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Plasmonic	random	lasers	are	becoming	attractive	alternatives,	due	to	their	versatility,	low	threshold,	and	possibility	of	
having	 tunable	 and	 coherent/incoherent	 outputs.	 However,	 in	 this	 Letter,	 the	 phenomenon	 of	 replica-symmetry-
breaking	is	reported	in	intensity	fluctuations	of	a	rarely	used	colloidal	plasmonic	random	laser	(RL)	system.	Triangular	
nanosilver	particles	provide	incoherent	RL	action	when	used	in	the	DMF	environment	for	gain	medium	of	Rhodamine-
6G.	The	substitution	of	gold	coated	triangular	nanosilver	with	triangular	nanosilver	within	the	RL	system	offers	dual	
contribution	 of	 scattering	 and	 lower	 photo	 reabsorption,	 which	 leads	 to	 a	 drastic	 reduction	 of	 the	 lasing	 threshold	
energy	by	39%	as	compared	to	that	with	the	later.	Further,	due	to	its	long-term	photostability	and	chemical	properties,	
photonic	 paramagnetic	 phase	 to	 glassy	 phase	 transition	 is	 observed	 in	 the	 used	 colloidal	 plasmonic	 RL	 system.	
Remarkably,	 the	 transition	 occurs	 approximately	 at	 the	 lasing	 threshold	 value	 which	 is	 a	 consequence	 of	 stronger	
correlation	of	modal	behaviors	at	high	input	pump	energies.	

 

Random	 lasers	 (RLs)	 are	 a	 new	 class	 of	 laser	 sources	 in	which	 the	
active	 medium	 consists	 of	 fluorophore	 mixed	 with	 a	 disordered	
material,	providing	random	propagation	of	light	through	scattering	[1].	
RLs	 do	 not	 possess	 any	 ‘precisely	 aligned	 mirror’	 cavity	 system;	
instead,	 light	 is	 scattered	 multiple	 times	 randomly	 within	 the	 gain	
medium	before	 it	 is	amplified	and	emitted,	resulting	 in	spatially	and	
temporally	chaotic	output.	That	is	why	they	are	also	termed	as	‘chaotic	
laser’	or	‘disordered	laser’.	Here,	the	arbitrarily	distributed	micro/nano	
structures	over	space	provide	the	prerequisite	feedback	of	light,	via	a	
range	of	internal	processes	ultimately	due	to	light	scattering:	photon	
diffusion	 [2],	 localization	 [3],	 multiple	 scattering	 [4],	 extended	
amplified	modes	 [5],	 external	 feedbacks	 [6,7]	 etc.	 Many	 disordered	
systems	have	been	employed	to	show	random	lasing,	since	Letokhov's	
[8]	 original	 prediction	 in	 1968.	 Since	 then,	 different	 exotic	
nanostructured	 systems	 based	 on	 dye-doped	 metal	 nanostructures	
[9],	carbon	dots	[10],	photonic	crystals	[11],	metal	organic	frameworks	
[12],	perovskites	[13,14],	silk	based	biocompatible	substances	[15,	16],	
and	 other	 bio-extracted	 substances	 [17-19]	 have	 been	 shown	 to	
exhibit	 RL	 emission.	 In	 particular,	 noble	 metal	 nanoparticles	 have	
gained	 considerable	 attention	 in	 the	 RL	 community	 due	 to	 some	
unique	properties	 like	 their	easily	 synthesizable	different	 structures,	
versatile	optical	responses	over	the	whole	electromagnetic	spectrum	
along	with	remarkable	surface	plasmon	resonance	(SPR)	properties.	
Among	the	noble	metal	nanostructures,	silver	(Ag)	and	Gold	(Au)	are	

the	most	prevalent	for	their	employment	in	RL	experiments	[20-22].	
However,	in	a	recent	study	authors	have	utilized	SPR	properties	of	TiN	
nanoparticles	to	achieve	coherent	RL	emission	in	a	laser	dye	[23].		
	 One	of	the	most	characteristic	features	of	RLs	is	that	they	display	
large	 shot-to-shot	 intensity	 fluctuations	due	 to	 the	 inherent	 random	
scattering	of	light	by	scatterers	within	the	RL	media.	These	fluctuations	
are	 often	 described	 by	 statistical	 measures	 such	 as	 the	 degree	 of	
intensity	correlation	and	the	probability	density	function	of	the	laser	
output.	Due	to	the	non-deterministic	nature	of	RLs,	their	performance	
can	 be	 indeed	 difficult	 to	 predict,	 and	 their	 output	 may	 vary	
significantly	from	device	to	device	or	over	time.	However,	the	statistical	
behavior	of	RL	can	be	described	with	statistical	mechanical	methods	
borrowed	by	spin	glass	theory	(SGT)	[24].	The	SGT	is	one	of	the	prime	
and	fascinating	paradigms	of	statistical	mechanics	for	complex	physical	
systems	and	found	applications	in	a	wide	range	of	various	disciplines	
of	 study.	 One	 very	 interesting	 aspect	 of	 SGT	 is	 the	 phenomenon	 of	
replica	symmetry	breaking	(RSB),	initially	developed	by	Edwards	and	
Anderson.	 RSB	 is	 a	 notion	 that	 discusses	 how	 identical	 systems	
prepared	 under	 identical	 circumstances	 can	 achieve	 distinct	
equilibrium	states.	Thus,	RSB	provides	a	way	to	analyze	the	statistical	
properties	of	the	system	and	identify	the	presence	of	multiple	solutions	
or	 minima	 in	 the	 energy	 landscape	 which	 are	 related	 to	 its	 phase	
transitions.	 Hence,	 it	 plays	 a	 key	 role	 in	 determining	 the	
thermodynamic	 and	 dynamic	 properties	 of	 the	 system.	 In	 a	 RL	



experiment,	the	lasing	modes	are	considered	in	analogy	to	continuous	
complex	spin	variables	having	some	constraints,	and	their	coupling	is	
determined	 by	 the	 interaction	 of	 disorder	 and	 nonlinearity	 in	
accordance	with	the	SGT.	On	the	contrary,	the	injected	pump	energy	
into	the	RL	system	plays	the	role	of	inverse	temperature	as	in	case	of	
thermodynamical	 equilibrium,	 and	 the	 transition	 from	 fluorescence	
emission	to	RL	can	be	seen	as	a	phase	transition	analogous	to	that	from	
photonic	paramagnetic	system	to	 the	spin	glass	phase.	Recently,	 the	
RSB	 phenomenon	 in	 RL	 has	 been	 first	 experimentally	 verified	 by	
Ghofraniha	et	al.	 [25].	After	this	initial	report,	a	few	more	studies	on	
RSB	 in	 various	 RL	 configurations	 have	 been	 published,	 such	 as	 in	
optofluidic	RL	system	[26],	powder	laser	systems	[27,28]	etc.	However,	
RSB	 in	 liquid	 phase	 RL	 system	 remains	 very	 rare	 and	 difficult	 to	
achieve.	Recently,	Pincheira	et	al.	reported	RSB	in	ethanolic	solution	of	
specially	functionalized	TiO2	nanoparticles	[31].	In	their	experiment,	a	
long-term	stability	(~104	laser	shots)	of	the	nanoparticle	suspension	is	
shown,	such	that	the	disordered	system	can	be	considered	to	be	frozen	
throughout	the	time	of	observation,	which	is	mandatory	to	apply	the	
conceptual	 framework	of	RSB.	Further,	ZrTe2	based	suspension	[32]	
has	been	shown	to	exhibit	RSB	phenomenon	in	a	liquid	phase.	So,	there	
has	been	a	trend	of	searching	for	possible	RSB	in	liquid	phases	where	
the	 system	 can	 be	 taken	 to	 be	 identical	 throughout	 the	 duration	 of	
observation.	Although	only	a	few	reports	of	RSB	in	liquid	phases	have	
recently	 been	 appeared	 [29-32],	 however	 RSB	 in	 plasmonic	
nanoparticle-based	liquid	RL	system	has	not	been	reported	yet.		
	 Therefore,	in	this	work,	we	report	about	RL	action	in	DMF	solution	
of	 Rhodamine-6G	 (R6G)	 dye,	 achieved	 by	 using	 triangular	 silver	
nanoparticles	 (TSN)	 and	 Au	 coated	 TSN	 as	 nano-scatterers	 for	
amplification	of	light.	We	find	RL	action	with	three	different	colloidal	
scatterer	solutions	consisting	of	bare	TSN	(TSN1),	3	nm	Au	shell	coated	
TSN	(TSN2)	and	6	nm	Au	coated	TSN	(TSN3).	While	efficient	RL	action	
is	 induced	 on	 R6G	 by	 all	 three	 scatterers,	 39%	 reduction	 in	 lasing	
threshold	energy	(𝐸!"#$)	is	achieved	when	TSN1	scatterer	is	substituted	
by	TSN3	scatterer.	Notably,	we	provided	here,	for	the	first	time,	clear	
evidence	 of	 RSB	 phenomenon	 in	 a	 colloidal	 plasmonic	 RL	
configuration.	The	results	are	 relevant	 for	ongoing	 investigations	on	
colloidal	RLs,	and	may	pave	the	way	for	further	research	on	disordered	
structures.		
	

	
	
Fig.	1.	(a)	(1)	UV-Vis.	abs.	spectra	of	DMF	solution	of	R6G	dye	and	(2)	
PL	emission	spectra	of	R6G	dye	in	DMF	environment	under	532	nm	
excitation	 (shown	 in	green	dashes).	Absorption	 spectra	of	 (3)	TSN1	
sample,	(4)	TSN2	sample,	(5)	TSN3	sample.	(b)	TEM	image	of	TSN1	
(scale	bar	is	50	nm)	sample	and	(c)	corresponding	simulated	electric	
field	distribution	image	under	532	nm	excitation.	
	
The	 syntheses	 procedures	 of	 the	 TSN1,	 TSN2	 and	TSN3	 have	 been	
reported	earlier	by	our	research	group	[33].	The	optical	properties	of	
the	gain	and	scatterer	media	are	depicted	in	Fig.	1	(a).	As	an	amplifying	
media,	 0.5	mM	 concentration	 of	 R6G	 dye	 in	DMF	 solvent	 has	 been	
taken.	 The	 UV-Visible	 absorption	 (UV-Vis.	 abs.)	 spectra	 and	

photoluminescence	 (PL)	 spectra	 of	 the	 gain	 media	 under	 532	 nm	
(shown	 in	 green	 dashes)	 excitation	 are	 shown	 in	 Figs.	 1(a)	 (1-2).	
Figures	1(a)	(3-5)	show	the	UV-Vis.	abs.	spectra	of	the	TSN1,	TSN2	and	
TSN3	samples.	 It	can	be	seen	that	all	 the	samples	exhibit	significant	
absorbance	 overlapping	with	 both	 the	 absorption	 and	 PL	 emission	
band	of	R6G.	Thus,	it	opened	a	good	possibility	of	achieving	enhanced	
amplification	of	light	through	resonance	energy	transfer	from	surface	
plasmons;	although	light	reabsorption	may	also	hinder	the	process	in	
this	particular	scenario.	
	 Figure	1	(b)	shows	a	typical	TEM	image	of	TSN1	sample	and	from	
it	the	triangular	shaped	silver	nanoparticle	having	a	mean	edge	length	
of	 100	 nm	 can	 be	 seen.	 The	 TEM	 images	 of	 TSN2	 and	 TSN3	 are	
provided	 in	 Fig.	 S1.	 Furthermore,	 Fig.	 1(c)	 shows	 the	 COMSOL	
simulated	 electric	 field	 distribution	 of	 the	 TSN1	 under	 532	 nm	
excitation.	 With	 respect	 to	 spherical	 silver	 nanoparticle,	 the	 sharp	
edges	 of	 TSN1,	 TSN2	 and	 TSNS3	 exhibit	 larger	 electric	 field	
enhancement	 (as	 depicted	 in	 Fig.	 S2),	 advantageous	 for	 RL,	 which	
motivated	us	to	employ	TSN	in	the	present	study.	
	 The	schematic	of	RL	experiment	setup	is	shown	in	Fig.	2.	Briefly,	a	
532	nm	Gaussian	laser	(Spectra	Physics,	USA)	beam	having	10	ns	pulse	
duration	and	10	Hz	repetition	rate	is	passed	through	a	neutral	density	
(ND)	 filter,	 followed	 by	 a	 convex	 lens	 (f	=15	 cm),	 after	 which	 the	
focused	 beam	 is	 directly	 incident	 on	 a	 quartz	 cuvette	 having	 path	
length	of	10	mm×10	mm,	which	contains	the	RL	sample.	At	the	focal	
plane,	the	beam	had	a	radius	of	~50	µm.	The	RL	spectra	are	captured	
using	a	detector,	kept	at	30⁰	angle,	w.r.t.	 the	 incident	beam	which	is	
connected	with	the	spectrometer	(Research	India)	through	an	optical	
fiber.	The	cuvette	has	been	kept	at	slight	off-axis	direction	with	respect	
to	the	incident	beam	to	prevent	capturing	any	Fabry-Perot	type	modes	
by	the	detector.	The	energy	of	the	incident	laser	beam	(Ein)	on	the	RL	
sample	 has	 been	 measured	 by	 using	 a	 pyroelectric	 photodetector	
(GENTEC,	USA),	connected	with	a	pre-amplifier.	The	concentration	of	
TSN1,	 TSN2	 and	 TSN3	 sample	 for	 RL	 characterization	 in	 DMF	
environment	is	maintained	at	~1015	nos./ml	of	particles.	The	system	
has	 been	 kept	 at	 ambient	 temperature	 while	 doing	 all	 the	 RL	
experiments.	
	

	
	
Fig.2.	Schematic	diagram	of	the	experimental	arrangement.	
	
	 We	first	employed	bare	dye	solution	of	R6G	in	the	cuvette,	and	the	
used	the	highest	pump	energy	of~1.74	mJ,	as	such	no	narrowing	of	
emission	spectra	is	observed	(as	shown	in	Fig.	S3).	Further	typical	RL	
emission	spectra	obtained	in	the	presence	of	TSN1,	TSN2	and	TSN3	
samples	in	the	same	R6G	gain	medium	are	shown	in	Fig.	3.	As	shown	in	
Fig.	 3	 (a),	 for	TSN1	 sample,	 at	 lower	Ein	values	 (~0.45	mJ),	 a	broad	
emission	 spectrum	having	 a	 large	 FWHM	 is	 obtained.	 This	 broader	
emission	 spectrum	 is	 a	 sign	 of	 fluorescence,	 that	 is,	 spontaneous	
emission,	 from	 the	 dye	 molecules	 suspended	 within	 DMF	 solution.	
However,	as	the	Ein	is	increased,	the	spectrum	gets	narrowed	down	at	a	
particular	portion	of	the	emission	spectrum	after	a	certain	Ein	values.	
Correspondingly,	 the	 integrated	 area	 (in	 a.u.)	 vs.	Ein	graph	 shows	 a	
sudden	change	in	its	slope.	The	intersection	point	of	those	2	slopes	is	
denoted	as	lasing	threshold	energy	(𝐸!"#$).	In	case	of	TSN1	sample,	the	



value	 of	𝐸!"#$	is	 calculated	 to	 be	 1.27	mJ.	 Further,	 the	 FWHM	 of	 the	
emission	spectra	also	shows	a	drastic	reduction	with	the	increment	of	
Ein.	 The	 physical	 mechanisms	 of	 RL	 emission	 from	 TSN1	 sample	
basically	generates	due	to	random	scattering	of	 light	[34]	within	the	
suspension	 which	 increases	 dwell	 time	 of	 light	 and	 increases	
population	inversion	and	increases	the	gain	and	when	the	overall	loss	
is	compensated	through	the	gain,	lasing	happens.	In	a	similar	manner,	
the	gain	medium	with	TSN2	and	TSN3	samples	are	also	excited	using	
the	 same	 configuration.	 Figures	 3	 (b-c)	 show	 the	 corresponding	RL	
emission	spectra	obtained	with	TSN2	and	TSN3	samples,	respectively.	
It	is	interesting	to	note	that	the	values	of	𝐸!"#$	are	found	to	be	1.06	mJ	
and	 0.78	mJ	 for	 TSN2	 and	 TSN3	 sample,	 respectively	 for	 the	 same	
scatterer	 concentrations.	 A	 39%	 reduction	 of	𝐸!"#$	value	 in	 TSN3,	 in	
compared	to	those	with	TSN1	and	TSN2,	can	be	attributed	to	 lower	
values	 of	 Emission	 Overlap	 (EO)	 and	 lower	 probability	 of	 light	
reabsorption	in	TSN3	than	TSN1	and	TSN2.	Upon	further	investigation,	
it	is	revealed	that,	the	emission	spectrum	has	an	overall	shift	of	8	nm	by	
changing	the	system	configurations	as	depicted	in	Fig.	S2.	
	

	
	
Fig.	 3.	 RL	 emission	 spectra	 for	 (a)	 TSN1,	 (b)	 TSN2	 and	 (c)	 TSN3	
samples	 at	 variable	 Ein	values.	 Variation	 of	 integrated	 area	 (brown	
squares),	 FWHM	 in	nm	 (green	 circles)	 and	qmax	 (blue	diamonds)	 at	
different	Ein	values	for	(d)	TSN1,	(e)	TSN2	and	(f)	TSN3	samples.	
	
	 We	 now	 explore	 for	 the	 phenomenon	 of	 phase	 transition	 of	
photonic	paramagnetic	state	to	RSB	spin	glass	state	in	our	RL	system.	
According	to	the	RSB	theory,	 for	quenched	disorder,	each	 laser	shot	
will	 generate	 a	 replica,	 i.e.,	 a	 copy	of	 the	RL	 system	under	 identical	
experimental	circumstances.	By	analogy	 to	SGT,	each	 instance	of	RL	
emission	can	be	compared	to	the	inherent	spin	state	of	the	disordered	
system,	and	the	injected	pump	energy	is	comparable	with	the	inverse	
of	 temperature	 [25].	 In	 this	 situation,	 one	 can	 define	 an	 order	
parameter	q	(see	below),	equivalent	to	the	Parisi	order	parameter	in	
SGT,	such	that	the	probability	density	function	(PDF)	P(q)	can	be	used	
to	discriminate	fluorescence	from	RL.	In	case	of	fluorescence,	obtained	
at	low	pump	energy,	the	internal	modes	are	not	interacting	with	each	
other	and	this	is	the	scenario	of	photonic	paramagnetic	phase,	where	
the	distribution	of	PDF	is	centred	at	q	=	0.	Now,	on	increment	of	input	
pump	energy,	inter	modal	interactions	occurs	and	the	intensity	of	the	
emitted	 spectra	 fluctuates	 randomly	 from	 pulse	 to	 pulse.	 Each	
spectrum	 or	 replica	 can	 thus	 be	 considered	 as	 the	 intensity	
configuration	of	a	different	 state	of	 the	same	 thermodynamic	glassy	
phase.	In	this	high	energy	glassy	phase,	all	modes	interact	highly	and	
frustrated	by	the	disorder	|qmax|	assumes	all	possible	values	lying	in	the	
range	[−1,	1].		
	 To	 investigate	 RSB	 in	 our	 RL	 systems,	 we	 first	 conducted	 an	
experiment	 to	 study	 the	 stability	 of	 it.	 Figure	 4	 (a)	 shows	 the	 RL	
intensity	variation	in	TSN1	sample	for	Ein=1.74	mJ,	where	the	system	is	
pumped	with	over	104	laser	shots	at	10	Hz	repetition	rate.	Remarkably,	
the	 spectral	 intensity	 is	 found	 to	 be	 nearly	 stable,	 with	 no	
photodegradation	 or	 precipitation	 observed	 in	 the	 cuvette.	 Similar	

results	were	reported	in	ZrTe2	based	system,	where	no	precipitation	
was	 observed	 and	 a	 situation	 of	 time-independent	 system	
configuration	 was	 considered	 [32].	 Further,	 it	 may	 be	 noted	 that,	
during	 syntheses	 of	 TSN1,	 TSN2	 and	 TSN3	 scatterer	 particles,	
Polyvinylpyrrolidone	 (PVP)	 is	 used	 as	 capping	 agent	 for	 achieving	
surface	 stabilization.	 The	 literature	 reports	 confirmed	 that	 PVP	 and	
DMF	can	form	hydrogen	bond	between	themselves	and	also	there	will	
be	strong	dipole−dipole	 interaction	between	PVP	and	DMF	[35,	36].	
These	strong	interactions	between	PVP	and	DMF	creates	a	network	of	
highly	stable	disordered	media	within	which	TSNs	acts	as	scattering	
centers	 and	 optical	 gain	 is	 provided	 from	 the	 dye	 molecules.	 We	
propose	that,	due	to	this	networking	of	stable	structure,	the	effective	
viscosity	 of	 the	medium	will	 be	 very	 large	 and	 thus	 the	 Brownian	
motion	and	precipitation	will	be	severely	hindered	during	the	time	of	
observation	of	RSB	feature,	as	also	observed	earlier	by	Pincheira	et	al. 
in	amorphous	TiO2	[31].	Some	detailed	calculations	in	this	regard	are	
given	 in	 the	 Supplementary	 information.	 Experimentally	 also	 we	
observed	no	precipitation	or	degradation	of	 the	 sample	 and	 the	RL	
intensity	remains	stable	as	shown	in	Fig.	4	(a).		
	 Admittedly,	the	internal	phase	information	of	the	lasing	modes	is	
difficult	 in	acquiring	during	experiments,	which	makes	evaluation	of	
replicas	 of	 the	 laser	 modes	 complicated.	 However,	 the	 intensity	
magnitudes	can	be	experimentally	determined	which	gives	valuable	
information	about	the	RL	modes.	Henceforth,	for	identifying	RSB	in	our	
system,	we	conducted	a	statistical	study	by	acquiring	Ns	=	1000	single	
shot	 emission	 spectra	 (replicas)	 with	 spectrometer	 having	 100	 ms	
time	delay	between	two	succeeding	spectra	for	calculating	the	spectral	
intensity	 variations.	 If	 k	 represents	 an	 index	 for	 a	 particular	
wavelength,	 the	average	spectral	 intensity	 for	a	particular	k-value	 is	
given	by:	

	 Ῑ	(𝑘) = 	∑ &!(()
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	 	 	 (1),	
Where,	𝐼+(𝑘)	is	the	spectral	intensity	for	α-th	replica	at	k-th	indexed	
wavelength.	 Thus,	 the	 spectral	 intensity	 fluctuation	 for	 a	 given	
wavelength	is	defined	as,	
	 ∆+(𝑘) = 	 𝐼+(𝑘) − Ῑ	(𝑘).		 	 	 (2),	
Hence,	the	Parisi	overlap	parameter	(q)	for	correlating	pulse-to-pulse	
intensity	fluctuation	of	RL	is	given	by,		
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where,	α,	β	=	1,	2,	3,	……,	Ns	represent	the	replica	labels.	
	

	
	
Fig.	4.	(a)	Variation	of	RL	intensity	as	a	function	of	the	number	of	shots,	
under	10	Hz	repetition	rate	for	TSN1	sample	above	threshold	energy	
Ein	=	 1.74	 mJ,	 depicting	 no	 photo	 degradation.	 Distributions	 of	 the	
overlap	parameter	q	at	pump	energies	of	(b)	0.45	mJ,	(c)	1.27	mJ	and	
(d)	1.65	mJ,	for	TSN1	sample.	
	



	 The	PDF	P(q)	data	in	Fig.	4	are	plotted	taking	a	bin	size	of	0.02.	As	
shown	in	Figs.	4(b),	for	TSN1	sample,	at	below	𝐸!"#$	(Ein=0.45	mJ),	the	
PDF	 consists	 its	 maximum	 value	 at	 qmax=0.	 In	 this	 scenario,	 the	
emission	 intensities	 at	 various	wavelengths	 are	highly	uncorrelated,	
which	 signifies	 the	 spontaneous	 emission	 behaviour	 at	 lower	 input	
energies,	corresponding	to	paramagnetic	regime	in	thermodynamics.	
However,	at	Ein=1.27	mJ,	as	shown	in	Fig.	4	(c),	the	PDF	broadens	and	
its	maxima	 switches	with	 correspondingly	 to	 a	 value	 |qmax|≠0.	 This	
implies	that	the	modes	are	getting	coupled	with	each	other	within	the	
RL	system	and	it	grows	stronger	with	increasing	energy,	resulting	in	a	
bimodal	shape	of	PDF	plots,	signifying	spin-glass	phase	transition.	This	
shift	 from	 the	 paramagnetic	 domain	 to	 the	 spin-glass	 phase	 is	 the	
central	characteristic	of	the	RSB	transition.	Hence,	this	evolution	in	qmax	
indicates	the	transition	between	fluorescence	to	RL	behaviour	in	TSN1	
sample,	 which	 almost	 coincides	 with	 the	 FWHM	 narrowing	 of	 the	
spectra	obtained	in	Fig.	3(d).	Further,	Fig.	3	(d)	(blue	diamonds)	shows	
the	 change	 of	qmax	with	 change	 in	Ein	for	TSN1	 sample.	 In	 a	 similar	
fashion,	 Fig.	 4(d)	 represents	 a	 fully	 transformed	RSB	domain	 in	 the	
colloidal	plasmonic	RL.	The	phase	transformation	PDF	plots	for	TSN2	
and	 TSN3	 samples	 are	 shown	 in	 Fig.	 S5.	 Interestingly,	 there	 is	 a	
prominent	 change	 in	 the	 |qmax|	 value	 near	 the	 lasing	 threshold	 for	
TSN2	and	TSN3	samples	as	well.	So,	the	present	report	unveils	the	new	
insights	into	the	novel	realm	of	RLs	through	SGT	and	predetermines	its	
lasing	parameters	through	the	reported	method.	
	 In	 summary,	 herein	we	have	 reported	 a	 colloidal	 plasmonic	RL	
system,	comprising	of	exotic	metal	nanoparticles	of	TSN1,	TSN2	and	
TSN3	used	as	scatterers.	The	randomly	distributed	scattering	media	
emits	RL	emission	in	the	visible	region	of	570-578	nm,	having	very	low	
linewidth	of	3-6	nm	through	rich	light-matter	interaction	by	providing	
plasmonic	enhancement	and	scattering.	A	~39%	reduction	 in	 lasing	
threshold	 values	 is	 reported	 by	 interchanging	 the	 scatterer	
components,	 within	 the	 amplifying	 medium.	 Moreover,	 as	 evident	
from	the	probability	distribution	of	order	parameter,	the	phenomenon	
of	RSB	is	reported	for	the	first	time	in	a	colloidal	plasmonic	RL	system.		
Thus,	 this	 report	 demonstrates	 the	 RSB	 phenomenon	 in	 a	 colloidal	
plasmonic	RL	system	experimentally.	
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