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Quantum dots have received great attention for the past years as fluorescent markers for
physical, chemical, and biological applications due to their unique size-dependent electrical
and optical properties such as high extinction coefficient, broad absorption with narrow
symmetric size-tunable fluorescent spectra, and strong resistance to photobleaching with
significant luminescence quantum yield. In this study, at first the CdSe/ZnS quantum dots
coated with oleylamine surface ligand were synthesized by high temperature injection method
under vacuum conditions and stable nitrogen at 320°C. Then, in order to investigate the
quenching effect of azo dyes, which is one of the most carcinogenic chemical colors used in
various industries, on the emission of these nanoparticles, we used mercaptopropionic acid
as a suitable hydrophilic ligand at the surface modification of quantum dots in the ligand
exchange process as a proper aqueous phase transfer strategy. After confirming the proper
synthesis of CdSe/ZnS nanoparticles by the transmission electron microscopy (TEM) test and
the synthesized nanoparticle core and shell standard powder diffraction files (pdfs) in X-ray
diffraction (XRD), the results of the studies showed that the methyl red due to its absorption
spectrum overlapping with the emission spectrum of these quantum dots has a very powerful
quenching effect on the emission of synthesized nanoparticles.

Keywords CdSe/ZnS quantum dots; Fluorescence resonance energy transfer (FRET); Methyl
red

CITATION LINKS

[1] Beyond labels: (2010) A review of the application of quantum dots as integrated
components of assays, bioprobes, and biosensors utilizing optical ... [2] Applications of
quantum dots in food science and ... [3] Quantum dots as donors in fluorescence resonance
energy transfer for the bioanalysis of nucleic acids, proteins, and other biological ... [4]
Quantum dot bioconjugates for imaging, labelling and ... [5] Optical biosensors based on
semiconductor ... [6] Small GSH-Capped CulnS2 quantum Dots: MPA-assisted aqueous
phase transfer and bioimaging ... [7] The use of quantum dots in organic ... [8] Fluorescence
energy transfer in quantum dot/azo dye complexes in polymer track ... [9] An introduction
to fluorescence resonance energy ... [10] Tuning luminescence and reducing reabsorption
of CdSe quantum disks for luminescent sola ... [11] Industrial fabrication of Mn-doped CdS/
ZnS core/shell nanocrystals for white-light-emitting ... [12] Alcohol-soluble quantum dots:
enhanced solution processability and charge injection for electroluminescence ... [13]
Hydroxyl-terminated CulnS2 based quantum dots: toward efficient and bright light emitting
.. [14] Understanding decolorization characteristics of reactive azo dyes by Pseudomonas
luteola: toxicity and ... [15] Comparative use of bacterial, algal and protozoan tests to study
toxicity of azo- and anthraquinone ... [16] Azo dyes and human health: a ... [17] Degradation
of a textile azo dye using biological treatment followed by photo-Fenton oxidation:
evaluation of toxicity and microbial community .. [18] Bacterial biodegradation and
decolourization of toxic textile azo ... [19] Biological applications of quantum ... [20] From
diagnostics to therapy : prospects of quantum ... [21] Fluorescent nanosensors based on
fluorescence resonance energy transfer .. [22] Modified ligand-exchange for efficient
solubilization of CdSe/ZnS quantum dots in water : a procedure guided by computational ...
[23] The molecular mechanism of the ligand exchange reaction of an antibody against a
glutathione-coated gold ... [24] Overview of stabilizing ligands for biocompatible quantum
dot ... [25] Quantum dots versus organic dyes as fluorescent ... [26] Large-scale synthesis of
nearly monodisperse CdSe/CdS core/shell nanocrystals using air-stable reagents via
successive ion layer adsorption and ...

Copyright© 2019, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


https://www.ncbi.nlm.nih.gov/pubmed/20630173
https://www.sciencedirect.com/science/article/abs/pii/S0924224415301862
https://www.ncbi.nlm.nih.gov/pubmed/17987281
https://www.nature.com/articles/nmat1390
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3274144/
https://www.ncbi.nlm.nih.gov/pubmed/26212187
https://www.sciencedirect.com/science/article/abs/pii/S0165993608003002
https://nanoscalereslett.springeropen.com/articles/10.1186/1556-276X-8-452
https://arxiv.org/abs/0908.1815
https://www.ncbi.nlm.nih.gov/pubmed/26225547
https://www.osapublishing.org/ome/abstract.cfm?uri=ome-5-10-2164
https://ieeexplore.ieee.org/document/7888915
https://pubs.acs.org/doi/abs/10.1021/acs.chemmater.5b04480
https://www.sciencedirect.com/science/article/pii/S0032959202001516
https://www.ncbi.nlm.nih.gov/pubmed/16297428
https://www.ncbi.nlm.nih.gov/pubmed/27635691
https://www.sciencedirect.com/science/article/pii/S1385894715002405
https://www.researchgate.net/publication/259495594
https://www.sciencedirect.com/science/article/pii/S014296120700539X
https://www.ncbi.nlm.nih.gov/pubmed/17689518
https://pubs.acs.org/doi/abs/10.1021/ie303485n
https://www.ncbi.nlm.nih.gov/pubmed/18412382
https://www.ncbi.nlm.nih.gov/pubmed/28210717
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3251968/
https://www.ncbi.nlm.nih.gov/pubmed/18756197
https://www.ncbi.nlm.nih.gov/pubmed/14531702
https://www.ncbi.nlm.nih.gov/mesh/68031541
https://www.ncbi.nlm.nih.gov/mesh/67008492
https://www.ncbi.nlm.nih.gov/mesh/67008492

ohiSen 5 153,21 dougd Foh

3 93 1o A g gy ol 418)S 51)8 35 InP, HgSe)
35 Ll GSupsdl calan 45 st (g3lgo o galmdand s
151350 ULyl g ool slge SuyiSIl colin buwlg
wosiilsS bli aSil Jdsay Ll 3,5 enge il slade
&5 5 oS (5, wald cymly esiilsS o oxifol>
sty paizan g 130 LB 395 5l @3 )y Gl eSlesy
pailns Jiiw oSl o)lgan o dSuilgil i Kg; 45 &5 ()
3925 dsllbe 390 bumo 53 Jlad o coailE b wligh
Sl GO L 1l Lo Jltaay,S 330l oS ol g epalnlia 15
oSS 51 olataal Uy pensew g Aindb 50 T (gl Sl 53 L5
blai o 4 56 51 Jianl Ll ol laealls bis b
Obss ez Jsame sobay [005,.5 wige ord el segulsS
S8 s Jold o5 3l 3925 @ T 56 5 Jlal
(999, lapiiSeay Gub jl Juae ©xSUSE (b
GesblsS bl 3Sesitw uizen 9 yerly 35 dsunS
ojll E,SA.M S ol v by, ool S [l
Lol st LIS laiz 135 5o Syza il o B 1y LSS5 Lygils
RSy 9 hle b b xhe 88 s G,
G 56 Bl JEsl 4 e e ladbuw Seib
[Blrginso oS, eib
(Glej sk b GogilsS widgil (s pihaoiile pialidl sln
(GSH)  ouilish e LSy b eguilys bl
(MPA) sl Sigiag nsialSye ¥ b (PEG) JsSulS oyl Ly
LQ,JT 6)|..\,gl;| Ui Lgds0 03> gYLY abw o.).lei‘J% odle (ylgieay
bl mhe Ogdgyne W8 oS Ghge 53 ub Gl
398 3ole MPA wiile s il I Sy b egiilss
CSslon slaan)ls jskiiedy whigib ¢3gaicmg ol 5 ogdle
b adaSe2ls g piaSpmy cuod uizman (Joud wliide dgl
ol 51 &S WS e el ) bagaiign wile Gl sladsSse
Gy wlidsd gladiney jl Gy b ) olgie ool
slapioie 5 Suocw; bbb (glegls Wil
Dlsgas oslaiuwl Sojglgigenl
o303 T cedndy g0 (hSean g fog,S bawgs 45’ slasllhao )3
GogtlsS @higil gur puilgls  uiligyy 3yl Jladl
2ls lid g aisls 1) agllhas 3y90 1y 95T X5, g CdSe/ZnS
sl 9 (PAN) Jsias =Y gjlasam soil S5 93 oS
by 3 JEsl aahd gk 5l s> (PAR) Jsiygsy
GesilsS wideil yid 3Sybsels 4y ;6 (FRET) iyl
8] 5
Cunl alipad 198 Sy Guilugld udligyy (63 JE! eanny
Vgazo g 33 51,8 4Kl 51 55 a5 D oy JoSUga ol 45 a5
S e Jaitie A oindy JoSlge 4y 1y (53] sl 59898381 S
Jdsb o 39290 Gldgaes Judsay FRET onuy jalsg, ,il 5

WAA Glials ¥ oylad e )5

.

CdSe/ZnS [ oguilyS  @ldgil it
Al 9 34l S99 5953 50 b oddiossdgy
Ll (595 9T sl (s3lupsbgsls

PhD ,55,2l> dasgd

obal (ol (puyde conys o&ails (S ‘4919 0SS ¢ eaudign cs)f
PhD sl disae

ol (ol (olyed o&edls “ogl_c XS GAIR (55990 cs)f

PhD j50] (lesamo

oyl «olyed ol o&als b 008l «(559)9109,500 eg)f
PhD ‘42153 gyus

Ohal ol omdo ey oIS (iw; eole 0aSly (andgn 09,5

ouSz

oy alaz I ogilsS @higil ojluil 4 dily § Sdapamio wliogas
ot 5535 65151 lisie 5 Sipl 5 53 (655 s sy (sl sy
090l 45l o l 4 e 3 slwa Jge @iz npd 5 2y GesilsS
rlio Guilioyld lacuwnz s glsicdy agiilsS blii (galmdass (layshsil
lg (slosyinS oslatul Gulidicwmn; 5 asd «Spjud cilite glasje> 5
L ordrossirsy CASe/ZnS LaegiilsS whigil anl 53 dsllae ol s .S
9 M5 ol o Yy (slod 3 @3 s g, b el iy oxdass 2315
A Grop sskiiedy dalsl )3 b i ¥Ye°C (sled »3 luly gisss oy
Sy puliolbyme 5 G5SR4 o)l 038 (o) (slegbsels
s9biedy w3 el 5 (59 e ilize glio )3 oslatil 390 (aliandd
b W8 Sl SsS 5l G slakue b @lisil g pdyutile
@h3gil ahaw 53 culio Judgyian BB SO plsieds dawlSgag nsilsie
sSassSne bgs CASe/ZNS 35l anny Fiiws 4l 51 (puy b o3likas
Qs 4 bgyye 3155kl digas oSy jl osliswl 5 (TEM) (g 9ae (gl
&5 (XRD) uSl (g5 Uil Griwdnb 53 oadjiiun w3l diwgy o
b Gilgyen Jusa 3t sojlsige Ky 45 sl gl wlallas I Jol>
4 ke (95 slwn GO Lyl whiel ol (gis b b & e
9o D3l el 485 (3leplsels

(FRET) Guslioysls udlisg) (551 Jiol (CdSe/ZnS agolsS wl,5is dmeslganls
Yo

WAY/O/VY el gl
WAY/V/A 1y byl

khajeh@modares.ac.ir :Jgius oy’

doldo
(tosilite 5 ) g slal 3 (sladasi (slaysly agilsS blis
5 Ngdise JaSitd @il Yeooo 15 Yoo 3l Lalislugil ol i
bla jlisle 355 e (590 cadys iy S o516l b LT ol
353 Gl -l i diingy g0t Jsase by (oslsS
Jgaz IV-VI G 1I-VI -V gloog)S cés polic cuSys
JI i agiilsS blas glgil 51 3y [0 20,8 e JSi gl
JSls (CdSe, CdTe, ZnSe, InP.InAs, GaAs) dwe S
(ZnS, ZnSe, (g o diwd (595 50 elgil 53 Ll Wloas

Ut syt ol&ily (g glisus;



Eo Lol (55 957 sty (s3lusbgals 31 utyyt 9 Sl SiongnighylSye b ordossibgy CASE/ZNS (eguilsS wlydgili jaius

o et sk 33 |y gwy OLA huly Mo gadledye
alilys 488y Lz waeds FO°C slay 59y Swds g 035 >
My cawd b wldgil sobgewmss dopo ol 53 b odls
pow dlzye 53 0 1SS 093 5L sl el S e g
U 9 035 o i e 53 Isaze ) ouia il 5 ol Ciguy
Flkeele o ol Sl yidGlieYe lise (eadhe 3lseyl>
et 5 03903 3L3] @ly3gil (g5l Sadd 4 gy aagdl S e
b oy g a3y 593 b 9y dole Goudayilu g oyl
39 > o3 e 53 (6,455 sshiedy oS ol b 39 Jol>
(o) Jso)

o 8 s gy b esditiun @l)3gil o3Scung s
Ol a0l 53 cuol oad o3l (lid g A JSi 53 45 S las
SawMd (43,5 [y OLA-CdSe/ZnS (sju wlydgil 5l o5 leso
9 035 > aelodiiogls PN 51yl Ghield 53 (i ueloo
0393l (59> SwoMd 4y MPA o535 51 i GheoY jlaie G
5l asy g 03 YU WeC 5 ayad |y Swodd (glod cunl Lisy>
(595 I9r Ol Sl )3 M5 bl (S slal 4ye iz
lod 53 SwoMd (3SaSil 5l Gy b laly (RSTs e
A odlie S (49,0 Olad Jol=o ddBale cusady \Wo°C
¥ Yo b diged 5 enysl b Swodd (sles e ol I e
G Seaiyiilo l Ay A 0315 gdigund 4iye 93 S0 Jpilie
G T 8L )3 Jol> gy iiBsle iedy FeeerPIM 43 5
L o (s3lwonsd 5 (6510455 jskiieay WY bl PH lie b
1131 (5 ) <)

i
 20min, |
iy

<111 Hot-Injectio by, «» CdSe/ZnS (egiilsS blai jiu () (v JSKibs
b S8 Gleale el Yol () €dSe/ZnS K 39y (©)
(3t higlh () 167 6 53 oSan GloSilusil augs 3 ot sl

GlS PH L G P> )3 b 58 Gzl Sl asy 5 JS

Modares Journal of Biotechnology

Lo oy JoSlge iz zge Job b oxies JoSlge (5545 z30
anlys oxaliia |y oxims JsSlge 515 (sluisbgals L 55 hals
s ogilsS @il pi 1atl dallas ol jI Cam 11015
S5 i el gl oo 0 Ly CdSe/ZnS s,y
Slwpbgals S5l uyp yshieds dalsl )3 cunl Y (slos 53 3255
S8 i g 51 ealiil b Ll 12 (595 e (53515390 S
b 3B 0l 1) sl Saigag notlSie S b

2205 el il

Lo sy, 9 3lge

Zn(0AC)2) (sgyolivl (CAO %33/3) 1uuSlegaoslsS 1alge
rr S) sedlow  dsydsr S€)  pgile (5%
(%% OLA) uolJuidgl (%% TOP) puswdJusSlg 3
g (%% ODE) uodlis] -V (%% O0A) sl Sl
VUl oy leSw) (%A MPA) sl Sbgug pslSye
agi(olell £550) Joilil 5 yyie 150 (5l10)5 (Kpal eaxie
LAV

:OLA-CdSe/ZnS (,»giilgS )35 Hot-Injection jiuw
oslogiy @Sy il el sad 53 Gl A S s o5 disSplan
MW bl el g oad byl (g il liel 00 Sdd Sy 53 pgaosls
slos 4 gy il cabiols slos Jlub wiord ol 9
4 S (slod (i (Ao 4 b 03y Yl 4y dl>pe YYOC
4 TOP Mo ohandy pguil Glad eslojingy wepw 4 *eo°C
blii diwe a3y 5 S USd Juisy b Gup iasly Slds
olSe Gl dealgd 53 Yo slos )y aloye cpuiz b egilss
@ 0Jpsts ol 3 M5 kb o Tsaze (ZDS) dtugy edlepty
gy 03la iy (;3gaiaslal jaliiedy .o (3155 diws (5ol Swds
L el aBE3E )3 St 59y S ET ey STy SlMls 4
slos gloa 53 Sl a8 8sW plojeose G35 2 ol I s &S
ehiglh olal U cwlite a5 agSl (iiSly el ly ¥¥e°C
@ aS a1 (PYe°C) YU (los jd wildyysi slasd HAa3 390 (segiilsS
4z 58 il by ol 3 3980 GBI Vb (slod 55 G55 «liy 35 ool
Yo (slod 1> G5 wlsds slaes 1l 35,5 g yiyghd diwsy audlgy
WoCC (95 i colple (slos dloyo ol 51 sy 39y smlos jiduny
sshiiedy ad aidS Sl by sles )3 @i alolty g ab b
Slhiet (595 S BT ey STy SuiMls 4 diwgy odlogsty G5
Swdd aidsle lojendo G55 30 bl 5l a2y & b el 48,85t )
lod 5 @linjs planil 1 a3 40Tl (23S Ty plandl jghaiedy 23Sy
03,5 05 EH ) dlwgy 9 dis o3bopsiiny (g9l Swwdld slod ol
o I gl 55 addss aald elail I ey exiztun whdsil 5
.(\ diw) [6,11, 12]_\‘:’ LJ'> )b_’

OLA-CdSe/ZnS _ogiilsS wilydeils jaslsi

CdSe/ZnS LegilsS whigl ggls Stk 3,51 1 e
g gyl dSldiaigginl by cand b Iy @l)dgil
Jolso 8oV aody FeoolPmM 5 Soudyyitlw I Guy g 0y
9 Szl 3l (6ol jshiiedy dalsl )5 0 axs) 93 (9 gw

Volume 10, Issue 3, Summer 2019



ohlSen 5350521 dosed Fe

GY s GegiilsS bla uluysls s .CdSe/ZnS
5 asdlae 350 3y iite il glacdile il ) iegilioYs
S Gl 5l odelewddy gl sumsplis Fojlagad .cd)S
il claclle j5am 5 it 53 alsS gl uilungls
i3l U @lagil Guilygld s canl YO°C (slas 55 3y ke
4 45 (gysbay . 0hige GRalS i 3y ite ilize lacdale
gals U uilgld jid (halS syt wdale Gl b o)

(F 15503) 1lise dalsl @lydgils i Jals

00
[ 111
—_—
= s00
<
—
= 400
:g.
E 208 220
=
- 00 310
100
o
0 10 20 30 40 S0 60 70 80
20 ( deg.)

A8 dw toddjiuw CdSe/ZnS LegiileS wlydgili (Sl (so3, Gl (1 5loged
] @l)3g30 cunyd Fiiuw 0aS ol eglatie (slaesads b 50

= == CdSe/ZnS PL
sp ectrum

= CdSe/ZnS UV

sp ectrum

Fluores cence Intensity (a.u.)
Absorption (a.u.)

» Without quencher —— QDsEmimion === ME Absorprion » With quencher

200 14
180
180
T
2w £
£ 3
Rty <
2 W
£
5
R
ER
=
0
[ >
= 3= = s =

Wavelength (nm )

@il i b g e il S Gz ik Gldgen (W lsgal
Sox s S Sy 4 0393l 31 Gudlisg, (g5l JWl 4 yxie CdSe/ZnS
ol odds @3l (5lwsigels oxay

WAA Gltals ¥ oylad e )5

Loazsly
Jio b wliogas Guyp jshieds wl)dgl jiw I g
Jebdgl ghal lad gijei 5 liesd oSy «(siledige
oSl azal il 9 (TEM) (yoee GioiSl QsSung Sae
- oslatwl (XRD)

Y S s oS diSplen (TEM) (sy0me (i9yiSl g8y San
oslsS bl ol a3 oo Lt oadsjiies (sladigel TEM jgai
shls g 1sly ZnS Gusiz 5l slaiwgs g CdSe (il (gldiwa
15 ssmlie il )3 (So5l5 5 wtun pSen 5 (55,5 Hlisle
(Y Js)

100 nm 10 nim|

93,3 CdSe/ZnS (eguilsS blis igysIl gSuug e molas (¥ JSib

L 51 Silods oo 5 stegiltos 5 o ey

ol b I eslésl b :(XRD) (uSal (59350 bl imoiab
Vlgad eaislay @hdsib (gysl pelss Guyn 4 ool gsin
glis ) CdSe/ZnS (gjuw whigh (el (so5n Ubly b
33 ol Sy dw 39450 odalive Canl j> a5 joblan a230
Sy (ulwly 5 cwl ol 0303 4z)3WVe g YYeo IV (sLilg;
ol whdgil diwgy g diwe 4 bgiye 3luiliwl digal
Lo a0l CdSe/ZnS cuys i (ilie 43 39790 CdSe/ZnS
ABIYS)

s5plan (CASC/ZNS (agilsS sl 5y 5 iz b
a5 yiagilYe 03ga=0 ;3 cuwl o o3y lid ¥V Hlagad ;3 oS
G (Gt Sy ol 04w (;egileS blss Amax 4 bgiye
Sl e Sy oddiiw whdgib uizen g Ad cdalie
Sl39a3) w30 ldS 395 5l yiegiliFee 39a (gAY )3 (a2l
Y

S plaa FRET 0104 59,1 5 Hsite 9 03930 i (ldvggen
Ls)mu.a.bugclfb_t[wyﬁ_a:w| o 031y ylid B S yd oS
o 5931 S5y iz ciab 5 Amax OVe )3 (egiilsS wy3gil
@393l o H3l 53 45 oai ol 4 yie 315 399 Amax FYo )
disar 2l gie So dhwgdy cdims oS uiluygigld
JsSJse 4y oxims JgSge 3l (53l (ahgs -(uhgs (Sabeir
@h3gil )3 (Sabibsals ek So 4 ke 5 Jdike o3l 0238
(W 4l5ga3) 394

yduite wilize glaedale (506 aellho jghaieds :CdSe/ZnS
gl 69 a3 Ml ey oaS el lgica

Uyt syt ol&ily (g lisuns;



BN e (95 9T slonSy (sibunsbigals a9 Sl SaignigngtlSye s ordossingy CASE/ZNS (,eguilss ol dgils i

293 4 S9yailgm (el Y iz b tibwpgaesls (b )Soil
A 493 4 (Soytadlow dlwgy wdy ol ol LSS
4 e shie ez I (egiileS bl jiiu aig) )3 suilwpegiesls
Do Wy pgiilsS diud (s (6398 SlacShy sme 9 bi>
9ol spida ol (silulaz johieds diwd (3,5 ladye ()
SWHPRE CIR Y RET PR IS E U CA Y FIEINS
P85 by (5331 0 o391l (V1] JliunyS lislo 4,
1 A sl cblis (F i 5y peluS] i (ol
oMb> hilke

gl riighile 9 ¢3S dedgsie sohiedy aallae el 5
olgieds MPA (b 08 51 () sloap)lS b oadjiin
b S8 el SosS 53 OLA (gl calbio Gu3Sile
o oo o &Sl (sligSa MPA w15 sl v o3l
Zn 09,8 4y (598 (SauiS g Sl )18 45 3,13 3929 (g 09,5
W30 gldd 395 I (g5t @h3gil ZNS diwgy Gid )5 39290
o A03a Ghal33l Calyedy [y OLA b MPA (iiSole ey o5
Glogdl @18 &l JuS50)S 095 (shls MPA Sos
23,24 3205 o al3dl 1y @l 33l

313 L (TEM) (g8l 9Suog e geas 5| Jol> (sleslsy
5l Glaiwsy o CdSe iz 5l slaiwd osdjituw wlydgil ol a5
g Aiwe o Kad g g9, Llisle ghls wuxaly ZnS s
A5l yi0gilF 39 43 (gloslail g wid edmlive Ll 43 K glS
220 el S sgalSye b eaditun wili3gili 3)S)la kg
S s Gl e 3 dSlgb gslul Gl «
2l b b8 e )3 ydaie 595l Ky (SuSbgels
@l)3gil (5l Canb (a5 Siligye 45 31y lid cdelcwwdd
F¥e 55 3y daie (5351 Sy iz ciub g Amax OYe ;3 (egiilsS
@l3gil auugd S5l 53 45 dede ol Wyl 31 3929 Amax
@i ozl gie o dawgdy odiey oS uiluygigld
L awdyaisy g 39 Jitie il 0138 JoSse @ sxims JsSUge
23 SMbphgals easy GiaSTy bume 53 ydate bl (ol
55 aunlss sanlie |y wldsil

e S35 5 55k )3 pae STs S2 g8 pl s ()lNl
Lzl g o5 a5 T (glmygda el Yy Ll (uslioygls 5
Sy (ogiilsS blES igdise S5 498 il 03 658 s
el g9l Y slewad hugs wless 4 Wilgice 9 o3g sl
oglsS blES (550l aigd 4l g Syad i8S )5 (il
hlide @wWlie 53 Jolate I K5y iz 4y cnd ygi b )
OlSel B 00 oo gl blas (5 laly 25l oas GinliS
B3 VSIpLES sshiedy 45 Guiluysls sladliSuw (550
b8 Al juce (syidy plejete sl WS e L8 eslaiul
2255 Wl (531900 53 Gl 55U 50 0)393L s BlbI o,
Fiuo Kg) > oS RT3l g BOyls (5588 9 ol sl
oslogytiag 2555 SUF (yols aallle s onboslitul egiilsS blis

Modares Journal of Biotechnology

200 —ap
——QD+10uM MR
800 =—QD+20 LM MR
——QD+30v MR
——QD+40pM MR
700 -
———QD+50 M MR
——QD+60pM MR
600 ——QD+70pM MR
QD+80pM MR
500 | ——QD+30pM MR
= QD+100 uM MR
QD+110 uM MR
400
QD+120 uM MR
QD+130 uM MR
300 QD+140 UM MR

QD+150 UM MR

Fluorescence Intensity { a.u.)

200

100 A

0 . — _ R —
400 450 500 550 600 650 700
Wavelength (nm)

b o slocble yas s CdSe/ZnS whigl Lelusls Hii (F lsgas
YOC slos 53 3yt 509,000

Ol 9 Lty (loasdd (5L 51 (oS (32,3535 95T (sl
1y il o5 gilio 55 odlital 3ge (oSS 5l Las
alSss Won b o5 wiws 5if S5y 4 bane Nsde
Aigde 4l Suileg)l sleeg S 4 Juate (19 =3 s
oty Sailog)l wluSys glgil 4 gadhid culld bS5, ol
luo dzwgi g oif sy 5l o oayS ealitwl Lails |y
Cany oamme ) LSy ol 1 YL sslie 39y ) ke Calizee
ol Gl g lelid glagly) dome palnly 9 cwl odd
[A8Ly1s 1,5 4295 350 oty S| Gl Ghsmmeci (sloS3g)l
4 yzie (5og0lgS blE ojluil &y ditualy 5 38 paxin wluogas
GeslsS bl (galadass (slaysligils ojgyel oS cul oud ¢y
e glaojsm )3 Grulio Guilogld oz, plgied
9 WS Ty (glosyinS oslatul (uolidbuny 9 ord (S
WISy wike gl Gseme oSy 4 o
caols S aliY gledS y waugls glapaiion
(e sl yigwy oS dez 5l bl Wiy lagls
o2 0395l plw b cuwlite 5 Syl g e (i b
sbee BV ) b5l Glae iz capd ol egilsS
a3 55 M9 2)1s 1) iy (65l0b 5 (T udlysld (oSS,
(g 21z agilsS @higlh (g)glis I edliel b 5l
paRid )3 S plesd GegilsS @l supms
o e 5 & el ead (IS Glise o (sla)Silis
oo b ilolid bume 53 5k 0 ,Siltd wdile wolellbe
paitiuce dhyly 039l (uiluald cauols (gjlugigels b ialél

L2050 gl |y g)lsie
o5uulSy  dex 51 CdSe/ZnS  (slaJluwnSsil
3 Gy oS 5 sl aes 53 o wie lawlsegilyS
s Sy egtlsS bl ol ol ond oslitwl Ll

Volume 10, Issue 3, Summer 2019



OhlSen g j53,21> daggd FIY

050lsS @il s dlie oBuwag o 8Nl
Al Gy 5 dl Sigug glSye b eadesssy CdSe/ZnS

2 e 395 eddlse el b "Ll (59 93T (sl (s5lugbgels
L3 uydacenyi ol (6 )gliden; a4 allio ol Jluy
a2 apid ol gl Jwl gl ) e ool 5 palaio
S5 e B g 0358 Grany JU 53 Gt b Gl anpis
s 5 15 anlyas Jlsyl it b Gl 4 gl )3 ek
GO buly oxngi plgieds (OB xuasi ) b sl daxs
o394y) lie ol b baiye yzel 4dS )5 Ll plad Sy g 03505
oEails (gsbiuy apds 35 (laisl wlodol el
erlise b eyl

3bo g9z (JolS aBT g ,Lasl b syl Lo tgdlio yoylai
b (of $lsize 4 g dlie il o) allio el Las! 4 by
5 paledoe STy Guprecenys oSl (6 pglideun; 4nds @
s ol (g lS auid) g o 4y dlio oyl HLal )y appis
gilio 5 3ls ol HLasl (G131 5 Gllallps sladlas wsyds
o2l Ll 3y b e @ ol sl 4y @ glate Jlaizl (63l
SIS B S dolsl 1 o g Glyail b a5 alie
i sl o allie ekl GilSH oy

ooy (Jsl etuansi) soao2l> dangd B sunsl g
o Lig) (9 oiungd) duul diiyrio H(%00) ey 05,55/ Lol
(%10) SaS Sighy pgw oxiuns) ;50T (lesamo £(%10)
(%10) (K3 Sitgly (ylez odiumsi) 42195 g pucs

gl wiglee huwgi Glegh odl o gl il gilie
RO V- FEVOE FRRIONI AN LS ATR

&l

1- Algar WR, Tavares A], Krull U]. Beyond labels: (2010) A
review of the application of quantum dots as integrated
components of assays, bioprobes, and biosensors utilizing
optical transduction. Anal Chim Acta. 2010;673(1):1-25.
2- Bonilla JC, Bozkurt F, Ansari S, Sozer N, Kokini JL.
Applications of quantum dots in food science and biology.
Trends Food Sci Technol. 2016;53:75-89.

3- Algar WR, Krull U]. Quantum dots as donors in
fluorescence resonance energy transfer for the
bioanalysis of nucleic acids, proteins, and other biological
molecules. Anal Bioanal Chem. 2008;391(5):1609-18.

4- Medintz IL, Uyeda HT, Goldman ER, Mattoussi H.
Quantum dot bioconjugates for imaging, labelling and
sensing. Nat Mater. 2005;4:435-46.

5- Martin-Palma R], Manso M, Torres-Costa V. Optical
biosensors based on semiconductor nanostructures.
Sensors. 2009;9(7):5149-72.

6- Zhao C, Bai Z, Liu X, Zhang Y, Zou B, Zhong H. Small GSH-
Capped CulnS2 quantum Dots: MPA-assisted aqueous
phase transfer and bioimaging applications. ACS Appl
Mater Interfaces. 2015;7(32):17623-9.

7- Galian RE, De la Guardia M. The use of quantum dots in
organic chemistry. Trends Anal Chem. 2009;28(3):279-91.
8- Gromova YA, Orlova AO, Maslov VG, Fedorov AV,
Baranov AV. Fluorescence energy transfer in quantum
dot/azo dye complexes in polymer track membranes.

WAA Glials ¥ oylad e )5

A1y 3929 ol sled 53 G0 LY 9 Y sles ys diwgy
5 612655 olSal g 1l glalimta B (6, (g5t wly3gil
oM cwol oui s wilellas 3 LT 5l weiVgb oslaiwl
B el woud siwe wl)3gil ds Blybl diwgy cwlius
©29l5 (5510 4 e 3L 3 cung T T3 )3 b
3950 FOC (gles y3 ol W (I Y wisedy (o 58 45 Lyl
@hdgil I Guilogls (65,0l JEil plSel oS gl 4y 4295
A5 4 3l 3929 ydate sl Ky 4y CdSe/ZnS ogulsS
53 ogilsS gl (glany)lS wilgise (Slidas puiz o
5T 3959 51 U8 (o (slosioVT ¢l (55l g Gixiuw
5 oy il | Gy glacl @ Gieie ol
Canigil G=hb 53 LT 1 sl gy s slajluleis
i )1 Lo (53500 o)Sue

hls MPA 55 o5 el ol pols dsllbo slacasgis |l
zo> 5 oy laail LSis 55 (ool Hhw wulled
56 4 Jah I ey 2UsS Hlu pley 53 (A bume 51 33l
23 el Giolidl jehiedy (sasy wilellhe 53 cpluly yls
lrbizo b (gl puizan 5 egilsS whdsib il 51
Sl Bl 4y (5 icamlio (slotilBo I canl iy
@l3gilb Gmbw B et a8 55 (GSH) (et aisle
Sldawly L,JT dM= L_,.Ag,u‘sf @363l Jiw Ligy 4 .J)S o3laiwl
Qi (6,5 S5 55 oaiS)lul g Joass olgicas TOP ales
o odlaiul Ll (gy93 L_gLa:L;)J9 9 Ui Gulw opust aelydgil
(_gLa:Lo) 3D 9 03y uwubf 9 (AW LJLC L>-JT (_JXL> U"I RO
ol s )l luz @higl e gl 5k s YL
dez j spicwlio gladis 5 cul st o oldlbe s
high slodbnnS ©SUSs 5 tw sskied) gl
g o3laiwl

Hot- gy bwgi CdSe/ZnS oguilsS eilydgili dellbao ¢l 4o
bwgs ealy3gil cranyd jituw 40l 3l w54 jiw injection
ydste (5351 S5y g &5 Gasb Gildgyen Judsa XRD 5 TEM
25 ydaite wdale QI8! b digjaidy oyls 92y wl)dgil g
Ol 4 4255 by JolS Gigels dloye 4y U @ @l 39ils
asilsS @l 5 Guilpgls g3l Junl olSel oS
Osz e B 4 YIS 3929 3o 593l S5y 2 CdSe/ZnS
9 Ok esilsS whdgl 3plS Wlgie ildsdxs
sl 51l 39,5 51 U8 Ghumocun; laoaodT (55lusy
cljlulede g ooy Gialidl b Giejn gleol 4 Gizie
S0 S sl 2Lk 53 Ll jl eslisl (sl a1z

MESR R

e enyi oBlS gy 09,5 51 IS Shumigh (313,08 5 ySits
Ay 1y S8 g s JlaS plegly ol o pueli bl 4

Ut syt ol&ily (g glisus;



W el (595 9T sty (siluapstigals 3l uyyt 9 LaaolSsiouanashlSye b ssidossdgy CASE/ZNS (eguilyS cly3gils jaiw

oxidation: evaluation of toxicity and microbial community
structure. Chem Eng J. 2015;270:290-9.

18- Saranraj P. Bacterial biodegradation and
decolourization of toxic textile azo dyes. Afr ] Microbiol
Res. 2013;7(30):3885-90.

19- Jamieson T, Bakhshi R, Petrova D, Pocock R, Imani M,
Seifalian AM. Biological applications of quantum dots.
Biomaterials. 2007;28(31):4717-32.

20- Azzazy HM, Mansour MM, Kazmierczak SC. From
diagnostics to therapy : prospects of quantum dots. Clin
Biochem. 2007;40(13-14):917-27.

21- Chen G, Song F, Xiong X, Peng X. Fluorescent
nanosensors based on fluorescence resonance energy
transfer (FRET). Ind Eng Chem Res. 2013;52(33):11228-
45.

22- Pong BK, Trout BL, Lee ]JY. Modified ligand-exchange
for efficient solubilization of CdSe/ZnS quantum dots in
water: a procedure guided by computational studies.
Langmuir. 2008;24(10):5270-6.

23- Rojas-Cervellera V, Raich L, Akola ], Rovira C. The
molecular mechanism of the ligand exchange reaction of
an antibody against a glutathione-coated gold cluster.
Nanoscale. 2017;9(9):3121-27.

24- Zhang Y, Clapp A. Overview of stabilizing ligands for
biocompatible quantum dot nanocrystals. Sensors
(Basel). 2011;11(12):11036-55.

25- Resch-Genger U, Grabolle M, Cavaliere-Jaricot S,
Nitschke R, Nann T. Quantum dots versus organic dyes as
fluorescent labels. Nat Methods. 2008;5(9):763-75.

26- Li JJ, Wang YA, Guo W, Keay ]JC, Mishima TD, Johnson
MB, Peng X. Large-scale synthesis of nearly monodisperse
CdSe/CdS core/shell nanocrystals using air-stable
reagents via successive ion layer adsorption and reaction.
] Am Chem Soc. 2003;125(41):12567-75.

Modares Journal of Biotechnology

Nanoscale Res Lett. 2013;8(452):1-6.

9- Hussain SA. An introduction to fluorescence resonance
energy transfer (FRET). arXiv Prepr. 2009;1815:1-4.

10- Lin H, Xie P, Liu Y, Zhou X, Li B. Tuning luminescence
and reducing reabsorption of CdSe quantum disks for
luminescent solar concentrators. Nanotechnology.
2015;26(33):335401.

11- Gao X, Zhuo N, Liao C, Xiao L, Wang H, Cui Y, et al.
Industrial fabrication of Mn-doped CdS/ZnS core/shell
nanocrystals for white-light-emitting diodes. Opt Mater
Expr. 2015;5(10):2164-73.

12- Chang S, Zhang X, Wang Z, Han D, Tang ], Bai Z, et al.
Alcohol-soluble quantum dots: enhanced solution
processability and charge injection for
electroluminescence devices. IEEE. 2017;23(5):1-8.

13- Bai Z, Ji W, Han D, Chen L, Chen B, Shen H, et al.
Hydroxyl-terminated CulnS2 based quantum dots:
toward efficient and bright light emitting diodes. Chem
Mat. 2016;28(4):1085-91.

14- Chen BY. Understanding decolorization
characteristics of reactive azo dyes by Pseudomonas
luteola: toxicity and Kkinetics. Process Biochem.
2002;38(3):437-46.

15- Novotny C, Dias N, Kapanen A, Malachova K,
Vandrovcova M, Itdvaara M, et al. Comparative use of
bacterial, algal and protozoan tests to study toxicity of
azo- and anthraquinone dyes. Chemosphere.
2006;63(9):1436-42.

16- Chung KT. Azo dyes and human health: a review. ]
Environ Sci Health C Environ Carcinog Ecotoxicol Rev.
2016;34(4):233-261.

17- Punzi M, Anbalagan A, Aragio Borner R, Svensson BM,
Jonstrup M, Mattiasson B. Degradation of a textile azo dye
using biological treatment followed by photo-Fenton

Volume 10, Issue 3, Summer 2019



	1024
	1024-txt



