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Excited Ground
' — 3 ~ — state state
N1SstUavoonv:=ltNQUUlQLUDD=0DIUHSD violet
+ - e Level 6 ——> 2
lUlanannns-qulagnIsqQanausvd blue
1 1C by — ! — he — Leve|5 —_— 2
LWUIRaniwwh [Jgvaniu=ns:=qu
(excited state) v1nUULAQ relaxation Level 4 2% 2
Jdaniu:zwu (ground state) lagmg
wavviudiulnutusUuovlwaou tusy Lovela %95 2

Fluorescence (N1S21DuUav) Uas
Phosphorescence (N1StSovudv)

1. MsUdagwavoiuaiulAutusUnTutEg$od Y Y VY Level 2
(Nonradiative relaxation) Energy Energy
2. MsUangwavviuddutiutusyuoosod absorbed emitted

(Radiative relaxation)



Nonradiative relaxation
misUdaswdooiudiutiutusUnluisgsos

= Vibrational relaxation 1Aadutido excited molecules sunululanauov
cdpNa:zalg uas vibrational energy EDumuanmatautdaotmaﬂauao
AaoMmas athuamuuu NItRAdNas a'lEJUE)EUHﬂUH\)UUlaﬂUDEJ
o vibrational relaxation tJuns: uaumsnuUs Fnsnw dHrddaae
UDv excited vibrational state duuln IWgVUS:UARU 1075 SUNA
" Internal Conversion lUu nonradiative relaxation s:HJ1v vibrational
level maouao excited electronic state ua- vibrational level guda
UDVSN excited electronic state KUY nalnuovns:zudUNISTEVILLTUN
LUNOUN
o internal conversion lLJLIﬂS uaumsnuUs dnsSNIwWURENI
vibrational relaxation @33Q1038uUdv excited electronic state
UA1 107°-10-% Sunn



(a) Absorption (b) Non radiative (c) Fluorescence
relaxation
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Vibrational relaxation

O —=NW

fluorescence

A g (non-radiative)
Absorption Z \
of photon
2 Y
Transition
associated Internal_
R conversion

(non-radiative)

O —=NW

Ground state



Radiative relaxation

A1sUangwavviudduliutusuuovsvd

* Fluorescence (N1S21DUAV)
= Phosphorescence (MSISDVLAY)
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Singlet excited states Triplet excited state ’\,

kb Internal Vibrational W/
vl conversion relaxation mem—
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- LUDIULaﬂauaoaLaﬂmsaumﬂs auidganu:z -
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Singlet excited states " | Triplet excited state lla ﬂauaou‘]a‘a‘ﬂ‘]u Wu

L T o . ummanUtanaahnauaomaamuh Wu=0

/ - i AS=UIUAISHAEIUCDU )

‘ / ‘ = MSAYWAVVIUUDVILANASDU D:LAQTULSILIN
: . (107-10"" 5unf)

u alaﬂmsaun S EIOS OUWEI\)\)']Uﬂ']SEIUI’]C’I'mEIO
1ISENANS: UDumsu:n vibrational relaxation
t3atongni 1072 Sun

Internal
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oy TTTTT (vt | ph:‘:’h: = :1A0AD internal conversion duwsaunu
| 1 lagalanasauweNgIuAD:aqs:auwavvIuiia
1] ugtus:auwavoiundmsaudinga
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ST2092312 MS3tASIHAIAEDIDD 1077 Sun) 9



Energy

nAluladgunIw devda A SEadE
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

. Ha\)DWﬂUﬂ']SEIfQLHEJWE\)\ﬂUU']\)EDU

Singlet excited states Triplet excited state
Internal Vibrational Dlaﬂmsaua ﬂauaaﬂju WUWSDUﬂU
conversion relaxation
/ Intersystem lua\)lla\)nUﬂ:)']UEﬂDﬂEUEﬂDﬂDW
/ DN
. = avnnstdaguanu:znsdidauinw
T doiu=wuigLldaiunuuInnd 10-°
S SUNN :1SUNNS:UDUNMISTUDT ASISDY
Absorption [ ||| Flaorsscence > D phosghorescenc wav (phosphorescence)
—‘Conversion i i i i i
E kX
gl 4 h
i
Vibrational ! ! ! J
So - ST relaxation 4 '\;
Ground 7] EEEEE ', {' :
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LuaIULaﬂaﬂﬂﬂs auiHogluaniu: ns: au wu S, msnaunuaamu WU (Sp)
aisatiaduriusatens:usunsnuancivAu Aol

£l exciedsingetsates 1. n1saawavviuniu Vibrational Relaxation
S, ¢ é-Eé'a?”a' (VR) ua: Internal Conversion (IC)

,_1 {C . Zyawia:awa IULaf]aawmsaaovl/a“\o)muua\)fjwsk
= gi 105 00 S : auhIotoalms?unu[ultanauaom:)ma:aw NtH
H—— ' wavviuddulnunUdaongooniuitusUuovndu

: g g 55 $ou Ns:UdUMSULSENI vibrational
e L5y 8y relaxation (VR)
; ‘E _ -;E“E‘-'—- = Tulananagtuaniu: S, 919a0S:AUWAVVIUUDY
SiHE—3 4 msduavnganu: S, loslidmsuanesod
ground state 00N BulSyndl internal conversion (IC)

= As:UOUMS VR wa: IC Aadudgivsiaté&iuin
(Us:zu1tu 1072 3un)
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excited singlet states
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3 1 vibrational
5,2 3 '
2] . ; energy
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triplet state
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2. pasinawaaaisatsud

. LdaIULanaaowaTomumﬂ S1d SO lagns
UaneTWapuoanul LSUSYANS:UIUMSUIN
waoolsatsud (fluorescence) KSPNISI1D
LAV

. mSLUa'ouaoWauaalsawuélﬁoﬁus:)oL§3
uIn (Us:uiau 107°-10-7 Su1n)

. wa‘omuﬁtmanaqonéuua:Ua’aaaaﬂmma
wanchoAuldntnotlinvondnswauoudom
a:ang (solvent effect)
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excited singlet states

] . .
3 : 1 vibrational
52 i y F energy
N P J levels
§ IC
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excited

triplet state
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3. mswWasuuvavludanu: triplet state
(intersystem crossing, I1SC)

lulanaagtuaniu: S, SR Gl SEISBIED
UDVALANASDUNMIR Spin NAUAANY dona
IRwlanalldouon singlet state Wiu
triplet state (T,)

ns:udUNISUSYNI Intersystem Crossing
(1ISC) wa:tuns:usumsniuudngsodoonin
(Non-radiative transfer)

lGpvon T, Bwavoiuchni S, lutana:Laa
MSWDUAAIgWAVVIUKIU VR LWoaQ
wdvouthagns:au T,
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4. msinawdawdisalsua (phosphorescence)
= Msaawavviuoin T, Wao S, Tagns

ol N | voreina Uangwaouoonun (38031 Woawalsalsud

g [ oeie (phosphorescence) H32N1SISDVUAD

; ﬁ citod = AS:UDUNMISUGLIaILNUNDIWADDLSAlBUd
S j i (100 1005 UPetste uIn (Us:zuigu 1073 §iv 10 3uni)

P o ; * NISISDVUIVUDVWDAWDLSALBUASIUISH

Maef (22,8 85 Jolnatiuldudrdoonnkgaliwavviu

B T8 ns=Clu
5“§ 3

ground state
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Iplulanaogtuaniuzns:=Au
(excited state) ua:nauvAugs:au
W3vvIudIN31 waoviuaiutiuo:
nnUangoonuIUSULUUUDVIWAIDU
(photon) HSDUJY 1SYNNSUDUNNS
{i3gn31 miswavoon (emission)
1SoNNAUA photoluminescence
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tnadAaawnlnsalnduuuitdavoon
(Emission spectroscopy)

1) Wlaauwuatsuda (photoluminescence) LAQ
DInMsAlulanaqQanausvdudsilaouday
DDNUN
= A1SD1DUAV HSD Waoolsatsud

(fluorescence)
» ANSLSDVUAY HSD Woawbolsalsua
(phosphorescence)

2) LﬂUaUULuaszua (chemiluminescence) LAQYIN

Unnsean unUaaawaomuaanmtugUuaouao
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Water Ribaflavin Standards | u ! u‘ T
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Rockstar

( a ) E':rf.lﬁicm‘ E:.wﬂii.m | ( b) R
(445 ) (530 ) le(" 1 3170 nm SHram L 104
\ / . 445 nm
- E n < -‘ :—':‘E
C“’ % 7 -
NH ] 1 ' 2
'z - 1x10" =
CH: N N o Zax10' -
On & - 5x10" =
2x 107 4
HO i |
' T . T ———— 0
OH 00 360 420 480 540 60O 66D

Wavelength {nm?
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(Emission spectroscopy)

3) Chemiluminescence

WOumistlavoanntiaono:aauxsalulanann
ns:aulaguNNSeILAD Laidxnaudaniu:wu lagdaoe
wavviuddiutiutusuuoviwaou

H,N o H,N 0
C C
NH H,0, 0 ;
> o + Light(425nm)
NH  OH-

C C
o Metal (Fe3+), etc O

Luminol
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awnlnsiwlaiiaos
Lgat_} exci):ation * Sample
i Monochromator l
1) Light source A

emission | Monochromator

2) Excitation monochromator

3) Sample holder e

4) Emission monochromator Light . -
detector

5) Detector
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Mirr% Xe
Lamp

'Entrance
Exit
Slit
Excitation
Monochromator
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Emission Detector
Monochromator sl
o Ex.'t Photomultiplier
Slit
Entrance
Slit " Data.
Sample rocessing
i%rror Output
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Fluorescence Sensitivity

Spectral Acquisition Rate
EEM Acquisition Rate
A-TEEM Acquisition Rate

Fluorescence Detector
Fluorescence Bandwidth

Light Source
Absorbance Detector
Absorbance Bandwidth
Absorbance Range
Absorbance Accuracy

Wavelength Accuracy

Our available : Fluorescence and Absorbance Spectrometer

Water Raman SNR >6,000:1 RMS, 350 nm
excitation, 5 nm slits

510,000 nm/min

As fast as 1 second

As fast as 30 seconds
CCD/Spectrograph (250 to 1,100 nm)

1, 2, 3, 510, 20 nm (excitation and
emission)

75 W Xenon arc lamp

Silicon Photodiode (250 to 1,000 nm)
1, 2, 3,510, 20 nm

Oto2 A

+/- 0.02 A

+/- 1 nm

ST2092312 ASILASI=RAYLASDVID

A
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douus

uKavmMLdauav (light source) N\
raparLdauaviaisalanusvdtugiu UV-Vis 1a:uivasy near-IR
» rfmKMAWunavns:du (excitation beam) 1w6u

o HaoQBuou (xenon lamp)

o HapaAdINPISYU (deuterium lamp) d&HSUEU UV

o Lawsos (laser)

Xenon Arc Lamp Spectrum

-
o

0.8 1

0.6

Intensity

0.4 1

Normalized Intensity

0.2

M B Nl

T T T T M
200 300 400 500 600 700 800
200 300 400 500 600 700 800 900 Wavelength (n m)

Wavelength (nm)
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douus

WiulasldlaasaHsSULaDNADIWYIDAAUNS:AU
(Excitation monochromator)
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= (1FVVINUKAVMILTQV:WIUTUTUTASTUDLODSCDUSN
= MBEUNLI&aDNAIWYIDAAULIAWIENADVNSTBUNISAS:AUCIDUTY

é Excitation Monochromator Emission Monochromator b
] | = Stokes
] Shift
[}
Absorption __
(Excitation)
2 [
;f Fluorescense
= / Emission .
2 Light Source
700 Photodetector
Wavelength (Nanome ters)
\_ J
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douus

WwlulAslwibloSaHsSuuavnuaongoonun
(Emission monochromator)
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» olulanatuaniu=ns:Au LANASDUD=ADEY € Stokes shift
Aundudanu=wuwssudaaudagwadvviutu —
SUUDOLAVL$DVNTAIUEIIAUEIINI AW e
g1dAAUNIENS=AU

" A2IWUANCIVUDVAIIVYIIAAUSHI VLAY
ns:quua:udvl3ovisundi Stokes shift Bofio
N1S212UdVUDVCIDEV (fluorescence
emission) UaoWaoaLsalsudnUdounonuio: tavdengn o)
gnavlingdlululAsiubiaasanany Buositu
Lud21n (90°) Audauns:Au WoRANLAUY
JrYrYITUSUNIUDINLEVANS:CU LazlWaLdDn
AJIWE1DAAULAWI:AADYMISIA

Intensity
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Sample holder

nAluladgunIw devda A SEadE
EALTH, COSMETIC & ANTI- TECH 0GY

|
bl

L

S

g » Carry out in solution (cuvette or flow cell)

C * Cuvettes may be circular, square or rectangular, constructed

e of a material that will transmit both the incident and

(] : :

0 emitted light.

g = Square cuvettes to be most precise since the parameters of

8 path length

n

=

>

()

=

(2] "‘-‘f_-'sa
> 3 “,
-

0 ’
IS
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Detector
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» uavnpALEonudIV:dodndcasivia Buntdurana
wlauadalwaloos (photomultiplier tube, PMT)

»  gwnsadauavAdnuduciunidagivwbug Tago:
WaguwdvviunaotBldudnuayisunioiwwa

Photocathode ABadn Head-On Photomultiplier

Photocathode ! Dynode"Chaln ) Anode¥

Focusing
Photoelectro \ Electrode .
opecane Dynode Chain L
Voltage p Suppl
Side-On Photomultiplier Dividers ower Supply
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LnAUA fluorescence spectroscopy '(I:J'UEJUZGéI)’lHé_UﬂWSﬁF]S‘]:HI
lBuAtuNW (qualitative analysis) tUpvo1N anid:=uovlulanani
lASvdsvaIvAUDIIIK fluorescence spectra AA19AU |
fluorescence bands upvaisa:alga:AdUYIVNIY (board) N
DTUHANUHDV

InAdA fluorescence awisaus:gnAnUaIsa:a1gNiAIUITUTUCINI
InA0A absorption JulJudsnanwid (sensitivity) o ovoINMdvuoY
fluorescence (F) duwusnuAWLTUTULA=MAVUDVUHAVAILTQUSY

F = 23K 'ebc P,

AMSIWUENWDMIAIQuMSIWY P, K3pnisugngdeuruau fluorescence
lagndlUinAdn fluorescence O sensitivity gonditnAlA absorption
Jszuieu 1-3 1M
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*KLGV

ANSOLAS)

Methods for Inorganic
. Direct Methods
aisnauto (analyte) MUNSeIAU complexing agent
IWDTHLNQASLBvBouNI1dUavia (fluorescent complex)
waddadayayieu fluorescence

2. Indirect Methods ‘
>anisanavuoy fluorescence ALSenI X O
quenchlng U\)lﬂOUUlUDEI']SﬂEIUZDﬂ'] N/ ‘ | OH
Unnsennu fluorescent reagent L5uU OH 0

o 8-Hydroxyquinoline (&1HSU Al, Be, uas
metal ions Duq)

o Flavanol (814SU Zr and Sn) PH "o QH ‘
o Alizarin garnet R (dHSU Al, F)

) R _ HO N=N OH
o Benzoin (@WHSU B, Zn, Ge, lla: Si) ‘ O

Alizarin garnet R Benzoin

8-Hydroxyquinoline Flavanol

2092312 N1S3LAS1RAIYLASDVND 29
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ANSOLAS)

Methods for Inorganic

lon

Al3*

B,0,%-
Cd?

Sn#

Zn?%*

Reagent

alizarin garnet R

Al complex uov alizarin
garnet R (quenching)

Benzoin

2-(o-Hydroxyphenyl)-
benzoxazole

8-hydroxyquinoline
Flavanol

Benzoin

Wavelength, nm

Absorption

470
470

370
365

370
400

Fluorescence
500
500

450
Blue

580
470

Green

nAluladgunIw devda A SEadE
EALTH, COSMETIC & ANTI- TECH 0GY

Sensitivity
ug/mL
10.007

0.001

0.04
2

0.2
O.1
10



2-(2'-hydroxyphenyl) benzoxazole
HMTA
: CF3COOH, reflux N

800
600
400

200+

Fluorescence Intensity (a.u.)

—>
CH,Cly

T T T T T v l
350 400 450 500 550

Wavelength (nm)

ST2092312 ASILASI1=KAIYLAZDVD

CH,0H

N Q
CH,OH

nrlulaggunw

HEALTH, \:osucrl:&mrl Acweracwumcv

OH HO

HO N=N OH

alizarin garnet R

N OH
/
HO N

fluorescent complex

A1.53

400 450 500 550 £00 &50
Wavelengih(nm)
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3000- 3000,  (B)
32500* i.-:ﬂﬁﬂ'ﬂ— . .-.[lI.
52000 < 2000- R
§ 1500 g
c 1 § L
= 1000- : |
3 . g -
c E = .
g 500 Nz
E u_" u' [ ] F £ ] -“-LMI'. 1=
E 500 600 700 800 0 100 200 300 400 500
Wavelength (nm) H202 Concentration (uM)
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Methods for Organic and Biochemical Species

INAUA fluorescence aWISDIEAUANSDUNSEY LAza1sNauiolAbvIudU
uIn TAun amino acids, proteins, coenzymes, vitamins, nucleic
acids, alkaloids, porphyrins, steroids, flavanoids lla: metabolites
= JDUTHTUIBIUNISILASI:EDIKIS €1 A228710N10AAUN LA:WAQANTUN
S$SUU—]CT|
= [Upvo1ntnAda fluorescence TanwibavdvidLduanasIIN
dHSU HPLC ua: electrophoresis

nAluladgunIw devda A SEadE
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Waoolswos (fluorophore)

Waodlswas : IWudiunuaavaruauUQuouwaoolsalsus
1QgNISQANAURSDAYLIVIULEIVAIIUYIDAAUNLKII:AU

U e

®)
(L1 ~ g
I 7T e Mg NS
HG B
P L /A
anthracene rhodamine bodipy
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Fluorophore

Excitation Wavelengths (nm)

Emission Wavelengths (nm)

Aminio acids
NADH and NAD(P)H
Flavins
Cellulose
Chitin
Lignin
Melanin
Sporopollenin
Chlorophyll
Flavonoids
Carotenoids
Alkaloids
Nucleic acids (DNA)
Terpenoids
Phenolic compounds

ST2092312 AMISILAS1RAIULAZDVDD

260-295

290-295, 340-366

450-488
250-350
335
240-320
469-471
300-550
390-470
365
400-500
360-380
270, 320
250-395
300-380

280-360
440470
520-560
350-500
413
360
543-548
400-650
630-730
440-610
520-560
410-600

280-370 and 350470

400-725
400-500

35
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excitation emission

fluorophore Amax (NM) Amax (M)
phenylalanine 258 284
tyrosine 276 302
tryptophan 280 357
vitamin A (retinol) 346 480
vitamin B, (riboflavin) 270 (382, 448) 518
vitamin Bg (pyridoxin) 328 393
vitamin E (o-tocopherol) 298 326
NADH 344 465
ATP 292 388
chlorophyll a 428 663
hematoporphyrin 396 614

ST2092312 ASILASI1=KAIYLAZDVD 36
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Fluorescence emission spectivm of 0.1% riboflavin in BSS \

A Absorption spectrum of 0.1% ribotlavin in BSS B
g - 1000 1 533 nm &
= | 442 nm - om ] =
: 371 nm Rl r
o g ek
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Factors

* Quenching : Fluorescence quenching represents any process
leading to a decrease in fluorescence intensity of the sample

* Temperature : Increased temperature leads to increased
movement of the molecules, and thereby more collisions, thus
inducing a reduced fluorescence signal.

= pH : The pH value affects the fluorescence, and most hydroxyl
aromatic compounds fluoresce better at high pH

= Color : Color strongly affect the fluorescence signal.

= Scattering of Light : This phenomenon occurs in turbid solution
or solid opaque samples



Applications

Fluorescent carbon dots with
excellent moisture retention
capability for moisturizing
lipstick

Dong, C, Xu, M, Wang S. (2021). Fluorescent
carbon dots with excellent moisture
retention capability for moisturizing
lipstick. J Nanobiotechnol 19,299.
https://doi.org/10.1186/s12951-021-01029-6
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https://jnanobiotechnology.biomedcentral.com/articles/10.1186/s12951-021-01029-6
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