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ABSTRACT

Quantum dots are semiconductor particles on the nanometer scale that exhibit unique electronic and
optical properties. They were discovered in the late 1970s and, due to their characteristics, now play
a significant role in display technology, lasers, and medical imaging.

Carbon gquantum dots (CQDs) are a modern category of nanomaterials, known for their enhanced
and exceptional optical, physicochemical, and biological properties. They demonstrate high
fluorescence capability, good water solubility, biocompatibility, and stability, making them particularly
suitable for applications in biomedicine and nanotechnology. The incorporation of heteroatoms such
as nitrogen (N) and phosphorus (P) into the carbon structure (doping) can significantly enhance the
photophysical properties of CQDs, improving their fluorescence behavior and interaction with
biological molecules.

In the context of this thesis, the synthesis of nitrogen and phosphorus doped carbon quantum dots
is studied, aiming to evaluate their anticancer activity. These nanostructures are of interest both as
fluorescent carriers for imaging purposes and as potential antimicrobial and therapeutic agents, due
to their ability to affect cellular and microbial structures through reactive surface groups.

The newly synthesized nanomaterials were characterized using various physicochemical
techniques. Fourier-transform infrared spectroscopy (FT-IR) indicated the presence of surface

functional groups, including carboxylic, hydroxyl, and amine moieties. UV-vis absorption spectra

reveal ed characteristic s hdul dernid p enatkrsan @it tir o st

photoluminescence (PL) studies demonstrated excitation wavelength-dependent emission behavior.
Additional morphological and structural characterization was carried out using dynamic light
scattering (DLS) to determine the hydrodynamic size distribution, powder X-ray diffraction (pXRD)
to assess potential crystallinity, thermogravimetric analysis (TGA) to evaluate thermal stability.

Furthermore, the biological activity of the carbon quantum dots was evaluated against cancer cell
lines such as Hela and in healthy human epidermal keratinocytes HaCaT. Through the MTT
colorimetric method, the cytotoxic activity of the newly synthesized quantum dots was studied and
finally, their compatibility with human blood was studied through the hemolysis process with the help

of an optical microscope.

KEYWORDS: nanoparticles, carbon quantum dots, doping with nitrogen-phosphorus, maleic acid,

ethylenediamine, phosphoric acid, anticancer activity, z ¢ ¢
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quantum dots paved the way for their use in

vider applications
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BaszUosaUd 1: FgooaUsU;yUseahd ~a3UsalUd eU Usd UGUy ea
UayYBUsUU fgadealUd
1 Fe¥ YEpoBEpUIKT| 180°C, 4h  p-anulevodapiv, 511 nm - [37]
Pucpopikd o050
2 Fed* pm MnQ,- YEpoBEpIKD| Z20°C, 6h S'GMP (povopuspopikr 392 nm 53.72% [38]
YOUDVOTV)
3 Bopéa Méraiha Mikpokiypioma B00WY, 5 Mhokdln, aiBudevoiopiv, 670 nm 3% [36]
i (PuAFpOpED oE0
4 Fed YapoBEpIKT 180°C, Apuio apofooimou 445 nm 76.5% [40]
12h
5 Chlomyrifos YapoSERIKT] 200°C, 4h  Kimpikd Toivdmpio, GEvo 450 nm 14.6% [41]
{qpuTopdppoko) pucpomrd Girdkio, oupio
6 Suyvivn YapoBERIKT] 180°C, 5h  Tveg ToArod KUTTGpvG, 270 nm 95.5% 421
(DumoomKoBOpT BIRIoED QUOPOpIKD T i
anj
T Thuwodn ko Mikporiyama 180°C, 5  MhowdEn, aBudevobopiv, - 95% [23]
YOMTETIED OED i Purpopikd of0 [yMurod),
{mogmipec) 20%
(yohokmirg)
& Meropenem YapoRepuwrfukpor. 600W, 5 Kimpikd ofl, oupio, ouyBuaopos 445 nm - [43]
(couTIRiomid) Upara rin pz AulPs
9 FunTodfverpd YapoBEpuIKT 180°C, 1,4-Mopbahvodikopfofulkd 535-615 nm 29.9% [54]
Hikpofin 10h O£, oupia, PLTpopikEd oLl
10 Hg*, Cd* Y&poBeppkry 180°C, Kitpko ofi, L-cys, EDA, 494-635 (L-cys), 476 -
Gh DETA 526 (EDA), 428-531
(DETA)
11 Hg*> YopoBeppikry 170°C,  hoidc pobdrivou, L-oys, 443-452 20.5% (M-
2h EDA CQDs), 25.4%
(5-CQ0s)
12 Cr0,™ YopoBeppikrp 220°C,  L-phen, qoppoddzlbn, 256-336 1.94-6.63%
2h oupia
13 Cu*, Fe™ YopoBeppwr 130°C, Remdesivir, Baoupio 564 23.2%
10h
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P0Bpion amémrTwong kai Y8pobeppiki PEG, appwvia, ii5aZ6An 450-500 (p1rA€), 500-

auToPayiag o€ KApKIVIKA KUTTapa 150°C, 1h WOPOpIKG OFD 570 (mpdoivo), 610-750 9% [45]
B16F 10 & atreikévion in vitro POCROD (KOKKIVO)
ZToxeupévn Xopfiynon gapuakwy MG 200°C Kitpiké o&u, oupia, 8106gIvo
(DOX) & KUTTOPIKF| QTTEIKGVION 2 J P 2 0P, 488-700 30% 48]
. 10h PWOPOPIKS VATPIO
QWTOVIWV
YdpoBepuikn e o [47]
ATTEIKOVION KAPKIVIKWV KUTTAPWV- 170°C, LIBKO 0500 ,
5 z 3 : @aivuhevodiapivn, 600-720
Oykwv ouvapTroel Tou 6§ivou pH 75min oy
PWOPOPIKS 0&U
. ¢ Y&poBeppikn o P .
Bioatreikévion @Bopiopol 200°C, Kitpikd 0gu, aiBuAevodiapivn, 5
KUTTGpwv Hela 10h NiCl, 485700 2415 [48]
Bioamreikovion & QuToBuvapIK Y5poBeppikii 160°C, 5n  O-@avuAevodiapivn 622 15% 49]
Bepatreia KAPKIVIKWY OYKWV PWOPOPIKS 08U
Apaon-E@apuoyn VieBo00o  UVONKE NVE VInko a BIBAIoypa®Io
AvtiBakTnpiakn dpdon (E. coli, S.  MikpokUpata-Ymépnyol  ©Ofppavon  PAolda pavyko, Pwopopiké ofu 499 nm 14.3% [51]
aureus) , 10 Aetrrd
AvtiBakTnpidiakn 6pdon (S. YdpoBeppikni 60°C,30  TAukddn, MoAuaiBuAevoipivn , 560 nm - [52]
aureus) & avixveuon Sudan Red | Aetrid Dwoopikd ogu
Bioameikévion (MoptokaAi YdpoBeppikn 180°C,6  Kitpikd o&u, oppapidio, Pwopopikd ofy 587 nm 47% [55]
KBavTIKEG TEAEIES) WPEG
Kuttapikr ameikévion & YopoBeppikn 200°C,10  ®BaAikd ogu, AiBukevodiapivn, 478 nm 15% [56]
avixveuon Mn(VII) WPEG Dwopopikd ogu

61




45 — “hooWwl T e g ub

g tamoh 63i, U ashggddsalipiumdfoseassU sy oUssae y3rl
Ui ~ e CBI=CHCORH. Y} o limsBllg b=l aosehfh 63i, ~6g GdeUasUs
seYildgohaPUga32tmmoh 63i UaszUs UmegdiUs céadegylplya cBeg
sge Uy s8fh3@ai Us trjamfpedsieldlysf.y3U ¥Yey veeo, oy gaUl
UoaUaUU; U tUsUeaglUR GUe 303 oaUs UVUaszUs ¥B7U stGcgs h o

O O

(e

(O

HO — OH

Ao o h2U ZBihp o h (38)3i

g¢U aUybeagesay¥Y 63yU yeega Ugy UaU cjyeldd GU0ds ~ Uy Uo
"UpyYuUsoeU Ud e3eld Uesg asUjsssi 63yed. AslusahUU,
6y dises 696i3UUs vd Gddsyd, bosclge mMUBWI A d 1elUdjifae
s uWiesW@HU3Uuse) oUsit363U0Us, 6de UCQDs. e 3¢gllgdU hlse)ss 3 L
eyjaed Ursicoeowraid@UU; y " U0UUs GU U sU3sUsUsayd 63Qgo63 7Y
se YUiiB@OoHUYy3 oaUjbeagesatl 3 e63yrs W) dlevssuegds s@ilsys 4dd
i 3d08d. jgUyd es giy htisald se¥YiiUd oa¥szegas Usd abU
Uy 6 e6addei FUd¥e dJaj¥ gljedUjecooe © dUjecooe cydasiia
} YGegs ¥vd e sU QUB6PPaiesdqUO@®dYUds g Uy besasse U3y

"UyegtaU e3gohseg GUds U slGyYsUsU Udesaegyola UsU

[y

Gde)slleaelUU;joo0e Us 6ec ©. ¢gyoaced, ~caaY oaUjbeagassy
GddasyY oUs WDs@ufpBWU d ccyeld Usgd UUsyoaYesUs [BBIU ") YUo:
FUds "~ Ujei U s arvreUUsoe UjoUGaU,,lUe) s @mieddo U

O GUs; ¥ eUal0Ui13 "6g Uszse 896i3 Us e€doalysseh aai
Urs obUsUsoat 3 aegoesatrs YadyUaU GU UGUyesoyd Usaoc
GgaUyddaUs "~ Y0s3U0Ud obUsUsdisd UJ)Yabdddgo e dij Ud We g d
glijedUjensoed cUd@aisl, a0 gd) RBJ0e AU Us edalUysseh 63i
UdptiUssgaUscgiosUcsasdNPBRs Uy &lgheUa Uy GUszshelUsze UGTY
(IFE) oaUUY Uds UeaadaU atjyUe Usgd U Uds UUsU0OUasd

62


https://www.google.com/search?sca_esv=08bd8e8cec846723&sxsrf=AE3TifOOChI9hR1YO0aSWquVWqb2tD7KhQ%3A1755006586955&q=cis-butenedioic+acid&sa=X&ved=2ahUKEwjoncaBtYWPAxUJnf0HHYYYLPQQxccNegQIDxAB&mstk=AUtExfCbIR8MsRpAqYxPoOxLvFcD6aWoSOtCVAH3WB5VIA6Q8WxMxajorTOmGaQvyJDpIm3MTu7rpSZWxrbH8mZTk53sxDf2nerTPS-_N6RjiM38Xd6vK0ajBxA-kW6JO6TuK4bhhMh7QiShYOWqP-gSp25hs1n1de7IOrLDQllcDnTNrFXt2hHcjc_P04rjvcJIEvizRFf1LYgE_G6_B46yH37P7GYZB__pDEcOF9tOdeSGdyn58xhAM4CY3L9EZXbNX_IoOyI7VIF-fWiZwVj20DOy&csui=3
https://www.google.com/search?sca_esv=08bd8e8cec846723&sxsrf=AE3TifOOChI9hR1YO0aSWquVWqb2tD7KhQ%3A1755006586955&q=butenedioic+acid&sa=X&ved=2ahUKEwjoncaBtYWPAxUJnf0HHYYYLPQQxccNegQIFBAB&mstk=AUtExfCbIR8MsRpAqYxPoOxLvFcD6aWoSOtCVAH3WB5VIA6Q8WxMxajorTOmGaQvyJDpIm3MTu7rpSZWxrbH8mZTk53sxDf2nerTPS-_N6RjiM38Xd6vK0ajBxA-kW6JO6TuK4bhhMh7QiShYOWqP-gSp25hs1n1de7IOrLDQllcDnTNrFXt2hHcjc_P04rjvcJIEvizRFf1LYgE_G6_B46yH37P7GYZB__pDEcOF9tOdeSGdyn58xhAM4CY3L9EZXbNX_IoOyI7VIF-fWiZwVj20DOy&csui=3
https://www.google.com/search?sca_esv=08bd8e8cec846723&sxsrf=AE3TifOOChI9hR1YO0aSWquVWqb2tD7KhQ%3A1755006586955&q=fumaric+acid&sa=X&ved=2ahUKEwjoncaBtYWPAxUJnf0HHYYYLPQQxccNegQIFBAC&mstk=AUtExfCbIR8MsRpAqYxPoOxLvFcD6aWoSOtCVAH3WB5VIA6Q8WxMxajorTOmGaQvyJDpIm3MTu7rpSZWxrbH8mZTk53sxDf2nerTPS-_N6RjiM38Xd6vK0ajBxA-kW6JO6TuK4bhhMh7QiShYOWqP-gSp25hs1n1de7IOrLDQllcDnTNrFXt2hHcjc_P04rjvcJIEvizRFf1LYgE_G6_B46yH37P7GYZB__pDEcOF9tOdeSGdyn58xhAM4CY3L9EZXbNX_IoOyI7VIF-fWiZwVj20DOy&csui=3
https://www.google.com/search?sca_esv=08bd8e8cec846723&sxsrf=AE3TifOOChI9hR1YO0aSWquVWqb2tD7KhQ%3A1755006586955&q=fumaric+acid&sa=X&ved=2ahUKEwjoncaBtYWPAxUJnf0HHYYYLPQQxccNegQIFBAC&mstk=AUtExfCbIR8MsRpAqYxPoOxLvFcD6aWoSOtCVAH3WB5VIA6Q8WxMxajorTOmGaQvyJDpIm3MTu7rpSZWxrbH8mZTk53sxDf2nerTPS-_N6RjiM38Xd6vK0ajBxA-kW6JO6TuK4bhhMh7QiShYOWqP-gSp25hs1n1de7IOrLDQllcDnTNrFXt2hHcjc_P04rjvcJIEvizRFf1LYgE_G6_B46yH37P7GYZB__pDEcOF9tOdeSGdyn58xhAM4CY3L9EZXbNX_IoOyI7VIF-fWiZwVj20DOy&csui=3

sidots3sUUd a0 U pabUGd Gdeysteesi oUs U sUyy 63U0U(d
UsscaUgUe U o) UkxCenadfp UBi jhg ¢ 60 .U el gdldd 0, 002 ¢

"YU)] YeadaU, UsU UiecddaUs gb)ysilisa¥Y e©90siaslU U ' h Ggse
836} egbossaszdd, H 8g 6)duosea 8soseddas Ussbwrdg Ulpxli®dBas=
63i) oaUs Us Granghdg BBHe Badegrdb-ligeg)yd U GeagelU)sah
eUoUeai UU;d "UysUalUsafhUqUU aU GYyeUos, UgseyahUUyd
UsUGUgcoae oaUjos39013 aglkB¥prgogyg &dllosfgollqsndhlesi

g

U Yoad "~ jelyoosld, ~UyUGaUgydUdoaUs 3Uec UyslGeysUd
Uyst13 UsUGiey UUsat 3 GgadUUssai 3 @lUL3 (gljedUjesace
O UsUjeed), 6jdisee 8913U0d ¥vd "~ doyd ¥Ysad; UBd) ¢ dz=

UsdgaUsasiisUsasdq ¥d “~doe Ugit Uesg. Bs oabUsUssayd UUe
eydelie ~UjyegdalUfdUs Uds gydehUUyd abUsUsee U fhlUsGd
aUs UgUatddUes 3Usrelds8ch gty ds ad[@Elfilghd U35

j 3UatUescU, Gga3sUyddoaUs obUsUseayd UUaUaUd Ysdy UaU

¢

8 eald "UyeglalUGU3 gydee lUsUaglURUqUU GUe 3U;f, oU:
G0 Ggtsseasosaf ~UysbYoosass. ] "h UU Gdy8adgUUl c&ld8¥
toUcryoaleysaeag (Gdeystesgi ~JeyoagyU d i Uysd tie Gx0U
eUoYae 6y h3e sred nida gl epas o(R50gWBY Uzse eseddsUs

shsUxs OGoteyeag GU Ugyi o3 Uceeosoaf UipdidUhaice Blm) U
esagboasgosoeRYABAsehadd (

A" s ayes3, eU cyetd edalUysseaci 63yed oaUs oaglUUts3dd
UOUaUaUd ¥s3dyUsU 3U0Uc UjysteysUd U ¥YexUs, dUas oaU
GdeyaseglUd egeU;Ud o090 Uds YeUOd UsacsUgdid JUiddegu
guyYUssrs @69o0clgilUdeyUvxs. B UsU Ugoeysasad UMiddUe;y
24 Ueeooah USTgBotla, gydoae UsalUsalUsahUdUU Ushed oaUs

sglota, eU "glhelil®2Ws ¥0qiddeV8osay UUaoeUUU 30y 6i
U tsUlGey OUUsoe GU; UUnjtBergotiqalgtisadesi dJéiBss coe
eU0UU; 6" © 269313 “j3elujherys GU oabUsUseyd UUaUaUd
GoUjoUGostl 3 Wgget' Vilovalwdiddd G0 tGsUei UUd (GeyelUcatiss

"Ujp Uohel30d e aU aUp UysrlieBd d WhdelUediyUs cUesdae |
agUUU) seaed U Ussahsslidd oaUs 98UshUqUU (Gdeyassgual
Usac3UgnmMddgU2asb Uszsse eoseddoalUs oaUs aEDPAUds aUUUGaUge
U} YaadaU, gujedUjesay¥Y Gg3UsdyeUszUd oabUsUsayd UUa
"UyegtalUtUs e a0 (deysteh oaUs 6y dises eoseddalUs o
GaaUgtlgaegyoafh 63i vd Ugey j0a Od@=sddh Ugdddha HU y Uy Uy O
"jelusceyslieh Usg e6g)ose6i 6a3ayed U UAdDOM addnl hg »)j8Y
UsacsUglamgs]2, 26 ¢

63



gyaasd, UgsUyddeUs obUsUseyd UUaUaUd yYsdjy UaU 3Us
UsUatjyUtdd Ushd GUDUaaegdallyssaemijezeil alUs Uds Usd:
UOeiysstUs e a0 Us 6e e eU oabUsUssae U’ fhip@d3).45% aU
U  habulad Ueg GdeUs beodidips®da @Wille 3z had eydr edeUssal
doaUsaUjesaxs, U sUyy 630U0Ud Uds 6 Usose Usaciatlgéd Us
md , oUoeshd ostsUalU} U Gde Updabihs éfadd Uy dJdiew bl
[66].

64



65



FUds ~UPps0WalU ~j UoelUUc cafdzdds dsyiidgallbaldse U ~j clce
Ust Usg oUs cithUGEeat)yd bocoas desagy Oas e ahsoddtiledqs Us Usoa
Uy Yadiei yo93U, dUéBadlidil Ude i¥0dUalUd) stehd Uxs
UUoa Uy liasfigloomaadeclivsmbs £a6y (addlwsomiis . EU dlls Wy dd &G0
d bseasgosoe Usgd Uy Yudqd @eassweUsg yawedeyDapU by P
GUsjHeta aUs Ux3 gost 3 Usadjt s3r3 U dacamn tigatesydatipU
woundhealing,Ud e yM@wddt d aUs Ud teasece GgebUURUqQUUd €U0
GUosUlsaUlaUd Useshagldd.

g¢U "3 Uy eelU ehgeod dxemgddegsi 09U Uds “~ Uy UteaUge Uxs
UUaUsi1 3 ¥Y3dy UaU eU-ixvpdhsm@ls d Whbeoehd e@aleic acid), d

Us d g o U3 a(atlylerediasniie) e Us Ue (¥ G ((shpspherfy acidp i ¢ 6 Uspsdbdy 6 3 i
6y didses 6oU0alUs ¥vd "~doe YadjyUaU, dq UsdgaUsesiusUcas
"doe lGyU@EHBpgg) 33

(FH

P-.
';;:ﬂ- ‘”GH
Q
ROH

Phosphoric acid

O O

Maleic acid

MH

HHN

=

Ethylenediamine
Aooh8WHiyeeslU@8BH) o0

66



gU UsUsitjyUGUeysU0 “"6g 6jJdqloece 6oeddalUs aUds U
Ue 8y 90yd " doyd. U#¥adfRpBgdaljiy WUdaE @& dRENBidmedidals the.,y Ua U
eU ey sU0MW=016p76g UsdgaUscscilisUcasd GU ~eiastUfR oaUd
98% U" R UdBlukdAGURBugh&)3GW Use-Uwslt ey safh e3i GU "~ UysUalUsas
0 U U s pedta Ghemicals sro..qd uUsUai Udd 6U0d Gisd0Gd Uxs abUsU
g Uy o ¥YdUmMi#i-QOU jh pMErdk Millipore, Uy o 0GUdy sUesed ~eahUdqUUd, ¢
zgemGU dU0jp eco¢.UBI G d5U) stiefd Urs oabUsUsseat a3 UUaUst 3
(dialysis membrane)c ¥} d Us o tkDq ¢ @) d U U Speqtrairrd By

isU Usd bocomppbayadgs cdogddagys Ui e osgHdChUPseYdJaéiUs Py d
U R gose Usdjt 930 U sty &9 obkelLaddlelllilsessa «ilE@U 0T ho Ubs
9i UUU; U Usg Uy Uc e oHergiettdicheks. ¢ e Ug PP~ Uddh gesoaf o950 U(q
agUUY, v3 (y}) UsDMEMN{ Dutbeceods Madifiétl Eagle Medium) High Glucose wi/L-
Glutamine w/Sodium Pyruvate Ud d U U Bieseral & @)dg d € o i 8 & @ fpRBS ( Dulbeccos
Phosphate-Buffered Saline) without Ca & Mg, without PhenolRed " } s e dd Ui Uda U U" f Ud:
Capricorn Scientific, U ¢3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide MTT)U " f Ud 3

0 U U s Sigtha Aldrich, Ue U se y dg o ¢DME@)Y & f ¢ EHirear @wmica Sau.

67



oW UdiyedlU) esop Wisdddbidiyoss U U Udgi jJ00dbep@alig) ¥ & d

“"Uysaleby¥YsUs "~ 38093 UeeUUslieysae UaUooalUe ¢ég40A €U
3803 UeevyUxys Woly asbeefesUUY Uoe UUsoci 64) h3cg.

isU Ud eoeyd (UGeWiyaosg 0 phadmedRlEe-100Usg a2 UUUGa Ug U
Shimadzu, Ue 6 8acs ~ Uy o adidrmondrasT®,4)i 0 ®ETRAE Single-Reflection, ¢ U
aUlGUse UaiGdmmBg Bay Ui jed eyiOaecdiddg 4000

isU Ud eaeydg (00dseRilstgdde\-vis 0o 93 U 6} elle WgdvUWw y Uy e g
1900i Us g o UUU GshidadzudeU®k 6 " Usoafh Gi G Ude®BU&s ogygdodulddd
8 Usoeed uUsUuy) emmeld) oddld ¢ ceatC. UM U 25

o

isU Ud eseyd GUGeYO¥j3) dildecejes teeseeid de U U RBF-5818RC) Ubalige fj € U
aUUUGa Ughnadiee U osagyUesalU (G(deysfiedi U8ds8d clhamDlpde ed
dUjyeego B@al 25

Golld eseyd G YWedddsWddedg |toolhmi@y Oos3U0 cjyetdd Usg ~ Uy s
D8 Advance U dBfucker AXS,Ue 6 8ae Ua3 Us OQaeraditydde Feeabdfae UUU
A s0Udédage Adsososaasi oaUs TU glislU)sloacil YlhsokCoacdlasa
( =418890 Us dpexB(BUsr ¢ U BraggBgntano.

isoU Ud g¥iUpdadUcsoed s HegysU]cetbSazipatentdls 8o s Us Yaaso Ud
eUUy et Usd ~j Uoe UBGg  heysdublisege struménts Zetasizer Nano Series ¢ U

"cogdyldduofloc@gUds ohoy fHy oUs&dasbgaflioBWPaE) e UGy Ugs U
A o20U0detr 3 0606 opdevipdd; atlpalgods) ¢ 0 v Ui Us3alles vgypiidi Goa,edl Uy e

o

eU 20 U UsUeseyUsd UsyY eyUydid Ggseasa¥Y.

isU Ud Ggoeays3 Uy difdd dsress  tiddeeck drallkFsantieti 5ypafy o Ud 3 88 g U
y 3

OHAUS, e eyosGUd UUci UgnlU ebylbyosiilids o19430doUobim w U 4
6 Uy UaUdy o Us a/¥1,1A 50660Hg @24KVR. 3 0

=]

5U Us3s yaUoseceOdsxml (aey od B\BEAK-2e:N, ¢ “UHdy O/lberdqutnatU d

U 6 U} Us UcggWs3ldnm Bule, Poder 55W.

™

68



isU Ud dUj e6bUy geadBGAYBeos ee Ollz eaidledd (y o0 BGADSC 10 OT@R f ) o Us
SystemUdd U UMetlerJolddat U G g3 Uy o (Héllantto.e U Uq

U Ud utosUuosoeUlaUfretrd drying); #ges afey didsidly (U EZ-FOFL01&d d
U U s Moute)sgientifice 0 dUj esoay UGaU Gged0€asvyiddd ald eU

o]
0]

Co

isU Ud uMBrs¢ Uld By 3 hliedgd d ativadlle-i edjUe@Uaeg Uxs Uy ghba
"Uy UBaUgyYGUdoaUs GUdoUkecodbtailbUid¢gegUlalU;jleadedhoay G ¢ O
G UGe UUGg G v Eliga Midioplate Reader Biobase, ¢ U egeoaaed oi e UUesmmoaclBUy el
ceeoaed oielUUed UsnUlGe) ¥Yd 26=620

ol eUayUd Uxs Uy gboaxrs ol idbresU s le oylosx303 celilh jUws ¢
£ 99} 60 adxana giverso microscope Ud d U U UBujottex,Ud ¢ U cUj UaUdy o
100V~240V~30VA~5060Hz T3.15A 250V, ¢ U G v UUs3fh ~Uiwasl deped3B8glsd0 i

69



sU Ue Gis3eas Uxys GgasdyaU¥s ~"6g ~jUoelUUc @6oseddalUs
"aUalse oaUs egal GgoaUUpPBeY3Hod dmal Lembsalldy d,0U0aUa
g3Uyddo Ba Baftprirap * j s Gy o0 9Wldlg giuy) sdUy &s awd ¢ & Bl sillesy) e
"} Y0oe3dge,d WUsesgdlg shYaoaes oUs UsUsy¥YoUUellengd oo U:
deoe 5080dU) 88 Wa08iBld xUWda; i GUUaasycegg <t UpWaa
hietd, UaUochelUss eyoUded o UD UdiyodaidUal Gdi Uddbyoessd))
sUsUovyoed UcUsdojvsBUEYPd dopdpaPdoliles Udaj Padc
GoU i3 elfgoCc2w3 UU UgUfeaUstlUU "egegpadiggUsakpddgd
20mL.

yaes UlGeyyY GUds ~j3e0UeseU8aU Uys UsUsuy Ualigphrs,

o]

Q O Co

63i, d UsdgoeUscilislléapddpdamics UUs GU dUy) efe oy Waladle sl
Udd UsdgoeUgmsaxslleodddgydU ~Ujya UxGd GUes U Uovofh, o
g hees U "~ pPalhde W Uovoai . O"yYsldedd f e josaridddy 3 d d

"y 6ty e e UBBOUIMNUUI deedUsB golpeygd.0sem coedd
eUU3 g Uy o YudlW deU3eliafy UGalU UxeUUaasg.

B aUdU;bwiselhedi g3 Usdye Usr3s dbdmBgaici 6§00 ATsabsieryy beeleUiN
Uds ococgooegugadlfdgsosed Us UdaPeded e UdUUsi 3 UUs
Ggoasoays Ugdpoapmi(ti Uy eliyd ds8U a5 U§Y UY oaUs eU0UY G0 u-c
eyOG@3shd GYoasg diaysishbag) gkibd d1ooomLg " Uy a¥dUy e 303 U0 Ggo
Usg UUgtgUlte¥tGYddUoUosggaddg) uadaYopdd U)wodoe Flabloorl 3
UUa UG BUGUy HUUs o924 oaygesepPUbslddidei 3 aUU); Uyd obU
eU GUhRhee Uess "~ Uy UsUyy v Uy UalUdystlieh Usgd.

SR \

Ko olpa35: | 3 U " Uy yaldiaialU t o o dialysid) (4),(35)

70



gy UoegUUs 6oeddoaUs g3 adlesdivwalis gusydy BWoadii a8 eshaae ")
igloosescdesiseivggaeaid oaUs e6)easooovsgid Uy UsalUd)oslceai
afhor U UjyoeeidBsclifhUdilggd.6 GgsdyaUsd "G=U@de) ec jahssesd
aUdUy odiaysisio Us 695 UGgadyGUsda®, 1685t Ul [felbeseclti B®alled O
UsaUocse Usg 64 haledgiuPasddijrrBbedisobUdhlledsaaiddU aifsodeload
8 3 6 ¢ (INJPaOQ@Ds(1) o INgP-CQDs(7)0 sUldifgs dy G Usd 1 aUs 7 Us UaliUs s |
O helUsU GUYUSU.

190 sdUBEd " ecUey 9 1 sy Uyd@Gags Uy oYd U 80mgelishsooafh ami , 50
UsdgaUs @ilUsbndg B ey safh 63i g f UsyvYuUglhgaee UUYad Usde dl
e 000Gy ) dda 0 O Teflahg Wips als (ielsWU elidsdi gy 3 ¢ U & U & 839°€ & Jd

6y hse UsUauplUdgPdaite UDGYUBa WpidBdiidgs,Yealyg edfs ~aye3 @}
G} govYigosgoalUsUjeddal o99UpmlB eelal¥ s&fqol200@ch3 o6
g Uy oaUaeUsze Ues &dUUedddalysisbad) 1&rosU oW * codlichifdedd 4§ d U s o
UsyYuUgdd 299U lUs¢@UfeWVoded; iBeglald®0d j ¥Vea®ldides;
GgsaycUsU, Us 660U0UdU; hodU0J0UR) dyMmaPdells ¥dg oAl vqdtd U U G
9)geaey fkezddirying, tGUU 30 "~ UjUaUsideild obWSE0woygd) W
"e0hUqUU "eg Uz Uamgde@qgeD3(1e UU3 100

Ao olyB6,37: 8y YU o3 ed (didds teevtidh i 3 d UIBX(37)

200 3dUBAW "eUey s ey U0ydmlLygy aJ§ Byrdida Bmgselilisfijg o FB Oamgi , 50
UsdgoUssliobitazsdliellooafn, 83i g f UsyvYuUgdadd €U Ud baeed!
e U0UGy )} dda U G (Teflanglps alBbs telleU Uedda U G0 dWax:igpPsCee Ut s U~ i
6} 36 U3 Ualyj Utdd aGe &dWsUopPgadgUOU®ec UsosWggetd U I
6y} 6869Y, (GgoegalUsUjeddoal opmU USeedd U dgoUszsi2006hH3 =

71



g UjoaUaeUsze Us 6dUUedddalysishbag) 1&YosU sl " aWidWdgt §Ua g
3YulUgdd 29024 UayYiMle OusvyadUdeU B@P6RUwde somllly sd U
"eeUosjgsdeia ehyoalU “6g yocegs WeWsdly ¥ ajUee del elitehb |

Cc C

G0d oWy BIUd GgayecUsU, Ue 606aUdUyJhod U H "~y HUyeeU
e OUUGy) ddaU 29U 2 4fregzeldryimg),g sizeJWsaig (Uy UalUslidei 3 ab
GUU); Ue .jeeh GiBd3 o) giddsePB8dbdeddal ~"as0hUJUU aUU); O 3

@

Ko olP839:Ae g (idey) sliehdUMAdi a & HIBR39)

3Gi sdUFWY “~eUey s syaUxdgnLygf &f 8ydde Bragz ldishs o B IMOmG

UsdgoaUsgissUsadvstide U ~ diffid e Ut B3 Udo Ugmeiyg€ilissd)safh 6 3
g h UsyuUgad e Ud beedUsU g Ujecys. ¢gaTeflobp 88cHhHe
Us esdUUeddalU 0 G ai (h e3g8goCie s “Gijyhy3ted U3 Uatiy UGdd ale ¢
Uy oBdfds Uatiy Uddd, Ue UsYageU U Uds "~ ayes "6y UsalUac
12000rpm, U e Usji3addalUs Ugehs o9ceeUUU aUs Us g Uy aUc
(dialysisbag) 1IKDo s U 3 U oaUdUj; stGUUa g  h e Uos BdYs ddlcUaiwuriighde
UgUhyoossaUs Uie UsaUoyd 3036i 028U 30U U eeUsayjgadei 3
g8 UsYoageU ¢ Uplittigelyasthiiciet) CGUVAE Gbdredrgls y 6 Us U, Ue 668 Ud Uy
U
9

U
0

efhyoaU oaUs " Uy U 3 eyhs3U00 Us¥Yege U, Uscbmddddryingy d a W Udds B U2
“"Uy UaUsildei 3 bUsUseyd UUaUaUd GU GUUy bmg ey Ge. ¢

Aooh40:3  oU (dey) sl e fidysis GOY B w34 i 3 d 4oy

72



490 sdUBIW " eUey s syGUxdgmLgy & ©wd 9 Imgxshs o A8 WOmG

UsdgoaUsa(ltssUcoovsids U ~ cllighgl U U ;0 U0 d Q0= mg@Eieide); s o fh 6 3
g h UsyiUgadd U Ud beedUsU g Ujecys. ¢aTefloblp B8c fe
U edUUedda U U0  alilesnsgoCiesd cijjhysted U3 Uatiy UGdd ale ¢
Uy oBdfds Uatiy Uddd, Ue UsYageU U Uds "~ ayes "6y UsalUac
12000rpm, U e Usj i 3saddoeaUs Ugehs o9pseeUUU aUs Us g Uy aUc
(dialysisbag) 1IKDo s U 3 U oaUdU); sGUUa g  f e UodajaeseUd sivaiglide
UgWfosdUBoalUoyads B B BiU celUos )y gygdagicsgashiall” Uy ¥eUs U(
UoaYageU ~Ug eHdlideydblech GUMEGBFeOG3ycUsU, Ue 606aUdUy |
efhyoaU oaUs " Uy U 3 eyhsU00 UsYoageU, ¢ tieddsdryingd da W Udds @ U2
"Uy UaUsildei 3 oabUsUseayd UUaUaUd GU GUU,; dmw. 6y e. ¢

Aooh4d:3  oU (dey sie iigysis GOY Baw/-44h i 3 d 41y

540 sdUFIW ~eUey s syaUxdgnLygf & 8yrdde Bagzldishs o B O0cmg , 10
UsdgoaUseslislUcasd (lUsUdBileU | eU§dddysdydniieie; seslhls 603,
g h Us¥yiUgadd U Ud beedUsU g Ujecya. ¢aTefloblp 88che l
Us edUUeddalU GU alil(iesndgCliesd cijjhwsled gUs Ualy Uddd ale ¢!
Uy oBdfds Uatiy Udddg, Ue Us¥YageU U Uds "~ aye3s "6y UsalUac
12000rpm, U " eeUsji3addeaUs Ugehs o9seeUUU aUs Us g Uy aUc
(dialysisbag) 1IKDo s U 3 U aUdUj; sGUUa g eUosdqUsosae UsyuUghtld
UgUfhosssilsaaloyd 30U3ei 295U 30U U eeUoajgadeia ehyoslU " @
UoaYageU " UjegtaltU ¢ oalv@#ded) ssycllod, o9 BoaUdUy |
ey o0 aUs " Uy U 3 8yfhslUOU tosvYageU, ¢ tiddddiryingd da W Udds @ U2
"Uy UaUsilidei 3 oabUsUseyd UUaUaUd GU GUU, P c6y e. ¢

73



Aooh42: 3  oaU (dey) slehdUMHii »&g4py

6101 sdUFIY "eUey s eylGUxdgnLgy) & Oyrdds ImgzldEshgs, o B Ooemg , 10C
UsdgoaUseslislUcasd (lUsUdBileU | eU§dddysdydniieie; seslls 603,
g h UsyiUgadd U Ud beedUsU g Ujecya. ¢aTefloblp 88c fe
Us edUUeddoalU GU alil(iesndgCliesdl cijjhweied gUs Ualy Uddd ale ¢!
Uy oBdfds Uatiy Udddg, Ue Us¥YageU U Uds "~ aye3s "6y UsalUac
12000rpm, U eeUsj i 3saddeaUs Ugehs o9seeUUU aUs Us g Uy aUc
(dialysisbag) 1IKDo s U 3 U aUdUj; sGUUa g  f € Uo 2axdaiese. UABUwH Ligstvd |
UgUf, yo93U0U3 4 Ue o Ubaydg ssdleics efpyUs B U Uy eyecega Us U (
UoaYageU "UjegtaltU ¢ oalv@#ded) ssycllod, o9 Bo6aUdUy |
efhyoU0 aUs " Uy U 3 8yhslUU tsyYageU, ¢ tiddadiryingy da W Udds @ U2
"Uy UaUsidei 3 abUsUseyd.)U0holladBd o @ st U3dl de aiylze Us U
OU; Ot 3 abUsUsoat s UUaUst 3.

Co

Ao ohd8: g el3 Us yjedkUl¥ Uds guyedUy é43ee UsUaly UGd

74



790i 3dUBE "eUey s esyGUvydgnLgj @pOxddpleimgddigysah 20mg , 1

UsdgoUseadidd2snialidrG(ic) sa@s3 @aWlUzeee Urs “~60c Wedlfxs ¢
UsUasoalUd Urs "~ ety herys OiclrygUheO3sVgBgod 4dg G4
g Ujecys. ¢a8 “~UysUcheUszae ¢ Tdllantoyliad dq@d) ctdld U gf dfp Ao (hs
UosU i3 a60daggCel 63 hsae UsUaitiy Udd ate Ugds Baiiy Wigdd .,z C
GaYageU U Uds "oy @3 "6y UsoaUaa G6j69Y, Gpgnp 6 @ U3 (
U selUosjisaddoUs Ugehs o9seeUUU oaUs Ue g U ddysiss Us e
bag) IKDosU 3U aUdUj;saUUa g  f e UosgWsieze. UBGal Ugaiya boel
yoo2WmalUoyd 3Ujei 299U 30 U'eg UpgggadsiisaUcelhywvails U
UoaYageU " UjegltaltU ¢ olv @#ddg) ssycllod, o9s” 862 UdUy |
efhyoaU oaUs " Uy U 3eyhsU00 UsYoageU, ¢ tieddddryingyd da W Udds @ U2
"Uy UaUsilidei 3 oabUsUsayd UUaUaUd GU aUU,; (BBMgeNsPr Gie . ¢
CQDs(7)

v‘

—

Ko o ¢ sU3 Us L ) diesls didysis (44)

80 i sdUMW "eUey s eyGUxdgnlgj @pbydtip mgdddiysoh56mg , 12
UsdgoUsslisUenmialidrGdidp sdfh283i (UsUaUUUsecee U¥Iyd cia
UsUasoalUd U¥ys "~ jeu}fhers 0GielGyr3aU 0 Uds 3o U0d 0Gi
g Ujecrs. ¢6 "~ UysUchelUsas ¢ alldntoyGod ddd) eddl) Uk gf d fp dJa (sl
GoU i3 60dgRgCelU 6y h3e UsUaity Uaddd ale Ugds Bauy Wgdd .z
GsaYageU U Uds " a2y @3 ey UsaUaa Gj69Y, Gpgnp 6 @ U s (
U eeUosjisaddoeUs Ugehs o9seeUUU oaUs Ues g U, dadysiss Uz s
bag) IKDosU 3U oaUdUj;sdUU0Ua g eUos324¥poer. URBaUgaXGDgE
yoo8WUmalUoyd 3Ujei 99U 30U U eelUosjgsdeia ehyosU 8 g
UaYageU " UjpegtaltU ¢ olv@#dd) ssycllod, o9s” 862 UdUy |
efhyoaU aUs "UpU 3 eyhs3U0U0 UsYoageU, ¢ tyeddsdryingd da W Udds @ U2
"Uy UaUsilidei a3 abUsUseayd  UBhaolaqdd ag @ ey, U3l de aijUe .Us U
U0y Ot 3 abU3Usat 3 UUaUs 3.

Co

75



4 ‘.- )
. L9

Koo h4s: ¢ sU3 Us 1 y1ydlkelb e 88 do 8B UL s o Ul a Udialydibd(@5) o (€ 6 i

i sdUW "eUey s eylGUxdgnlgj @pbydtip mgdddiysoh56mg , 12
UsdgoUsaslisUemlalidyrGdidg sdlgdBBi GgadUUsose depdWlgey U
UsyuUgdd U0 Ud beedUsU g Ujecyrs. ¢e ~ Upfoldafs Us e
Us edUUeddaU a0 aliUaepsgeQiestlU d yy fratial gUs Ua &y j00Wgd0 ea aled ¢
ey ¥ zUUY UgUiyYesdgUGddg, Ue UsYegeU U0 Uds ~eayes
29U 15 a0 ©m G0 d20®0i sddaUs Ugehs sseeUU00 oaUs Us
dYoeas s U dalysigbag)dlkDlo s U 3U aUdU; s0GUU0a g ' fh eUosszdqUsse
vyi13. EKEUes uesyvYaUdeU UgUR, yoes3Us 2 Uesaloyd 3Ujaci
UsU UpyaUs Ud eUeh) ¥ad. €8 UsYage U UVpUlsag dloelsiels i ed dof
U GUMRda) ddeae) Usldd.

1008 sdUBEQ “~eUey s ey 0UxdmL g el Usyviddls Uss maleddbsys o1h5 06 3 i
120mgUs dgaUs e ts UmlaBwi (baljss alfh 26531 (ats U 0 §Bidldlbied) “~®)f
UsyiUgdd U0 Ud beedUsU g Ujecyrs. ¢a ~ Upfeldals Us e
Us edUUedda U 06U aiGesgageCcieall cijjhwied dgus Uaty UGdd atdae ¢
Gey Y. zU0UUVWdlHs Udyigddidd, Ue UsYegeU €U0 Uds ~eayes
29U 15 a0 twm G0 d20®p0i sddaUs Ugehs seseelUUU oaUs Us
d¥eaae Us U dalysigbag)dlkilo s U 3U oaUdUy; sGUU0a g ' fh eUosszdqUsse
*y13. FKEUes UsyYuaUdeU UgUfR, Uyossl U8 &c UbagegBodyd 33 Eihgis
GoaU Uy yYaUs Ud eUeby¥ad. ¢a8 UsYoage U UVIpUsg dloelBlels i ed dof
U oUMtfda) dd o3 geazey Uslddd.

76



1190 3sdUBY “~eUey s ey 0UrdmL g ellyUsywiodl Uss nellddbsys a5 06 3 i |,

120mgUs dgaUs e U s Umlawl (balss alfh 2é53i (ats U G #BidUdlbiede) “~o')f
UsyulUgdd €U Ud beedUsU g Ujecys. ¢a ~ Upfedasfs U3 a

U edUUedda U U0 adiGespsgeCieadl cijjhwied dgus Uaty Uldd atdae ¢
ey y¥. zUUYdlis Udyiadddidd, Ue UlUsYageU U Uds ~ayes

290 15 aU0 tm G0 d208&p0i sddoaUs Ugehs sceeUUU oaUs Us
dYoeas s U dalgsigbag)dlkDlo s U 3U aUdU; sGUUa g f eUosdqUsoace

*y13. EKEUes UsyYuaUdeU UgUf, Uyossl U8 &c UbaegBodyd 33 Eihgis
GoU Uy yYaUs Ud eUeby¥ad. g8 UsYage U UVIpUeag GloelBlels i ed dof
Us GUMda); dd o) geazey Usidd.

ZUadsn 3 UpWs UGiyy e3UUs Ggse Usa¥Y 65 GgadyGUsd "~eg ~ 34 U

a3 U&UdEgooa U3 U} yUs a i di 5 thizeUlaWls = yIJU eaf3adbyllistibada t 3 U U &
el Usd Usa¥YlUsUU Ggsdeald

77



AadUGeUUgGoae aU drR:U} i djeg (

¢ GUGBeUUBGoeae aU g Uyidyeg U sUUalUa eaU UsUagUsose

aUdid aUs Ud eUayUd Udifoodet e@deplt 20desy gy ¥y} gdy d Us (
BlUusUGey UUsofhddma BaiedgdodUGe UUcOoa6 aU UhR3daddoo. B
jealUalUa eUUU UL GUsd UwisU augal) ool selBoayygs aUBYWesgU U f 3 d
"eg UaU0UYee3U0UUs. yUUs UU ehyosU0 UaUUdeis GUds g’ vy}
jeolUala Gesdaagiica FYdU ocdesoahd uUUGehd “~Ujyeglos
0ge3hUdqUUd thadldd "eg UsUstUesceia GU GgooaUayoscy
Ui jed ecgeoasgd oicUUcd o gmanm,s il et Vg 0
203U0U0U0Us cyetd Uesg Ustusesgi Hhypeg dahhgeaU

Ux8, U0

UOsed "~ Uysccyd

-Uooid g %) gdpse00emtU 14000

cyle g y4)gdy400cnU 4000

Y v g yjygdyembesU <400

¢ UUcssee U UsUUa U; aUU0Y €903 "60hHUQUU utUaoeUUs(,
UUgUe eadid Uxs Uy UaUdystUseat 3 eeyYuras “~a8g Us
UsheUsse ehyoce, "Ydgsadal coljlldd alog g y) gdy c
0d aUs “jeaUalUa eU0UUUBscayd GUd Us soasae ;6 e Uc
U 30U UasUs egaU tesdqUssae ¢U0UY UxlGd UsUj;oe GUds U
U Uoc &beggddys Ud U seacoed, UdeaUute 30 cU0U0UbYaaUOUUSs

yjag oaUs 3U ®B7He ) GadvUwsrFdaaUUUs 6 Wdedid=safddf a3
UeGUsasegas Uy UaUd)astlUsoeayd seyYiiUd GU GgooaUoay)seysU

Typical Infrared Absorplion Values For Various Types of Bonds
100 3200-3400 em! 2B50-3100 cm™ 2100-2260 em!  1850-1800 cm™” 500-1000 e’
" O-H streteh C-H streteh =N c=c C=0 stretch
T N — I
r : "Fingarprind™ region
a - [ganerally nod usaful)
n |alsoin this :
5 | region: ; Exception: 680- 850 cm’!
M | N-H stratch ] ': region can help determing
I 33I00-3500 em™! ] H orho-meta-para substibubon
t H paitarns for aromalics.
1 3300 cm!
a alkyne C-H
n siretch
< ]
e >3000 cm Vi V<3000 cm?
alkenyl C-H | alkyl C-H stretch
a stretch H
| | I | | | |
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Aooh®@UbsalUd U 6y 3 hididd 925U o4B) UaUdy staUsay

78



o ore Ulg@zs &) sldififig Ullsdi g oildR)e g
BU8da0UddUa d o U e g osssiticlhs sl ey 36 decel

eUUs3s 33U 8808060

abU3zUsat 3 UUaUsi1 3 Y3sgyUadidi sg) 8gdfydedgaU60Ge YUrx3s U-
Uzt aU0x3, UdolsjoesclcdddtfaedfgoUszclioslUcaszdd oaUs, Uety w0
GyGeU Uesg UUesosasi “~j3eyfhs3lUed Uxs abUszUssit 3 UUapUs: 3

aUdaGUUUUs UtUgsUUe d usUjU0isdqid Ux¥s cdesoat s gU0UbG
Udidi sdUGdd. Yse OFRGHReU8| slyyUPsU8&ds UUgUes eadid U
"8g U3UstUcscBdd¢ Pl GOCNBEIBO, "~ UyyéerdPEdey; aUd Ufda
Ud udeg Usdjy Ussosaei ~glag Ui Usile Uslysf 00 Uegy) osayd
G0Get s "6g GeUUase3UUs U ¥YevrUs oaUs (L 0WepdlbUs . &
O o ayaes3 Uds U o-Uglp e eclokasd Wel¥IJ eI h ejyse aidsd giem aBU (Y
IRU¥3 3 iy eers Uhsa G3Uhesll gesaUbsdye Us¥y3 obUsz Udldigs UUa0:

100-

3]
]
1

(o))
]
1

B
o
1

Transmittance

2
]
1

0 T T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)
o Yoy Uee GYIRUB g Wagee si 63ycd

79



=4
o

Transmitance
o
=

0.2

0.0

3500

3000 2500 2000 1500 1000 500

Wavenumbers (cm-1)

@Yoy WeeXWielRUddsdgalUsgiislUeasdd

0.8

=4
o

Transmitance
o
=

0.2

—_—

0.0

3500

3000 2500 2000 1500 1000 500

Wavenumbers (cm-1)

o Yoy UsceUYARUB g (G¥yUlc) o9o6i 8683ya6d

Transmittance

100 -

80

60

40 -

20 A

0

IN,P-CQDs(1)|

3450

/

1650

10504100////

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

o Yoyl Ue e U YARUN N,P-CODs(1)

80



100 7-mm

904 [N,P-CQDs(7))

80-
70-
60—-
50-

Transmittance

40-

30- /

20- 950

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

®mo Yol Uese Wi R U ¥ N,P-CODs(7)

Fgooeja3e3UUd FIURUG0e PHPU; sevy3 Uzt 0lws osbUBEsarae U
Yyady UaU eU “"jeleaszUsd UgRADDYL), 8 U U UidelelifpekigsUs o y d
sUGeye e6oelUsd ~Bddqesaydpias@gBbeayd GBALYs dddidgs U
slisahUU; U, GUU GYGgUUOBGUxeacdgdlig het¥pUaUdy st Usoayd
Ue d ¥ t-€aPH,-NH,o UsB AU3 Ua @ 8mssal) e3i, UsdgeaUscilsdiEa s d,
YieU Urs obU3Uswma 3 Ud0e@WdeascUd 1 30d Uy eglidbdre s g:
JUbGgd Ust " Uy YeadalUUYs Oo®aesUBds (G&adBoocmd; s ce” 820
U gtatlUOUUs G ailys edgUxsdidert 363 0U0Ud Uds "~ Ujyegtal tdal
oaUs UeosaldgBuws sYsUsU Urs ob Usllsatrdbd gl UallysatBB0e Al 695
cm?t, U  gltaues3UUs 00 WeGel@dededegs djllUaeasasi GOaUalUsi
G0ds ~ U ome0emisdds0 1D0dn' e UUaece3 UUsU¥Wddicleal0MNBGae L 3
aUsP-O U3 UaflUsscU. Bs "~ UpU0UdyeieUsldg UgUyd eU00UbG:
abUsUsoat 3 UUa@dh 30 vaidsWeWoyd oaUsUsgjoseyd ee¥YiU
"3 hiyeeU ehyoaU aUs Gglse¥Y U sgUUasi3 calU y3ulssq

Y Co e
w
c
C

Gyalihyeg aUes goasah.

ge (YETERU¥3 obU3 UsaNPCQDWR 08y sagiayYyelUs “~ Uy hessU 6 Uy
UalUdddy 1 Udd Gisdl0Oadd, oUodshdiceg Uysdefogadasi ¢U
teee oaUs U osGUsUsUse (i GUUWsUa e sUcllilhd sedydpglilos () § jtiadeocl
3200-3500cm?, U gilislheUs Ud¢ il swiUagd oBls ot 3 Udgi5500d 3
cm? "eg G6UUaee3UUB=0slexxaeleegl V8gd); Uososasi UlideUBgi .

81



"glauBd Ues@eNI@ap aUds ~ U) sHE0em™ 4 We GUsasegs UsUlae)
d ;j8Uds ys3UUGd GU GeylOGd €U Uds “~j310d GisdU0dd,
sUGiey UUsafh bUdeh "y hHhteosazxdd © U stGUsUsUsedBosals U
sUGieye 8oellUsd UgUyd uU3s U dyUvyesgs Ue oUszsaf
cdeUUstGeh obUsUso 30 Waipal st ) gvalify dUbald .o Us

3 ¢

Cc Cc

Co

AaUGeUUgGoac aU g'yWUsklVivis)g d

¢ GUGeUU0al dlg sa@ieg@éhvis\Uas Us eal Uy aU0U0UY cjpetsed UUG
Udigeeed Uxs Uzt G8rgopt &@Pfivde | " eUU0alUa eaU UsUaglU
Ud jdeUOal, Ud @wssaeoalU aUs UU 3assay¥Y, GUU 6 e6al

Co

¢ U 6y ) WiddtdoUyeeclUosdqUssaed UsUssebesaald AldnudUUs 0
aUs Uley ¥ UsUjoUsUsayd eU0UUbsayd "6g GgebUasesegs U
UsyjoUsU “6g U @633 elGYUUs, U3sUsUsassxsWald Ugdgay el

aUsaUye3aeg U h y3U Uyeceoalah Glvpzdisdae ss00anug” dpe
Us d 6 UUe ~ UQomm ey iU 0B IsdJansd®d Uy aUUY o903 e06) (
dqd a2U00UGU0UPUE38apelsd tUaoeU. ¢U GUGeUUsGYUReOU; U ¢ @
s aed UylGedd aUs "~ Uy ¥YUUszdd GrUsilshiv¥s.

U ey hidad Us Us 3 s bais UdREfelbdiss Uslyafe dled e UtndU dves aday U
U dalUsUyeasUayd 00U UL GU0sd e0UBaicOB PpaUaPoaUsafif
"3 UoeUUc B89eddoalUs GU UsUai eUUU abUsUsat 3B3sU Useilsslidg
U ey hididd ~egldzdidsd cielddd 800im,s alses RO 3 UUs G U ¢
A" * Uvs U) vee Upog 3o Us (C3C Wiesg t B3 d) Ussaai "gyesU,
UoUeai UU; U cead oiclUsd, URétdquda@Uslctllllas@BdWUE.L &
aUa Uy 3o U U s U3UtegUby Be 36 B Wy 33 UsB s UeealblBle Y gl s d
U djU¥se3U0UUs U ' f (GUssheUsU oabUsUssci ~Uyseclgdeasi,
O slGyYsUsUd eyly ~jJRHOGessdd UVUUyeUURe v3 UV-Uswd hyds U 6 g
G

o

(<))

™

m S Cc

-

jetseas UjoUaUas 25U Ud eUeayUd 6 Usoeat 3 stscelUeUxrs
] "h UU "y huyeeU ehy od0 Ussdgg ollssbyiteyUkntag Ue U3 asUs ¢
G0ds "~ U)s6wkelU Usgad oicUUed emwmy) hadfla W WUwzs @Rsbs Uy
e QU0 UimAlivs EUds "~ Uya Urxad ¢a@UUalvlasy agU ys3riad,
"3y eoUblend a e UUUGey ¥Yd (Gey Uaoasg "~68g ogeUas3-8%nhUgs G0 ¢
ediysofh 63i oaUs Ues GrlGlGeyseafh e3i GUBdJalU)jeglihFedgd
Uz30U0UshelUse GUGeUUsoafh Uijed. ¢clgliosshd¢Ugséigelita
"UyoycUs UegsszeeyYtilUd U ed uUGesayY dalUaU) A3sU, |
daUsaUje3sslUsyd ecUBU*Uwt®osdubdBadyald 6y ) hiGdaidd GUs g
] 3Usdyllwpeydlys off o Us (v iiWe) si@fAjdegdicgs UaUUUUey3 U 0c

82



e 6JrecgilihyUd eeyYulUd oaUs 65 U3 Ua @0gd seligU sdooslaz]Usas o¢
£e990} Y ceoad oUgyglpes cwd Uhaggdl ddetlile G @ 6 ~ a Ude jgU g is.t tcsgly
d U egllpgUalUdystlUseaedUUgeM idpedgUonshy sU dU0yy OUaUUs
U} Ua¥Uxy “ U} UUadUnUi®By U HiIFaIBa)dUs UU0aUFQ7]. "eg Gga3l

IN,P-CQDs(1)|

0}0 v 1 T 1 T 1 v 1 v 1 T 1 ' 1 '
200 300 400 500 600 700 800 900
A (nm)

@9 Yoy Use GYOY-Us Ux NP-CODs(1)G U lsYoqtU;y eWdUs; e 301 vd U

83



IN,P-CQDs(7)|
3 |
<
2 |
1 |
/ n-Tr*
0

200 300 400 500 600 700 800 900
A (nm)

@9 Yoy Use GYWY-Us Uy NP-CODs(NGU tisYagelU U g UjyavydUye 3C

84



gU GyaeovMisWrys obUsUsosat 3 UUaUsi 3 Ysd@glelB Uedlcy) &yas
GdgsdyuaUsd, "UyegloaYesal@lded a U] Useddihy tedliéilys o yd e tWddee 3 U U
daUa U) syt t Usd Ueg Usdy Ussssi “gyeslU aUs Uxs
TUBUagse "~ Uyps ULalsd ~UPBBGpPeGlOdigddUs &¢m, cdy d Uda @
U slatlOU0Us GU &0 *01Unles gt glbi g osdpmxU 63g UlBsedijsUoa s oaai Go
jofhed, UelUsshalddid&dee ct)) 8me 326 caesed U stiatlUUUs
nA"* oaUs GcUUasgUUUs ¢H) wifUg (b3l solbdly op Usse ez s ¢ YU U( .
ZUe G(VYa@gpP L Udd Gisdl0add ~ Uy 0U0dyeislUUs U s ayes3 UGd
400-600nm “8g € 8468i3 3U U eslUedeia 00U U stGUs3UsUsayd
g 6aUaeeUUU 6 oUsepiBUsUsydiddgxs U e UoajgsdUa ~aey¥vd
aUdUystesgi Urs obUsUsets UUEQHUs UUygdodoBdl0dds
g Ubaeddywds elid UsUGU; dUa 3v;al0U0U; 0, a0 UaUUsyGUU,
31 0d Gisd0ad, Udaysisiyes UsW a8 UwsUdh vyt 3 Upelbeolvibaals 6t
0deU3sUsayY Ugadeysd y3UUGd. Bs UGddmgadUe ) gl@dedy
Uy a0U0UY. ¢6 oUoeshd UgUhR, g sitdaetslUs Uds U ee¥Yoay gs
aUs Uds Wadgedpkeed Usg Usdy Usseasi “~gyesU GUds U ey
U gUUalle WlHagaomlieaBblUadaUd aUdUysteci oaUs d “~UypUoroe
oUdU; hUqUUg. ¢YegadUlndafo ad@det add U ey ) htdadd aU0(
"9dU3sfh3s 30 GeUUasg0UUs U0 Udoreddola ldy 31 Ygdpyasl) el

"UyegltalU U 6y 8iGdqUsoat 3 "jeleaszUxys/cyreagilhy rs.

>
(]
Cc
Co
(o)
C«
(=
@
Co
(O]
@

“alU Gdeyslheasgi /[ GrUUi oUsUgd

[S. IR SN

GUGeUUcGoac aU (Rhotelumindsteince, Pa)Ud U( e UUaUa bUlGsse UU
UayUd U¥3s 6 Ussat 3 silssUelUys Uxzs abUszUsait s UUaUs
"glUauiUUUs GUd usyoU;ad doaUsaUyesars U gydeahUUy U
Ussebeaald aUs GUds UsyYohlpgedrls Ubdlsames byfige-6" qly & Uil
UUaees3UUs URGe eU Ues UsdyUssah “gyresU, AHOGs oaU:
"ealUd " jeeilddpialeyg]jhosoayd eseyYulUd oaUs UU UUU;eyYUec
LGGey e, GU0Uds Woesiws Wi Bxs g

0d oaUs dUpabdlicd sd¥yxrd U dy U¥ese3UUs U Us eyl
63 bUdeh UGgegoaUd Ueg UsdjyUsssei “~gyesU, aUdid
UsUsat 3 @6eYlU¥ys. KA o9 3 AOGJIO0O0U, d ~jHEEasdydd
sUayd GUYdeUd, U dy Oredi s U@ g v Ulild o gdd .0) Fgmy
iR ol esUU0aUad cjeldsecce Uy oUbdipes Holgl Udd » U => !

Cc Ce
(O]

C s o ® Co
@
o Q,
e <L
o Ce
w

v Co
Ce »
Co
[
Ce

85



O stGUsUsUsed c6delaUd U¥s oabUsUsasait s UUaUsit 3, aUdi d
vd jJ el gy Uc (g lbagoeyice h UqUUJ .

TUOUY Ud eyUjydad Uys GUGeYUxs GrUsly0Bi aUsWdg, Updsal
G0 " Uyscce UidPd0;NindPp Us5ds ce ©d Y3r Ux¥s 515 nm,
Gdeysteasi GUds ~0U) didase ¢balnde0®Es hedlsdd UsUssebsa
U a8 Ua d "Uyssce Ur¥s edoet 3 oicelUUsd "6g UsUstUs s
d 0oy Raykigh [72,73].) esacegdei 3 UU Gyoe Wb Ud®pogeilUadd
CQDs(1) @ UNyP-CQDs(7).

N,P-CQDs(1)
1000 -
—— Aex=220nm
— Aex=300nm
800+ —— Aex=320nm
Aex=340nm
Z
E 600 - Aex=350nm
5] — Aex=370nm
E —— Aex=420nm
400 4 — Aex=517nm
— Aex=530nm
2004
0 T T T T T T T — = v T v T T 1
200 300 400 500 o600 700 800 900 1000
A (nm)

o Yo} U ¢RIl Ux N,P-CODs(1)

86



N,P-CQDS(?) Aex=440nm —— Aex=370nm
—— Aex=375nm
—— Aex=380nm
—— Aex=390nm

Aex=395nm

Aex=400nm
—— hex=405nm
—— Aex=410nm
—— Aex=415nm
——— hex=420nm

Aex=430nm
—— hex=435nm
—— hex=440nm
——— hex=445nm
AeX=500-5501m | hor oo
Aex=470nm
Aex=475nm
—— hex=500nm
—— hex=505nm
———— Aex=510nm
—— Aex=515nm
Aex=520nm
T hex=525nm

300 400 500 600 700 —— Aex=530nm
—— Aex=535nm

A (nm) I

mo Yol Ue e UY®E Wy NP-CODs(7)

1000

800 -

600

Intensity

400 -

200 -

dd Uxs @GUGevyUx3s Gy Us (0 ¥yNRIGODLY) A IGPLCORS(7)ii ¢ G g
U goalUeai UUs 2693Y Uy UalUd)ystilUsayY Usa¥Y oaUs usUley s’
aU U¥ys geosal 3.
] J ooV, @asites “ Uy s UL GUsd “~ Uy U0U0dy UalUUs y3Uessad GyrUed
GyGeUOUesd, ¢ eyoo0U0U0 W cAskeaos ipUYvU,0NRICDSd Ueé 3 d L
eyoo0Uas Us 6e ©d UlthendWada clelblbay UG UB@EEONM, o yb3ly GaafU o
0i 3 dWPLQDs(7), Ue eyostiUe Us 8¢  enth oBdekasionns U HU se st b
e 00U 98 d Weog eeledt BdgdUsi Uxs UGie Ggsdyd ks g

@® (@)

UsUjoUslUeyd GUYdeUd Us 68e ©d, d 6 8alU U guaulUUs ¢
e GUd cdesee GiGUUGd Uxys U sGU3UsUst1 3 8eYUTY3.
Teosh Uy UaUd)astUsoah oUs Uvrs Ui @ddisgteledeerdd 3 AU BaD U
oi e UUas d U exgitation-démbnflen{ photoluminescence). ¢ ~ Uy UUdyei eUsd e0U
eUoalGUsg Us 6e e©d e Udg eillhbsslpe Wdsg ier Uy 3d 6 aal
UsUjoUsUst 3 a2U00UGUYGUYs UseeesossoyslUsUd GUes eyoUdse
UasUs Uy UaUdystilUsafh 209U abUsUseayd UUaUaUd Ysady Us
O U a Ote y3UUGdd Ues 6e ' ed, 69 Uias GgadyGUsd ~ Uy
"8g g 8lUUseas3i lUs U eUUaUleUUsayd UsaUsszebhald eUUU
sU;oU8alUd U RAEGLUGdY. quURGe, ~UpU0U0d)ei sBed Uabidec

8¢ "6 "9dUsh3 GcUUase3UUs U usUley y
Wa0WisyalUs aUs Uy oUsUst 3 U 5 yirv:
UveOUUs U ' f Uc3UbUdecf§UoaUdd,; @41 i
e Uxs U000y eUUREe ¥s3.

v ¢

Co
()
C
C
(O]
< O o

(e

3

()

(]

C\
=
@
o

(o) jok _{ « Co

(O]
&t

(ex)
(O]
e
Ce
w
(@)

87



e o PR -

U Usa¥YUy, "~ U3 UUadU3UUs “~s9se6 UsUbggilss Yiglu y@Weagl GWear

—— 2ex=23 — 2ex=29
aexz;i 10004 7aex:§;
>e X = — o2ex=

10005 a>ex=27 — 2ex=33
800 —— 2ex=34
800' — a2ex=35
2 2
= @ 600
c 6001 2
2 2
c c
~ 400 = 400
g
200- 200+ i
I/
/4 \/
0 - T T T S 1 0+ L T T T = 1
300 400 500 600 700 300 400 500 600 700
& (nm) & (nm)

—— 2ex=40 —— 2ex=48

—— sex=41 800 /527nm 79‘”:?‘1)

— asex=42 - %ex=

10004 —— oex=43 700+ \ — eex=52

—— 2ex=43 | \ —— 2ex=53

—— aex=44 600+ | -~ a2ex=54

-~ 800+ _ sex=4d5 > ——— a2ex=55
%‘ "c%‘ 500+ —— a2ex=5 i
g & 400 \
c [
= 400 — 3001
200+
200
1004
0+— T — ) 0
400 500 600 700
> (nm) & (nm)
o Uoy Yee-BIU 0x¥G LUUWNP-CODs(1)
//\ex=400nm — Aex=440nm
1000+ / —— Aex=370nm 1000 —— Aex=415nm
’ —— Aex=375nm —— hex=420nm

—— Aex=380nm - hex=430nm

800+ —— Aex=390nm 800  hex=435nm

- hex=3%nm ——— Aex=440nm

2 o0 :ﬁexf“oonm 2 g - Aex=445nm
9 ex=405nm @ - Aex=460nm
1] —— Aex=410nm o  Aey=
£ il £ Aex=475nm Aex=485nm
400 4004 —— Aex=470nm
—— hex=475nm
200 4 200
04 04
W 40 50 60 700 80 90 400 500 500 700 800 500
Nnm) Mnm)

88



400 - Aex=525nm

—— Aex=500nm
—— Aex=505nm
—— Aex=510nm
—— Aex=515nm

Aex=520nm

Aex=525nm

Aex=530nm
—— Aex=535nm
Aex=550nm —— Aex=540nm
—— Aex=550nm

350

300

250

200

Intensity

150 +

100 ~

50

T T T T T
500 600 700 800 900
A(nm)

mo Uo 1 Yee-BIU 0 ¥4 PUWUWNP-CODs(7)

AT)1gtGUUeaae 2 UlegU 0 od)dRIY: 3

¢ “UjyadeaUtjd ®WO UapskderX-ray diffraction,pXRD), U e UUaUa eaU bUGss
Ud eUbgdadeced oUs Usg bUdeei o) g @lUddeedda UDYH edi!
"Uyad8ggded a UsgalUd UsUsszebgeaalUldagdspcectiUe G¥e o sV
3hee Btagyg Uy yees3alUUd " adjelisey ald gl dddy ey agd Usd@dda
O s yluvs.

FUd GgooUoajseceysloh U3z dsdwddUOa&a0aUd pXRDEy Waiw,e aU B slieY (e
agjard o090 UWhwesPiggsgagUyasat d o3 UlisUssaed tUeseed Uc
89 obU3sUssayd UUaUaUd ¥YadjyUsU UetGUszasega, GielyraU
cUedoeed ys3UUGdd eyostUs0e° GUWps ¢ BomssElkssddtt@®)UsU a
03 UtGoeUssci Yadygd), g@wd UiqB@aecUUUs U0 Us e90) h ey
Uss gydeh bUdeh Usessed UUUzaUd.

¢ "UyeglaU UVUU;eUUR[REe¥s3, YyexUs oaUs Goldae; g sixyed
U¥s oabU3zUsat 3 UUaUsi 3, € 63 U0a 30U OUddopeyp s s e
a1 gled, oafhorv "~ UjyUehyidrvyiadqd Ueg UsdyUssosesi “~ayoelUU

e UU0UB¥%3 o) UlGosUsoiBgslW adyuryad. oajgalUUajoctpldadd USsBOE
cyeldsead UjoUaUacs obdigsldaloBoeifUNUdridd Ura Usb Umls dd
"eoeUsee lq@doaed taUs Uesg bUded775p ) gt UUaasafhlUdqUUJ
jaegasgdaei 3 UU O oXRDsleyys Gevbileslblbt 3 UUaUst1 3UduBigs "} 6
GdgasdydUsd, oaUdi@ddUs d Us¥Yegle

89



5000+
4000
z
&
S 3000
——
RS
2000 A
1000 -
\y
0 T T T T T T T T T T T T T
10 20 30 40 50 60 70
20 (°)
mo Y21 Ue:e Uo L¥RD U ¥ N,P-CODs(1)
6000-
Z
g 4000 1
L
—
k=
2000 -
0 T T T T T T T T T T T 1
10 20 30 40 50 60 70
20 (°)

wo Yo Ue:e Ul LERD U ¥ N.P-CODs(7)

g0 GyGeUOUU UOUrs 0i @) dgayaddgs Gde Us Usjpdde 3l silidg fy d
9 gdUUaa90hUqUUYg. REUGY Gy HBg edlsiddddepoedg, (- Uy 00dy e
y3U0Us3U0d oUs 63U0aUd o6 gliyd, od) axdo @adgyds tdeady 3 Uaz U
"UyegltalU oj3gtUUse9013 GYGUy¥s GUe uwUaoeU. Bs 98}y

90



g eaUaeeUUU "jJRAUyeer3s Uzl WYWS ;e §@ildd yidldl,oad@ Y ~ @
ycega U e8eUsajgadUa "~ aeyrd aU0UY Ue GUYUse Usg aUdU
] 30ad0U00, Ud@ei 00podgUGi 3d0Gddg, Ue 8 cae ,g wiWly, 0GB
GyGeU UVUe(O®asdO0UBUU} 6 o3 gtUUseasafh, U0 UgyiU0pd ol
Uy sdeesflUoews; gt d Uhde, UszUsesaegdei 3 3U ~Uy00dyeisl
"Uyscees, U¥yng2y diWdemdsbg h ~cdsllUfh o3gtilUUsassal s (YO
e hHhUs UGgebyYoaals oaUs d cUjUaUdystlUsee Us¥Yealld (0O
UgUyY, oaUUUUUsoa3iasgs AUs & b lhadltdhselyssoced callhdrliyds dexfpd o
“yeleaszU¥3, e¥yyjad 30U U sUgoygaUUUs "~ aeydd U 6e¥Yoy
A 9 3 e0dy0gwdd); ei 3U0UUs GUU uwie GYGeUUU oUs ~Uypslih
y3Us3srs olxmslUsaWioldss 00U Roas Us UgpPsgetifUptwdost Oal
G0ds " Uy3®ec¥¢¥ 2@ Ge UgUe uwlUae3Us “¥vd al¥yd g Yjeegs

G0aoeU, ~odUshUUUU ahorv g e8aUseeyUxys (Gyale)sal 3 o
Odidi 3 dUpdy . Uy U0dy OaUUs U} UsalUdyas@Uesetdglive Ygep
Usdj Ussoahfh “~gyresU Uxs obUsUssi s UUaU8L dUa2dd0EUE R

U gUUa6i 30Us U goaaUstUsayY UK obUsUseyd UUaUalUd ¥

91



AUU)y eebU; ge0U0Uy sda®AUs Yagld (

¢ dUyeebUy ge UUFaEApee; dissyeeag lads e d d o Wddfley e slede g UerUlddU ) f U
UOdii G00Gdd Uxs abUszUsat 3 UUaUst 3 Yady UBdU U bslbeesds :
UdgyeUd Ueg tUUaoeUUeldUpgeagBirgUdag h UaUoecheUsUd |
iosU UU 3UseslyeUUalusl B3 BYswgUBc3ofpdfiBptld GcUUso
i, Uds U esufhedtd Uxrs U siGUsUsUs
Ues d .
ZUds "~ Uya Uxadd Uxs “~jeleUsoeysrys eU ¥YervrUes oUs (i
dUjyesoe U sgufhedld UsUegys3sUUUs 30U "UysalebyYsUs aUYD
UsitaUxs, Ud Us¥YG UGd 6joUsseat 3 eeYurys “~6g UGbgy ca
Uds U cWigdWa dj Ussosaei “~gjeslU, U UUa8aAH. g HalseeU
]

] " Bdedg0 Uy e 0 Upoods & bagUi y 6 d d Uy e880:C, Udsliddda®as UU ayYUrds

3803 68lGdeysag 30y

cCe -

UshyoUszeg g saUacce

Initial weight loss below 150°C, physically adsorbed water
100 ~
150-500°C Nitrogen and Phosphorus functional groups
= 801
sg
~
=
= 601
kY
B 40 4 600°C carbon core degradation
20 /
~20% residue, above 700°C stable inorganic phosphorus-based components|
0 100 200 300 400 500 600 700 800 900
Temperature (°C)
@9 Y21 Ue:e Upsal¥Wo TEKeEyN,P-CODs(1)
¢ dUyeebUygeUU0gde s do FeyR-dobs@d), ~ Uy e glliystivielisU us Uoey

GU0YlisU U 1aU0sUd e¥YsUd.-18®A),e ~Yp Wad jalloviilbss e(s255q ¢ U
Uvysdd Ueg 2,5%, d 6 6aU U esbatiUUUs GUds U 6e¥Yoy
GgUUUs @ws Ui UU, e5148A) Y U sl 3( i8I Pl Udlsdy U 1 aUs U € Yo
"8g G6UUasg0OUUs U Uds U ecuhedld Urs U siGUsUsUsat 3
aUUUaca ¥3 "8g " Ujesycegs YexvyUs oU821°%€) GG6PUs UUENUGBa
"0y UsUyy v U 12050 e¥sUd (~34%), d 8 6alU U scualUlUL
"gyeals dUjese¥Y GUUdU; HUU) v3s 63 oU3o0l=mae UBEEL) 3. ¢y

92



"Uy 00dy UaUUs €903 U s ayes3 U 1aUsU e¥sUd (~3, 8%)
g UUeasafh g HalseelU (~17,8%) U a 4,0 lysy advlgd 30 ¥ G eay

(Y|
it ddd, oUoeshd "eg UGgeld¥ysUa U Uds "~ jhoeoaad Gradh

[

Initial weight loss below 150°C physically absorbed water

1009 —_

\ 150-500°C Nitrogen and Phosphorus functional groups
80- /
o
S~
= 601
'gﬂ 600°C carbon degradation
D
= 40
A
20+ ~30% residue, inorganic Phosphorus
0

0 100 200 300 400 500 600 700 800 900

Temperature (°C)
@9 Y01 Ueg:e UpRYo [TGKe E¥N,P-CODs(7)

yaes UlGey Y aUd uUi NBC@Ds(@)ids ddilyde slbyiby ge UUy sae U3 Yog
“"UyeglosYeslUs “"y3U0U utsUsay) sBire G Ujyudd {dBIC)pde UFL & ¥diU@a
esoje U (o0ed@vysediggUfcg 5%, d 6 ealU U ectatlUUs GU(ds
3Ujei oaUs "~ UdUseat3 GgaUUU=NBCR) . da3wWiOddyldst WY s dJ”
(~16%) , “6g GcUUagUUUslGed@aldfs tl0eWipe & dfB) essegraigyesY i U
UeossaseYulUd oaUs e50).Y FUso Ul aBEseroadGiUritiaseds; (LU0 duf Craadilss U
eYoU@e%) - d 6 ealU U ecualilUUs &B8daHUHE oW d PBeesylidy s g
UealtisU, oaUjbeagaeseYHllsd Ubydbu;dwioamleasye Y U0dy UalUUs
"9 aye3 U L 28 0cgyYyBUduea0U0Us GUds U RUuhedwasggg |
Us “~ye Us 800vQ),s65 U0 (B21laUsU eYsUd ~9%, oas3ddlldds
"Usdy YEsuadlUasoah R8IHpwUsbetBugarUUUSs

c C

Co

U] aUds "~ UjyegtaU
agjard (GyalGeyseed Gitdd, oUoeshd "eg GgedGrsUa U
O Uz UaWdddid gwW0d aisd0Gd, G60ds e eaU ~UyU0U0d)ei3lU:
g0i U0y d Gisdl0Odd UeGUszasUs "~ y3U0U UsUsaysUY aUYUsU o
U ctaulO00@sdg, GUess UsaUUsydUUje aUdUpsteh Usg uUUao:
UshyoUsrs oj3gtUUses013 “~jeleazlUrs oaUs GUds oaUai U
U sguifhedidd U stGUsUsUsat 3 aUsUesgyosat13 seYliyas oaUs U
qad Ue Usi Usg, 69 dUjesoyd U gileeetdlUsdgUB8caUB0ogYUBce
vd U seyy) alglfe Gdl0rleselb Uy ge OU) a0 fh Us¥Yoy UeeU.

93



ApgsUessse GoyubDuBY GdrvURJ (

¢ g3 Uedapi UbBWUK@ynamic Light Scattering, DLS), 6y disee 8seddal o
sag(cbafitieyhie igs Ue s aed WdsgleyUBjeeee do Bddoydaegd Uxs ab
Yyady UsaU GU giu @Ualglp stlleyegeyld.d UUczsee bUGasUUUs U0«
UdgsUUGdd Ueg GalUUUsheUseg UWU~YAHhYPds 6 §g cRyawtd Uea s d 0
3UseslyeUUslars. | UU utU0wWeeg®Us ulyple s ge e aeoreddly
"UysalUeby¥YasUs Ues UsdjyUsesaf "~ gyesl (gD sb0lzslsdas
aUsUegyosayd seyYuld oaUs Us GUyLeU UsglivyUrGdd “@g
cebydegafg “~jJeoai Us diS U he yda&JUUs 3U UasUs eUoUai OU
“380i Uesgs U R UUc3 90 yEMYecalfieddd, U UssBByBasaiedey ¢ Uoy da
"goguosUUPDY)j Wgy6eg3 ~adjeiseyald GeUUsa¥Y U Uss bUd:
Urs ocaacUstit 3 tUsUeageyYUrs.
AoUhRd U Uds oUUUseee cligdbélggpheOWpedddad Uabes U
gaUesoafh U sgUUaUa eyU; e Usg d aiUmsl]aslb syl s3albsi e dlivgesUN
“jJeei UUs U H Uds UsyY Ugsd deaeUsaUjsesci (Gay Uaesg L
eyUjydqae Uesg bUGasUOUUs GU0Uds doaUosUjciisydqUsoae oas93(l
daUsaU)safh "~ Ulase oUs @6 UUdIO W Yeealbiols Usalli t Ud GlgGWd®
igaUegosoaagi U0 U hoagUd e eg ealliodlbeislblyadk giiazpe3 U0 U] |
Ust eUedahUU; 0d Useyd g sildetsegs Ugadeysd UYGd
bUsUsoeat 3 UUaUsdtigsWsdphPolU, qUeYs@liUsidgPeddytd BUs L
eYullgeo,Uy beasrgaecgceyYulUd, GrGlGeysayd seyYulUd, gljesges
deUsUsayd " adjeiseyald GecUUsayY e0d@ds diYsudedlyh Uq UU
U OUadUs3UUs UU GecUUsoaY -ligt)0g¥asegilUUxvyz Uspdasggowals
Urs tie GgsdyaUvxs.

[y

"1 e

enlq

QX O

Co

94



N P-CQDs(1) |

Intensity (%)

0 20 40 60
Size (nm)

@9 Yo Ue:e UpMoj Uee U aUUU3 e eNePLOBPsU) y dagd Urs

¢ oaUUUszsee ¢ WMpredpsg)yUdigyseoai  UlggO0fedl8sdle GUsas Us
GoUoa)yosUyddodyagilyld.osy glie GU ~ 6eai -3m)ol yedu alitaldimlpwU) o
UseareysUd abUsUsoayd UOUaU0aUd Yysdy Us U, oUo63Hhd
UselryeUUsltUars. ¢ 0Ui U0y d o6 ) giesnm)U U BaibaillsOd U
gGlGryeUUL e UOUU = aU Ugsdeyse glujeliugasUdagl,; g

"9 (GU3UsUst 3 aUsUesdhdifsidlug Ude YaygaYdIWé&dd. ¢ UeldyYsol
elUoydegd g ceilideatsUs egUjsae “eagtusl0 dy s dwdg- Wadg U

gaUesoes8i "6g g sliUsesziasggs eyU;sU0 oscgaacglUste aUUJU

™

Co W
Yy Co

Ce

[y

[ N.P-cODs(1) |

Counts (x 10°)

ﬂ T T T I&h T T T
-150 -100  -50 0 50 100 130

Zeta Potential (mV)

@9 Yo ) Ue:e UpPRo |-lg 8 Us 8 o aNiP-COPs{1)

95



ge-UigaUeosoh Urs GUsoevYUrs ogBOUmyamfy s U E@dfd Upgegea
Uy sdqUsay (Gaey UstGeysad U slidrgU]sly,d a Ugd bl bsBly emfpa v o |
eyYyurs U UU "y huyeeU ehyosU "686g UsUsgsacddalUs. Bs
OU0Ud0) RROAYO , ®a iy 3 dda 0, oaY¥Us Ue 6 6as UzxdoUa oaUs

gaddreyYUradqd, U Uds oaU0UUUsesee egUoydegd.

()

Co Co

301
254
204
154

101

Intensity (%)

0 10 20 30 40 50 60

Size (nm)

@9 Yo Ue:e UpWBoj Uee U oaUUU3 e eNePLOPsSI) y dagd Urs

gy vd GUa3U0UU0Us GUe UsYoy UeeU, & Wgs0UqyUaddes mgUr ai (
oUoe3fhd 68dat3Us HAUs s oabUsUsayd UUaUalUd "~ Ujyegis
GeUUsoeay¥Y GUUxe UsB3Uadle iUgUU) Ugeglit s @63 glits aU eUo
g elidet3Us HUs wUs ~UpU00dyeisUUs GdeUsUsoeayY (GUssHh
"3 0d Uy a NPORBs(IY ¥ 3

96



N,P-CQDs(7)

Counts (x10°)

-150 -100 -50 0 50 100 150
Zcta Potential (mV)
@9 Yo ) Ue:e UpP¥o |-lg 3 Us 8 5 aNi,P-CORs{7)

gao-igsUecodNfP-COnsE7)” Uy eglioYeUs oijsU oayglie a0 dUOUsayc
“h mMyYyd mR20oU0Uoce3fhd "6g g eslidélBda 3JdaUs g gigdad

Uds U slGy¥3UsU Uyxs 3UzelyeUUslars. ge dUUsah (e

Ce

Co

UsosaseYli¥ys “8g ey} ce3lUUs U R Uds Bl elbosedy guU sl gll
g elideat3egs eyUy sl osaasUsite aUUdU; HUJUU Uesg usUs
e U0U=si Uvs3 (GeyUstGeysxvyas GryeUUslars, GgebYaaUs G6U0(

97



¢ bogab®azssehodid Uxs 3U0UsGgs3UsdyeUsys NB6BAs)Isoal 3
"3 UoelUg @oeddalU U GbedhUUDG ¢ s, dedh thduf] qléi g @ O d

e 0U0UsyYaUUgaq gibeylnss tgeblgh Ud edl) UsaUseddUa d g
boaeayUU); sot 3 Ui Ujiesdlo tbe 3 ,0oem) dhio sGpUe s e d qWIU,avousds U 6 o
healing e Us A #8g§ddes 6 csalUd U sUUasi3 oaUdslddggyptlUgseswd
bovtoe HUbdgg Wd Uy soaed o 58 ddbseadhelly tblig Ustiltlsg ¢ U Ue Uae U |
¢ Uedd@ERUGaes UUUs GUds UsUosvyoe U ae3g45mandtbythizoleylll; Us 6 o
2,5-Diphenyl tetrazolium) 6 0 Utis¥YagUesgd o) gliUYeasgd (e} eUs¥add
GgtdUeeUU0U Uxs st 3Uxs olgdiiy Uvnd.c Ug ddeliifyad U8 YGag Ua:
Uysdegi Ux3s bstlsexrs oagUUYy¥3s oaUs eU0U; ¥YUUs (GUGe U
Ugyyrd o290 Udzdaggeoepgodsdbligdgligg ba)lig UqUUd 3 Usesire
¢ U e ooswoand healing (scratch assay), 6} diseeg 895U0aUUs UgedgUUL s ¥d
e OU0Us Y0 UUGdafbdU 3l UUd Uk Gdlicawed oUsei GU e83ac0Uy) -

enlq

UUci UqUU i oeagtdiys Ulledo@Wsdliq eUUUsUGUUgUssae 9ol
U dyU¥s0OUUs U Uds " UjyegtaU bosiijUdUsat 3 eglisl s
¢ UselUUslGgtbBUORBYAEUDUGsah o3 9Ueyse o250 Ud bseylUU,.

6U0Uas0U0Us ¢ U gbdl yoocbashgeUYI O U  UdGe €U Us UaeU 61y
30U sdiUsdBUg YGUsd. ¢ Uscoesce Usechagiddiypblalhegdyleld di
secl0GUsyasdd U f Uypgdy ¥ UseaslUaysU cU0U0Y U R yodl
Ugyyxyxd 299U Ud@s 00 WailglamUURUqUUY .

Ct Cc Co

98



ATgUUUjecaUaasy ) olUsU

o=

sU0 Uds Wedlya0&dUeyYUys bocoldomdor s divsBlfalapdiers o U
aUaasy) oUslU oaUUYaadorvys ogUUU;se13 e63Uyoavxdii ciUds
agUUU) saydd ailleyagar, d 6 ealU U eUUaUaUUs U f Gg
a0y UUs380i UUUJ U O oHely, ¢ odii Usg” saalle "o a0 Us U o U
U} Uc eledage U j0MHdHG d O sHenrigtta Lacks.

Bs oUaasy;oU0sU0d Uxs oagUUY) vs3, aUdid oaUs faU (
"3 UoelUUs 6oeddalUs GU U egalUUsyvyeyse ~UysbYosass,

sGe 36 Ushadd 70%. Bs oagUUU);seyd GUs) ygBS®UBUQ0@ 3
DMSOG U o UUWyieyg&¥ag. | 3 eoayY, UU i UUU; U U eyiecddalUs @&

e OU0U0Gy 0@ oWaYloaUd ogUUU,; e29rilade a0y ) UosCbss (D EddiiButbiaos

Modified Eagle Medium), U3 s cgeyBBSgl%t-botghUcasd aUsUdsdadbesd:
G0y 0 Usceggbawdd U UsUsaszdid, U sUUiecddealU d 3i,5 YWz UGd
Usgaasi ddqadlU Uy UUeydad aU 6 Useh es9so0)3600fh s6. Bs
soablEas°Cg f UaUocheU3 g0, 0UehGGUsy U

yUU3s UU i UUU; U yGUUGU3s aU "esGeulfh Gi Vaddseadgy | YPal
L GUU 30 egUsydUlbagoadUs gols AU BEY o) gadei 3 UU ed bost GseU
eyGBGUsy yddal, UU oi UWPBg &UUo” pe &fdp dd ondsli o Whyioe” BUys d 2
dygyasdd 995U Udssg U0 he alhdese d ilepdiorysdleoHillfid gz yc Us U, d (e
O vv¥aUdadebslly eycy s Uds U eafheadid Uxs oagUUY) ¥s3
dy U  Usoaasi goasoeci, 0UWhds gyudgsdadlleolag qUaPFddeesU0aed,
G0 3yU gBYGpWhos oaUsasU) odUsashUsd tibgizadigy U Uy vk Wide i
UsUsUaasy);oUsU UsUGGUaasUs Ud aUUdU;e UsyY Ugsd o

"Uy sbYaoaa 3.

4
’ f-'; '
|

Ao o748 GoY¥Ydliosll oUsoasyi1 o2UsU sgUUY, ¥3 (U3 sGU0LY) oU
295U Ud bosesacgosoe @M@yUd (UyscU0) V)

99



ApeoascUlalU z¢¢

¢ UoaUddafgUUy; e Ue390hUdqUUd Uxvxs GgasUsdyeUs¥ys 3U0U3c0rY
6} YeUUseUUy sae UsosclUl0alU z¢é¢. ¢ eydeslied bHUGasOUU
agUUYWUr3U3syYoesegs Ue YaUd UUU); Ugeaacg z¢¢ GU Udggyryagl
Uy Yidd e9sUccaes3lj¢go Usa (8h WUkl v 4 elilBsjdedles Y3 dqd UaszUs Us
Uysdegi Uxs bostlseys oaglUUY) vs oaUs Gg3U agdlUUgseptc
c¥Us o hELSBR).UJ

Bs agUUU} #+aGaho IHBlap Yoo Uy oeddalUs GU "caglU;bbeaod ol
"3 e0U0Uyddoesll@s 0y ec UUsd ogUUY, v3 UsyY G) UYUss, 1 aUL
“Uyabd@ei UUBUU.  cagUy sboali UgaRrg Ul oUB e HOGADep HU 5%
cJe8399h UoesyYdUdeU 24 ¥j313. yUUs UU i U0U0U;U "Uyegua
aUasoasUjoyileaf) " cgeUayjiaddal oaUs UszUsaUOUUGUYddaU U
Y3 d) MPLEQDs(1) s UNP-CQDs(7) 80 dy U  UsoafUglee®@dly UUsayd GgoaU
290 Uds oaYdU dimL350Ced/ohl, 251e@/fls, 10 eg/mL, 5 eg/mL) . ¢U G Uao el
Us edUUeddeaUs GU Ujs a¥ UsUaoj UGU, Ust 6)3dises’ 6c
ehse dy U UAo§ awdoh . olldibiewss e UGaUd z7¢¢, ) dlsecae’ 859
ey Ugy Ud, Us U3 Us adihogatin ® Bhg o ® ¥ ¢ lndr@dsgd g OgUyd U~y
Us0U0UsheUsvs abUsUsoal 3 UO0aUs 3 vyady Ua U, "1 8aU0s9:¢
Usoscofbdeyd UU, 6 begatigeveidld. zU Ues Uy 6 UgUR,UdguUy
“atyUadd Uxys s3U0UeslgsUsdyeUs¥ys goaseat 3 U egaU aUdsU
OO0y U 24 4 UWd cdtuwlddlggs obUs Usoeals Ulled) sii B ervag
Uaas Uy odUsesaf eyle UGUsyyddealU oaUs  jmgmiyideesy usY
acosi dd@t WsvPaUaPdgsl 1 aU0U 30 U sUUgedUa d 0000

N e

(<))

—

U'h UU eU0UUBBasaY UsUjoy oi 00U, 0. FUd GgsycUsU,
GdedeUUslGdy3UUd o) i GUUaa8s (Ge)eUsY¥Yadd UosDM8A)e a6se
e  RUU "~ jeyoagyl UsYageU Uy UsaUdyastUsacgi e¥b 6} 1elU

10C



Koo h4®:WBes aogU) shoas 96(dyddldvidndgs geith U Uy3s Uz U0U0Ughe Us ¥
(49)

¢ U 633 hiGdad aYdU Gj3 OU0UUaesg ¢ UU; e EdRNUnicibplate teaddr) 3 ¢ G U

UU mn20elU eeoacd oi ¢ UUasdm. Usgllliaeyarige alllh ebde0r G se fh UdUU¢

a
g e6aeoalUdaU Gield¥3U U Uds UsalGxid

%ZrUoofhUdUU jougddPtghy @ Fa0q%

mNP-CODs{1}) @MW P-CQDs(7] mCarboplatin

120

100
)
]

T &80
£

-
=
-

T 40
o
=

20

0

5 10 25 50 100
Concentration of samples (pg/mL)

opeY:JJ,Us:eaneQ%o%Uba&QeshUdUUg l’:’lerLa&@athL’]@‘tﬁﬁé%s
GgooaU33U0U; 1 GU¥3 Ux3 UUsose¥YUvxs

EielGraU 0 Us ~ Uy U )Ymari bl = Ug” Y GBalbg ey Uadd
agUUY,; v3. JgUhelgbfablsdigqhlUdqdliligoeytivpyidd Hddg
agUUY); vr3s "6g " UjUeysegps sGayllgyY edsi plildiels sosedd

101



Gy U0Ua¥dy saU0a¥YebU3sU Uds “~jetdead Usg o 3Raibdptaiin,b Us Us:
Usg 6 6asg d Gge Uysle; ¥ aUs Uy ¥Yad UasUs os3xrxGUe, 1
a b U3 UsayNP-Cbs(l) a UINJP-CQDs(7). OUG s, 0 go o Cartdplagity dillal@d UUs
s obUsUsayggtUeslald,hecgose U h 6 o lymliUlfigesysWagird
U fh Ue GYyeUoaas. K seysvrd, 65 oabUsUsoayd aesgoesaaitld,
ai UUMeLd)

m M,P-CODs(1) m N,P-CODs(7T) m Carboplatin
120

1040

80
40
2
0
5 10 25 50 100

Concentration of samples (pg/mL)
@Yoy Us:e UpYoy Uee U % bsvloeh BidddaDidg s0G1sU w (g W Y§ was
0dgooaU3Ul L 0U¥3 Uys UUsoeYUrs

%Cell viability (HaCaT)
2

=

UoYoy UeeU, U UsosasszaslUs Uds % WagaTloch U
U Usd GgooaUsUj; it GUsd Uxs uUUsoe¥YUxs “ag
HeLta, €U Uds Uisaddd Udd GgoeysUjvidd Uxs uUsoeyYUrs
vrGURGe hHeos GdeUsUsoea¥Y, f ~vydCabaptidtU&g GUH3Us0yawd Uxddc
Usg ~ oadduylewiibi@ddlied s obUzUsayd UUaUa UWheYeemg UQs
Us390hUqUU aUU U suU)HacaTy dBdgs AgsUsgi eJU&y Wa 30U (L
G0 Uy UsUyy v boseyUUyseayd UGUyesoyd.

10z



C e a 5 ¢ Wduadhealing (scratch assay)

¢ U aty U0d 0WerBUsaidxe (U GWIIUagl0O&g&q, eUalUOUedd:
U 8 @ 5 ¢ Wdundlhehling (scratchassay). ¢ UGgoolUe)seyad eydeuasad ) dusce
Usssgafhodqid Udd so9aU3z3fhUqUUd eU0U0Usasdidd Uxs oagUUY,
U0ec3dqUei oaUszasi GU ogB38A)ieselr Gog salilly Woewoldd Usg ~ Usy
8 YyddeaUs U "eegUjsbaalU Uvs 6 I UglgyeUe §@8GHUS Y VG |
y¥d HUsg GedqeUUsUUa Gge Uoyd e63htU;reU U “~a6lal
FUd Ggs3syecUsU, wisddk ssgPoeaafpUalUszflh GUdas U siy¥sUsU (
U gt UUsyvyeysdd Yaydd “~o yUUd, “jeleeesl 3c3fBSd U, U
LU0 30 U eeUsajgasdeia UU U egecgaadeysU oai UUU; U aUs
G0 dj3 U Usoah goseh GUsd V0 @mUolaycyfy GgooaUsUj L alUsd,
joesagiddal U (0G0d UBPCep gl UNYxha @Dsgd)ssw UsahsUd U
aUUUo ) YlUgpisd ¢ UUY Ud tEo)oddegiddal jBedd@y steysU 6 6

(t=24h, t=48h). ¢ 3} heited Udd U’ eicady GbdWi dU albde o B B UWmade Ua (
aUsei U Uds “yjyeue Usg 6)fHh3aeg, eybdy UsyYagldd Uss

c

Koo h59:U ¢ sbhoac B UINUUGaex4) UgeUUstc &xBosagUUY) -
€991 8 U0BPS 28

¢ ¢y dwaueddealing,y 2aUbU 6t 3 U Uie Geayyd, ealU e Heldg&looa Uy ¢
ealU @0sPy oHadarw; w3Uds ~ Uy a Umela, Whbd UbbasYd ~e6g aoel
ceoo0)6U9a6 lhissgy i GUs Uds 3 1Ud ey U U Usdpollg Uge

10¢



sacoaad) tedalisa UUaUgUUaU aeyd 30U o2a3U00Ussyasdd@ida) @
GeUUsayd UsahaUd.

ZaUUU) s sHacCali:Us ) ¥

Control A (27,61%) A100 (45,84%) A50 (83,52%)

104



Control B (82,41%) B100 (97,03%) B50 (91,78%)

A t=48h

Control B (99,57%) B100 (99,85%) B50 (99,11%)

] " Usd "~ Uy U ¥sy UsehslUd "e6g oeevidddeUs eyldy Uesg 6
“Uy 00dprealsd

] } 6oy, UsCofiral B,UGe ) i 3 UU Gy OUyUsU "68g 6 dises 8oed:d
"Uysycegs BaGaTel0 sbjot’Udsah) gobaOfhefae. DasUs, e0U0Y |
66 adoedod GUU Gy UOyYUsU, UU i 0UU; U 30 "jyel€ Udelasg
oaoUolbds g ) ey aligikhls, e e3 U Us UlGyyegs Uds Upyesoee Usgd
dy U Usoesiy gas adlils Uz UesUsheUss, U eeysvyd, d ~adoe
toUspatdh U h Ue "~ 31 U8 24v36, 10 6g GUsd W8 0 deeylsasU

10t



i 3ul0ddd Uxys Uie Yoy rvrs Udd ~oadoed, ahoy Usy¥Y Ugszdd
agUUY, vs3.

Bs Usoafh3aUd jJ 100 aUs 50, UlGey;eiladglopblipU%byyg U&agU.
N,P-CQDs(1) a0 GgooaUsUjgmBdae ghd®s UaGUsscU. zU Uds ~¥Yje@
GUa3UU0Us "vd d ~odoelebumhipgad §daUsUs&vUai UU; d Ggo
abUsUsoat 3 UUaUsiasU0systidddUeelb,ojjh1loloy d GgooeysUypvhid, ] 50
Bs Usoeh3Ud d100 oaUs d50, UGeyeis UU Gy UYUsU “@g

2.PCQDs(7) U GgooalUs3U;gmBdae gh®s UaGUesscU. zU Uds Y, a
GUa30UUs "vd d "~ adoe oaaUas3Us aUGLd aUei UU; U U b6

UOUaUsFBd joeyd Uxs 48 313, Us oaUsf Bebibes Ui Bse UilOraisl
U¥s oagUUY) vs3.

ghie o909U Usd omPLOBAyd Mo Ue lyP-cobslF), Usdaeoai UUs

dge yj3U00eU HRUs UU gesay¥Y UgUY GtU3 “~jealUecis Usazss
HaCaT, o Uoemdide 83 Ua 3U Uszse e8sddUagal 0 ¢es eyl y g
UbddbUst 300Us eyidy Usg g dago s edeie JUdd UU cgtéasm®earU di
aUts48h, U UU 6 6alU "~ eei UUs Ues " elletlUmsUdqgdgusbqg.
"UyysdUdd ayYUx U Usd UsafhasUd. OUGs, &8 alddygd Y.

o

U @alUdatUU3UUs saUs saaUaszegs U "eGecalUfh ~yYzxr U 9

7 g U U U4 % stelra:

Control A

10¢€



Control B

B100 (36,7%) B50 (57,16%)
] " Usd " U3 U0 ¥3xy UsohsUd, "~ jeoei:Usgs 69 UeshasgdUd
J1J690aY, K ¥vd oUs ¢ HaClld eegg U U Ubjdsmoded di@igasy Ye s altisUd 63
Control A, Controlcb” a8 g U  gutaltaes3UUs & UNRB-CQHL NPLYBsE) ol Ul WL
GgooajysUsamgeydd] saoUeby¥szasagas ehaa dyj BUHhs s f g ogealsesfs, e
Uy a Uxidd, U3UadU0OUU eHaCcal,dszes Ugwyigd s diykiwy yyya s =
ootfDoUs ecalU UeheU, ¥y UsUU U H y3U 24v36. U3z 6y UsyY
Controle U Us dj U Usefh gaseafh, oUsilddealU " eoejrd d ~oadocE
zaU “j310d "UjU0Ueyddd "eg € 83 Ua 3UHeladed, Uvdazids 00U

ai 98 o9)3eoaey) U UHagaT( W Ugho sties W' isild sl UUs U f Usd (



yor Uesg e90)wi@xssUWbely h y3U 24rvy36. ¢U oi UUU; U yoca
g3 “6aalU aUGsUGUU0a ecllic Ulrysolveady tgfi. Ud UU

Ges UlGey ¥ GUU WypBydEsgs &ed obUszUssayd UUaUaUJd,
Uy U0dy OaUUs RUs d ~oadoe sWly almasml)ss ek ealipdripyaU e vy
safhs3Ud 100, op500U0Ub106U0) 50U d "UjyegtalU Uesg oaUsas
"9 oy63 tgaU “96 y3Ue3d UesalUud Wles yyadlsrs scayy sedi. UL
"e0GUUa U AA Usrelyds ¥d, 895 obUsUseyd UUaUaUd ¥s3dy UsU,
UU oaUjos9sz3paliei UWlg OO sUyy " eg3 GU UgUY 3U UsU Uga
deossgyoeddalU U f Uds ~oadoe.

O "Ujfheess Uy 6, g easoali@shl UeU &baeE&(m3BEadi ai
adow¥alUhd @onfolAJB e g 69 ~adoyd U sget 3dddUUs W UYe &
UdiggooaUs Uyt 80sd Uxs szelbalesslesiast 3U R0 a3Uls% 35, Us G UY3e8g3 ¢

™

V< X

Cc Co ©Q C

AN

10¢



AYjelluoscsjBael®dslige bUURUqQUU(

gebUOURUJUU U¥xs oabUsUssat 3 UUaUsi 3 ¥YadyUaU €0 U
UsaUGaUd Usehoagtdd, &y ssUesjaels WwswsWUeda HUGBaHdes
ey ae683U0Us 295U b ofe yesUyld esteeydy B0y e bag . 6 Ud ey Uy d0
ecllGUsyasdd U ' UU Uygdyy¥Y Usecgt@tUaysU U0U0UY U f
U Ue GgoosalUsjyseyszas "~ UayUeU, 63dioses eoseddalU UaedU
O (Ggoeaysdy d dd s U eehaxidq Urs Uy gdyt 3 Useg Ul
U gt UUs ) Merypread)d Eppendmsfg ~ Uy UGeUgyYaUdoeUs UsUsyvyeeUUOC
Y3 d) BPLCQDs(1) 8 UNMP-CQDs(7) & (PBS, G U o UGey UUs o @ edingps0 U3 Uy 1
egmLo Us eghB). EUU utUsUeai e UUU UgUY "jetUyddealU aled hHooos
aUs UU tUaoeUUU UCcxyGUdoaUs 8GUegd 37

gU UypgdyyY UseasglOGGUaysU U eUUaci3 Us3 osagjalUjcee Ui @
Ud eU0UUGe} Y 83gohseg GUesgd o0 Udlieded) ofb jUBatiydlis hadaWs

v Ce (/3 S ¥
o O = o
(o) C¢ co

Co

290 Ud Gguoseasosoae Usgd oaUsl@eggddlla UBW W Uslus
UsecglGlUBPas3sdqd) sbYaeass eylte, (G(UssheUszes os3rvaUfR ¥d
Uygdyeai UUUJ U 6y dlsee @896i3UUs Ugyyrd rd 3 HUOg

UseUUsUGgebhUURUQUUY goofBs5] aUs 3UseslyvyeUUsltars
U} YaadaU, ~UjUGaUg¥YGUdoeUs 0UaoeUUU Whdpaei HO Gy U]

a3U00U0Us &EPBH aghids,g UU3 o2aB8d0@dU®aecfagddUY Usg UMY, Ud
UaoeUUU (GgoegoalUsUjeddalUs aUs

(&)

d g Uy eUaceUsidy dGdYa
3Uo31 6U0d ¢ 9BEUSA msroptate seader) d UU nn90 " j ealUseyszeg 3U "} a8
U 63 hidid Udd U UaUgdUy vyeysdd UsectliUsyasdd.

g ~eues0Ufh Usehoagidd g easoatdUdaU GicldysU U0 Uds

Co £«

%) 9 ¢ f &g 8ud 7 dash (Anz0-Ares)]X100%

Ha3U8Wd caiciUhRh UsédgagrddilUs Ux3 GgooaUaUp L GU¥3 Uvxs

pUaoe U % JoehByyd( % Jscshea)dd % | s hadhld
N,P-CQDs(1) 100¢ 7 0% 0% 0%
N,P-CQDs(1) 50¢ 7 0% 0% 0%
N,P-CQDs(1) 25¢ 7 0% 0% 0%
N,P-CQDs(7) 100¢ 7 0% 0% 0%
N,P-CQDs(7) 50¢ z 0% 0% 0%
N,P-CQDs(7) 25¢ z 0% 0% 0,27%

10¢



100%
90%

- 80%
70%
60%
* 50%
40%
30%
20%
10%
0%

~—w

%A >

—_— o g

N,P-CQDs(1) N,P-CQDs(7) H20 PBS

®WoY¥o1 UseU 27: s Yo WersNP-CDIS, B.R-6@D%s@)JPBS, H0

avyUeeUU)ysaY, 895 abUsUsayd UUaUaUd “~eg Gdp Ulileaddd UE.
0%. 7z 6}368i3 3U aj3sdaei 3 o Unedd sl bUY ¢y ediald (i Wdijes U
yceaga3 oaUUYaadad U HRoaysitd eU0UY Uds O 1 UGe Uegd U
UtGgi ~j UoelUUB 6oseddalU =esoajcloac sahd yaloeced Udd
"1 86aUseyszasg 3U usUyUgaddei 80 egdtsypdhH a8 Wdel]a ss o
{=24h, t=48h, t=72h).

A t=0 o sPdsitive-Negative

3 PSR

Positive (H20) Negative (PBS)

11C



A t=24h o sRdsitive-Negative

Positive (H20) Negative (PBS)

A t=48h o sRdsitive-Negative

Positive (H20) Negative (PBS)

A t=72h o sPRdsitive-Negative

Positive (H20) Negative (PBS)

] h Usd UsafhsUd "8g oeliddoeUs eylr €950 apositté-as g 2
negaived U tUsavYaGUdeU 4 deUji13, “~jeoi U0s Ues Uszed uge’y
B dUUsoafhd, ¢c§¢ lgjesgnse 3U; h, “~jeealUaUa viervUsoe ad
Udd g eUesssghbguygubegosoe ~ Uy UUeydad Uxs ywﬂﬁss:mUYU*xx

111



~

dqd o9gUUU;see UtUesee Urs oglUUY) ¥vs UgUti,3, o Woeystiflfg
O sbUbUsePYPosU " f Uds UUesosae UsahasU U¥xs 72 ¥y 3.

j 3U0Uad®UWy) 3qUsahd e¥y UgpByg,i0de Vudyyyells Ud ee6y
UygdyeaglUY) vs, tGU0s "~ Pedlamicsglodifjdigbdrcabdoe lUsloa
Uds UyaUd ey U U h Ud seyd Usoahszvrs

UatGUsosc U]

o ¢, RICDS(}) o

D ada




A50

B100 B50 B25

At=72ho s U UU & UaoNRICQODs) e NPCQis() U3 Uad Us sc U]

11z



A100 A50 A25

B50 B25

U, OUUdyeaUsd 09U Usd GgodbBedns@)iUsd Uesg uUUaoeUUsd
FUd eUoUei UUyd Ggooys @mnkdde UsaddgtehlU Ulv0oeU) gdj L a
GUa3UU0U0s 3000dU;cdsa 33aieish, 0 WsaeeilUds UUasse aeyd Usasfs
"addglehd yeUs a¥Y ¥vd UgaddUa, oaUeai Uess3UUd Ues eUoU
"Uy 00dy UaUUs Usehoagtd. @By, Gl s edld praiali Wik U5 0eUy «
UOaUG) oY cew4Brads a0 Uszyj; c0UUs GeoUUR3 GUds Ujyesese Uc
t=72h. ¢ e€990) hUU; d OGgoeysasUgmidyBegs | [ UlURNe bl ) YOd ¢
eUoUai UUyd GioaUsUyvyad, rvaGURGe 6 “~addglehd Uxrs agl
aUs j100.UWs viddas3leai UUs Usehagld, 0Ggaoposivaeada UU(
U @ mpgative.

U, OUUdyeaUsd 09090 Usd GgodbBedns@fiUsd Uesg uUUaoeUUsd
ZUd eU0UoUeai U0y d Ggooys Wmkidde Usaddy @ ethlfU Ulyw0o el gdy t ¢
GUa30UUs 30 UjUst3Us 0detH24hUmlbsy WdUs ey edlddle &Wase
aUUYGOUUGd Ud o p=@2hoplid OGUpodzwes U) vgm, UYE Bpgd)eei U
"UjeglioaoYsegs calU UaUGyosY UjyUaxvyad aU0ds “~geshUqUY
j Uarvld UasUs €903 U0 d U UsUasdq “eg ~Uy0U0dy) Ual
UasOUUs 30U "gest3Us &12hY ¢i (kdeso jafy (Blk)ade el glioUesyssle; ¥ G d
eiUsagUs Uy Uaxidd Uxys Uypgd; e48p8U0%; U35 Ubg); ePYBBa 08 U
Oths, aU0U0UYGUUG =12 ocplxs gidde s3tllalnee e ¥d ~jeoai  UUs U
GgooeysUyrvlid Usg o, sll®acesslbsh Ulyg Wdey UYU) eglial oaUs

o

UseaglidUsy) ars.

Co & Ce
Co

Co
@

o

A eeysxyd, GgoejaseslUUd UU | oUs o, @69 es9a) UV Ud
boeyUU;seyd UGUjesoyd, UlGei U dyU¥esgs GU "gai €5

¥ Ug o) WieewemMUW @H)s U padsitvél bedative, A100, A50, A25, B100, B50 o UB25 " )} 9 3
U a¥Wd " slGhUqUY WUn@agoUseUssédfy s U avWglWoesasgdddsi 3
€99)J6Uafh 96

i}

114





















