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! Upconversion

? Near infrared(NIR)

? Visible(Vis)

! Ultraviolet(UV)

* N. Bloembergen

B Upconversion nanoparticle (UCN)

( WAVVIY ol b

VWAVEYIYY o pdy o,

VWAPNVITYA el o &b w


mailto:Kiomarszargoosh@cc.iut.ac.ir

ol 6l «(11#9V) s jlg2 Jlw «g5b (5L

Bad Ol D58 Lz Qs Sl Ol Jawgd Cuwl
255 1y ogsy Shbl e ;S Olae Llgioe 30 0L Sosh
Obsen dlge 33,5 LoudliY )5 polss 10 yusd uzse 9 00l
polde )y dalie 50 9 Blas Hh5 3y50 goe Jsb aml 5o Wb
Sl slags 31 6dluss 5 o6 S sladss 3l Ysame .aisl
Sdwe Glaglime Olgie 4 Zrtt s Ti*tYeMn?t a5 dauls
b Cslhe ;S bl b LUCN s 0586 ool
GSYsb Olay Gae b9 YU sled 5o izl bglxe Jols Oylye

[¥] o5 plel

—0 0k 90 Slaly alise lodeys S5 3l eolatwl b
9 S5y S W Iy g sl 3l glesiuS ad Ol
Ol oSy g9 @ Gad glacab (l Wliswe glagsyl
oS5 02l s b 9 o)l (St Blyd b olss 5 031

8] (F S8) Gl s o8

4 ——25% Yb
(@) -'\" B s, 0% YL (c)
T o ——60% Yb
-
K = ‘ J
e 14
A ANAY J\ L
L\ J LA =,
(b) "cH, e @
——0.8% Er ’
——0.5% Er
——0.2% Er
w \
IV X
' Ja/ \E\ /| (WA
630 700 420 490 560
Alnm

@/ m @  miolleo w o m @

N

Dt || Dt | || S| (S S e S’

(o (] —— o —

lacads slool 9 o0 90 Slagg alise glodsys Sy Y U
3] calise (S5)) slasisl b

WUCN paw (ans -¥-¥

Slp LUCN hu ol jo alise ads slowlsd 3l
ool iy JAS ouizes 5 Jolowe 53 O3 mesd 3l gxSele
00 lgegil ol Cuddle Jiulidl Cgo 09de b 0gd (0 o0laiu]
25 gdumie b GloMol Lol 03,5 JSilecw) 3 O
» g Ossalinyedy 5 Y 4 Y zazd W Hspulagus]

¥ 9 7NN ] vgd0 pldl ool s,

oo b diwgy zoe Jdsb slayzd 31 edliul L UC sl
Slaysd @ 3l 5 9sae sl (1-10°Wem™2) o a8
@ by ¢V duze 9 (105 — 10°Wem™?) Gus b Gl

[85V] 3505 Loy ol

Lol slas,s,lS oy Owizen § LLUCN Hlisle delsl 5o

O3S0 B iy B398 S dise)
:LUCN gl Sy -¥
:LUCN swd usis gl -1-¥

ghe Guliz 43l @b) Gud b 8 S skl sl LUCN
Slags Lol Dlsle 55 Jds gues 4 Wyls Hlly dess
Sris 603L SSlus 9 9gde ool d o T gladlwoyel ghyls
30 b,k 4w gusY glags 0dp L5 L L LS eyl

T e Cewd s LT sl

2 laaslsY “ous Lsd slags 3l Ysame LUCN lsls
Bly 3 Cwlowd aisle Hume glapbiwe Gigh Oblisle
V] Wloads Glulz Qs a5l > GaSlY slo O

Ssiul lodsl> 5 3L GBWL Ghls GusY glopSdwS
f-F laysl CVEn! 31 Lol g olss ol itws Sy
bugi laaswy 4f Jlyysl ol @ dog b aiboe gl
FeS ol @3yl ssde cibadlons 5p 5 55 s sladlig s
$leogiS 31 GEL 5 0,80 18 BLbl e 536 o
bis L guolsY glege 4F Jlwysl 3 dgzge I
zse dels e S S0 Gise Rled sladsy
3y Sl oud Hgh blde 5 O3S Gl (leewd oIk
638 O ek [A9)] WS e Sl O (6388 G Aehs
S sl ©r9 Gladgst s n Sl 5 &S Sl sul,d

D9 (5 3 Ol 0 Lygigld

UC sl 10 Olgie asloY slags 5S1 51 gy bl @
s Tm3* Er3t a5 qusloY slags 31 ,S) el 5,5 oslitul
Cusls aplys 6 0t oluisns) 033l 394 osliul YH3¥

V]

YL Cunnl 3l 50 ladSs ol 5o ooliiwl dyge Oljee dlge

O 0Ll G99 slags So,o58 Glaghypl S e W3yloyes s

8 R
Doping
° Photobleaching

A4

¢

f

E



)

A

o -F

L (RIden slagtusw 10 LUCN 5 oolitul dewgs b
3l edy Slaptuw 9 Ol gl O3 ol il Slyhas
el 00 51995 Ugyb Cod]

0l et Sy Jdd @ el (e Ol3PL ol Cao
2 GNsdse Blse 1) bl QLS sS sl o3l dds b
Oaed 9 LdE Olid 95 I Gleslie ol 358 (ilde
gezd Jhisl Gl Oxdmen 9 Y 3985 zgs godse
30 LSS 508 31 S e sl 3 Las y LUCN
@ ghe Cud gz 9 Y0 Gxhu Gpdy (Sl Lol )50
Sy 5 Gaz 5306 Caul (S &S Cewla(l 3L e

DVF] wab asls Olydgil ol

-o0ls olas MTT 5 "MTS Gsmwa lagsell sl gl
3 Grewy s 50 0wl 090 Uy Wldgl a5
Cr D Canw GuS Sl Sloeayd oliy gledsle
slacdale 9 Ol 1 O3l oyme 5o sladshe slab

D0] w5l cabise

L ousoss YO/EN Gt 685l uyy 4 GiihiSes 5 ')
SO0 iy e U ol 031 (idisy 36 S glauy ysild
40 KB gladshe )0 O350 Giolis 31 g wbdlys e
ol % Celu VP glp 0 omgml™t Clale b glud) i
O3l YL L 383 leCnny 51 Olis oS su3 ke o) Lo Jgle

IVF] oyl Olydgils

Coasw Guyp @ Gldsh 035 Osed 6500 iesh 5o
O 5 Slo gl diaslsyy Gue H¥sb ©leyes s LUCN
Nomg kg™ Guas Go3 3 390 M0 3 awy lagiss S ds
dhe ol uile 0u3) (B3l 36 e O3 LUCN
Gde Vb Ulellae ©lp W3l ool Cubld swiaslis

Cawl

bime 5 Oladl Cdle p G366 L3 ds2s ol L
oud ,S3 o0 Slafebly 2 ogde 1) s slodb O S
OusS S0uSs BB L L s el 4 6 6,50 sla S 4
LUCN Cavw (b, .00 (St ditwd o (olgs 00S

14 Methylthiazolyl tetrazolium

15 3-(4,5-dimethylthiazol-2-y1)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium
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1 Energy transfer upconversion

12 photon avalanche

3 Energy migration-mediated upconversion
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19 Magnetic resonance imaging

2 Optical biomedical

2! Quantum Dot
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