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	13 

ABSTRACT:	 Design	 of	 novel	 organic	 fluorescent	 molecules	14 
with	aggregation-induced	emission	(AIE)	properties	has	been	15 
a	research	focus	in	the	past	two	decades.	In	this	work,	we	re-16 
ported	the	photophysical	studies	and	potential	applications	of	17 
a	 series	 of	 AIE-active	 luminogens	 based	 on	 a	 small	 building	18 
block,	 diaminomaleonitrile	 Schiff	 base.	 By	 taking	 advantages	19 
of	easy-approachable	synthetic	procedures	and	excellent	opti-20 
cal	properties	of	this	system,	we	further	explored	the	applica-21 
tions	of	this	system	for	cell	imaging.		22 

Introduction	23 

Typical	conventional	fluorophores,	such	as	fluorescein,	boron	24 
dipyrromethene	(BODIPY),	coumarin,	etc.,	suffer	from	a	com-25 
mon	problem	of	aggregation-caused	quenching	 (ACQ),	which	26 
often	hampers	 their	 applications	 especially	 in	 biological	 sys-27 
tems.	On	the	other	hand,	aggregation-induced	emission-active	28 
fluorogens	(AIEgens)	are	emissive	upon	aggregating	but	near-29 
ly	non-emissive	in	the	solution,	which	was	firstly	demonstrat-30 
ed	by	Tang	 et	 al	 in	20011.	 The	main	mechanism	of	AIE	phe-31 
nomenon	 was	 proposed	 to	 the	 restriction	 of	 intramolecular	32 
rotation	 (RIR)2-5	 and	 restriction	 of	 intramolecular	 vibrations	33 
(RIV)6,	 or	 in	 general,	 restriction	 of	 intramolecular	 motions	34 
(RIM)7-8.	 Currently,	 numerous	 fluorophore	 cores	 with	 AIE	35 
properties	 have	 been	 reported	 and	 many	 research	 efforts	36 
have	been	oriented	 to	 the	exploration	of	 their	distinct	 struc-37 
ture-property	 relationships.	 Examples	 of	 classic	 AIE	 systems	38 
include	 silole9-11,	 tetraphenylethene	 (TPE)12-13	 and	 so	 on.	39 
Among	 them,	 bulky	 silole-cored	 compounds	 are	 often	 cell	40 
impermeable,	while	TPE	analogues	normally	 can	only	be	 ex-41 
cited	at	 the	wavelength	below	400	nm,	which	 is	not	optimal	42 
for	 most	 confocal	 microscopes	 with	 405	 nm	 laser	 as	 the	43 
shortest	wavelength	for	excitation.	Extending	the	conjugation	44 
system	 of	 TPE	 can	 effectively	 shift	 the	 excitation	 above	 400	45 
nm	but	usually	 requires	complicating	synthesis	and	purifica-46 
tion	 steps.	 Therefore,	 it	 is	 still	 in	 high	 demand	 to	 discover	47 
small	building	blocks	for	constructing	red-shifted	biocompati-48 
ble	AIEgens.	By	incorporating	the	electron	donor	(D)	and	ac-49 

ceptor	(A)	pairs	to	form	a	large	bathochromic	shift	in	emission	50 
colour,	Han	et	al	firstly	reported	a	diaminomaleonitrile-based	51 
AIE	molecule	with	 the	D-π-A	structure14.	 Since	 then	 this	dia-52 
minomaleonitrile-functionalised	 system	has	 been	well	 devel-53 
oped	by	switching	donor	groups15	or	adding	additional	 func-54 
tional	 groups16.	 Their	 photophysical	 properties	 in	 both	 crys-55 
talline	and	amorphous	states,	as	well	as	 their	application	 for	56 
enzymatic	activity	has	been	reported16.		57 

Lysosomes,	 long	known	as	cellular	 terminal	degradation	sta-58 
tions,	are	a	type	of	subcellular	organelle	that	has	been	found	59 
to	be	responsible	for	the	digestion	of	denatured	proteins	and	60 
dysfunctional	 organelles17.	 The	 acidic	 environments	 in	 lyso-61 
somes	 (pH	4.5-5.5)	 can	 facilitate	numerous	cellular	degrada-62 
tion	 pathways,	 including	 autophagy18.	 Thus,	 visualizing	 and	63 
tracking	 lysosomes	 will	 enrich	 the	 insight	 into	 certain	 me-64 
tabolism	 activities.	 However,	 recent	 studies	 suggested	 that	65 
some	 of	 commercially	 available	 lysosomal	 trackers	 came	66 
across	 severe	 drawbacks,	 such	 as	weak	 photostability	 or	 in-67 
tolerance	of	cell	fixation	procedure.	Therefore,	it	is	imperative	68 
to	develop	a	proper	lysosome-targeting	probe	which	can	meet	69 
the	growing	demand	of	easy-handling	flexible	applicability.		70 

In	this	work,	three	new	diaminomaleonitrile-based	molecules	71 
were	designed	and	successfully	synthesized.	As	a	supplement	72 
of	this	system,	we	combined	two	of	previously	published	mol-73 
ecules	 into	 the	 overall	 discussion,	 aiming	 to	 provide	 a	 com-74 
prehensive	 structural-property	 relationship	 of	 diaminomale-75 
onitrile-functionalized	Schiff	bases.	In	addition,	by	introducing	76 
the	alkylated	morpholine	 into	 structure	design,	 the	 resulting	77 
fluorogen	 can	 specifically	 target	 and	 image	 lysosomes	 in	 the	78 
cells.		79 

	80 

Results	and	Discussion	81 

A	 series	 of	 diaminomaleonitrile-functionalized	 Schiff	 bases	82 
(Scheme	 1)	 were	 synthesized	 according	 to	 the	 previously	83 
reported	method14	(Scheme	S1	 in	Supplementary	Materials).	84 
The	 intermediate	 product	 3	 was	 prepared	 by	 the	 two-step	85 
modification,	 involving	with	Williamson	 ether	 synthesis	 and	86 
conjugation	 with	 the	 morpholine	 group.	 The	 morpholine	87 



 

group	with	moderate	alkalinity	 is	employed	 for	pH	sensing19	1 
as	well	as	for	improving	the	solubility	of	Lyso-BAM,	making	it	2 
more	suitable	 for	biological	applications.	The	subsequent	ad-3 
ditions	of	amines	 to	aldehydes	were	conducted	under	mildly	4 
acidify	 conditions,	 affording	 a	 good	 yield	 of	more	 than	60%.	5 
All	products	were	fully	characterized	by	1H	and	13C	NMR	and	6 
high-resolution	mass	spectrometry	(HRMS),	which	gave	satis-7 
factory	analysis	results	corresponding	to	their	chemical	struc-8 
tures	 (Supplementary	 Materials).	 In	 addition,	 Et-BAM	 and	9 
Lyso-BAM	 are	 soluble	 in	 common	 organic	 solvents	 such	 as	10 
chloroform,	 THF,	 acetone,	 ethyl	 acetate	 (EA)	 and	 dimethyl	11 
sulfoxide	(DMSO),	whereas	the	other	three	molecules	can	only	12 
be	 dissolved	 in	 DMSO	 and	 show	 poor	 solubility	 in	 most	 of	13 
other	organic	solvents.	14 

	15 

	16 
Scheme	1.	Chemical	 structures	of	diaminomaleonitrile	Schiff	17 
bases.	18 

	19 

The	 photophysical	 properties	 of	 these	 five	 compounds	were	20 
carefully	 characterised	 in	 order	 to	 investigate	 their	 applica-21 
tions.	As	shown	in	Figure	1A,	Py-BAM	and	Et-BAM	exhibited	22 
very	 similar	 absorption	 bands	 peaked	 at	 438	 nm	 in	 DMSO,	23 
while	 the	 absorption	 spectra	 of	 Me-BAM	 and	 Morp-BAM	24 
showed	blue-shift	of	429	and	409	nm,	respectively,	which	may	25 
result	 from	 less	 electron	donating	 abilities	 of	 the	 dimethyla-26 
mine	 and	morpholine	 groups.	 On	 the	 contrary,	 owing	 to	 the	27 
contribution	of	the	additional	alkyl	ether	group	to	conjugation,	28 
the	absorption	maximum	of	Lyso-BAM	processed	a	small	red-29 
shift	from	438	nm	(Et-BAM)	to	444	nm.	Their	emission	spec-30 
tra	were	measured	after	exciting	at	their	recorded	absorption	31 
maxima	(Figure	1B	and	Table	1).	Results	showed	that	all	five	32 
compounds	exhibited	weak	emission	with	maxima	at	around	33 
508-520	nm	in	DMSO	solution.	34 

	35 

	36 

Figure	1.	Molar	absorptivity	(dash	line)	and	normalised	emis-37 
sion	spectra	(solid	line)	in	DMSO	of	BAMs.	Concentration	=	10	38 
μM.	Excitation	wavelength:	430	(Me-BAM),	440	(Et-BAM),	440	39 
(Py-BAM),	410	(Morp-BAM)	and	440	nm	(Lyso-BAM).	40 

	41 

The	photophysical	properties	of	BAMs	in	solvents	with	differ-42 
ent	polarity	were	analysed,	shown	in	Figure	2	and	Figure	S1.	43 
The	absorption	maxima	of	the	five	compounds	were	obtained	44 
from	the	UV-vis	spectra	and	the	corresponding	wavelengths	of	45 
absorption	 maxima	 were	 used	 as	 excitation	 wavelength	 for	46 
recording	the	photoluminescence	(PL).	The	Stokes	shifts	of	all	47 
compounds	as	a	function	of	solvent	polarity	were	graphed	in	48 
the	Lippert20-Mataga21	solvatochromism	plot	(Figure	2).	49 

	50 

Table	1	Photophysical	properties	of	BAMs.	51 

Compounds	 Absorbance	
λmaxa	(nm)	

Molar	Absorp-
tivity	at	λmax	
(M-1	cm-1)	

PL	in	Solu-
tion	λmaxa	
(nm)	

Me-BAM	 429	 3.27	×	104	 518	
Et-BAM	 438	 3.94	×	104	 516	
Py-BAM	 438	 3.80	×	104	 521	
Morp-BAM	 409	 3.25	×	104	 513	
Lyso-BAM	 444	 3.02	×	104	 508	

aMeasured	in	DMSO	solutions.	52 

	53 

Me-BAM	 exhibited	 a	 small	 shift	 in	 the	 absorption	 maxima	54 
ranging	 from	 409	 to	 436	 nm	 in	 different	 solvents	 (Figure	55 
S1A).	It	was	notable	that	the	absorption	spectrum	of	Me-BAM	56 
in	water	was	 remarkedly	weaker	 and	 broader	 than	 those	 in	57 
other	solvents,	which	may	result	 from	its	poor	solubility	and	58 
aggregate	 formation	 in	water.	 Interestingly,	dichloromethane	59 
(DCM)	 caused	 a	 red	 shift	 and	 a	 pronounced	 shoulder	 at	 the	60 
longer	 wavelength	 (500	 nm).	 The	 emission	 maxima	 of	 Me-61 
BAM	in	different	solvents	were	recorded	to	range	from	434	to	62 
518	nm	(Figure	2A);	as	a	distinct	exception,	water	induced	a	63 
significant	red-shift	to	601	nm.	Stokes	shifts	of	Me-BAM	were	64 
mostly	 proportional	 to	 solvent	 polarities,	 suggesting	 it	 pos-65 
sesses	positive	solvatochromism	like	most	of	the	fluorophores	66 
with	push-pull	structural	feature	(Figure	2B).	67 

The	absorption	maxima	of	Et-BAM	ranged	 from	363-438	nm	68 
in	different	solvents,	shown	in	Figure	S1B.	In	contrast	to	Me-69 
BAM,	the	spectrum	of	Et-BAM	in	DCM	showed	a	conspicuous	70 
blue	 shift,	while	 the	 shoulder	 remained	 around	 the	 approxi-71 
mately	same	range	(about	450-520	nm).	Its	emission	maxima	72 
ranged	 from	484-519	nm	 (Figure	2C),	where	DCM	 caused	 a	73 
marked	red	shift	compared	to	other	solvents.	Stokes	shifts	of	74 
Et-BAM	had	a	moderate	increase	in	more	polar	solvents	(Fig-75 
ure	2D),	which	could	be	ascribed	to	the	twisted	intramolecu-76 
lar	charge	transfer	(TICT)	mechanism14.	77 

The	absorption	maxima	of	Py-BAM	ranged	from	369-498	nm,	78 
where	the	absorption	spectrum	in	water	exhibited	a	blue	shift	79 
than	those	in	other	solvents	(Figure	S1C).	Similar	to	the	case	80 
of	Me-BAM,	DCM	 induced	 a	 small	 red-shift	 to	 498	nm	and	 a	81 
shoulder	 at	 longer	wavelengths.	As	 shown	 in	Figure	2C,	 the	82 
emission	 maxima	 of	 Py-BAM	 ranged	 from	 481-525	 nm,	83 
whereas	 water	 caused	 a	 distinct	 red	 shift	 with	 spectrum	84 
peaked	 at	 614	 nm	 (Figure	 2F).	 Stokes	 shifts	 of	 Py-BAM	 re-85 
mained	 almost	 unchanged	 in	different	 solvents	 (60-100	nm)	86 
except	in	water	with	the	largest	Stokes	shift	of	250	nm.	87 

Morp-BAM	 showed	 nearly	 invariable	 absorption	 maxima	88 
ranged	 from	 397-409	 nm	 (Figure	 S1D),	 while	 its	 emission	89 
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maxima	process	proportional	red-shift	along	with	the	increase	1 
of	solvent	polarities,	showing	typical	positive	solvatochrom-	2 

	3 
Figure	 2.	 Normalized	 emission	 spectra	 and	 Lippert-Mataga	4 
solvatochromism	 plot	 of	 Me-BAM	 (A,	 B),	 Et-BAM	 (C,	 D),	 Py-5 
BAM	(E,	F),	Morp-BAM	(G,	H)	and	Lyso-BAM	(I,	J)	in	different	6 
solvents.	Concentration	=	10	μM.	A	=	acetone,	ACN	=	acetoni-7 

trile,	D	=	DMSO,	DX	=	1,4-dioxane,	E	=	ethanol,	EA	=	ethyl	ace-8 
tate,	M	=	methanol,	T	=	 toluene,	W=	water.	Excitation	wave-9 
length	listed	in	Table	S1.		10 

ism	(Figure	2G	and	H).	The	absorption	maxima	of	Lyso-BAM	11 
ranged	from	425-490	nm	in	different	solvents.	Similarly,	DCM	12 
caused	the	most	notable	red	shift.	Unlike	Morp-BAM,	its	emis-13 
sion	maxima	were	around	500	nm	except	for	a	slight	red	shift	14 
to	525	nm	in	water.	It	can	be	observed	that,	apart	from	DCM	15 
and	water,	Stokes	shifts	of	Lyso-BAM	barely	fluctuated	in	dif-16 
ferent	solvents,	indicating	its	stable	and	consistent	PL	proper-17 
ties.	18 

	19 

	20 
Figure	3.	Emission	intensity	profiles	of	Py-BAM	(A,	B),	Morp-21 
BAM	(C,	D)	and	Lyso-BAM	(E,	F)	in	THF/water	mixtures	with	22 
different	water	fractions.	Concentration	=	10	μM.	fw	and	vol%:	23 
water	volume	fraction.	Excitation	wavelength:	440	(Py-BAM),	24 
410	(Morp-BAM)	and	440	nm	(Lyso-BAM).	25 

	26 

The	 AIE	 properties	 of	 all	 compounds	were	 investigated	 in	 a	27 
series	of	THF/water	mixtures	with	different	 volume	 fraction	28 
(Figure	3).	Note	that	the	AIE	properties	of	Me-BAM15	and	Et-29 
BAM14	have	previously	been	reported	using	the	same	solvent	30 
system,	so	here	only	data	of	the	three	novel	compounds	were	31 
shown.	In	general,	the	diluted	THF	solutions	of	Py-BAM,	Morp-32 
BAM	and	Lyso-BAM	exhibited	weak	emission	when	photoex-33 
cited	at	440,	420,	and	440	nm,	respectively.	The	PL	 intensity	34 
was	 gradually	 enhanced	 when	 the	 water	 fraction	 increased,	35 
companying	with	the	striking	emission	maxima	red	shifting.	In	36 
the	 THF-water	 mixture	 with	 80	 vol%	 of	 water,	 the	 fluores-37 
cence	intensity	of	all	three	compounds	reached	highest	point,	38 



 

showing	 the	classic	AIE	phenomenon.	Further	 increasing	 the	1 
water	fraction	to	90	and	99%,	however,	led	to	the	decrease	of	2 
the	 fluorescence	 emission.	 Such	 changes	 could	 be	 attributed	3 
to	 two	 possibilities:	 the	 poor	 solubility/dispersibility	 of	 the	4 
dye	 molecules	 in	 water	 or	 the	 transition	 of	 crystalline	 to	5 
amorphous	 aggregates	 of	 the	 dyes,	 one	 of	 which	 might	 be	6 
more	emissive	than	the	other14.	7 

	8 

	9 
Figure	 4.	 Emission	 spectra	 of	 Lyso-BAM	 (A)	 in	 buffers,	 pH	10 
values	ranged	from	4-9,	concentration	=	10	μM;	(B)	diluting	in	11 
the	pH	9	buffer	with	concentration	ranged	from	0.1	μM	to	10	12 
μM.	λex	=	440	nm.	13 

	14 

With	pKa	at	around	7,	the	nitrogen	on	the	morpholine	moiety	15 
of	Lyso-BAM	can	be	protonated	at	acidic	condition.	To	investi-16 
gate	 whether	 this	 process	 could	 affect	 the	 photophysical	17 
properties	 of	 the	 dye	 especially	 in	 biological	 systems,	 we	18 
measured	the	fluorescence	spectrum	of	Lyso-BAM	in	different	19 
pH	in	the	physiological	range	from	4	to	9.	As	shown	in	Figure	20 
4A,	in	neutral	pH	7,	the	emission	maximum	of	Lyso-BAM	was	21 
peaked	 at	 528	 nm	with	 a	 shoulder	 peak	 at	 around	 614	 nm.	22 
The	 peak	 position	 at	 the	 shorter	 wavelength	 remained	 the	23 
same	when	the	pH	was	lowered	from	from	7	to	4	with	slight	24 
intensity	 increase	at	pH	5	and	6.	The	shoulder	peak	was	not	25 
observed	in	acidic	conditions.	On	the	other	hand,	in	basic	con-26 
dition,	the	intensity	at	528	nm	was	decreased,	while	the	origi-27 
nal	 shoulder	peak	at	614	nm	became	predominant.	 In	 acidic	28 
condition	where	the	morpholine	unit	 is	protonated,	the	posi-29 
tive	 charge	 could	 improve	 the	 solubility	 of	 the	dye	 in	water.	30 
Whereas	in	basic	conditions,	Lyso-BAM	remains	deprotonated,	31 
which	 facilitates	 the	 close	packing	of	dye	molecules	 in	aque-32 
ous	solution	and	thus	intermolecular	interactions	that	lead	to	33 
a	 lower	 energy	 gap.	 The	 above	hypothesis	was	 examined	by	34 
further	diluting	the	Lyso-BAM	into	the	pH	9	buffer.	Results	in	35 
Figure	 4B	 showed	 that	 the	 peak	 around	 614	 nm	 gradually	36 
disappear	with	 lower	 concentration	 of	 Lyso-BAM,	 indicating	37 
that	 the	 red-shifted	 peak	was	 indeed	 induced	 by	 aggregates	38 
formed	in	the	basic	environment.	39 

Before	 employing	 the	 Lyso-BAM	 to	 cell	 imaging,	 we	 firstly	40 
conducted	 AlamarBlue™	 cell	 viability	 assay	 to	 evaluate	 its	41 
cytotoxicity.	The	viability	of	A549	cells	after	40	min	treatment	42 
of	 Lyso-BAM	 remained	higher	 than	95%,	with	 concentration	43 
up	to	50	µM	 (Figure	S2).	The	excellent	biocompatibility	and	44 
low	cytotoxicity	of	Lyso-BAM	prompted	us	to	further	investi-45 
gate	its	applications	in	cell	imaging.		46 

In	 terms	 of	 sample	 preparation,	 we	 stained	 live	 A549	 cells	47 
with	Lyso-BAM-containing	medium	in	the	concentration	of	25	48 
μM.	We	further	fixed	the	cells	for	the	ease	of	sample	handling	49 
for	confocal	microscopy	imaging.	It	was	found	that	Lyso-BAM	50 
processed	 extremely	 good	 cell	 permeability,	 entering	 cells	51 
within	40	min.	 In	order	 to	 identify	where	 the	dye	 located	 in	52 
cells,	we	 firstly	 used	 LysoTracker	Deep	RedTM.	 However,	we	53 
found	 the	signals	of	LysoTracker	disappeared	when	 the	cells	54 

were	fixed22.	We	then	used	the	A549-Lysosome20-mApple	cell	55 
line	stably	expressing	the	mApple-fused	lysosomal-associated	56 
membrane	 protein	 1	 (LAMP1)23	 to	 confirm	 the	 dye	 staining	57 
localization.	 Figure	 5	 and	 6	 indicated	 that	 most	 of	 the	 dye	58 
molecules	were	 taken	up	 into	 the	 lysosomes,	where	 it	might	59 
be	protonated	owing	to	 the	highly	acidified	environment,	 re-60 
sulting	 in	 the	 enhancement	 of	 fluorescent	 intensity.	 In	more	61 
detail,	 we	 observed	 that	 the	 spherical	 structures	 stained	 by	62 
Lyso-BAM	 (green	 channel)	 were	 surrounded	 by	 LAMP1-63 
mApple	 (red	 channel),	 the	mApple	 labeled	 proteins	 on	 lyso-64 
some	membrane,	which	coincided	with	our	initial	hypothesis.	65 
The	 crosstalk	 between	 the	 two	 channels	were	 eliminated	 as	66 
shown	in	the	bleed-through	test	in	Figure	S3.	Z-stack	colocal-67 
ization	of	Lyso-BAM	and	LAMP1	further	elucidated	the	above	68 
conclusion	 in	 a	 three-dimensional	 aspect	 (Figure	 6).	 Addi-69 
tionally,	the	tile	scanned	imaging	(Figure	S4),	which	stitched	70 
multiple	images	into	a	larger	mosaic,	illustrated	that	this	phe-71 
nomenon	was	substantive	universal	rather	than	an	individual	72 
exception.	 Compared	 to	 fluorescent	 proteins	which	 different	73 
cells	 might	 have	 different	 expression	 efficiency,	 small	 mole-74 
cule	dye	such	as	Lyso-BAM	is	able	to	stain	all	the	cells	homo-75 
geneously.		76 

	77 

	78 
Figure	 5.	 Confocal	 image	 of	 single	 LAMP1-mApple	 stable-79 
expressed	 A549	 cell	 stained	with	 Lyso-BAM	 (25	 μM)	 for	 40	80 
min.	 The	 bright-field	 image	 (A);	 the	 fluorescence	 image	 of	81 
Lyso-BAM	channel	under	excitation	of	488	nm	laser	(B,	green)	82 
and	LAMP1-mApple	channel	under	excitation	of	561	nm	laser	83 
(C,	red);	merged	image	of	the	above	fluorescent	channels	(D).	84 
Scale	bar	=	10	μm.	85 

	86 

In	 summary,	 we	 have	 synthesized	 a	 series	 of	 AIE-active	 lu-87 
minogens,	 BAMs,	 and	 further	 investigated	 its	 photophysical	88 
properties.	By	elaborately	integrating	the	previously	reported	89 
molecules,	Me-BAM	and	Et-BAM,	with	newly	designed	mole-90 
cules,	Py-BAM,	Morp-BAM	and	Lyso-BAM,	 into	 this	work,	we	91 
have	a	comprehensive	comparison	of	the	photophysical	prop-92 
erties	 of	 the	 diaminomaleonitrile-functionalised	 Schiff	 base	93 
system.	With	different	D-A	moieties	in	their	simple	structures,	94 
these	five	molecules	experienced	different	response	to	solvent	95 
polarity.	Molecular	modeling	would	be	useful	to	further	assist	96 
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the	understanding	of	the	structure-activity	relationship.	Aided	1 
by	 the	 alkylated	 morpholine	 functional	 group,	 Lyso-BAM	2 
showed	better	 solubility	 compared	with	 the	other	 four	 com-3 
pounds,	making	 it	applicable	 to	visualize	 the	 intracellular	 ly-4 
sosomes	with	high	specificity.	This	work	gives	an	augment	of	5 
the	 family	 of	 diaminomaleonitrile-functionalized	 Schiff	 bases	6 
and	 multi-functional	 targeting	 would	 be	 developed	 by	 our	7 
group	 to	provide	more	 insight	on	 lysosomal-related	 intracel-8 
lular	activities.	9 

	10 

	11 
Figure	6.	Orthogonal	views	of	Lyso-BAM	(green)	and	mApple	12 
(red)	merged	z-stack	images.	Scale	bar	=	10	μm.	13 
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Supplementary Materials 15 

Dye	synthesis,	1H	and	13C	NMR,	HRMS	spectrum,	UV-vis	spec-16 
tra	in	different	solvents,	cell	viability	and	cell	images,	are	17 
available	on	Journal’s	website.		18 
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