID plots in Figure S7 they are of so excepfionally low resolufion that even if I 

magnify to 500% I cannot view the small current density arrows generated by the AICD program and 

which represent the alleged ring currents. The present plots are totally meaningless and indicate that the 

authors are unfamiliar with what is required for a proper (anfi)aromaficity assessment.

Coming to the NICS data, it has been clarified numerous fimes that single NICS values at specific points in 

space should never be used for polycyclic molecules. Instead one should use NICS-XY scans as clearly 

described by Gershoni-Poranne and Stanger in hftps://chemistry-

europe.onlinelibrary.wiley.com/doi/full/10.1002/chem.201304307 The present NICS data should be 

recalculated with that method.

The analysis of the BLA values is odd; on page 5 of the manuscript is wriften that the BLA is reduced to 

1.374 – 1.463 Å, however, it does not tell from what range. Also, the CC bond length range 1.374 – 1.463 

Å is quite large and not indicafive of extensive Baird-aromaficity in the S1 state. Indeed, one can see in 

Figures 2e and 2f that the reducfion in BLA upon excitafion from S0 to S1 is rather modest.

Far too often do aromaficity analyses by experimentalists primarily rely on magnefic aromaficity 

indicators, however, there is a growing body of studies that show the difference between magnefic 

indices, on the one side, and electronic and energefic indices on the other (see e.g. hftps://chemistry-

europe.onlinelibrary.wiley.com/doi/full/10.1002/slct.201602080). Thus, the authors should confirm the 

switch in aromafic and anfiaromafic character upon excitafion by some electronic index (e.g. MCI) which 

can be applied to both S0 and S1 (the lafter at TD-DFT level).

The references on the excited state aromaficity are not properly selected and placed. The Chem Rev by 

Rosenberg et al on excited state (anfi)aromaficity (ref 20) is used as a reference for Hückel-aromaficity in 

the ground state, and the purely computafional study by Karadakov (ref 31) is used to support that it 

“has been experimentally proved that [Baird’s rule] likewise applies to the lowest singlet excited state”. It 

is obvious that the authors have not read the literature on excited state aromaficity properly. For 

experimental studies which support that Baird’s rule can be applied to the lowest singlet excited states I 

propose to cite hftps://pubs.acs.org/doi/10.1021/ja00060a063 (together with hftps://chemistry-

europe.onlinelibrary.wiley.com/doi/full/10.1002/cplu.201900066), 

hftps://www.nature.com/arficles/s41467-017-00382-1 and 

hftps://pubs.acs.org/doi/full/10.1021/jacs.0c05611. In addifion to the Chem Rev by Rosenberg I propose 

to add the recent review by Yan et al (hftps://chemistry-

europe.onlinelibrary.wiley.com/doi/full/10.1002/chem.202203748). The computafional paper by 

Karadakov (ref 31) should definitely be given, yet I would also add 

hftps://pubs.rsc.org/en/content/arficlelanding/2011/cp/c1cp22239b and 

hftps://pubs.acs.org/doi/10.1021/acs.joc.6b02460

I also think they should cite Peter Wan’s pioneering experimental work on photosolvolysis to fluorenyl 

cafions, see hftps://pubs.rsc.org/en/content/arficlelanding/1985/c3/c39850001207

Finally, I wonder why they have used different funcfionals for different properfies? The orbitals and 

orbitals energies in Figure S3 were calculated with LC-BLYP* while those in Scheme 1 by B3LYP.



Summarized, the quality of the (excited state) aromaficity analysis is far below what can be expected 

from a manuscript submifted to a high-impact journal such as Nat. Commun. The aromaficity analysis is 

very speculafive and insufficiently supported. There are many more items to address also, yet my fime is 

simply limited. Those items will need to be addressed in further potenfial revisions.



N]na]o]j $/ &N]eYjck lg l`] =ml`gj'8

General comment: A_ eYZd ^R_fdTcZae( eYV RfeY`cd cVa`ce eYV R_eZRc`^ReZT 0aZ)V]VTec`_ WZgV)

^V^SVcVU cZ_X)SRdVU UjVd %9>& W`c FAI)AA Z^RXZ_X* GgVcR]]( eYV ^R_fdTcZae Zd acVdV_eVU cVRd`_RS]j*

@`hVgVc( eYZd h`c\ UZU _`e dY`h `SgZ`fd RUgR_eRXVd Z_ eYV Z_)gZg` Z^RXZ_X ViaVcZ^V_e %V*X*( >ZXfcV

0& T`^aRcVU hZeY acVgZ`fd cVa`ceVU ac`SVd* 9UUZeZ`_R]]j( d`^V ZddfVd deZ]] _VVU RUUcVddZ_X6

Response: S] kaf[]j]dq Yhhj][aYl] l`] j]na]o]j ^gj `]j-`ak nYdmYZd] [gee]flk Yf\ km__]klagfk l`Yl

`Yn] aehjgn]\ l`] eYfmk[jahl, Ef j]khgfk]* o] [gf\m[l]\ Y l`gjgm_` j]nakagf* oal` Y kh][a^a[ ^g[mk

gf addmkljYlaf_ l`] Y\nYflY_]k g^ =B \q]k af Y egmk] eg\]d g^ j]fYd ak[`]eaY+j]h]j^mkagf, Kmj

^af\af_k \]egfkljYl]\ l`Yl =B1 [Yf koa^ldq Yf\ \aklaf[ldq \]l][l j]fYd afbmjq* kmjhYkkaf_ l`]

h]j^gjeYf[] g^ ]paklaf_ j]fYd+[d]YjYZd] eY[jgegd][mdYj hjgZ]k, P`ak Y\nYf[]e]fl Y[[]d]jYl]k l`]

\aY_fgkla[ lae]daf] g^ j]fYd afbmjq Zq YhhjgpaeYl]dq 3. eafml]k* Yk \]lYad]\ af }j]khgfk] lg [gee]fl

0~,

Bmjl`]jegj]* o] `Yn] af[gjhgjYl]\ f]o \YlY lg kmZklYflaYl] l`] mdljY+h`glgklYZd] hjgh]jlq g^ =B

\q]k &j]khgfk] lg [gee]fl /', =\\alagfYddq* l`] \ak[mkkagf k][lagf `Yk mf\]j_gf] [gehj]`]fkan]

j]nakagf lg mf\]jk[gj] l`] eYbgj aehda[Ylagfk \]jan]\ ^jge l`ak klm\q, S] Yj] [gf^a\]fl l`Yl l`]k]

kmZklYflaYd j]nakagfk ]^^][lan]dq Y\\j]kk l`] [gf[]jfk jYak]\ Zq l`] j]na]o]j,

Comment: -& KYV ^R_fdTcZae eZe]V qL]ecR)aY`e`deRS]Voor dY`f]U SV ^`UZWZVU* >c`^ eYV ^R_fdTcZae(

Ze dVV^d R SZe YRcU e` dVV eYV qf]ecR)aY`e`deRS]Vr WVRefcV `W eYV UjVd*

KYV deRSZ]ZeZVd `W eYV UjVd dY`f]U SV T`^aRcVU hZeY ejaZTR] T`^^VcTZR]]j)RgRZ]RS]V deRS]V UjVd*

Response: S] Yhhj][aYl] l`] j]na]o]j ^gj l`] [gee]flk, Ef l`] hj]nagmk kmZeakkagf* o] `Yn]

\]egfkljYl]\ l`Yl Zgl` =B1 Yf\ EN/.26 k`go]\ fg h`glgZd]Y[`af_ af kgdmlagf* gmlh]j^gjeaf_ ?q5

&Ba_mj] O4* l`] \YlY g^ EN/.26 oYk fgl k`gof', Pg ^mjl`]j hjgn] l`] mdljY+h`glgklYZd] ^]Ylmj] g^ gmj

=B \q]k* af l`ak j]nakagf* o] `Yn] af[dm\]\ Y [gehYjakgf g^ l`] h`glgklYZadalq g^ =B1 Yf\ EN/.26

naY Y ea[jgk[gh] YkkYq, P`ak YkkYq Y\ghl]\ Y klja[l [gf\alagf* af[dm\af_ \]hgkalaf_ l`] \q]k gflg Y

kda\]* ]phgkaf_ l`]e lg Yaj* Yf\ ajjY\aYlaf_ oal` afl]fk] dYk]j &0.. cS [e+0' ^gj 0 `gmjk, =k k`gof af

l`] j]nak]\ Ba_mj] O4[ Yf\ O4\* l`] \q]k \akhdYq]\ hmf[lYl] ka_fYdk af l`] kda\]k* Yf\ fglYZdq* o] kladd

\a\ fgl gZk]jn] h`glgZd]Y[`af_ g^ =B1* o`]j]Yk EN/.26 ]p`aZal]\ gn]j 3.% h`glgZd]Y[`af_ \mjaf_



l`ak lae], El ak ogjl` e]flagfaf_ l`Yl* afaf YfYf af\]h]f\]fl ]ph]jae]fl hj]nagmkdq h]j^gje]\ ZqZq gmj dYZ* 

Y @+=+@+lqh] \q]* PL>* oYk [gehd]l]dq h`glgZd]Y[`]\ af gfdq 0. eafml]k mkaf_ l`] kYe] [gf\alagf 

&BaBa_mj] N/', >gl` EN/.26 Yf\ PL> `Yn] Z]]f j][g_far]\ Yk h`glgklYZd] \q]k af hj]nagmk dal]jYlmj]k* 

km[` Yk 9Ug* EReVc, 0.00* 12* 00.45439 J^R]] 0.0/* /5* 0/./175 FRe* EReVc* 0./3* /3* 013

S] `Yn] eY\] l`] ^gddgoaf_ j]nakagfk af l`] eYfmk[jahl Yf\ kmhhd]e]flYjq af^gjeYlagf8 

PagePage 27 in the supplementary informationsupplementary information Figureigure S6S6 was updated:was updated:

Figure S6. &Y' L`glgklYZadalq [gehYjakgf g^ =B0* =B1* =B//* ?q5+?d &6.6 fe ]p'* Yf\ =B/2 &76. fe ]p' af 

Yim]gmk kgdmlagf, P`] YZkgjZYf[] g^ =B0* =B1* =B//* ?q5 ?d Yl 6.6 fe Yf\ =B/2 Yl 76. fe o]j] k]l lg .,3 Yf\ 

dYk]j hgo]j \]fkalq oYk /,4 S-[e0, &Z' DLH? [`jgeYlg_jYe g^ =B \q]k Z]^gj] Yf\ Y^l]j ajjY\aYlagf, &[* \' JEN EE 

^dmgj]k[]f[] ea[jgk[gha[ aeY_]k g^ \q]k ]phgk]\ lg Yaj Y^l]j []jlYaf lae] ajjY\aYlagf mf\]j 6.6 fe &=B1' Yf\ 76. 

fe &EN/.26' dYk]j ]p[alYlagf &\'* Yf\ ^dmgj]k[]f[] afl]fkalq klYlakla[ j]kmdlk &[', 2.�-.,73 gZb][lan] oYk mk]\, 

HYk]j hgo]j \]fkalq8 0.. cS [e+0, OYehd]k o]j] hj]hYj]\ mkaf_ ea[jgk[gh] kda\]k Zq \jghhaf_ @?I kgdmlagf g^ 

]Y[` \q] Yf\ kdgodq ]nYhgjYlaf_,



Figure R1. L`glgklYZadalq [gehYjakgf g^ =B1 Yf\ PL>, ?`]ea[Yd kljm[lmj] g^ PL> o]j] Ydkg k`gof &a,],*

^dmgjgh`gj] kc]d]lgf g^ ?D/.33',

Page 8 in the main text, this paragraph was rewritten:

L`glgZd]Y[`af_ hj]k]flk Y eYbgj gZklY[d] o`]f j]nakalaf_ klYafaf_ kYehd]k, P`]j]^gj]* o]

[gf\m[l]\ af naljg da_`l ]phgkmj] YkkYq lg ]pYeaf] l`] h`glgklYZadalq g^ =B \q]k, Ef Yim]gmk kgdmlagf*

=B \q]k &=B0* =B1* =B//* =B/2' k`go]\ fg [`Yf_]k af YZkgjZYf[] gj [`]ea[Yd kljm[lmj] Y^l]j 1.

eafml]k g^ dYk]j ]phgkmj] &6.6 fe ^gj =B0* =B1* =B//* Yf\ 76. fe ^gj =B/2 oal` hgo]j \]fkalq g^

/,4 S [e+0'* o`ad] ?q5* Y [geegfdq mk]\ JEN \q] ]ph]ja]f[]\ jYha\ YZkgjZYf[] Yll]fmYlagf oal`af

1 eafml]k g^ ]phgkmj] lg 6.6 fe dYk]j Yl l`] kYe] hgo]j \]fkalq &Ba_mj] O4', Dgo]n]j* oal` l`] kYe]

da_`l ]phgkmj]* o] \a\ fgl gZk]jn] h`glgZd]Y[`af_ g^ EN/.26 af gj_Yfa[ kgdn]flk &EN/.26 ak fgl

oYl]j+kgdmZd]'* o`a[` eYq Z] YlljaZml]\ lg l`] dgo ZYf\ _Yh g^ JEN+EE \q] eafaear]k l`] hjg\m[lagf

g^ h`glggpa\Ylan] kh][a]k, Bgj Y l`gjgm_` [gehYjakgf* =B1 Yf\ EN/.26 o]j] kmZb][l]\ lg Y

ea[jgk[gh] YkkYq af o`a[` l`] \q]k o]j] \]hgkal]\ gflg Y kda\]* ]phgk]\ lg Yaj* j][]an]\ afl]fk] dYk]j

ajjY\aYlagf &6.6 fe ^gj =B1 Yf\ 76. fe ^gj EN/.26 oal` hgo]j \]fkalq g^ 0.. cS [e+0' Yf\

kaemlYf]gmkdq j][gj\]\ l`] ^dmgj]k[]f[] [`Yf_]k, El oYk gZk]jn]\ l`Yl Y^l]j 0 `gmjk g^ ajjY\aYlagf*

=B1 j]lYaf]\ f]Yjdq 7.% g^ alk ^dmgj]k[]f[] ka_fYdk* o`]j]Yk EN/.26 ]p`aZal]\ Y \][Yq ]p[]]\af_

3.% &Ba_mj] O4', P`] ]p[]hlagfYd h`glgklYZadalq g^ =B1 oYk ^mjl`]j \]egfkljYl]\ af [gflafmgmk []dd

aeY_af_* Yddgoaf_ ^gj gn]j /... j]h]lalagfk g^ kfYhk`gl j][gj\af_ oal` afl]fk] 6.6 fe dYk]j

ajjY\aYlagf &0.. cS [e+0', JglYZdq* l`] aeY_]k c]hl j]dYlan]dq `a_` Yf\ klYZd] O>N &Ba_mj] 1\*

Omhhd]e]flYjq Ra\]g /', Ef k`Yjh [gfljYkl* o`]f ?q5+klYaf]\ []ddk o]j] j]h]lalan]dq ]p[al]\ oal` 6.6

fe Yl l`] kYe] hgo]j \]fkalq* l`]q mf\]jo]fl [gehd]l] Zd]Y[`af_ af ^]o]j l`Yf /3 ^jYe]k &Ba_mj]

1]* Omhhd]e]flYjq Ra\]g 0', Kn]jYdd* l`]k] j]kmdlk `a_`da_`l l`] mdljY+h`glgklYZadalq g^ =B \q]k* o`a[`

`gd\ ka_fa^a[Yfl hjgeak] ^gj ghla[Yd aeY_af_ af [`Ydd]f_af_ [gf\alagfk,

Comment: .& KYV ViaVcZ^V_ed ac`gZ_X eYV a`eV_eZR]d `W eYV UjVd RcV e`` WVh( ^`cV ^`fdV ^`UV]d

dY`f]U SV V^a]`jVU e` UV^`_decReV eYV Raa]ZTRSZ]Zej `W eYVdV UjVd*

Response: S] Yhhj][aYl] l`] j]na]o]j ^gj l`] [gee]flk, Ef l`ak j]nakagf* o] `Yn] Y\\]\ Yf

]ph]jae]fl lg addmkljYl] l`] Y\nYflY_]k g^ =B \q]k af l`] \aY_fgkla[ g^ j]fYd afbmjq, Qkaf_ Y egmk]

eg\]d g^ j]fYd ak[`]eaY+j]h]j^mkagf* o] \]egfkljYl]\ l`Yl =B1+?KKD ]p`aZal]\ kmh]jagjalq gn]j



l`] j]hj]k]flYlan] eY[jgegd][mdYj j]fYd+[d]YjYf[] [gfljYkl Y_]fl &211.. @Y'* Y\nYf[af_ l`]

\aY_fgkla[ lae]daf] Zq YhhjgpaeYl]dq 3. eafml]k, S] eY\] l`] ^gddgoaf_ j]nakagf lg l`] eYfmk[jahl8

Page 9-10 in the main text, the following paragraph has been added:

Efkhaj]\ Zq alk jYha\ j]fYd [d]YjYf[] ^]Ylmj]* o] o]j] \jan]f lg afn]kla_Yl] l`] hgl]flaYd Yhhda[Ylagfk

g^ =B1+?KKD af hj]+[dafa[Yd \aY_fgkak, Bgj ]pYehd]* j]fYd ak[`]eaY+j]h]j^mkagf &NEN' ak Y [jala[Yd

[dafa[Yddq Y[ml] j]fYd afbmjq oal` `a_` egjlYdalq* Yf\ [mjj]fldq l`]j] ak Y dY[c g^ j]YkgfYZd]

kmjn]addYf[] l][`faim]k ^gj l`] jYha\ Yf\ ]Yjdq \]l][lagf g^ NEN,30* 31 Lj]nagmk klm\a]k `Yn] ]ehdgq]\

l`] [d]YjYf[] `af\jYf[] g^ oYl]j+kgdmZd] ^dmgj]k[]fl eY[jgegd][md]k af afbmjq ca\f]q ^gj ghla[Yd

\]l][lagf g^ NEN* Zml al ak lae]+[gfkmeaf_ lg j]Y[` Y `a_` O>N ^gj Y[[mjYl] \aY_fgkak \m] lg l`]aj

kdgo j]fYd [d]YjYf[],32 Sal` l`] Yfla[ahYlagf l`Yl =B1+?KKD [gmd\ hgl]flaYddq jYha\dq \aY_fgk] NEN*

o] afljYn]fgmkdq afb][l]\ =B1+?KKD af Y egmk] eg\]d &Ba_mj]k 2_+a'* ^]Ylmjaf_ NEN af l`] ja_`l

ca\f]q &NG' Yf\ Y `]Ydl`q d]^l ca\f]q &HG', P`] kYe] hjg[]\mj] oYk Yhhda]\ lg =B1+\]pljYf* k]jnaf_

Yk Y eY[jgegd][mdYj [gfljgd, El oYk gZk]jn]\ l`Yl l`] ^dmgj]k[]f[] ka_fYdk g^ =B1+?KKD o]j]

jYha\dq [d]Yj]\ ^jge l`] `]Ydl`q ca\f]q af // eafml]k* o`]j]Yk l`ak hjg[]kk lggc 4. eafml]k ^gj =B1+

\]pljYf &Ba_mj] 2`* O03', ?gfn]jk]dq* Zgl` Y_]flk _jY\mYddq Y[[memdYl]\ af l`] NEN ca\f]q* j]kmdlaf_

af ]f`Yf[]\ ^dmgj]k[]f[] ka_fYdk \mjaf_ l`] 4. eafml]k ^gddgoaf_ afb][lagf, P`]j]^gj]* =B1+?KKD

Y[`a]n]\ Y O>N &\]^af]\ Yk l`] NG-HG jYlag' kmjhYkkaf_ l`] Ngk] [jal]jagf &O>N < 3' ^gj /..%

[]jlYaflq5 oal`af // eafml]k* o`a[` gmlh]j^gje]\ =B1+\]pljYf Zq kap^gd\ af kh]]\ &Ba_mj] 2a', P`]k]

j]kmdlk \]egfkljYl] l`] _j]Yl nYdm] g^ =B \q]k af [dafa[Yd \aY_fgkak* oal` l`] hgl]flaYd lg Y\nYf[]

\aY_fgkak lae] Yf\ af[j]Yk] Zag[gehYlaZadalq,

Page 19 in the method, the following paragraph has been added:

In-vivo NIR-II fluorescent imaging for renal ischemia-reperfusion injury detection. =B1+?KKD

Yf\ =B1+@]pljYf kgdmlagfk o]j] hj]hYj]\ &/ eI af /�L>O kgdmlagf', N]fYd ak[`]eaY+j]h]j^mkagf

&NEN' ea[] eg\]d oYk ]klYZdak`]\ Zq kmj_a[Yd [dYehaf_ g^ l`] j]fYd h]\a[d] g^ l`] ja_`l ca\f]q &NG'

^gj 1. eaf* l`]f l`] [dYehk o]j] j]egn]\ Yf\ Yddgo]\ j]h]j^mkagf g^ NG ^gj 1. eaf, =B1+?KKD

Yf\ =B1+@]pljYf o]j] l`]f afljYn]fgmkdq afb][l]\ lg l`] NEN ea[] Yf\ JEN+EE af nang ^dmgj]k[]f[]

aeY_af_ af l`] \gjkYd hgkalagf oYk kmZk]im]fldq [gf\m[l]\ mf\]j 72. fe ]p[alYlagf &/6. eS [e+0*

0.. ek ]phgkmj] lae]' Yf\ aeY_]k o]j] [gdd][l]\ oal` /...HL Yf\ //..HL ^adl]j,

New data has been added to the Figure 4 and Figure S25:



Figure 4 | Functionalized AF dyes for in-vivo fluorescent imaging { g, O[`]eYla[ addmkljYlagf g^ l`] ak[`]eaY

j]h]j^mkagf hjg[]kk Yf\ af nang JEN EE aeY_af_, Na_`l ca\f]q oYk 1. eafml]k ak[`]eaY lj]Yl]\, h, Ef nang JEN+EE 

^dmgj]k[]fl aeY_]k g^ j]fYd ak[`]eaY j]h]j^mkagf &NEN' ea[] ^jge l`] \gjkYd hgkalagf Yl \a^^]j]fl lae] hgaflk Y^l]j 

afljYn]fgmk afb][lagf g^ ]Y[` hjgZ], P`] \Yk`]\ [aj[d]k af\a[Yl] l`] ca\f]q hgkalagf, P`] Zja_`l ̂ dmgj]k[]f[] ka_fYdk 

f]Yj l`] d]^l ca\f]q g^ =B1+?KKD+lj]Yl]\ _jgmh o]j] eYafdq ^jge dan]j &/ lg 5 eafml]k' Yf\ afl]klaf] &0. lg 6. 

eafml]k', i, Pae]+\]h]f\]fl ]ngdmlagf g^ l`] ^dmgj]k[]f[] afl]fkalq jYlag g^ ja_`l lg+d]^l ca\f]q &NG-HG' ^gj l`] 

aeY_]k af h, P`] \YlY Yj] l`] e]Yf x k,\, \]jan]\ ^jge f ; 1 Zagdg_a[Yddq af\]h]f\]fl ea[], ,,,

Figure S2525. &Y' Ef nang JEN EE ^dmgj]k[]fl aeY_]k g^ [gfljgd _jgmh ea[] oal`gml j]fYd ak[`]eaY j]h]j^mkagf 

lj]Yle]fl, P`] q]ddgo [aj[d]k af\a[Yl] l`] ca\f]q hgkalagf, &Z' Pae] \]h]f\]fl ]ngdmlagf g^ l`] ^dmgj]k[]f[] 

afl]fkalq jYlag g^ ja_`l+lglg+d]^l ca\f]q &NG-HG' ^gj aeY_]k af &Y',

Comment: /& KRS]V - dY`hd eYRe 9>/ YRd eYV ^`]VTf]Rc hVZXYe `W /11 R_U >ZXfcV J32 dY`hd eYRe 

<ViecR_ F/ YRd eYV ^`]VTf]Rc hVZXYe `W 0,,,,<R* :fe >ZXfcV 0 dY`hd eYRe 9>/ <ViecR_ YRd eYV 

^`]VTf]Rc hVZXYe `W 00,,,<R( hYZTY U`Vd _`e RUU fa*

Response: S]S] YhYhhj][aYl] l`] j]na]o]j ^gj a\]fla^qaf_ afY[[mjY[a]k af gmj eYfmk[jahl, P`] egd][mdYj 



o]a_`l g^ =B1+\]pljYf oYk \]l]jeaf]\ Zq JIN Yf\ QR Rak [`YjY[l]jarYlagf* Yk \]lYad]\ Z]dgo8

/' >Yk]\ gf l`] JIN j]kmdl &Ba_mj] O7/7/'* l`] Yn]jY_] fmeZ]j g^ Yra\g _jgmhk af ]Y[` @]pljYf J1 

egd][md] [Yf Z] [Yd[mdYl]\ YkYk //,75, AY[` Yra\g _jgmh af[j]Yk]k l`] egd][mdYj o]a_`l Zq 

YhhjgpaeYl]dq /04 @Y &?2D4KJKJ2', P`]j]^gj]* l`] Yn]jY_] egd][mdYj o]a_`l g^ @]pljYf+J1 ak 2.... 

) /3.6 ; 2/3.6 @Y, 

0' >Yk]\ gf l`] QR+Rak YZkgjhlagf kh][ljgk[ghq* l`] Yn]jY_] fmeZ]j g^ =B1 af ]Y[` =B1+@]pljYf 

egd][md] [Yf Z] [Yd[mdYl]\ Yk 2,5, AY[` =B1 af[j]Yk]k l`] egd][mdYj o]a_`l Zq YhhjgpaeYl]dq 157 

@Y@Y, P`]j]^gj]* l`] Yn]jY_] egd][md] o]a_`l g^ =B1+@]pljYf akak 2/3.6 ) &157 ( 2,5' ; 21067 z 211.. 

@Y, 

S] eY\] l`] ^gddgoaf_ j]nakagf lg l`] eYfmk[jahl8

Page 9 in the main text: Page 9 in the main text: 

Bgj Y \aj][l [gehYjakgf* o] kqfl`]kar]\]\ Yf =B1+\]pljYf [gfbm_Yl] oal` Y egd][mdYj o]a_`l g^g^

YhhjgpaeYl]dq 211.. @Y &\]lYadk k`gof af kmhhd]e]flYjq af^gjeYlagf'* o`a[` j]hj]k]flk Y 

[gfn]flagfYd oYl]j kgdmZd] eg\a^a[Ylagf YhhjgY[` ^gj dYj_]+kljm[lmj] \q]k,

FigureFigure 4a, 4b:b:

Figure 4 | Functionalized AF dyes for in-vivo fluorescent imaging a,a, ?`]ea[Yd kljm[lmj]k g^ =B0+?KKD* 

=B1 ?KKD Yf\ =B1+@]pljYf, b,b, Igd][mdYj o]a_`l* f]l [`Yj_] Yf\ [Hg_ @ g^ eg\a^a]\ Yf\ mfeg\a^a]\ =B \q]k, 



[Hg_ @ oYk [Yd[mdYl]\ mkaf_ ?`]e=pgf kg^loYj], ,,,

Comment: 0& >c`^ KRS]V -( Ze Zd `SgZ`fd eYRe W`c eYV 9> UjVd( eYVZc Je`\Vd dYZWe Zd bfZeV d^R]] R_U eYV

W]f`cVdTV_TV bfR_ef^ jZV]U Zd _`e YZXY( hYZTY Zd _` X``U W`c W]f`cVdTV_TV Z^RXZ_X XZgV_ eYV V_YR_TVU

ViTZeReZ`_)]ZXYe Z_eVcWVcV_TV R_U dV]W)RSd`caeZ`_* A_ RUUZeZ`_( eYVdV UjVd ^`]Rc VieZ_TeZ`_ T`VWWZTZV_e

Zd _`e YZXY VZeYVc( hYZTY Zd _` X``U W`c aY`e`RT`fdeZT Z^RXZ_X* KYVdV ]Z^ZeReZ`_d h`f]U YZ_UVc eYV

UjVds acRTeZTR] Raa]ZTReZ`_d( YV_TV eYVdV ]Z^ZeReZ`_d dY`f]U SV a`Z_eVU Z_ eYV ^R_fdTcZae*

Response: S] Yhhj][aYl] l`] j]na]o]j ^gj l`] [jala[Yd [gee]flk,

Bajkl* o] ogmd\ dac] lg [dYja^q l`Yl l`] Olgc]k k`a^lk g^ =B \q]k jYf_]k Z]lo]]f 3. lg 0.. fe* o`a[`

Yl d]Ykl Yda_f oal` l`] eYbgjalq g^ ]paklaf_ JEN+EE \q]k &_]f]jYddq d]kk l`Yf 3. fe* km[` Yk 9_XVh*

;YV^* A_e* =U* 2.0/* 4.* /4072', S] Y[cfgod]\_] l`Yl =B \q]k ]p`aZal j]dYlan]dq dgo]j imYflme

qa]d\k [gehYj]\ lg l`] Z]kl JEN+EE \q]k* `go]n]j* l`]aj imYflme qa]d\k kladd Yda_f oal` kge] @+=+@+

lqh]* gj j`g\Yeaf] \q]k l`Yl `Yn] Z]]f mk]\ ^gj `a_`+[gfljYkl Yf_ag_jYh`q* km[` Yk ?D/.33 &.,.1%

af oYl]j* FRe* EReVc* 0./3* /3* 013'* A>544 &.,./% af oYl]j* FRe* EReVc* 0.0/* 0.* /35/'* Yf\ RET+

2 &.,..2% af oYl]j* B* 9^* ;YV^* J`T* 0.0/* /21* /5/14', P`] egdYj ]plaf[lagf [g]^^a[a]flk g^ =B

\q]k jYf_] Z]lo]]f 0.... lg 2.... I+/ [e+/* o`a[` Yj] `a_`]j l`Yf egkl g^ l`] @+=+@ \q]k l`Yl

`Yn] Z]]f mk]\ ^gj h`glgY[gmkla[ aeY_af_* km[` Yk >>PP &461. I+/ [e+/* ;YZ_* ;YV^* DVee* 0.0/*

10* /36.+/363'* ?D/... &6061 I+/ [e+/* 9;J FR_` 0./5* //* /0* /0054|/007/'* Yf\ >=B2 &/41..

I+/ [e+/
* 9_XVh* ;YV^* A_e* =U* 0.0/* 4.* 00154+00162',

In addition, we would like to highlight that the most valuable property of AF dyes is their

miniaturized structure. We revised the discussion section in the main text.

Comment: 1& A_ TV]] ViaVcZ^V_ed( hYj TY``dV 9>/8 Ae U`Vd _`e dVV^ e` YRgV eYV SVde ac`aVceZVd

R^`_X R]] eYV UjVd*

Response: S] Yhhj][aYl] l`] j]na]o]j ^gj l`] [gee]flk, =hYjl ^jge =B1* o] Ydkg [gf\m[l]\ []ddmdYj

aeY_af_ ]ph]jae]flk oal` gl`]j log j]hj]k]flYlan] kljm[lmj]k* =B0 Yf\ =B/2 (Figure S24). =dd \q]k

k`go n]jq `a_` []dd h]je]YZadalq, Ef\]]\* =B0+klYaf]\ []dd Yhh]Yj]\ Zja_`l]j l`Yf =B1* hj]kmeYZdq

\m] lg alk keYdd]j egd][mdYj o]a_`l Yf\ `a_`]j Zja_`lf]kk, Dgo]n]j* ^gj l`] mfalq g^ l`] \ak[mkkagf*

o] gfdq hj]k]fl l`] \YlY g^ =B1 af l`] eYaf l]pl,



Figure Figure S2424 in Supplementary Information:in Supplementary Information:

Figure S2424. Bdmgj]k[]f[] aeY_]k g^ =B \q] klYaf]\ ]f\gl`]daYd []ddk &A?k', @q] [gf[]fljYlagf8 / yI af /�L>O 

kgdmlagf, OlYafaf_ lae]8 /. eaf, Bdmgj]k[]f[] aeY_]k o]j] [Yhlmj]\ mf\]j 6.6 fe ]p[alYlagf Yf\ /... HL ^adl]j,

Comment: 2& A_ >ZXfcV .( aY`e`aYjdZTR] ̂ VTYR_ZdeZT Z_gVdeZXReZ`_ hRd T`_UfTeVU W`c ̀ _]j 9>/* KYZd 

Zd Z_Raac`acZReV* KYV Z_gVdeZXReZ`_ dY`f]U SV T`_UfTeVU W`c `eYVc UjVd*

Response: S]S] YhYhhj][aYl] l`] j]na]o]j ̂ gj l`] [gee]flk, N]_Yj\af_ l`] imYflme qa]d\* o] j]Ykgf]\ 

l`Yl al ak l`] ^dmgj]f] kc]d]lgf* fgl l`]aj J kmZklalm]fl _jgmhk* \]l]jeafaf_ l`] imYflme qa]d\k* Yk Ydd

=B \q]k ]p`aZalk kaeadYj nYdm]k &Table 1', EfEf l`] j]nak]\ eYfmk[jahl* o] `Yn] [gf\m[l]\ YjgeYla[alq 

[Yd[mdYlagfk ^gj Ydd \q]k &Ba_mj] O5O5+O0/', P`]k] j]kmdlk `Yn] \jan]f l`] [gf[dmkagf af LY_] 4 g^g^ l`] 

eYaf l]pl l`Yl } ^gj Ydd =B \q]k* Zgl` fm[d]mk+af\]h]f\]fl [`]ea[Yd k`a^l k[Yfk Ydgf_ l`] T Yf\ U af\]h]f\]fl [`]ea[Yd k`a^l k[Yfk Ydgf_ l`] T Yf\ U 

Yp]k &JE?O TU k[Yf' Yf\ [Yd[mdYlagfk g^ Yfakgljghq g^ l`] af\m[]\ [mjj]fl \]fkalq &=E?@' af\a[Yl] 

Y `a_`dqdq dg[Ydar]\ YflaYjgeYla[alq af l`] ^an]+e]eZ]j jaf_ g^ l`] O. klYl]* [gmhd]\ oal` af[j]Yk]\ af[j]Yk]\ 

YjgeYla[alq af l`] ]flaj] ^dmgj]f] kc]d]lgf g^ l`] O/ klYl]~, ?geZaf]\ oal` l`] kljm[lmjYd afkh][lagf 

Yf\ fgf jY\aYlan] \][Yq YfYdqkak* l`]k] klYla[ [Yd[mdYlagfk `Yn] j]n]Yd]\ l`] YjgeYla[alq j]n]jkYd 

Z]lo]]f l`] O Yf\ O/ klYl]k* o`a[` d]Y\k lg Y kljgf_ naZjYlagf [gmhdaf_ oal`af l`] YflaYjgeYla[ 

^dmgj]f] kc]d]lgf Yf\ Y `a_` jYl] g^ fgf+jY\aYlan] afl]jfYd [gfn]jkagf,

Comment: 3& A_ >ZXfcV 0( eYV _f^SVc `W cVaVReZ_X f_Zed `W 9>/ <ViecR_ %i R_U j& dY`f]U SV T]VRc]j 

ac`gZUVU* 9>/)<ViecR_ dY`f]U SV ac`aVc]j TYRcRTeVcZkVU V*X*( FEI daVTecR R_U E9D<A)KG> ̂ Rdd 

daVTecf^*

Response: S]S] YhYhhj][aYl] l`] j]na]o]j ^gj l`] [gee]flk, S] Yll]ehl]\ lg [`YjY[l]jar] =B1 \]pljYf 

mkaf_ JIN Yf\ IYd\a PKB l][`faim]k* Zml mf^gjlmfYl]dq* JIN gfdq [Yf hjgn] l`] hj]k]f[] g^ =B1 



[gfbm_Yl]\ lg \]pljYf (Figure R2) Yf\ IYd\a+PKB \a\ fgl Y[`a]n] l`] afl]f\]\ j]kmdlk, P`]j]^gj]*

o] [Yd[mdYl]\ l`] fmeZ]j g^ =B1 [gfbm_Yl]\ lg \]pljYf mkaf_ l`] QR+Rak YZkgjhlagf e]l`g\,

N]_Yj\af_ l`] [`YjY[l]jarYlagf Yf\ [Yd[mdYlagf g^ =B1+@]pljYf* hd]Yk] k]] gmj j]khgfk] lg [gee]fl

$1,

Figure R2. JIN kh][ljme g^ =B1+@]pljYf,

We revised the structure of AF3-dextran in Figure 4a, as shown in response to comment 3.

Comment: 4& A_ >ZXfcV 1( eYV aYV_j]S`cZT RTZU Xc`fa `W 9>.: h`f]U cVda`_U e` gRcZ`fd IGJ

^V^SVcd* KYV dV]VTeZgZej dY`f]U SV Z_gVdeZXReVU*

KYV aY`e`RT`fdeZT Z^RXZ_X bfR]Zej Zd gVcj a``c* 9 ]RcXVc RcVR `W eYV ^ZTVsd S`Uj dY`f]U SV Z_T]fUVU

Z_ eYV aY`e`RT`fdeZT Z^RXZ_X( d` eYRe Re ]VRde d`^V R_Re`^ZTR] WVRefcVd T`f]U SV `SdVcgVU*

Response: S] Yhhj][aYl] l`] j]na]o]j ^gj l`] [gee]flk, S] `Yn] hj]k]fl]\ l`] NKO j]Y[lagf

k]d][lanalq g^ =B0> (shown in Figure S29)* o`a[` af\a[Yl]k l`Yl =B0> k]d][lan]dq j]Y[l oal` KJKK+*

Yf\ [Yffgl Z] Y[lanYl]\ Zq gl`]j NKO kh][a]k,

N]_Yj\af_ l`] aeY_af_ imYdalq* al ak hjaeYjadq \]l]jeaf]\ Zq l`] aeY_af_ ]imahe]fl o] mk]\



&R]ngH=VN* BmbaBade RakmYdOgfa[k Ef[,'* o`a[` gh]jYl]k gf l`] hjaf[ahd]k g^ lgeg_jYh`q, ElEl akak o]dd

cfgof l`Yl h`glgY[gmkla[ lgeg_jYh`q `Y`Yk dgo]j khYlaYd j]kgdmlagf l`Yf h`glgY[gmkla[ ea[jgk[ghq

&JTZV_TV 0./0* //1* /236+/240', Bgj ]pYehd]* o] [gehYj]\ kge] g^ l`] h`glgY[gmkla[ j]kmdlk ^jge

hj]nagmk hmZdak`]\ Yjla[d]k l`Yl mladar]\ l`l`] kYe] afkljme]fl &],_,* ^a_mj]k af KYVcR_`deZTd 0./3* 3&1'

067|1./ Yf\ 9;J FR_` 0./3* 7&/.'* 73/5+7305* shown in Figure R3R3',', P`] [gfkakl]fl aeY_] imYdalq 

Z]lo]]f l`]k] klm\a]k Yf\ gmj gof kljgf_dq mf\]jk[gj]k l`] \]l][lagf j]daYZadalq g^ l`] =B0> hjgZ] 

af l`] P>E eg\]d, S] Z]da]n] l`Yl =B \q]k* Yk Y kmh]jagj Y[gmklg_]fa[ hdYl^gje* [Yf Z] Z]ll]j 

\]egfkljYl]\ af Y\nYf[]\ h`glgY[gmkla[ ^Y[adala]k

N]_Yj\af_ l`] YfYlgea[Yd ^]Ylmj]k af l`] h`glgY[gmkla[ aeY_]k* \m] lg l`] keYdd kar] g^ l`] egmk] 

ZjYaf Yk l`] kmZb][l* o] gfdq [Yf k]] l`] Zgmf\Yjq Z]lo]]f l`] kcmdd Yf\ ZjYaf hYj]f[`qeY, Pg gmj 

cfgod]\_]* l`ak daealYlagf af j]kgdmlagf ak af`]j]fl lg h`glgY[gmkla[ lgeg_jYh`q,

Figure S2929. O]d][lanalq g^ =B0> gn]j ?dK &3. ]i,'* D0K0 &3. ]i,'* vKD &0. ]i,'* vK0
+ &3. ]i,'* COD &3. ]i,' Yf\ 

KJKK+ &.,3 ]i,',



Figure R3R3. L`glgY[gmkla[ lgeg_jYh`q aeY_]k af j]^]j]f[]\ dal]jYlmj]k Yf\ l`ak ogjc,

Comment: 5& A_ JTYV^V -R( hYZTY cVacVdV_ed eYV 9> UjVd dY`f]U T]VRc]j Z_UZTReVU*

A_ JTYV^V -S( hYRe FB( >< R_U :K; deR_U W`c dY`f]U SV UVdTcZSVU Z_ eYV WZXfcV TRaeZ`_d*

KYV bfR]Zej `W dTYV^V - dY`f]U SV Z^ac`gVU*

Response: S]S] YhYhhj][aYl] l`] j]na]o]j ^gj l`] [gee]flk, Ef l`] j]nak]\ eYfmk[jahl* o] `Yn] eY\] 

f][]kkYjq eg\a^a[Ylagfk lglg O[`]e] / Yf\ l`] j]d]nYfl hYjY_jYh` (shown below) lg eYc] gmj 

\]k[jahlagf [d]Yj]j,

PagePage 2 in the main text:

,,,,,, ?geegf \q] kc]d]lgfk egkldq \akhdYq W2_)0X +]d][ljgf YjgeYla[ [`YjY[l]j &O[`]e] /Y d]^l',,,,,,

PagePage 3 in the main text:

,,,,,, Dgo]n]j* l`gk] YhhjgY[`]k eYc] \q] kc]d]lgfk dYj_]j &O[`]e] /Z* O0O0',,,,,,

[REDACTED]



,,,,,, Kf] eYq ]ph][l Y fYlmjYddq j]\m[]\ DKIK+HQIK _Yh af Y W2_X|+]d][ljgf kqkl]e Z][Ymk] 

_jgmf\ klYl] YflaYjgeYla[alq ]f]j_]la[Yddq jYak]k DKIK o`ad] ]p[al]\ klYl] YjgeYla[alq \][j]Yk]k 

HQIK &O[`]e] /Y ja_`l',,,,,,

Scheme 1 | Concept of antiaromatic dyes, and comparison between AF dyes and conventional dyes a,a, The 

concept description of heteroatom-free antiaromatic molecular dyes. H]^l8 [geegf \q]k oal` _jgmf\ klYl] 

YjgeYla[alq* ja_`l8 =B \q]k oal` _jgmf\ klYl] YflaYjgeYla[alq, b,b, Graphic showing the relationship between 

molecular weight (MW) and wavelength of different types of fluorescent dyes. =dd \q]k o]j] fmeZ]j]\* Yf\ l`]aj 

[gjj]khgf\af_ [`]ea[Yd kljm[lmj]k Yf\ hjgh]jla]k o]j] k`gof af O[`]e] O0 Yf\ PYZd] O/, ?`YjY[l]jk km[` Yk 

B@/.6. Yf\ >P?/.5. o]j] Y\ghl]\ ^jge l`]aj fYe]k af hj]nagmk dal]jYlmj]k,

Comment: -,-,& KYV d`]gV_ed fdVU Z_ eYV ViaVcZ^V_ed %V*X*( ̂ VRdfcV^V_ed ̀ W ̀ aeZTR] ac`aVceZVd& dY`f]U 

SV UVdTcZSVU Z_ eYV WZXfcV TRaeZ`_d R_U eYV _`eVd W`c eYV eRS]V*

Response: S] Yhhj][aYl] l`] j]na]o]j ^gj l`] [gee]flk, S] `Yn] [gf\m[l]\ Y l`gjgm_` j]na]o Yf\ 

eY\] l`] f][]kkYjq Y\\alagfk Y[[gj\af_dq, N]d]nYfl [gjj][lagfk o]j] shown below



Table 1 | Photophysical properties of AF Dyes in DCM.

@q]

Igd][mdYj

o]a_`lR

&_-egd'

�YZk
S

&fe'

�]e
S

&fe'

�T

&I+/ [e+/'

L]Yc+

k`gmd\]j

jYlag

Olgc]k

O`a^l

&fe-[e+/'

MmYflme

Ua]d\

&/.+0 %'

=B/ 077 6.. 754 7.25 .,407 /54-0032 .,1

=B0 105 625 711 /2647 .,765 64-/.66 0,1

=B1 133 737 /./2 01.30 /,/67 33-343 /,/

=B2 165 761 /.24 /7573 J@U 41-4/1 .,4

=B3 2// 744 /./3 0304/ /,052 27-3.. /,1

=B4 157 740 /./2 0/463 /,/62 30-311 /,1

=B5 23/ 724 773 /301/ /,.3. 27-30/ /,/

=B6 2.5 746 /./5 025.3 /,07/ 27-276 /,1

=B7 213 744 /.04 04571 /,036 4.-4.3 /,2

=B/. 241 751 /.04 00/21 /,123 31-31/ /,0

=B// 273 772 /.23 0/.6/ J@U 3/-27/ /,0

=B/0 257 743 /.07 /60.3 /,051 42-423 J@U

=B/1 4.1 /.23 //74 1.555 /,254 /3/-/0.6 .,3

=B/2 3.1 //./ //65 2//10 /,711 64-436 .,6

RIgd][mdYj o]a_`l g^ =B \q]k ]p[dm\af_ [gmfl]j agf* SYZkgjhlagf Yf\ ]eakkagf eYpaeY* TIgdYj YZkgjhlanalq*
UJ@;fgl \]l]jeaf]\,

Figure 1 | Synthesis, spectral characteristics and structure-property relationships of AF dyes. a, b, Pog+kl]h

kqfl`]la[ jgml] ^gj =B/s=B/2 (a) Yf\ l`]aj [gjj]khgf\af_ kmZklalm]fl hYll]jfk (b) oal` _jYh`a[ k`goaf_ l`]

YZkgjhlagf eYpaeY gf Y kh][ljme Ypak, N]hj]k]flYlan] kh][ljYddq+\aklaf[lan] \q]k &=B0* =B1* =B// Yf\ =B/2' o]j]

k`gof af [gdgj]\ kgda\ daf]k, c, d, JgjeYdar]\ YZkgjhlagf (c) Yf\ ]eakkagf (d) kh][ljY g^ =B0* =B1* =B// Yf\ =B/2,

e, f, Ldglk af\a[Ylaf_ l`] daf]Yj j]dYlagfk`ah &Jg, /* 0* 6* // Yf\ /0 o]j] ]p[dm\]\ ^jge daf]Yj ^allaf_' Z]lo]]f

YZkgjhlagf eYpaeY (e)-h]Yc+k`gmd\]j jYlag (f) g^ =B \q]k Yf\ [Yd[mdYl]\ n]jla[Yd agfarYlagf ]f]j_a]k g^ Yeaf]

kmZklalm]flk, =dd kh][ljYd hjgh]jla]k o]j] [gdd][l]\ af \a[`dgjge]l`Yf],

Figure 2 | Photophysical mechanistic investigation of AF3. a, b, (a) ^k+P= kh][ljme g^ =B1 Yf\ (b) kaf_d]+

oYn]d]f_l` caf]la[ ^al j]kmdl Yl 755 fe, Ogdn]fl8 \a[`dgjge]l`Yf], c, FYZdgfkca \aY_jYe g^ =B1 ]p[alYlagf hjg[]kk,

d, T+jYq [jqklYd kljm[lmj] g^ =B1, e, f, =B1 Zgf\ d]f_l` [gehYjakgf g^ T+jYq kljm[lmj] Yf\ O.-O/ ghlaear]\ kljm[lmj]k

gf l`] []fljYd 3+e]eZ]j]\ jaf_ Yf\ l`] o`gd] ^dmgj]f] kc]d]lgf k`gok kljgf_ >H=, g-i, (g) ?Yd[mdYl]\

j]gj_YfarYlagf ]f]j_q* (h) ]d][ljgfa[ [gmhdaf_ ^Y[lgj* Yf\ (i) ca[ n]jkmk fgjeYd naZjYlagf eg\] oYn] fmeZ]jk ^gj O/

klYl] g^ =B1, N]hj]k]flYlan] fgjeYd eg\]k o]j] k`gof Yk afk]lk,

Figure 5 | Mini sensing platform based on AF2 for in-vivo ONOO- detection. a, ?`]ea[Yd kljm[lmj]k g^ =B0=[

Yf\ =B0>, b, RYjaYlagf af YZkgjhlagf kh][ljY g^ =B0> &3. yI' af L>O hD 5,2 Y^l]j af[mZYlagf oal` af[j]Ykaf_

[gf[]fljYlagf g^ KJKK+ &.+03 yI* _jY\a]fl8 3 yI', c, L= kh][ljY g^ =B0> &3. yI' af L>O hD 5,2 Z]^gj] Yf\ Y^l]j



l`] Y\\alagf g^ 03 yI KJKK+, d, Bdmgj]k[]f[] aeY_]k g^ =B0>+klYaf]\ ZjYaf [YhaddYjq ]f\gl`]daYd []ddk &>?A?k'

hj]+lj]Yl]\ oal` Y n]`a[d] [gfljgd &>dYfc'* gj / yI KJKK+* gj / yI KJKK+ ) 2..yI mja[ Y[a\ &Q=', P`] ZYjk

j]hj]k]fl e]Yf x k,\, \]jan]\ ^jge f ; 0. af\]h]f\]fl []ddk, OlYlakla[Yd YfYdqkak oYk h]j^gje]\ mkaf_ log+lYad]\

Olm\]fl�k l+l]kl &� ; .,.3'* (((8 h : .,../, e, O[`]eYla[ addmkljYlagf g^ l`] [gfkljm[lagf g^ P>E ea[] eg\]d Yf\ l`]

lae]daf] ^gj hjgZ] Y\eafakljYlagf Yf\ IOKP aeY_af_, f, IOKP-QO aeY_]k g^ KpqDZ* @]gpqDZ Yf\ =B0 af l`]

d]^l &fgjeYd' Yf\ ja_`l &P>E' `]eakh`]j] g^ Y kYe] egmk] Y^l]j a,n, afb][lagf g^ =B0>, P`] ZYjk j]hj]k]fl e]Yf x

k,\, \]jan]\ ^jge f ; 1 Zagdg_a[Yddq af\]h]f\]fl ea[]k,, OlYlakla[Yd YfYdqkak oYk h]j^gje]\ mkaf_ log+lYad]\

Olm\]fl�k l+l]kl &� ; .,.3'* (((8 h : .,../,



N]na]o]j $0 &N]eYjck lg l`] =ml`gj'8

General comment: KYV RfeY`cd Z_ec`UfTVU eYV T`_TVae `W Rc`^ReZTZej cVgVcdR] fa`_ V]VTec`_ZT

ViTZeReZ`_ Rd R ^VR_d `W UVgV]`aZ_X d^R]] XRa V^ZeeVc hZeY cV]ReZgV]j d^R]] ^`]VTf]Rc hVZXYed*

GgVcR]]( eYV ^R_fdTcZaed T`_eRZ_ dZX_ZWZTR_e ^ReVcZR]d eYRe h`f]U dfaa`ce eYVZc ^RZ_ T`_T]fdZ`_d*

@`hVgVc( A W`f_U eYRe d`^V ^`cV Z^ac`gV^V_ed RcV _VVUVU*

Response: S] Yhhj][aYl] l`] j]na]o]j ^gj l`] hgkalan] [gee]flk Yf\ nYdmYZd] km__]klagfk, Ef

j]khgfk]* o] [gf\m[l]\ Y [gehj]`]fkan] j]nakagf* o`a[` o] Z]da]n] `Yk ka_fa^a[Yfldq aehjgn]\ l`ak

eYfmk[jahl,

Comment: -& KYV f]eZ^ReV eYV`cVeZTR] Raac`RTYVd `W defUjZ_X eYV Z_eVc_R] T`_gVcdZ`_ ac`TVddVd RcV

eYV ]`TReZ`_ `W T`_ZTR] Z_eVcdVTeZ`_d R_U _`_RUZRSReZT ^`]VTf]Rc Uj_R^ZTd dZ^f]ReZ`_d* KYVcVW`cV(

eYV T`_T]fdZ`_d cVXRcUZ_X f]ecRWRde Uj_R^ZTd _VVU e` SV cVgZdVU* 9]eY`fXY eYVZc deReZT TR]Tf]ReZ`_d

YZ_e Re eYV cRaZU Uj_R^ZTd( Ze h`f]U SV ^fTY T]VRcVc ZW eYVj T`f]U dY`h Y`h eYV Uj_R^ZT VgV_ed h`f]U

`TTfc Z_ eYV Re`^ZdeZT UVeRZ]d Z_ eYV dfS)aZT`dVT`_U eZ^VdTR]V* KYV ViaVcZ^V_eR] eZ^VdTR]V `W 3*0- ad

`_]j cVacVdV_ed eYV d]`h Uj_R^ZTd RWeVc eYV Z_ZeZR] cRaZU ^`eZ`_d*

Response: S] Yhhj][aYl] l`] j]na]o]j ^gj l`] [gee]flk, ?gf[]jfaf_ l`] mkY_] g^ l`] l]jek #cRaZU#

Yf\ #f]ecRWRde# af gmj eYfmk[jahl* o] afl]flagfYddq ]ehdgq]\ l`]e lg `a_`da_`l l`] Y[[]d]jYl]\

\qfYea[k g^ =B \q]k af ljYfkalagfaf_ ^jge l`] O/ klYl] lg l`] O. klYl]* Yaeaf_ lg \a^^]j]flaYl] l`]e

^jge ]paklaf_ JEN+EE \q]k* jYl`]j l`Yf af\a[Ylaf_ `qh]j^af] \qfYea[ hjg[]kk]k Y^l]j ]p[alYlagf, S]

Yhgdg_ar]\ ^gj Yfq [gf^mkagf l`Yl eYq `Yn] Yjak]f ^jge l`ak [`ga[] g^ l]jeafgdg_q,

N]_Yj\af_ l`] l`]gj]la[Yd YhhjgY[` ]ehdgq]\ af l`ak ogjc* al ak o]dd+]klYZdak`]\ l`Yl l`] j]dYl]\

egd][mdYj ^dmgj]k[]f[] hjgh]jla]k j]_Yj\af_ l`] jY\aYlan] Yf\ fgfjY\aYlan] hjg[]kk]k [Yf Z]

imYflalYlan]dq gZlYaf]\ ^jge ^ajkl+hjaf[ahd] [Yd[mdYlagfk [gmhd]\ oal` [gjj]dYlagf ^mf[lagf ^gjeYdake

^gj l`] afl]jfYd [gfn]jkagf mf\]j `Yjegfa[ YhhjgpaeYlagf Zq [gfka\]jaf_ l`] @mk[`afkcq jglYlagf

]^^][l WO`mYa ]l Yd, B* 9^* ;YV^* J`T, 0..5* /07* 71119 9TT* ;YV^* IVd* 0./2* 25* 11./X, =k k`gof

af Ba_mj] 0a* l`] afl]jfYd [gfn]jkagf jYl] &ca[' g^ ]Y[` hjgeglaf_ eg\]* Yf\ Y [Yd[mdYl]\ lglYd ca[

&/,.4�/.// k+/' Y_j]]k o]dd oal` l`] ]ph]jae]flYd e]Ykmj]e]fl &/,2�/.// k+/', JglYZdq* gmj eYaf

^af\af_ km__]klk l`] lglYd [gfljaZmlagf g^ ?+? klj]l[`af_ eg\] lg ca[ ak em[` _j]Yl]j l`Yf l`Yl g^ l`]



`a_`+^j]im]f[q ?+D klj]l[`af_ eg\], =dl]jfYlan]dq* o] lglYddq Y_j]] l`Yl l`] klYl]+g^+l`]+Yjl fgf+

Y\aYZYla[ \qfYea[k kaemdYlagfk [Yf hjgna\] Y jgZmkl lggd lg j]n]Yd l`] Ylgeakla[ \]lYadk af l`] kmZ+

ha[gk][gf\ lae]k[Yd] Yf\ hjg\m[] c]q \qfYea[Yd ^]Ylmj]k g^ l`] mf\]jdqaf_ afl]jfYd [gfn]jkagf

hjg[]kk ^gj l`] klm\a]\ \q]k WIYjluf]r ]l Yd, ;YV^* JTZ, 0.00* /1* 1519 B* 9^* ;YV^* J`T* 0.00* /22*

06* /0510X, S] `gh] l`Yl l`] j]na]o]j [Yf mf\]jklYf\ l`Yl l`] ]ph]fkan] Yf\ l][`fa[Yd fgf+Y\aYZYla[

\qfYea[k kaemdYlagfk Yj] Z]qgf\ l`] j]k]Yj[` [YhYZadala]k g^ gmj [mjj]fl l`]gj]la[Yd j]k]Yj[` _jgmh,

Dgo]n]j* o] eYq j]k]jn] l`ak nYdmYZd] km__]klagf mkaf_ fgf+Y\aYZYla[ \qfYea[k kaemdYlagfk Yk Y

kmZk]im]fl klm\q af l`] ^mlmj],

=[[gj\af_dq* af l`] j]nak]\ \ak[mkkagf k][lagf* o] Y\\ l`] [gee]flk }JglYZdq* l`] klYl]+g^+l`]+Yjl

fgf+Y\aYZYla[ \qfYea[k kaemdYlagfk* hjgna\af_ c]q Ylgeakla[ \]lYadk Yf\ \qfYea[Yd ^]Ylmj]k g^ l`]

mf\]jdqaf_ afl]jfYd [gfn]jkagf hjg[]kk ^gj l`] klm\a]\ \q]k af l`] kmZ+ha[gk][gf\ lae]k[Yd] WIYjluf]r

]l Yd, ;YV^* JTZ* 0.00* /1* 1519 B* 9^* ;YV^* J`T* 0.00* /22* 06* /0510X* `Yn] Z][ge] Y

[gehd]e]flYjq Yf\ kmZk]im]fl afn]kla_Ylagf,~,

Comment: .& KYZd Zd VdaVTZR]]j Z^a`ceR_e eYRe eYVZc T`_T]fdZ`_d RcV SRdVU `_ eYV cRaZU Z_eVc_R]

T`_gVcdZ`_d* J`^V _VRcSj deReVd dfTY Rd J. TR_ SV R]d` Z_g`]gVU UfcZ_X eYV ac`TVddVd*

Response: S] Yhhj][aYl] l`] j]na]o]j ^gj l`] [gee]flk* `go]n]j* l`] f]YjZq ]p[al]\ klYl]k km[` Yk

O0 k`gmd\ fgl Z] afngdn]\ \mjaf_ l`] hjg[]kk]k, Ef l`ak klm\q* o] ]ehdgq]\ l`] dYk]j ]p[alYlagf Yl 51.

fe* 6.6 fe* Yf\ 72. fe ^gj Ydd ]ph]jae]flk j]dYl]\ lg h`glgh`qka[Yd hjgh]jla]k, P`]k] oYn]d]f_l`k

[gjj]khgf\ lg l`] O.�O/ ljYfkalagf* Yk Zgl` QR+Rak YZkgjhlagf kh][ljY &Ba_mj] O0' Yf\ l`]gj]la[Yd

[Yd[mdYlagfk (Table R1) [gf^aje]\ l`Yl l`] oYn]d]f_l`k [gjj]khgf\af_ lg O.�O0 ljYfkalagfk ^gj Ydd

=B \q]k dg[Yl] Yjgmf\ 2..+3.. fe,

Table R1. P`]gj]la[Yd [Yd[mdYlagf j]kmdl g^ ]p[alYlagf ]f]j_a]k g^ =B \q]k,

@q] 'AO.+O/-]R �AO.+O/-fe �AO.+O0-]R �AO.+O0-fe

=B/ /,434 527 0,7/1 204

=B0 /,476 51. 0,7.7 204

=B1 /,343 570 0,613 215

=B// /,254 62. 0,15. 301

=B/0 /,266 611 0,502 233



=B/1 /,161 675 0,21/ 3/.

=B/2 /,131 7/5 0,25/ 3./

Comment: /& KYV T`_TVae `W R_ R_eZRc`^ReZTZej UVdZX_ acZ_TZa]V W`c ]`h SR_U XRa hZeY d^R]]

^`]VTf]Rc hVZXYe YRd R]cVRUj SVV_ UV^`_decReVU Z_ eYVZc cVW* -.( hYZTY _VVUd e` SV ac`aVc]j TcVUZeVU*

KYV RfeY`cd _VVU e` SV T]VRc RS`fe hYRe ViRTe]j Zd eYVZc `cZXZ_R] ZUVR*

Response: S] Yhhj][aYl] l`] j]na]o]j ^gj l`] [gee]flk, S] Yhgdg_ar] ^gj Yfq YeZa_malq af

]phdYafaf_ l`] \]ka_f hjaf[ahd] g^ =B \q]k af gmj eYfmk[jahl, >Yka[Yddq* l`] eYaf \a^^]j]f[] gf l`]

\]ka_f hjaf[ahd] ak l`Yl gmj =B \q]k Z]dgf_ lg Y lqh] g^ ground-state antiaromatic egd][md]k*

o`]j]Yk af j]^, /0* l`]aj egd][md]k Z]dgf_ lg excited-state antiaromatic egd][md]k &addmkljYl]\

\a^^]j]f[]k in Scheme 1a', S] `Yn] \ak[mkk]\ l`ak \a^^]j]f[] af l`] j]nak]\ \ak[mkkagf k][lagf* Yk

k`gof Z]dgo8

}Ef l`] hj]k]fl ogjc* o] `Yn] \]n]dgh]\ Y k]ja]k g^ =B \q]k oal` Y W2_X|)]d][ljgf Dm� [c]d

YflaYjgeYla[ kc]d]lgf* Y[`a]naf_ Yf af[j]Yk]\ SIN g^ 0s0,5 &�YZk-Io'* kmjhYkkaf_ l`Yl g^ egkl g^

[gfn]flagfYd \q]k &SIN : 0' &PYZd] O/', P`] =B kc]d]lgf ]p`aZalk _jgmf\+klYl] YflaYjgeYla[alq Yf\

]p[al]\+klYl] YjgeYla[alq* o`a[` ak ghhgkal] ^jge [gfn]flagfYd \q]k oal` W2_)0X|+]d][ljgf Dm� [c]d

YjgeYla[ [`YjY[l]j, P`ak mfaim] [`YjY[l]jakla[ j]kmdlk af Yf af`]j]fldq fYjjgo DKIK+HQIK _Yh*

oal` l`] \]klYZadar]\ YflaYjgeYla[ O. klYl] ]d]nYlaf_ l`] DKIK ]f]j_q o`ad] l`] klYZadar]\ YjgeYla[

O/ klYl] j]\m[]k l`] HQIK ]f]j_q, El ak ogjl` fglaf_ l`Yl l`] af^dm]f[] g^ _jgmf\+klYl] YflaYjgeYla[alq

gf oYn]d]f_l` \a^^]jk ^jge l`] O/ YflaYjgeYla[alq j]da]^ e][`Yfake j][]fldq \ak[dgk]\ af kaf_d]

Z]fr]f] ^dmgjgh`gj]k,/0 P`] dYll]j Yj] YjgeYla[ af l`]aj O. Yf\ YflaYjgeYla[ af l`]aj O/, P`]aj O/ klYl]k

mf\]j_g _]ge]ljq j]dYpYlagf lg Ydd]naYl] l`] YflaYjgeYla[alq* dgkkaf_ l`]aj ]f]j_q Yf\ mdlaeYl]dq

_]f]jYlaf_ j]\ ]eakkagf, @]khal] kaf_d] Z]fr]f] ^dmgjgh`gj]k Z]af_ l`] da_`l]kl egd][md]k l`Yl ]p`aZal

j]\ ]eakkagf* l`]q YZkgjZ Zdm] da_`l \m] lg l`] n]jla[Yd ljYfkalagf Z]lo]]f l`] dgo+dqaf_ YjgeYla[ O.

klYl] Yf\ Y `a_`+dqaf_ O/ BjYf[c|?gf\gf hgafl* o`a[` [gmd\ daeal l`]aj mladalq af ZagYhhda[Ylagfk,

P`mk* =B \q]k ka_fa^q Y fglYZd] Y[[gehdak`e]fl Zq hmk`af_ l`] Zgmf\Yja]k g^ l`] oYn]d]f_l`+lg+

egd][mdYj+o]a_`l jYlag &SIN' af`]j]fl af [gfn]flagfYd \q]k,~



Scheme 1 | Concept of antiaromatic dyes, and comparison between AF dyes and conventional dyes a,a, The 

concept description of heteroatom-free antiaromatic molecular dyes. H]^l8 [geegf \q]k oal` _jgmf\ klYl] klYl] 

YjgeYla[alq* ja_`l8 =B \q]k oal` _jgmf\ klYl] YflaYjgeYla[alq, b,b, Graphic showing the relationship between 

molecular weight (MW) and wavelength of different types of fluorescent dyes. =dd \q]k o]j] fmeZ]j]\* Yf\ l`]aj 

[gjj]khgf\af_ [`]ea[Yd kljm[lmj]k Yf\ hjgh]jla]k o]j] k`gof af O[`]e] O0 Yf\ PYZd] O/, ?`YjY[l]jk km[` Yk ?`YjY[l]jk km[` Yk 

B@/.6. Yf\ >P?/.5. o]j] Y\ghl]\ ^jge l`]aj fYe]k af hj]nagmk dal]jYlmj]k,k,



N]na]o]j $1 &N]eYjck lg l`] =ml`gj'8

General comment: OR_ Ve R] Via]`cVU R _Vh dVe `W W]f`c`aY`cVd hYZTY hYV_ T`^aRcVU e` VRc]ZVc `_Vd

RcV d^R]]Vc R_U eYZd ScZ_Xd R _f^SVc `W SV_VWZed* 9d eYV f_ZbfV Raac`RTY Z_ eYVZc ^`]VTf]Rc UVdZX_

eYVj ^R\V fdV `W Xc`f_U deReV R_eZRc`^ReZTZej+ViTZeVU deReV Rc`^ReZTZej* OVe( Ze Zd eYV T`^afeReZ`_R]

Z_gVdeZXReZ`_d `W eYV Rc`^ReZTZej VWWVTed eYRe RcV eYV hVR\Vde Z_ eYV ^R_fdTcZae7 WRc SV]`h eYV bfR]Zej

`_V TR_ ViaVTe e` WZ_U Z_ R aRaVc afS]ZdYVU Z_ R YZXY)Z^aRTe [`fc_R]*

Response: S] kaf[]j]dq Yhhj][aYl] j]na]o]j $1 ^gj hjgna\af_ `ak-`]j afka_`l^md [gee]flk Yf\

km__]klagfk l`Yl `Yn] aehjgn]\ l`] eYfmk[jahl, Qf^gjlmfYl]dq* j]na]o]j $1 im]klagf]\ [jala[Yddq gf

l`] [gehmlYlagfYd k][lagf* hYjla[mdYjdq gf l`] ]ehdgq]\ [gehmlYlagfYd e]l`g\ gj l`]gj]la[Yd af\]p]k

mk]\ lg \]k[jaZ] l`] &Yfla'YjgeYla[alq g^ klm\a]\ egd][md]k af l`ak ogjc, Dgo]n]j* Yk o] j]Y\ l`]k]

im]klagfk* o] ^gmf\ egkl g^ l`] im]klagfk o]j] [Ymk]\ Zq l`] eakmf\]jklYf\af_k gf gmj hj]k]flYlagf*

o`a[` o] `Yn] [dYja^a]\ af l`] j]nak]\ eYfmk[jahl,

Comment: -& KYV Rc`^ReZTZej RddVdd^V_e Zd SRdVU `_ ^RX_VeZT %FA;J R_U 9;A<& R_U XV`^VecZT

Rc`^ReZTZej RdaVTed %TYR_XVd Z_ :D9&( jVe eYZd R_R]jdZd Zd gVcj f_T`_gZ_TZ_X* >Zcde( Ze Zd hcZeeV_ eYRe

FA;J R_U 9;A< hVcV TR]Tf]ReVU W`c eYV J- deReV( Y`hVgVc( eYVdV T`^afeReZ`_d hVcV RaaRcV_e]j U`_V

hZeY %hYRe eYV RfeY`cd TR]]& eYV <V]eRJ;> ^VeY`U* F` cVWVcV_TV Zd XZgV_ e` eYZd ^VeY`U( Sfe A dfdaVTe

eYRe Ze Zd eYV Raac`RTY hYZTY hRd fdVU Sj CRhRdYZ^R Ve R] Z_

Yeead6++`_]Z_V]ZScRcj*hZ]Vj*T`^+U`Z+-,*-,,.+R_ZV*.,-5,044.( R_U YVRgZ]j TcZeZTZkVU Sj CRcRUR\`g

R_U JRZe` Z_ Yeead6++`_]Z_V]ZScRcj*hZ]Vj*T`^+U`Z+Wf]]+-,*-,,.+R_ZV*.,.,,-5/0* KYRe T`^afeReZ`_R]

Raac`RTY Zd VRdj Sfe dY`f]U _VgVc SV fdVU Rd eYV deReV hYZTY cVdf]ed Zd _`e R afcV dZ_X]Ve deReV Sfe R

^Zi `W dZ_X]Ve R_U ecZa]Ve ^f]eZa]ZTZej* EfTY ^`cV fdVWf] h`f]U SV R d^R]] ;9JJ;>* GW T`fcdV( eYV

]ReeVc hZ]] _`e ac`gZUV eYV RfeY`cd hZeY R_ 9;A< a]`e( Sfe eYVj TR_ TR]Tf]ReV FA;J Re ;9JJ;> ]VgV]

hZeY eYV <R]e`_ ac`XcR^*

Response: Bajkl* l`] kg+[Ydd]\ �O?B e]l`g\ ak af\]]\ mk]\ af l`ak ogjc ^gj l`] ]p[al]\+klYl]

[Yd[mdYlagf Yf\ l`] Ykkg[aYl]\ hjgh]jla]k Yk l`] j]na]o]j e]flagf]\, D]j]af �O?B j]^]jk lg

[Yd[mdYlagfk mkaf_ l`] \a^^]j]f[] Z]lo]]f l`] _jgmf\+klYl] Gg`f+O`Ye &GO' ]f]j_q Yf\ l`] ]f]j_q

g^ Y GO \]l]jeafYfl j]hj]k]flaf_ Yf ]p[al]\ [gf^a_mjYlagf* oal` l`] ]f]j_q Z]af_ eafaear]\ k]d^+



[gfkakl]fldq oal` j]kh][l lg l`] gjZalYdk af ]Y[` [Yk] WVa]_d]j* ]l Yd, B* KYV`c* ;YZ^* 9TeR /755* 21*

04/9 DYal Yf\ D]Y\+Cgj\gf* B* HYjd* ;YV^* DVee* 0.0/* /0* 23/5X, P`] fglYlagf � ak mk]\ lg af\a[Yl]

GO ]f]j_q \a^^]j]f[]k oal` &^jgr]f' _jgmf\+klYl] gjZalYdk mk]\ af Zgl` GO \]l]jeafYflk WIggj] ]l Yd,*

B* ;YV^* KYV`cj ;`^afe, 0./3* //* 11.39 OglgqYeY* B* HYjd* ;YV^* 9 0.0/* /03* 26* /.151X, Bgj

]pYehd]* [gfka\]jaf_ Y log+d]n]d eg\]d oal` Yf ]p[alYlagf afngdnaf_ Y kaf_d] g[[mha]\ &Z'+najlmYd &R'

gjZalYd hYaj &a,],* DKIK+HQIK'* l`] daf]Yjar]\ P@@BP kaf_d]l ]p[alYlagf ]f]j_a]k Yj] _an]f Yk8

LA"WRRTW y z/^ x /`{ w ~FH�G]\
bb w G]\

bc
�FH� w :|FH-ILM

OL-FH}

o`]j] G]\
bc

&/*0' ak l`] T? j]khgfk] c]jf]d* zY Yf\ za Yj] _jgmf\+klYl] gjZalYd ]f]j_a]k* }/~ Yf\ }0~

af\a[Yl] l`] khYlaYd [ggj\afYl]k g^ Y hYaj g^ ]d][ljgfk, OaeadYjdq* l`] ]phj]kkagfk ^gj l`] kaf_d]l

]f]j_a]k gZlYaf]\ ^jge �O?B mkaf_ \]fkalq [`Yf_] �{ ^gj l`] ]p[alYlagf [Yf Z] ]phj]kk]\ Yk8

LA"VQT y z/^ x /`{ w
9

:
|.J-ILM

OL w G]\
bb-.J} x ~HH�G]\

bb x G]\
bc

�FF�

S] _j]Yldq Yhhj][aYl] l`] j]na]o]j ^gj hgaflaf_ l`ak gml* j]_Yj\af_ l`] �O?B e]l`g\ af l`ak ogjc

n]jkmk l`] Yfla+Ym^ZYm e]l`g\ Yk \]k[jaZ]\ af WGYoYk`aeY ]l Yd, 9_XVh* ;YV^* A_e* =U* 0./7* 36*

//464X, S] Z]da]n] l`Yl l`] log gf]k Yj] imal] kaeadYj Zml fgl ]pY[ldq l`] kYe], P`] eYaf \a^^]j]f[]

[ge]k ^jge l`] ]ehdgq]\ @BP T? c]jf]d, Ef l`] ogjc Zq GYoYk`aeY ]l Yd,* l`] lqha[Yd >1HUL

^mf[lagfYd oYk ]ehdgq]\* Zml af gmj ogjc l`] ghlaeYddq+lmf]\ jYf_]+k]hYjYl]\ &KPNO' \]fkalq

^mf[lagfYd H?+>HUL( o`gk] jYf_]+k]hYjYlagf hYjYe]l]j &�' oYk ghlaeYddq lmf]\ Y[[gj\af_ lg

GggheYfk� l`]gj]e, Kmj hj]nagmk klm\a]k `Yn] \]egfkljYl]\ l`Yl km[` Y KPNO e]l`g\* egj]

kmh]jagj lg l`gk] ljY\alagfYd `qZja\ ^mf[lagfYdk &a,], L>A.* >1HUL ]l Yd,'* [Yf hjgna\] Y ZYdYf[]\

\]k[jahlagf Z]lo]]f l`] ]d][ljgf \]dg[YdarYlagf Yf\ ]d][ljgf dg[YdarYlagf ]^^][lk* Yf\ ^mjl`]j hjg\m[]

j]daYZd] hj]\a[lagfk ^gj l`] ]d][ljgfa[ kljm[lmj]k Yf\ gl`]j ghlg]d][ljgfa[ hjgh]jla]k g^ gj_Yfa[

egd][mdYj kqkl]ek Wk]] Omf ]l Yd, B* ;YV^* KYV`cj ;`^afe, 0./3* //* 163/9 B* ;YV^* KYV`cj ;`^afe*

0./3* //* 11.39 B* ;YV^* KYV`cj ;`^afe* 0./2* /.* /.139 B* ;YV^* KYV`cj ;`^afe, 0./4* /0* 07.49

B* HYjd* ;YV^* DVee, 0./5* 6* 01719 B* ;`^afe* ;YV^, 0./4* 15* 4629 B* ;`^afe* ;YV^* 0./5* 16*

347X, Ef Y\\alagf* Gjgfac ]l Yd, \]egfkljYl]\ l`Yl l`] KPNO ^mf[lagfYd [Yf g^^]j Y ka_fa^a[Yfl

aehjgn]e]fl af hj]\a[laf_ Y[[mjYl] fm[d]Yj eY_f]la[ k`a]d\af_ &�' nYdm]k ^gj Y k]ja]k g^ h`gkh`af]

egd][md]k gn]j hghmdYj k]ea+dg[Yd Yf\ `qZja\ \]fkalq ^mf[lagfYdk WGjgfac ]l Yd, 9Ug* KYV`cj JZ^f],*

0.0.* 1* 0....61X, El k`gmd\ Z] fgl]\ l`Yl l`] h]j^gjeYf[] g^ @BP e]l`g\k af hj]\a[laf_ fm[d]Yj

eY_f]la[ j]kgfYf[] &JIN' j]dYl]\ hjgh]jla]k km[` Yk fm[d]mk af\]h]f\]fl [`]ea[Yd k`a^l &JE?O'

kljgf_dq \]h]f\k gf l`] kh][a^a[ egd][mdYj kqkl]ek WLYljY ]l Yd, ;YV^HYjd;YV^ 0.0/* 00* 076X,



Bmjl`]j* al `Yk Z]]f \]egfkljYl]\ ^gj Y dgf_ lae] l`Yl @BP+ZYk]\ �O?B oal` YhhjgpaeYl] @BP

^mf[lagfYdk &T? c]jf]d' [Yf [gfkakl]fldq _an] aehjgn]\ h]j^gjeYf[]k af [Yk]k o`]j] [gfn]flagfYd

daf]Yj+j]khgfk] P@@BP ^Yadk, Wk]] Ggf\g ]l Yd,* FRe* HY`e`_ZTd 0./7* /1* 4569 DYal ]l Yd,* B*

;YV^*KYV`cj ;`^afe* 0./4* /0* 11319 Iggj] ]l Yd,* B* ;YV^* KYV`cj ;`^afe* 0./1* 7* 277/9

Nm\gdh` ]l Yd,* B* ;YV^* HYjd* 0.//* 17/* 709 GgoYd[rqc ]l Yd,* B* ;YV^* HYjd, 0.//*/12* .32/06X,

Bgj l`] kYc] g^ kY^]lq* Yk l`] j]na]o]j [gee]fl]\* l`] Yfla+Ym^ZYm e]l`g\ oal` >1HUL ^mf[lagfYd

oYk mk]\ af WGYoYk`aeY ]l Yd, 9_XVh* ;YV^* A_e* =U* 0./7* 36* //464X Yf\ [jala[ar]\ Zq WGYjY\Ycgn

Yf\ OYalg* 9_XVh* ;YV^* A_e* =U* 0.0.* 37* 7006X Z][Ymk] al k`gmd\ fgl Z] mk]\ Yk l`] klYl] ak fgl Y

hmj] kaf_d]l klYl] Zml Y eap g^ kaf_d]l Yf\ ljahd]l emdlahda[alq, L]j j]na]o]j�k km__]klagf* l`]

[Yd[mdYlagfk Yl l`] ?=OO?B&0*0'-4+1/C&\' d]n]d o]j] Ydkg h]j^gje]\ mkaf_ @Ydlgf 0.00 kg^loYj] Yk

k`gof af l`] lYZd] Z]dgo, El [Yf Z] k]]f l`Yl Ydd l`j]] e]l`g\k _an] imYdalYlan]dq [gfkakl]fl hj]\a[lagf

j]kmdlk ^gj l`] JE?O&/'rr nYdm]k ^gj Zgl` O. Yf\ O/ klYl]k* Ydl`gm_` l`] ?=OO?B+hj]\a[l]\ nYdm] &+

44,.2' g^ O/ ak dYj_]j l`Yf l`gk] g^ @BP &+03,1. ^gj H?+>HUL( Yf\ +01,65 ^gj >1HUL', Dgo]n]j* al

k`gmd\ Z] fgl]\ l`Yl l`] ?=OO?B e]l`g\ eYq km^^]j ^jge l`] akkm]k km[` Yk [`ggkaf_ km^^a[a]fl

Y[lan] khY[] Yf\ ]d][ljgfk Yf\ dY[c g^ \qfYea[ ]d][ljgf [gjj]dYlagf WKllgkkgf ]l Yd, ;YV^H]fd;YV^

0./7* 62* 5/0X, S] `Yn] af[dm\]\ l`ak [Yd[mdYlagf j]kmdl af l`] j]nak]\ eYfmk[jahl (shown below),

Ef k`gjl* o] _j]Yldq l`Yfc l`] j]na]o]j ^gj jYakaf_ l`ak e]l`g\ akkm], P`] [geZaf]\ hjaeYjq

]ph]jae]flYd ]na\]f[]k Yf\ kmhhgjlaf_ l`]gj]la[Yd [Yd[mdYlagfk [gfkakl]fldq [gf^aje l`] eYaf

[gf[dmkagf g^ _jgmf\+klYl] YflaYjgeYla[alq Yf\ [gjj]khgf\af_ ]p[al]\+klYl] YjgeYla[alq ^gj \]ka_f]\

egd][md]k af l`ak ogjc, =f\ l`] eYaf [gf[dmkagf g^ l`] hj]k]fl klm\q \g]k fgl k]]e lg Z] Y^^][l]\ Zq

l`] \a^^]j]fl e]l`g\k, =\\alagfYddq* o] Yj] [gf^a\]fl l`Yl l`] �O?B e]l`g\ Y[[gehYfqaf_ oal` l`]

KPNO ^mf[lagfYd [Yf aehjgn] l`] hj]\a[lagf g^ JIN hjgh]jla]k &a,], JE?O' lg kge] ]pl]fl* [gehYj]\

lg l`] [geegf �O?B+>1HUL e]l`g\, KZnagmkdq* l`ak kmZlgha[ ak ogjl` ^mjl`]j j]k]Yj[` o`a[` o]

eYq j]k]jn] Yk Y kmZk]im]fl klm\q,

Page 16 in the main text:

>]ka\]k* lg ]p[dm\] l`] e]l`g\ \]h]f\]f[a]k* l`j]] e]l`g\k af[dm\af_ @BP+>1HUL* @BP+H?+

>HUL( Yf\ [gehd]l]+Y[lan]+khY[] k]d^+[gfkakl]fl ^a]d\ &?=OO?B' e]l`g\ o]j] mk]\ ^gj l`] k]d][l]\

=B1 \q] &PYZd] O1', Jgl] l`Yl l`] ?=OO?B [Yd[mdYlagf ak [geegfdq [gfka\]j]\ Yk Y klYf\Yj\

YhhjgY[` ^gj klm\qaf_ l`] eY_f]la[ hjgh]jla]k g^ O/ ]p[al]\ klYl] WKllgkkgf ]l Yd, ;YV^H]fd;YV^

0./7* 62* 5/09 GYjY\Ycgn ]l Yd, 9_XVh* ;YV^* A_e* =U* 0.0.* 37* 7006+701.X, El [Yf Z] k]]f l`Yl Ydd



l`] l`j]] e]l`g\k _an] imYdalYlan]dq [gfkakl]fl hj]\a[lagfk ^gj l`] JE?O&/'rr nYdm]k ^gj Zgl` O. Yf\

O/ klYl]k g^ =B1* kmhhgjlaf_ l`] eYaf [gf[dmkagf g^ l`ak ogjc,

Table S3 in the Supplementary Information:

Table S3. ?Yd[mdYl]\ JE?O&/'rr nYdm]k &hhe' ZYk]\ gf l`] []fljYd ^an]+e]eZ]j]\ jaf_ g^ =B1 mkaf_ l`j]] e]l`g\k

af[dm\af_ >1HUL* H?+>HUL( Yf\ ?=OO?B&0*0' oal` Y 4+1/C&\' ZYkak k]l, Jgl] l`Yl JE?O&/'rr oYk \]^af]\ Yk

l`] rr [gehgf]fl g^ l`] JE?O nYdm] dg[Yl]\ / Yf_kljge h]jh]f\a[mdYj lg l`] hdYf] YZgn] l`] ^an]+e]eZ]j]\ jaf_,

State B3LYP LC-BLYP* CASSCF(2,2)

O. 12,20 15,11 10,.5

O/ +01,65 +03,1. +44,.2

Comment: .& MZeY cVXRcU e` eYV 9;A< a]`ed Z_ >ZXfcV J3 eYVj RcV `W d` ViTVaeZ`_R]]j ]`h cVd`]feZ`_

eYRe VgV_ ZW A ^RX_ZWj e` 1,,$ A TR__`e gZVh eYV d^R]] TfccV_e UV_dZej Rcc`hd XV_VcReVU Sj eYV 9A;<

ac`XcR^ R_U hYZTY cVacVdV_e eYV R]]VXVU cZ_X TfccV_ed* KYV acVdV_e a]`ed RcV e`eR]]j ^VR_Z_X]Vdd R_U

Z_UZTReV eYRe eYV RfeY`cd RcV f_WR^Z]ZRc hZeY hYRe Zd cVbfZcVU W`c R ac`aVc %R_eZ&Rc`^ReZTZej

RddVdd^V_e*

Response: S] Yhgdg_ar] ^gj l`] af[gfn]fa]f[] [Ymk]\ Zq l`ak =?E@ hdglk af Ba_mj] O5* af o`a[` alk

dgo j]kgdmlagf eYq Yjak] ^jge l`] h\^ ^ad] [gehj]kkagf \mjaf_ kmZeakkagf, =dl]jfYlan]dq* o] hj]k]fl

`a_`+j]kgdmlagf =?E@ hdgl g^ Ydd =B \q]k &Ba_mj] O5+O0.* k]] Omhhd]e]flYjq Ef^gjeYlagf' Zq Y\\af_

ka_fa^a[Yfl j]\ Yjjgok lg k`go l`] [mjj]fl \]fkalq,

Revised ACID plot of AF3 (Figure S9) for example:



Figure S9. ?Yd[mdYl]\ =E?@ \aY_jYe g^ =B1 af O. Yf\ O/ klYl],

Comment: /& ;`^Z_X e` eYV FA;J UReR( Ze YRd SVV_ T]RcZWZVU _f^Vc`fd eZ^Vd eYRe dZ_X]V FA;J gR]fVd 

Re daVTZWZT a`Z_ed Z_ daRTV dY`f]U _VgVc SV fdVU W`c a`]jTjT]ZT ^`]VTf]Vd* A_deVRU `_V dY`f]U fdV 

FA;J NO dTR_d Rd T]VRc]j UVdTcZSVU Sj ?VcdY`_Z)H`cR__V R_U JeR_XVc Z_ Yeead6++TYV^Zdecj)

Vfc`aV*`_]Z_V]ZScRcj*hZ]Vj*T`^+U`Z+Wf]]+-,*-,,.+TYV^*.,-/,0/,3 KYV acVdV_e FA;J UReR dY`f]U SV 

cVTR]Tf]ReVU hZeY eYRe ^VeY`U*

Response: S] l`Yfc l`] j]na]o]j ^gj l`ak nYdmYZd] Y\na[], L]j j]na]o]j�k km__]klagf* l`] JE?O TU 

k[Yfk Yk \]k[jaZ]\ af WC]jk`gfa+LgjYff] ]l Yd,* ;YV^* =fc* B** 0./2* 0.* 3451X Yj] [Yjja]\ gml Yk k`gof 

Z]dgo (Figure R4), P`] j]\ daf] af l`] ea\\d] aeY_] k`gok l`] k[Yffaf_ hYl` oal` Y k[Yffaf_ afl]jnYd 

g^ .,/ t, Lgkalan] nYdm]k af\a[Yl] Yfla YjgeYla[alq* o`ad] f]_Ylan] nYdm]k af\a[Yl] YjgeYla[alq, P`] 

d]^l aeY_] k`gok l`] JE?O TU k[Yf Yl Y `]a_`l g^ / t mk]\ af gmj ogjc* a,],* JE?O &/'* o`ad] l`] 

ja_`l ka\] ak l`] /,5 t mk]\ af l`] j]^]j]f[]* a,],* JE?O &/,5', El [Yf Z] k]]f l`Yl l`] gn]jYdd lj]f\ ak 

[gfkakl]fl* kmhhgjlaf_ l`] eYaf [gf[dmkagfk af l`ak ogjc, S] `Yn] Ydkg [gf\m[l]\ JE?O TU k[Yfk

&JE?O&/'rrrr' ^gj Ydd =B \q]k &k`gof af Ba_mj] O0/',



Figure R4. JE?O+TU k[Yfk g^ =B1 af Zgl` O. &ZdY[c' Yf\ O/ &j]\' klYl], =dd l`] k[Yfk Yj] h]j^gje]\ Yl Y `]a_`l g^

/ t &d]^l' Yf\ /,5 t &ja_`l', P`] j]\ daf] af l`] ea\\d] aeY_] k`gok l`] k[Yffaf_ hYl` oal` Y k[Yffaf_ afl]jnYd g^

.,/ t,

Figure S21 in the Supplementary Information:



Figure S21. JE?O TU k[Yfk g^ =B \q]k af Zgl` O &ZdY[c' Yf\ O &j]\' klYl], =dd l`] k[Yfk Yj] h]j^gje]\ Yl Y ̀ ]a_`l 

g^ / t, P`] j]\ daf] af l`] Zgllge ja_`l aeY_] k`gok l`] k[Yffaf_ hYl` oal` Y k[Yffaf_ afl]jnYd g^ .,/ t,

Comment: 0& KYV R_R]jdZd `W eYV :D9 gR]fVd Zd `UU7 `_ aRXV 1 `W eYV ^R_fdTcZae Zd hcZeeV_ eYRe eYV 



:D9 Zd cVUfTVU e` -*/30 p -*02/ l( Y`hVgVc( Ze U`Vd _`e eV]] Wc`^ hYRe cR_XV* 9]d`( eYV ;; S`_U

]V_XeY cR_XV -*/30 p -*02/ l Zd bfZeV ]RcXV R_U _`e Z_UZTReZgV `W VieV_dZgV :RZcU)Rc`^ReZTZej Z_ eYV

J- deReV* A_UVVU( `_V TR_ dVV Z_ >ZXfcVd .V R_U .W eYRe eYV cVUfTeZ`_ Z_ :D9 fa`_ ViTZeReZ`_ Wc`^ J,

e` J- Zd cReYVc ^`UVde*

Response: S] l`Yfc l`] j]na]o]j ^gj l`ak nYdmYZd] [gee]fl Yf\ Yhgdg_ar] ^gj l`] eakmf\]jklYf\af_k

[Ymk]\ Zq gmj hj]k]flYlagf af l`] afalaYd n]jkagf g^ eYfmk[jahl, Ef gmj j]nak]\ eYfmk[jahl* o] Yhhda]\

l`] [gf[]hl g^ Zgf\ d]f_l` j]\akljaZmlagf afkl]Y\ g^ >H= lg \]k[jaZ] l`] [`Yf_]k af Zgf\ d]f_l`k mhgf

]p[alYlagf* Yk >H= ak hjaeYjadq Yhhda[YZd] lg Ydl]jfYfl `q\jg[YjZgfk* fgl n]jq kmalYZd] ^gj fgf+

Ydl]jfYfl |+[gfbm_Yl]\ kqkl]e km[` Yk l`] ^dmgj]f] kc]d]lgf, P`ak eg\a^a[Ylagf af l`] \]k[jahlagf \a\

fgl Ydl]j gmj ^afYd [gf[dmkagf,

Page 6 in the main text, the following paragraph was revised:

P`] ?1+?2 Zgf\ l`Yl [gff][lk l`] log Z]fr]f] jaf_k af l`] ^dmgj]f] kc]d]lgf ak \aklaf[ldq ]dgf_Yl]\

Yl /,264 t* kmjhYkkaf_ l`] d]f_l`k g^ gl`]j ?+? Zgf\k af l`] ^dmgj]f] kljm[lmj], P`]k] gZk]jnYlagfk

o]j] [gf^aje]\ af l`] ghlaear]\ O. _]ge]ljq &Ba_mj] 0]* 0^' ZYk]\ gf l`] \]fkalq ^mf[lagfYd l`]gjq

&@BP' [Yd[mdYlagfk, S`ad] ^gj l`] ghlaear]\ O/ kljm[lmj]* faf] ?+? Zgf\k mf\]j_g kmZklYflaYd Zgf\

d]f_l` [`Yf_]k* []fljYdaraf_ gf gf] ka\] g^ l`] ^dmgj]f] kc]d]lgf &?/1+?/* ?/+?0* ?0+?1* ?1+?2*

?2+?3* ?3+?4* ?4+?5* ?7+?2* ?1+?//'* oal` ]Y[` Zgf\ ]ph]ja]f[af_ Y [`Yf_] af d]f_l` Z]lo]]f

l`] O. Yf\ O/ klYl]k ]p[]]\af_ .,.03 t, S] `qhgl`]kar]\ l`Yl l`ak Zgf\ d]f_l` j]\akljaZmlagf ak dafc]\

lg l`] [`Yf_]k af YjgeYla[alq* Yk ^gj Ydd =B \q]k, Bmjl`]j* Zgl` fm[d]mk+af\]h]f\]fl [`]ea[Yd k`a^l

k[Yfk Ydgf_ l`] T Yf\ U Yp]k &JE?O+TU k[Yf' Yf\ [Yd[mdYlagfk g^ Yfakgljghq g^ l`] af\m[]\ [mjj]fl

\]fkalq &=E?@' af\a[Yl] Y `a_`dq dg[Ydar]\ YflaYjgeYla[alq af l`] ^an]+e]eZ]j jaf_ g^ l`] O. klYl]*

[gmhd]\ oal` af[j]Yk]\ YjgeYla[alq af l`] ]flaj] ^dmgj]f] kc]d]lgf g^ l`] O/ klYl] &Ba_mj]k O5+O0/',

P`]k] j]kmdlk km__]kl l`] hj]k]f[] g^ Yf YjgeYla[alq j]n]jkYd+af\m[]\ naZjgfa[ [gmhdaf_ af l`] O/+O.

fgfjY\aYlan] ljYfkalagf,

Comment: 1& >Rc e`` `WeV_ U` Rc`^ReZTZej R_R]jdVd Sj ViaVcZ^V_eR]Zded acZ^RcZ]j cV]j `_ ^RX_VeZT

Rc`^ReZTZej Z_UZTRe`cd( Y`hVgVc( eYVcV Zd R Xc`hZ_X S`Uj `W defUZVd eYRe dY`h eYV UZWWVcV_TV SVehVV_

^RX_VeZT Z_UZTVd( `_ eYV `_V dZUV( R_U V]VTec`_ZT R_U V_VcXVeZT Z_UZTVd `_ eYV `eYVc %dVV V*X*

Yeead6++TYV^Zdecj)Vfc`aV*`_]Z_V]ZScRcj*hZ]Vj*T`^+U`Z+Wf]]+-,*-,,.+d]Te*.,-2,.,4,&* KYfd( eYV



RfeY`cd dY`f]U T`_WZc^ eYV dhZeTY Z_ Rc`^ReZT R_U R_eZRc`^ReZT TYRcRTeVc fa`_ ViTZeReZ`_ Sj d`^V

V]VTec`_ZT Z_UVi %V*X* E;A& hYZTY TR_ SV Raa]ZVU e` S`eY J, R_U J- %eYV ]ReeVc Re K<)<>K ]VgV]&*

Response: S] l`Yfc l`] j]na]o]j ^gj l`] nYdmYZd] [gee]flk j]_Yj\af_ l`] nYjagmk eY_f]la[ af\a[]k

l`Yl eYq aehjgn] l`] l`]gj]la[Yd YfYdqkak af l`ak ogjc, L]j j]na]o]j�k km__]klagf* Y k]ja]k g^ ]d][ljgfa[

af\]p]k mk]\ ^gj [`YjY[l]jaraf_ eY_f]la[ YjgeYla[alq km[` Yk emdla[]fl]j af\]p &I?E'* ]d][ljgf

dg[YdarYlagf ^mf[lagf+ha &AHB+ha' Yf\ O`Yffgf YjgeYla[alq &O=' Yj] [Yd[mdYl]\ as shown in Figure

R5 below mkaf_ l`] Imdlao^f [g\] WHm ]l Yd, B* ;`^afe* ;YV^** 0./0* 11* 36.X, Bajkl* ^gj I?E

WCaYeZaY_a ]l Yd, B* HYjd* ;YV^* 9* 0..4* //.* 54209 L]\]jk]f ]l Yd, IJ; 9Ug,* 0.00* /0* 061.X* l`]

dYj_]j l`] I?E nYdm]* l`] kljgf_]j l`] YjgeYla[alq, El [Yf Z] k]]f l`Yl l`] I?E nYdm]k Yj] af l`] gj\]j

g^ O/+P@@BP &.,/.3' < O/+�O?B &.,/.1' < O. &.,/.0', Dgo]n]j* al k`gmd\ Z] fgl]\ l`Yl l`] I?E

[Yffgl Z] mk]\ lg \]l]jeaf] l`] YflaYjgeYla[alq kaf[] l`] YflaYjgeYla[ kqkl]ek lqha[Yddq hgkk]kkaf_

n]jq keYdd I?E l`Yl ak af\aklaf_mak`YZd] ^jge l`gk] oal` o]Yc YjgeYla[alq Wk]] Hm ]l Yd, B* ;`^afe*

;YV^** 0./0* 11* 36. Yf\ alk eYfmYdX, Bgj AHB+ha WOYflgk ]l Yd, B;H* 0..2* /0.* /45.X* l`] khY[]

]f[dgk]\ Zq l`] `a_`]j AHB nYdm]k eYc]k al ]Yka]j ^gj ]d][ljgfk lg \]dg[Ydar] oal`af l`ak khY[] Yf\

kaemdlYf]gmkdq egj] \a^^a[mdl lg hghmdYl] gmlka\] g^ l`ak khY[], P`] hgkalagf af\a[Yl]\ Zq l`] j]\

Yjjgo ak [Ydd]\ Y Za^mj[Ylagf hgafl* gf o`a[` dYj_]j AHB+ha nYdm]k km__]kl l`] egj] YjgeYla[,

=[[gj\af_ lg l`] \]^afalagf g^ AHB+ha nYdm] af WLgYl]j ]l Yd, ;YV^* IVg, 0..3* /.3* 17//X* l`]

egd][md]k oal` AHB+ha g^ .,/5s.,13 [gjj]khgf\ lg Yf YflaYjgeYla[ [`YjY[l]j, P`mk* al [Yf Z] k]]f l`Yl

l`] AHB+ha nYdm] g^ .,/6 ^gj l`] O. klYl] g^ =B1 af\a[Yl]k alk YflaYjgeYla[alq Yf\ l`] gf] g^ .,21 ^gj

l`] O/ klYl] km__]klk Y kmZld] YjgeYla[ [`YjY[l]j, Bgj O`Yffgf YjgeYla[alq &O=' WJggjarY\]` ]l Yd,

H;;H* 0./.* /0* 2520X* l`] O= af\]p j]da]k gf l`] ]d][ljgfa[ af^gjeYlagf &O`Yffgf' ]fljghq Yl l`]

Zgf\ [jala[Yd hgaflk &>?L', P`] keYdd]j l`] O= nYdm] l`] kljgf_]j l`] YjgeYla[alq* ^gj ]pYehd]* l`]

Z]fr]f] egd][md] hgkk]kk]k l`] O= nYdm] g^ r]jg* af\a[Ylaf_ alk _gg\ YjgeYla[alq, Pqha[Yddq* l`] O=

nYdm] g^ : .,..1 [gjj]khgf\k lg Yf YjgeYla[ [`YjY[l]j Yf\ l`] gf] g^ < .,..3 Yk YflaYjgeYla[alq, P`]

[Yd[mdYl]\ O= nYdm] g^ .,../70 ^gj l`] O/ klYl] g^ =B1 [gf^ajek alk ka_fa^a[Yfl YjgeYla[alq g^ O/ klYl]

Zml l`] keYdd]j nYdm] g^ .,../61 ^gj l`] O. klYl] ^Yadk lg hj]\a[l alk YflaYjgeYla[alq g^ O. klYl],

Pg [gf[dm\]* Ydl`gm_` l`] [Yd[mdYl]\ ]d][ljgfa[ af\]p]k ^gj YfYdqraf_ &Yfla'YjgeYla[alq [Yf

hjgna\]k Y\\alagfYd nYdmYZd] af^gjeYlagf ^jge l`] h]jkh][lan] g^ ]d][ljgf \]dg[YdarYlagf-hghmdYlagf*

al k]]ek l`Yl l`] o]dd+]klYZdak`]\ [Yd[mdYlagfk ZYk]\ gf l`] fm[d]mk+af\]h]f\]fl [`]ea[Yd k`a^l &JE?O'

Yf\ Yfakgljghq g^ l`] af\m[]\ [mjj]fl \]fkalq &=E?@' [Yf af\]]\ hjg\m[] \aj][l Yf\ j]daYZd]



hj]\a[lagfk g^ YflaYjgeYla[alq g^ l`] O. klYl] Yf\ YjgeYla[alq g^ l`] O/ klYl] ^gj =B1 af l`ak ogjc,

Figure R5. ?Yd[mdYl]\ ]d][ljgfa[ af\]p]k mk]\ ^gj [`YjY[l]jaraf_ eY_f]la[ YjgeYla[alq af[dm\af_ emdla[]fl]j af\]p

&I?E'* ]d][ljgf dg[YdarYlagf ^mf[lagf+ha &AHB+ha' Yf\ O`Yffgf YjgeYla[alq &O=' o`gk] \]lYad]\ \]^afalagf g^

^gjemdY [Yf Z] ^gmf\ af Hm ]l Yd, B* ;`^afe* ;YV^** 0./0* 11* 36. Yf\ l`] eYfmYd g^ Imdlao^f [g\],

Comment: 2& KYV cVWVcV_TVd `_ eYV ViTZeVU deReV Rc`^ReZTZej RcV _`e ac`aVc]j dV]VTeVU R_U a]RTVU*

KYV ;YV^ IVg Sj I`dV_SVcX Ve R] `_ ViTZeVU deReV %R_eZ&Rc`^ReZTZej %cVW .,& Zd fdVU Rd R cVWVcV_TV W`c

@mT\V])Rc`^ReZTZej Z_ eYV Xc`f_U deReV( R_U eYV afcV]j T`^afeReZ`_R] defUj Sj CRcRUR\`g %cVW /-& Zd

fdVU e` dfaa`ce eYRe Ze qYRd SVV_ ViaVcZ^V_eR]]j ac`gVU eYRe P:RZcUsd cf]VQ ]Z\VhZdV Raa]ZVd e` eYV

]`hVde dZ_X]Ve ViTZeVU deReVr* Ae Zd `SgZ`fd eYRe eYV RfeY`cd YRgV _`e cVRU eYV ]ZeVcRefcV `_ ViTZeVU deReV

Rc`^ReZTZej ac`aVc]j* >`c ViaVcZ^V_eR] defUZVd hYZTY dfaa`ce eYRe :RZcUsd cf]V TR_ SV Raa]ZVU e` eYV

]`hVde dZ_X]Ve ViTZeVU deReVd A ac`a`dV e` TZeV Yeead6++afSd*RTd*`cX+U`Z+-,*-,.-+[R,,,2,R,2/ %e`XVeYVc

hZeY Yeead6++TYV^Zdecj)Vfc`aV*`_]Z_V]ZScRcj*hZ]Vj*T`^+U`Z+Wf]]+-,*-,,.+Ta]f*.,-5,,,22&(

Yeead6++hhh*_RefcV*T`^+RceZT]Vd+d0-023),-3),,/4.)- R_U

Yeead6++afSd*RTd*`cX+U`Z+Wf]]+-,*-,.-+[RTd*,T,12--* A_ RUUZeZ`_ e` eYV ;YV^ IVg Sj I`dV_SVcX A

ac`a`dV e` RUU eYV cVTV_e cVgZVh Sj OR_ Ve R] %Yeead6++TYV^Zdecj)

Vfc`aV*`_]Z_V]ZScRcj*hZ]Vj*T`^+U`Z+Wf]]+-,*-,,.+TYV^*.,..,/304&* KYV T`^afeReZ`_R] aRaVc Sj

CRcRUR\`g %cVW /-& dY`f]U UVWZ_ZeV]j SV XZgV_( jVe A h`f]U R]d` RUU

Yeead6++afSd*cdT*`cX+V_+T`_eV_e+RceZT]V]R_UZ_X+.,--+Ta+T-Ta.../5S R_U



Yeead6++afSd*RTd*`cX+U`Z+-,*-,.-+RTd*[`T*2S,.02,

A R]d` eYZ_\ eYVj dY`f]U TZeV HVeVc MR_sd aZ`_VVcZ_X ViaVcZ^V_eR] h`c\ `_ aY`e`d`]g`]jdZd e` W]f`cV_j]

TReZ`_d( dVV Yeead6++afSd*cdT*`cX+V_+T`_eV_e+RceZT]V]R_UZ_X+-541+T/+T/541,,,-.,3

Response: S] _j]Yldq l`Yfc l`] j]na]o]j ^gj l`] [Yj]^md j]Y\af_ Yf\ km__]klagfk ^gj l`] j]dYl]\

j]^]j]f[]k [al]\ af l`ak ogjc, L]j j]na]o]j�k km__]klagf* o] Y[[gj\af_dq [al] l`]k] hYh]jk af l`]

j]nak]\ j]^]j]f[]k (shown below),

Page 2 in the main text:

Ef l`] _jgmf\ klYl]* Dm� [c]d�k jmd] jYlagfYdar]k l`] ]f`Yf[]\ klYZadalq g^ YjgeYla[ kqkl]ek WO[`d]q]j,

;YV^* IVg* 0../* /./* ///3+///6X* Yf\ l`mk \][j]Yk] DKIK ]f]j_q,

Page 3 in the main text:

,,, Yf\ al `Yk Z]]f [gehmlYlagfYddq WGYjY\Ycgn ]l Yd, B* HYjd* ;YV^* 9 0..6* //0* 51.1+51.79 B]apYk

]l Yd, HYjd* ;YV^* ;YV^* HYjd* 0.//* /1* 0.47.+0.5.19 GYjY\Ycgn ]l Yd, B* GcX* ;YV^* 0./4* 6/*

//124+//130X Yf\ ]ph]jae]flYddq WO`mcdY ]l Yd, B* 9^* ;YV^* J`T* /771* //3* 077.+077/9 Kllgkkgf

]l Yd, ;YV^H]fd;YV^ 0./7* 62* 5/0+50/9 Q]\Y ]l Yd, FRe* ;`^^f_* 0./5* 6* 1249 GglYfa ]l Yd, B* 9^*

;YV^* J`T* 0.0.* /20* /2763+/2770X hjgn]\ l`Yl l`ak jmd] dac]oak] Yhhda]k lg l`] dgo]kl kaf_d]l klYl],

Kf] eYq ]ph][l Y fYlmjYddq j]\m[]\ DKIK+HQIK _Yh af Y W2_X|+]d][ljgf kqkl]e Z][Ymk] _jgmf\+

klYl] YflaYjgeYla[alq ]f]j_]la[Yddq jYak]k DKIK d]n]d o`ad] ]p[al]\+klYl] YjgeYla[alq \][j]Yk]k

HQIK d]n]d WNgk]fZ]j_ ]l Yd, ;YV^* IVg* 0./2* //2* 3157+32039 Ngk]fZ]j_ ]l Yd, ;YV^* =fc* B* 0./2*

07* ]0.00.1526X &O[`]e] /Y ja_`l',

=l l`] gmlk]l* o] \]nak]\ Y [gehY[l [`jgegh`gj] mfal ^]Ylmjaf_ log Yeaf] _jgmhk dafc]\ lg l`]

?1 Yf\ ?4 hgkalagf g^ Y [Ylagfa[ ^dmgj]f] kc]d]lgf* o`a[` af[gjhgjYl]k Y 2|+]d][ljgf ^an]+e]eZ]j]\

jaf_ Yk Yf YflaYjgeYla[ [gj] WSYf ]l Yd, B* ;YV^* J`T*( ;YV^* ;`^^f_** /763* /0.5+/0.6X &O[`]e]

O/Y',

Comment: 3& >Z_R]]j( A h`_UVc hYj eYVj YRgV fdVU UZWWVcV_e Wf_TeZ`_R]d W`c UZWWVcV_e ac`aVceZVd8 KYV

`cSZeR]d R_U `cSZeR]d V_VcXZVd Z_ >ZXfcV J/ hVcV TR]Tf]ReVU hZeY D;):DOH' hYZ]V eY`dV Z_ JTYV^V -

Sj :/DOH*

Response: L]j j]na]o]j�k km__]klagf* l`] gjZalYdk Yf\ gjZalYdk ]f]j_a]k af l`] O[`]e] O/ Yj]



j][Yd[mdYl]\ Yf\ j]hdgll]\ oal` l`] [gfkakl]fl H?+>HUL( ^mf[lagfYd,

Scheme S1 in SuppScheme S1 in Supplementarylementary Information:nformation:

Scheme S1.1. &Z' DKIK-HQIK ]f]j_q d]n]d Yf\ �A [gehYjakgf g^ =B Yf\ hqjgfaf kc]d]lgf k`gok l`] _Yh 

fYjjgoaf_ ]^^][l g^ YflaYjgeYla[ kc]d]lgf afljg\m[lagf, P`] [Yd[mdYlagf oYk [gf\m[l]\ mkaf_ &P@'@BP Yl l`] H?H?+

>HUL(-\]^ PVRL oal` @?I af L?I kgdn]fl eg\]d,

Comment: Jf^^RcZkVU( eYV bfR]Zej `W eYV %ViTZeVU deReV& Rc`^ReZTZej R_R]jdZd Zd WRc SV]`h hYRe TR_ 

SV ViaVTeVU Wc`^ R ^R_fdTcZae dfS^ZeeVU e` R YZXY)Z^aRTe [`fc_R] dfTY Rd FRe* ;`^^f_* KYV 

Rc`^ReZTZej R_R]jdZd Zd gVcj daVTf]ReZgV R_U Z_dfWWZTZV_e]j dfaa`ceVU* KYVcV RcV ^R_j ^`cV ZeV^d e` 

RUUcVdd R]d`( jVe ^j eZ^V Zd dZ^a]j ]Z^ZeVU* KY`dV ZeV^d hZ]] _VVU e` SV RUUcVddVU Z_ WfceYVc a`eV_eZR] 

cVgZdZ`_d*

Response: S] Yj] YdoYqk n]jq _jYl]^md lg l`] j]na]o]j ^gj l`] ]^^gjlk* hjg^]kkagfYd km__]klagfk Yf\ 

afka_`l^md [gee]flk l`Yl mf\gmZl]\dq `Yn] aehjgn]\ gmj eYfmk[jahl, S] ljq gmj Z]kl lg j]egn] l`] 

eakmf\]jklYf\af_k gf gmj hj]k]flYlagf Yf\ Y\\j]kk l`] akkm]k Yk j]na]o]j hgafl]\ gml, S] `gh] l`Yl 

o] `Yn] [dYja^a]\ af l`] j]nak]\ eYfmk[jahl l`jgm_` l`] hgafl lg+hgafl j]khgfk] Yk k`gof YZgn],



REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

The manuscript has been improved and is ready for publicafion.

Reviewer #3 (Remarks to the Author):

The authors have added NICS results at CASSCF level, which was one of the items I requested in my 

earlier report, their ACID plots are of much befter resolufions, and they have carried out NICS-XY scans. I 

am safisfied with these changes. What needs some more aftenfion are their new results of the electronic 

aromaficity indices and their subsequent analysis. I hope what I write below is of help in strengthening 

this part of their study.

When I inifially viewed the data from the electronic indices, I did a different evaluafion than what the 

authors do. However, when considering a few things, I will possibly come to another conclusion after I 

see some further data. Their present results are inconclusive and they need to do a few addifional 

computafions, which all are straighfforward.

First the MCI results: In their response lefter, they report MCI values of the S0 and S1 states which are 

essenfially the same (0.1025 for S0 with KS-DFT and 0.1051 for S1 with TDDFT). However, the dilemma is 

that they compare MCI results computed with Kohn-Sham DFT with those computed with TD-DFT, i.e., 

they compare "apples and oranges". When taking into account that TDDFT underesfimates MCI values 

when compared to KS-DFT (see Table 3 in hftps://chemistry-

europe.onlinelibrary.wiley.com/doi/epdf/10.1002/cplu.201900066) one can speculate that the MCI value 

of their S1 state should be higher than that of the S0 state, and then it may indicate some S1 aromafic 

character. The authors should do a few addifional items: (i) they should instead compare MCI values 

computed at CASSCF(2,2) level for the S0 and S1 states, and (ii) they can check how similar the electron 

configurafion of the T1 state is to that of the S1 state (apart from the mulfiplicity difference), and if the 

states are similar, they should report and analyze the MCI value obtained with KS-DFT for the T1 state 

and compare with the S0 state.

Then the ELFpi results: For the S1 state the authors report an ELFpi bifurcafion value of 0.43, but in the 

review in Chem Rev from 2005, Poater et al writes "The values of ELFpi are in the 0.11-0.35 range for 

anfiaromafic compounds, whereas they are >0.70 for aromafic compounds." Thus, the value 0.43 is well 

below anything that represents aromaficity (indeed closer to anfiaromafic than aromafic). The dilemma 

is that the authors have selected the bifurcafion value at one of the C-C bonds of the flanking benzene 

rings and not the ring-closure bifurcafion value in the central 5-MR (which is what I would choose). 

Viewing the S1 state ELFpi surface in their response lefter, it looks as if the ring-closure bifurcafion value 

will be higher for the 5-MR, possibly within the range of aromaficity (i.e. above 0.70). Furthermore, if the 



T1 and S1 states are similar with respect to electron configurafions, they may want to look at the ELFpi of 

the T1 state which can be computed with KS-DFT similar as the S0 state. Indeed, usage of ELFpi to 

analyze the triplet state Baird-aromaficity of the cyclopentadienyl cafion has been reported (see 

hftps://chemistry-europe.onlinelibrary.wiley.com/doi/full/10.1002/cphc.200700540), and they may want 

to compare against that as it would represent maximal Baird-aromaficity of a 5-MR.

At this point I would like to raise a final concern: The magnefic indices NICS and current densifies from 

AICD suggest a reversal in the anfiaromafic and aromafic upon excitafion from S0 to S1, but the results 

from the electronic MCI and ELFpi indices do not. This may change with the addifional data that I 

request, however, such divergent results have been observed gradually more in recent years (see list of 

papers below). Often magnefic aromaficity descriptors tell that a certain ring is aromafic or anfiaromafic 

while electronic and/or energefic descriptors tell that the ring is nonaromafic. If the electronic indices 

sfill indicate the 5-MR in the compounds of the authors is nonaromafic in S1, then I recommend the 

authors to be open with this difference in their manuscript. This is much befter than to tweak the 

conclusion towards a statement that there is an aromaficity/anfiaromaficity reversal. Their paper will 

actually be of much higher scienfific value if they are open with the difference in the results between the 

magnefic and electronic indices. In this context they may want to read secfion 2 and consider Figure 2 in 

the paper hftps://chemistry-europe.onlinelibrary.wiley.com/doi/epdf/10.1002/chem.202203748

Papers where differences between magnefic vs. electronic and energefic indices are observed:

hftps://chemistry-europe.onlinelibrary.wiley.com/doi/full/10.1002/slct.201602080

hftps://onlinelibrary.wiley.com/doi/full/10.1002/poc.4455

hftps://pubs.acs.org/doi/full/10.1021/acs.joc.3c01807

hftps://pubs.acs.org/doi/full/10.1021/jacs.3c07335

Finally, the results with electronic indices should be included into the ESI and menfioned in the 

manuscript. As the anfiaromaficity/aromaficity reversal is central to the manuscript it is also odd that 

none of the figures in the manuscript contains any aromaficity informafion (apart from panels e and f in 

Figure 2).

Reviewer #4 (Remarks to the Author):

In this manuscript, the authors designed a new series of ultra-photostable aminofluorene (AF) dyes with 

mini structures for NIR-II imaging. Employing an anfiaromafic design strategy, these dyes demonstrated 

advantages in various bioapplicafion scenarios. The manuscript exhibits logical coherence and 

meficulous organizafion, sufficient data support to substanfiate the views elucidated by the authors. 

While the AF dyes may not be the brightest in comparison to exisfing NIR-II probes, this study is the first 

to highlight the potenfial of bioapplicafions based on an anfiaromafic fluorophore and the methodology 

is sound. In the previous revision, the authors adequately addressed quesfions from other reviewers 

with more details provided, thereby enhancing the credibility of the data and improving the manuscript's 

quality. I therefore recommend acceptance of the manuscript after addressing several minor concerns 



below.

1.The authors concentrated their studies on AF3 and its derivafives in the manuscript. Therefore, I 

suggest incorporafing addifional details about the photophysical properfies of AF3, including absorpfion 

and emission spectra, quantum yield (QY), etc., in various solufions, parficularly in PBS, which is 

biologically relevant. The data presented in Table 1 may not be sufficient to adequately highlight AF3.

2.The authors menfioned that AF3-COOH and AF3-Dextran could be made water-soluble through simple 

modificafion. It would be valuable to provide informafion on the water-solubility of the primifive AF3 

and other AF dyes. Specifically, how does their water-solubility compare to exisfing NIR-II dyes like 

IR1048? This is noteworthy, especially considering the statement made by the authors regarding "larger 

dye skeletons likely resulfing in poor solubility." Please provide addifional insights on this aspect.

3.In Figure S6, the authors compared the photostability of AF3 and IR1048 under 200 kW cm-2 laser 

irradiafion. While this high-power density is effecfive for highlighfing the photostability of AF3, it may 

not be representafive of suitable applicafion scenarios, especially in cellular environments where the 

photothermal effect of such high-power density could lead to cell death. It is recommended that the 

authors comment on the applicafion potenfial of the high-power density appropriately in their 

manuscript.

4.On page 7, line 183, the authors menfioned, "though, the absorbance of AF4, AF7 and AF11 showed a 

decline when the GSH concentrafion exceeded 100 µM," while in Figure S22, it appears that AF13 rather 

than AF11 exhibited a decline. Please clarify this discrepancy in the text for accuracy.

5.In Figure 3b, the plot appears to be somewhat confusing. I suggest using either a dot-line or a bar 

graph for both Signal-to-Background Rafio (SBR) and intensity to enhance clarity. Addifionally, the 

representafion of black lines and yellow bars in Figure 3d and 3e is unclear. It would be helpful to clearly 

indicate whether they represent the mean ± standard deviafion (s.d.) in the figure capfion for befter 

interpretafion.



Reviewer #1 (Remarks to the Author): 

 

General comment: The manuscript has been improved and is ready for publication. 

Response: We sincerely appreciate the reviewer #1 for the positive comment. 

 

Reviewer #3 (Remarks to the Author): 

General comment: The authors have added NICS results at CASSCF level, which was one of the 

items I requested in my earlier report, their ACID plots are of much better resolutions, and they have 

carried out NICS-XY scans. I am satisfied with these changes. What needs some more attention are 

their new results of the electronic aromaticity indices and their subsequent analysis. I hope what I 

write below is of help in strengthening this part of their study. 

When I initially viewed the data from the electronic indices, I did a different evaluation than what the 

authors do. However, when considering a few things, I will possibly come to another conclusion after 

I see some further data. Their present results are inconclusive and they need to do a few additional 

computations, which all are straightforward. 

Response: We greatly appreciate reviewer #3 for the positive comments on our revisions and also 

providing his/her insightful suggestions. Per reviewer’s suggestions, we have made point-to-point 

responses to the questions raised by reviewer and hope that these issues left have been clarified in the 

revised manuscript. 

 

Comment: 1) First the MCI results: In their response letter, they report MCI values of the S0 and S1 

states which are essentially the same (0.1025 for S0 with KS-DFT and 0.1051 for S1 with TDDFT). 

However, the dilemma is that they compare MCI results computed with Kohn-Sham DFT with those 

computed with TD-DFT, i.e., they compare "apples and oranges". When taking into account that 

TDDFT underestimates MCI values when compared to KS-DFT (see Table 3 in https://chemistry-

europe.onlinelibrary.wiley.com/doi/epdf/10.1002/cplu.201900066) one can speculate that the MCI 

value of their S1 state should be higher than that of the S0 state, and then it may indicate some S1 

aromatic character. The authors should do a few additional items: (i) they should instead compare 

MCI values computed at CASSCF(2,2) level for the S0 and S1 states, and (ii) they can check how 



similar the electron configuration of the T1 state is to that of the S1 state (apart from the multiplicity 

difference), and if the states are similar, they should report and analyze the MCI value obtained with 

KS-DFT for the T1 state and compare with the S0 state. 

Response: We thank the reviewer for this valuable advice and totally agree with the additional 

calculations for MCI index. Per reviewer’s suggestion, firstly the MCI values for both S0 and S1 states 

are computed at the CASSCF(2,2)/6-31G(d) level. It can be seen that the MCI values from CASSCF 

calculations are too small due to the insufficient dynamic electron correlation [ChemPlusChem 2019, 

84, 712–721]. The MCI value of the S1 state is indeed higher than that of the S0 state, indicating some 

S1 aromatic character.  

Table S4. MCI indexes (in electrons) for AF3 in the S0, S1, and T1 states computed at various levels. 

Methods S0 S1 T1 

LC-BLYP* 0.1025 0.1030 (∆SCF) 

0.1051/0.1039 (TD/TDA) a 

0.1126 (UDFT) b 

0.1092 (TDA) a 

B3LYP 0.0654 0.0670 (TD) 0.0726 (UDFT) b 

CASSCF(2,2) 0.0159 0.0183 0.0224 

athe Tamm−Dancoff approximation (TDA) scheme of TD-DFT is shown to reliably predict triplet 

excited state versus traditional TD-DFT. bunrestricted density functional theory (UDFT). 

Furthermore, considering that the typical TDDFT underestimates MCI values versus KS-DFT, the 

excited-state characters for both S1 and T1 are revealed through the analysis of the natural transition 

orbitals (NTOs) and the electron configurations (see Figure S21a below). The results suggest that the 

character of T1 state is quite similar to that of S1 state, and the NTOs of T1 state by TDA-DFT looks 

almost the same as its singly occupied molecular orbitals (SOMOs). Thus, the MCI values are also 

calculated for both S1 and T1 states (Table S4). The UDFT-calculated MCI values of T1 state are 

obviously larger than that of S0 state, suggesting more aromatic character of excited state.   



 

Figure S21. (a) The analysis of the natural transition orbitals (NTOs) using TDA-DFT and the 

electron configurations based on singly occupied molecular orbitals (SOMOs) using UDFT. 

In the Supporting Information, we add the Table S4, Figure S21 and the following resulting 

comments as supplementary note for Figure S21: 

For MCI [Giambiagi et al. J. Phys. Chem. A, 2006, 110, 7642; Pedersen et al. RSC Adv., 2022, 12, 

2830], the larger the MCI value, the stronger the aromaticity. Considering the fact that the typical 

TDDFT underestimates MCI values for S1 state, the MCI values for T1 state possessing similar excited 

state characters vs. S1 state (Figure S21a) are obtained using unrestricted KS-DFT method. It can be 

seen that the MCI values are in the order of T1-UDFT (0.1126) > S1-TD/TDA (0.1051/0.1039) > S1-

ΔSCF (0.1030) > S0 (0.1025). In addition, the MCI values for both S0 and S1 states are also computed 

at the CASSCF(2,2)/6-31G(d) level. All the calculated MCI values of T1 states are larger than that of 

S0 state, suggesting more aromatic character of excited state. Last but not least, it should be noted 

that the MCI is not a good choice to determine the antiaromaticity since the antiaromatic systems 

typically possessing very small MCI that is indistinguishable from those with weak aromaticity [see 

Lu et al. J. Comput. Chem., 2012, 33, 580 and its manual]. 



 

Figure S21. (b) Calculated electronic indexes based on multicenter index (MCI) and electron 

localization function-π (ELF-π) used for characterizing aromaticity in the five-member ring of AF3 

and detailed definition of formula can be found in Lu et al. J. Comput. Chem., 2012, 33, 580 and the 

manual of Multiwfn code. 

 

Comment: 2) Then the ELFpi results: For the S1 state the authors report an ELFpi bifurcation value 

of 0.43, but in the review in Chem Rev from 2005, Poater et al writes "The values of ELFpi are in the 

0.11-0.35 range for antiaromatic compounds, whereas they are >0.70 for aromatic compounds." Thus, 

the value 0.43 is well below anything that represents aromaticity (indeed closer to antiaromatic than 

aromatic). The dilemma is that the authors have selected the bifurcation value at one of the C-C bonds 

of the flanking benzene rings and not the ring-closure bifurcation value in the central 5-MR (which 

is what I would choose). Viewing the S1 state ELFpi surface in their response letter, it looks as if the 

ring-closure bifurcation value will be higher for the 5-MR, possibly within the range of aromaticity 

(i.e. above 0.70). Furthermore, if the T1 and S1 states are similar with respect to electron 

configurations, they may want to look at the ELFpi of the T1 state which can be computed with KS-

DFT similar as the S0 state. Indeed, usage of ELFpi to analyze the triplet state Baird-aromaticity of 

the cyclopentadienyl cation has been reported (see https://chemistry-

europe.onlinelibrary.wiley.com/doi/full/10.1002/cphc.200700540), and they may want to compare 



against that as it would represent maximal Baird-aromaticity of a 5-MR. 

Response: Per reviewer’s suggestion, the electronic index such as electron localization function-π 

(ELF-π) [Santos et al. JCP, 2004, 120, 1670] used for characterizing aromaticity are calculated based 

on the five-member ring of AF3 (Figure S21b). The space enclosed by the higher ELF values makes 

it easier for electrons to delocalize within this space and simultaneously more difficult to populate 

outside of this space. The position indicated by the red arrow is called a bifurcation point, on which 

larger ELF-π values suggest the more aromatic. According to the definition of ELF-π value in [Poater 

et al. Chem. Rev. 2005, 105, 3911], the molecules with ELF-π of 0.17~0.35 correspond to an 

antiaromatic character, and ELF-π of > 0.70 to aromatic character. Thus, it can be seen that the ELF-

π value of 0.18 for the S0 state of AF3 indicates its antiaromaticity character. And the ELF-π value 

for the S1 state is calculated to be 0.47 using the ∆SCF method. Note that usage of ELF-π to analyze 

the triplet state Baird-aromaticity is proved by Ottosson et al. [ChemPhysChem, 2008, 9, 257], herein 

the ELF-π value for T1 state is calculated to be 0.37 using the unrestricted KS-DFT method. 

Unfortunately, these obtained ELF-π values for excited states are significantly smaller than the 

reference value of 0.70, suggesting not aromatic characters at all. 

In the Supporting Information, we add the Figure S21 and the following resulting comments as 

supplementary note for Figure S21: 

For ELF-π [Santos et al. JCP, 2004, 120, 1670] index, the space enclosed by the higher ELF values 

makes it easier for electrons to delocalize within this space and simultaneously more difficult to 

populate outside of this space. The position indicated by the red arrow is called a bifurcation point, 

on which larger ELF-π values suggest the more aromatic. According to the definition of ELF-π value 

in [Poater et al. Chem. Rev. 2005, 105, 3911], the molecules with ELF-π of 0.17~0.35 correspond to 

an antiaromatic character, and ELF-π of > 0.70 to aromatic character. Thus, it can be seen that the 

ELF-π value of 0.18 for the S0 state of AF3 indicates its antiaromaticity character (Figure S21b). And 

the ELF-π value for the S1 state is calculated to be 0.47 using the ∆SCF method. Note that usage of 

ELF-π to analyze the triplet state Baird-aromaticity is proved by Ottosson et al. [ChemPhysChem, 

2008, 9, 257], herein the ELF-π value for T1 state is calculated to be 0.37 using the unrestricted KS-

DFT method. Unfortunately, these obtained ELF-π values for excited states are significantly smaller 

than the reference value of 0.70, suggesting not aromatic characters at all. 



 

Comment: 3) At this point I would like to raise a final concern: The magnetic indices NICS and 

current densities from AICD suggest a reversal in the antiaromatic and aromatic upon excitation from 

S0 to S1, but the results from the electronic MCI and ELFpi indices do not. This may change with the 

additional data that I request, however, such divergent results have been observed gradually more in 

recent years (see list of papers below). Often magnetic aromaticity descriptors tell that a certain ring 

is aromatic or antiaromatic while electronic and/or energetic descriptors tell that the ring is 

nonaromatic. If the electronic indices still indicate the 5-MR in the compounds of the authors is 

nonaromatic in S1, then I recommend the authors to be open with this difference in their manuscript. 

This is much better than to tweak the conclusion towards a statement that there is an 

aromaticity/antiaromaticity reversal. Their paper will actually be of much higher scientific value if 

they are open with the difference in the results between the magnetic and electronic indices. In this 

context they may want to read section 2 and consider Figure 2 in the paper https://chemistry-

europe.onlinelibrary.wiley.com/doi/epdf/10.1002/chem.202203748 

Papers where differences between magnetic vs. electronic and energetic indices are observed: 

https://chemistry-europe.onlinelibrary.wiley.com/doi/full/10.1002/slct.201602080 

https://onlinelibrary.wiley.com/doi/full/10.1002/poc.4455 

https://pubs.acs.org/doi/full/10.1021/acs.joc.3c01807 

https://pubs.acs.org/doi/full/10.1021/jacs.3c07335. 

Response: We thank the reviewer for this advice and providing closely-related references. Based on 

the additional calculations for electronic indexes, it can be seen that the magnetic indices NICS and 

current densities from AICD suggest a reversal in the antiaromatic and aromatic upon excitation from 

S0 to S1, while the results from the electronic MCI and ELF-π indexes do not. Per reviewer’s 

suggestion, we leave the difference between magnetic and electronic indexes as an open question for 

this article. For the consistency and difference between the magnetic and electronic indices used for 

characterizing (anti-)aromaticity, we refer the interested readers to, e.g., refs [H. Ottosson et al, Chem. 

Eur. J. 2023, 29, e202203748; J. Am. Chem. Soc. 2023, 145, 41, 22527; G. Frenking et al, 

ChemistrySelect 2017, 2, 863] 

Page 6 in the main text, the following paragraph has been added: 

Moreover, a series of electronic indexes used for characterizing (anti-)aromaticity such as 



multicenter index (MCI) and electron localization function-pi (ELF-π) are calculated (Table S4, 

Figure S21). It can be seen that the magnetic indices NICS and current densities from AICD indeed 

suggest a reversal in the antiaromatic and aromatic upon excitation from S0 to S1, while the results 

from these electronic indexes (i.e. MCI and ELF-π) do not (see supporting information for more 

details). For the consistency and difference between the magnetic and electronic indices used for 

characterizing (anti-)aromaticity, we refer the interested readers to, e.g., refs [H. Ottosson et al, Chem. 

Eur. J. 2023, 29, e202203748; J. Am. Chem. Soc. 2023, 145, 41, 22527; G. Frenking et al, 

ChemistrySelect 2017, 2, 863]. 

 

Comment: 4) Finally, the results with electronic indices should be included into the ESI and 

mentioned in the manuscript. As the antiaromaticity/aromaticity reversal is central to the manuscript 

it is also odd that none of the figures in the manuscript contains any aromaticity information (apart 

from panels e and f in Figure 2). 

Response: Per reviewer’s suggestion, the above results regarding the electronics indices such as MCI 

and ELF-π are included in the electronic supporting information. The AICD and NICS-XY scan 

results of AF5 are also included in revised Figure 2g-2i (shown below). 

Revised Figure 2g-2i: 

 

Figure 2 | Photophysical mechanistic investigation of AF3. … g-h, theoretical calculated AICD diagram of AF3 

in S0 (g) and S1 (h) state. i, NICS(1)zz-XY scan result of AF3 in both S0 and S1 state. The red line in the inset shows 

the scanning path with a scanning interval of 0.1 Å. … 

  



Reviewer #4 (Remarks to the Author): 

General comment: In this manuscript, the authors designed a new series of ultra-photostable 

aminofluorene (AF) dyes with mini structures for NIR-II imaging. Employing an antiaromatic design 

strategy, these dyes demonstrated advantages in various bioapplication scenarios. The manuscript 

exhibits logical coherence and meticulous organization, sufficient data support to substantiate the 

views elucidated by the authors. While the AF dyes may not be the brightest in comparison to existing 

NIR-II probes, this study is the first to highlight the potential of bioapplications based on an 

antiaromatic fluorophore and the methodology is sound. In the previous revision, the authors 

adequately addressed questions from other reviewers with more details provided, thereby enhancing 

the credibility of the data and improving the manuscript's quality. I therefore recommend acceptance 

of the manuscript after addressing several minor concerns below. 

Response: We sincerely appreciate the reviewer #4 for the positive comments and valuable 

suggestions. In response, we conducted a comprehensive revision, addressed the concerns raised by 

reviewer (shown below). We believe this revision has significantly improved the manuscript. 

 

Comment: 1) The authors concentrated their studies on AF3 and its derivatives in the manuscript. 

Therefore, I suggest incorporating additional details about the photophysical properties of AF3, 

including absorption and emission spectra, quantum yield (QY), etc., in various solutions, 

particularly in PBS, which is biologically relevant. The data presented in Table 1 may not be sufficient 

to adequately highlight AF3. 

Response: We appreciate the reviewer for the comments. In this revision, we have added a 

photophysical property table of AF3 in different solvents (Table S2 in revised Supplementary 

Information, shown below). 

Table S2. Photophysical properties of AF3 in different solvents. 

Solvent λabs (nm) ε (M-1 cm-1) λem (nm) 
Stokes shift 

(nm) 

Quantum yield (10-

2 %) 

DCM 959 23052 1014 55 1.1 

Toluene 946 27288 993 47 2.0 

Dioxane 940 23765 997 57 1.4 

DMF 949 18773 1015 66 0.9 



DMSO 951 19618 1022 71 1.1 

EtOH 950 20368 1006 55 0.7 

PBS 942 20764 1022 80 0.4 

 

 

Comment: 2) The authors mentioned that AF3-COOH and AF3-Dextran could be made water-

soluble through simple modification. It would be valuable to provide information on the water-

solubility of the primitive AF3 and other AF dyes. Specifically, how does their water-solubility 

compare to existing NIR-II dyes like IR1048? This is noteworthy, especially considering the statement 

made by the authors regarding "larger dye skeletons likely resulting in poor solubility." Please 

provide additional insights on this aspect. 

Response: We appreciate the reviewer for the comments. As shown in Figure S30, AF1, AF2 and 

AF3 showed non-distorted PA signal in a wide range of dye concentrations (50-200 μM), which 

indicates that for small-molecule AF dyes, their water solubility reaches at least 200 μM. Although 

we observed a decrease of water-solubility for other AF dyes with larger N-substituents (e.g., AF14), 

all AF dyes showed normal absorption spectra with no distortion in PBS solution compared with those 

in DCM (Figure S2) in a concentration of 20 μM, while IR1048 is not water-soluble even in a low 

concentration of 1 μM (only soluble in 1%DMSO/1×PBS, see “Cell permeability comparison by live-

cell imaging and quantification” in Methods part). In summary, primitive AF3 and other AF dyes are 

also water-soluble, significantly better than IR1048. We have modified the following paragraph to 

emphasize the water-solubility of AF dyes in our revised manuscript:  

Page 12 in the main text, the following paragraph has been modified: 

First, we tested the photoacoustic (PA) readouts of several AF dyes (AF1, AF2 and AF3 were tested 

due to the limit of instrumental excitation) with a water-soluble PA benchmark indocyanine (ICG, 

commercially available). In a parallel comparison, AF dyes exhibited stable PA spectra shape 

correlating with molecular absorption and showed linearly increasing PA signals in a wide range of 

dye concentrations (50-200 µM), while ICG displayed distorted PA spectra shape and nonlinear 

signals (Figure S30). This result suggests that the superior solubility of AF dyes in water confers 

stable spectral behavior, which are suitable for in vivo MSOT. 

 



Comment: 3) In Figure S6, the authors compared the photostability of AF3 and IR1048 under 200 

kW cm-2 laser irradiation. While this high-power density is effective for highlighting the 

photostability of AF3, it may not be representative of suitable application scenarios, especially in 

cellular environments where the photothermal effect of such high-power density could lead to cell 

death. It is recommended that the authors comment on the application potential of the high-power 

density appropriately in their manuscript. 

Response: We appreciate the reviewer for the comments. Regarding the applicability of this high-

power density in cellular environment, we did not find any deformation of fixed cells due to 

photothermal effect under continuous 200 kW cm-2 laser irradiation (see Supplementary Video 1), 

indicating that such a higher-power density can be used in a fixed cell environment. We acknowledge 

that, due to the lower brightness, NIR-II AF dyes are not competitive with commercial live cell dyes 

for fluorescent imaging. However, we believe that this high-power density durability has greater 

application potential in some single-molecule research areas. As written in our manuscript, “it is 

worthwhile to explore additional single-molecule photophysical properties of AF dyes beyond 

fluorescence, such as Raman scattering, absorption, and photothermal and photoacoustic effects”, this 

high-power density has greater application potential in many single-molecule research fields. In 

single-molecule localization microscopy, high power density (>50 kW cm-2) is required to maintain 

good SNR and localization precision [Nat. Rev. Methods Primers 2021, 1, 39], and in Raman 

spectroscopy analysis, the laser power density could reach a high level up to 105-106 W cm-2 [Chem. 

Rev. 2017, 117, 11, 7583], these facts collectively highlight the necessity of high-power density stable 

probes in many scenarios, particularly in single-molecule detection. In revised manuscript, we have 

modified following discussion on the application potential of the high-power density: 

Page 14 in the main text, the following paragraph has been modified: 

... This property may have potential applications in the field of single-molecule science that 

necessitates strong light-matter interaction, For example, single-molecule localization microscopy 

and Raman spectroscopy analysis always require high power density irradiation up to 104-106 W cm-

2 [Nat. Rev. Methods Primers 2021, 1, 39; Chem. Rev. 2017, 117, 11, 7583]. In this context, it is 

worthwhile to explore additional single-molecule photophysical properties of AF dyes beyond 

fluorescence, such as Raman scattering, absorption, and photothermal and photoacoustic effects. 



 

Comment: 4) On page 7, line 183, the authors mentioned, "though, the absorbance of AF4, AF7 and 

AF11 showed a decline when the GSH concentration exceeded 100 µM," while in Figure S22, it 

appears that AF13 rather than AF11 exhibited a decline. Please clarify this discrepancy in the text 

for accuracy. 

Response: We appreciate the reviewer for identifying inaccuracies in our manuscript. In our revised 

manuscript, we have corrected this mistake. 

 

Comment: 5) In Figure 3b, the plot appears to be somewhat confusing. I suggest using either a dot-

line or a bar graph for both Signal-to-Background Ratio (SBR) and intensity to enhance clarity. 

Additionally, the representation of black lines and yellow bars in Figure 3d and 3e is unclear. It would 

be helpful to clearly indicate whether they represent the mean ± standard deviation (s.d.) in the figure 

caption for better interpretation. 

Response: We appreciate the reviewer for the comment. In our revised Figure 3, we have clearly 

indicated the parameters that each bar refers to in Figure 3b to avoid misunderstanding. The figure 

caption of Figure 3d and 3e were also modified according to reviewer’s suggestion.  

Revised Figure 3b:  

 

Figure 3 | Cell permeability and photostability characterization. … b, Quantified data of the signal-to-noise 

ratio (SBR) and mean fluorescence intensities for AF3-stained cells at different time points. The bars represent mean 

± s.d. derived from n = 5 independent cells. ... 

Revised Figure caption of 3d and 3e:  



 

Figure 3 | Cell permeability and photostability characterization. … d, Repetitive fluorescence recording of AF3-

stained endothelial cells at a laser power density of 200 kW cm-2. Right panel shows the signal-to-noise ratio (SBR) 

of cell images versus irradiation time. Dips in SBR curve were mainly caused by the changes of instrument focal 

plane. The black lines and yellow bars represent mean ± s.d. derived from n = 5 independent cells. e, Control result 

using Cy7-stained cells. The black lines and yellow bars represent mean ± s.d. derived from n = 5 independent cells. 



REVIEWER COMMENTS

Reviewer #3 (Remarks to the Author):

I sfill have two remarks which the authors must address before I think the manuscript can be accepted. 

First, when viewing the NICS-XY scan in Figure 2i I am puzzled why there is a maximum in the center of 

the 5-membered ring. An aromafic species should have a minimum in the NICS-XY scan at that posifion. 

However, when viewing the AICD plots in the Supporfing Informafion one can see local circulafions 

(vorfices) at the transannular C-C bonds which likely counteracts the diatropic (aromafic) ring currents in 

the perimeter. I propose the authors to add in the manuscript the sentence “Local circulafions in the 

current density at the transannular bonds seem to slightly weaken the aromafic character in the 5-

membered ring.” It would further be good if they can tell in the capfion of Figure 2 that higher resolufion 

AICD plots are found in the Supporfing Informafion.

Secondly, in the Abstract I would like the authors to tell that it is magnefic descriptors that suggest an 

aromaficity/anfiaromaficity reversal. That it not clear in the present Abstract and a reader may believe 

that the aromaficity/anfiaromaficity reversal has been shown unambiguously (which is not the case, the 

electronic indices tell something else). Thus, I would like them to include “, as indicated by magnefic 

descriptors,” in the sentence starfing “We find that aromaficity reversal ...” so that this sentence reads 

“We find that aromaficity reversal upon electronic excitafion, as indicated by magnefic descriptors, not 

only ...”. In short, the authors have presently only weak support for the anfiaromaficity/aromaficity 

reversal which they claim to observe (the ELF-pi results do not support their claim, which should have 

been the case). In a follow-up study I strongly advice the authors to report a more comprehensive 

analysis using further electronic indices, e.g. EDDB, and where they may have to take back their present 

claim.

Reviewer #4 (Remarks to the Author):

In this new version manuscript, the authors have carefully revised the manuscript and properly 

addressed the concerns raised by the reviewers. By right, the manuscript has been improved already, 

and the current manuscript can be thus considered for acceptance without further moderafion.



Reviewer #3 (Remarks to the Author): 

 

Comment: 1) I still have two remarks which the authors must address before I think the manuscript 

can be accepted. First, when viewing the NICS-XY scan in Figure 2i I am puzzled why there is a 

maximum in the center of the 5-membered ring. An aromatic species should have a minimum in the 

NICS-XY scan at that position. However, when viewing the AICD plots in the Supporting Information 

one can see local circulations (vortices) at the transannular C-C bonds which likely counteracts the 

diatropic (aromatic) ring currents in the perimeter. I propose the authors to add in the manuscript the 

sentence “Local circulations in the current density at the transannular bonds seem to slightly weaken 

the aromatic character in the 5-membered ring.” It would further be good if they can tell in the 

caption of Figure 2 that higher resolution AICD plots are found in the Supporting Information. 

Response: We greatly appreciate the reviewer #3 for the suggestions. Per reviewer’s suggestion, we 

have modified corresponding paragraphs in our revised manuscript.  

Page 6 in the main text, the following paragraph has been modified: 

Further, both nucleus-independent chemical shift scans along the X and Y axes (NICS-XY scan) and 

calculations of anisotropy of the induced current density (AICD) indicate a highly localized 

antiaromaticity in the five-member ring of the S0 state, coupled with increased aromaticity in the 

entire fluorene skeleton of the S1 state, although local circulations in the current density at the 

transannular bonds seem to slightly weaken the aromatic character in the 5-membered ring. 

The caption of Figure 2 has been modified: 

Figure 2 | Photophysical mechanistic investigation of AF3. … g-h, theoretical calculated AICD diagram 

of AF3 in S0 (g) and S1 (h) state. For high-resolution AICD plots of all AF dyes, please refer to Figures 

S7-S20 in the Supplementary Information. … 

 

Comment: 2) Secondly, in the Abstract I would like the authors to tell that it is magnetic descriptors 

that suggest an aromaticity/antiaromaticity reversal. That it not clear in the present Abstract and a 

reader may believe that the aromaticity/antiaromaticity reversal has been shown unambiguously 

(which is not the case, the electronic indices tell something else). Thus, I would like them to include 

“, as indicated by magnetic descriptors,” in the sentence starting “We find that aromaticity reversal ...” 



so that this sentence reads “We find that aromaticity reversal upon electronic excitation, as indicated 

by magnetic descriptors, not only ...”. In short, the authors have presently only weak support for the 

antiaromaticity/aromaticity reversal which they claim to observe (the ELF-pi results do not support 

their claim, which should have been the case). In a follow-up study I strongly advice the authors to 

report a more comprehensive analysis using further electronic indices, e.g. EDDB, and where they 

may have to take back their present claim. 

Response: Per reviewer’s suggestion, we have modified related sentences in Abstract and Discussion 

part to accurately express our aromaticity calculation results. 

Page 2 in the main text, the following sentence has been modified: 

… We find that aromaticity reversal upon electronic excitation, as indicated by magnetic 

descriptors, not only reduces the energy bandgap but also induces strong vibronic coupling, 

resulting in ultrafast excited-state dynamics and unparalleled photostability. 

Page 13 in the main text, the following sentence has been modified: 

... Our quantum chemical calculations on magnetic descriptors have revealed the aromaticicity 

reversal between the S0 and S1 states, which leads to a strong vibration coupling within the 

antiaromatic fluorene skeleton and a high rate of non-radiative internal conversion. 

  



Reviewer #4 (Remarks to the Author): 

 

General comment: In this new version manuscript, the authors have carefully revised the manuscript 

and properly addressed the concerns raised by the reviewers. By right, the manuscript has been 

improved already, and the current manuscript can be thus considered for acceptance without further 

moderation. 

Response: We sincerely appreciate the reviewer #4 for the positive comment. 



REVIEWERS' COMMENTS

Reviewer #3 (Remarks to the Author):

I am happy with the final revisions carried out by the authors and think the manuscript is now ready to 

be accepted for publicafion.
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