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Kuang Cheng Yu, Li Fu Zhi

Abstract:

I n this study,acwke psyg ponk ecdonssti,r oaamea nt a
friegndulcyose detection system. The meth
fluorescenaeevetFeepe(dtiy)y uoafad dtmnc o mp|l e x
(I-CDs) o assess gl utclosef Il eavrEes eCdankiceer so f
guenched by the produé&tind o nobeetlaneaia no xF/d
(1'1) CagndwhH ch i s produced by the react
oxi dase. Hydr ot hemmlady ¢ d efad meaar hon dc
citric acid and urea aardgpetexupctoe st i a
measured to chrae pket e@D$z)eHlytdm e xygd radi c
Fe -CD& )structure I S quwempecdhs endy tnee c hani
devel oped glucose detectiOnansy sgtleunt ow
respectively. A linear range (06MPO5 1t c
f ogl ucose doebtteacitnilebde @a®al yzati on of gl

samp demonstrated the devel oped systert
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1. Introduction

Millions of people in t hAReWH rslitdu diys cdliaaigmso stehd
300 million di absitne s2 0dli3a g naonsde dt hpeayt | a&erbbde e X p e ¢
doudblye 201413 0rhe idsi sceaausseed by insulin deficienc
glucose | evelll! iDd albssu @lsl yofhiegosh accompanied by
blindness, visual impairmenltll4fTearaleffoaiel,un &,
di abets®i patgenat ity to design and desveéelrapeary
Clinical diagnosis of diabetes requires fregq
[41051For this reason, the determination of th
and sensitivity A sheaoaflntdthiryeiad u alndpso ritlaonoccde . gl uco
3.-0.1 mM in whdodéeewddmn 8 .nPll asysma, fehedieaket es
di agmagdgdenthei r whol e ibsl onoodr eg It uncaonsTed . ldenvneM| a s n
[ 6 bue to the complicated blood coogition”, it is necessary to dilute blood plasma before

glucose detection. Considering the relatively low percentage glucose takes in blood, it is
necessaryor a sensitive glucose detection system to be developed

Recentl vy, numerous efforts have been made t
techniques has been utilized, whidfl imaslsude
spect rldmestueyf marec ed Rarh&’ csocladtitiencehiergyi nescence
(121 and f Il4% rReasrcteinccuel arly, fluorescent nanoma
sensing appl iocwvard | bmngh as evédiley of sensitivity

characteristics.

Carbon quantum dated( G@s )c,arbsowa ldlont ese, e filesu car eksi o

nanomaterial that retsetaeicm.erlst hlnavse IsBdhenwnc gm =i
candidate for sensing, drug delivery and ir
guant umsudcdt sas semi conductor guantum dot s,
bi ocompatibility, the ability to form a hon
functiohlization

Her eiknd a@hs wvai thhi gh quantum vyi edavedQ@Ypiet &f 1
characteristics of Howgdaustosenartt@xite onarmg s

utilizing the devel oped CD. The detection pr



glucose | evel i's deféobeds bdbgncnee aismutremgi tGDs
reactions take place witxhiins tphreo ddieteac thiyo nt hs
bet ween glucose and gl ucosgroexaicdta steo (pGQxd)u.c eT
radivciaal sFentomnRakhgtidestructions on CDs st

radicals, which cause fluorescence quenching

One of the advantages of the developeid syst.
urea and ficairter iecmpa coiydesd a so fp rtehceunm sloass . b eEd d rhee r
common recipes used in food, phar maceuti cal :
reason, this type of fluorescent maténi &l ghts
of t hemealiowemed dewsloomped thleucose detection
further developments in detection applicatic

serum .sampl e



2. Experimental

2. llnstrumentation

Table 1 Instrumentation

Instrument Type Manufacturer

FNI Rpectrom PE Spectr PE, USA

El ectron sp Ther mo ES Ther mo, USA
250X

Transmi ssi o Tecnai G2 FEI , USA

mi croscope

FIl uorescenc F7000 Hi tachi, Japan

Spectrophot

Spectrophot U-3900 Hi tachi, Japan

Zetasizer ZS 90 Malvern panalytical, UK

Fl uorescenc FLS980 Edi nburgh I nst

Spectromet e




2.

2 Material s

Table 2 MaterialgAll chemicals were analytical reagent grade.)

Materials Manufacturer
IFN-2 Si gma
Thrombin Si gma
Lactose Si gma
PDGFBB Si gma
Urea Si gma
Citric acid Si gma
g

FIl uorescence SpectSi

Gl ucose
BS A

Gl ucose oxidase
H202( 2 0 %)
FeSQ - 7TH20
NaCl

CaCb

MgCI6H 20
FeCk

KCI

NaOH

ma
SangorBiotechCo. Ltd.
SangorBiotechCo. Ltd.
SangorBiotechCo. Ltd.
SinopharmChemicalReagentCo., Ltd.
Xilong ChemistryCo. Ltd.
Xilong ChemistryCo. Ltd.
Xilong ChemistryCo. Ltd.
Xilong ChemistryCo. Ltd.
Xilong ChemistryCo. Ltd.
Xilong ChemistryCo. Ltd.
Xilong ChemistryCo. Ltd.




2.3 Experimentation

2.3.1 Preparation of CDs

Adomemit ccowawe7b0edmpl| ¢ yeaat i assgo | tuhveh o wd s
consd@btl1.5 g citricmacwdffa@a®pdogiuwmaeaz!|l gnd 0
no cover to prevdit wandleaisabdlevgashidoanak eap . it s
anaventswdlildy fi ed ANt erhag kismarhld dsho liisd .t hwa LCDs f ¢
r€dissol vedpuwrse ngatudr.r alt sDans pbhreme e frfeenoe ad
aggregat edurptahrari cpersi.fi cati on was done by di
(MWCO = 1000 KD Shanghai Yuanye Bimdto,gi a al
transpawveht owl CidPBt sol uti on was obtained. It

2.3.2 Synth@eBs s of Fe (11)

Fe -CD$ )was prepared Bhb(yO.s5 mpM)y ag wd mmwgs FdSIOut i
CDs suspensiwhi ¢tbges heldde hiom and & nmpienmAdttteesr e t hat
t he pproadaeideas di alyzed in deionized water for

2.3H02det ecti on

HxO,det ection has been done i n awWiot OLd imfi fxd rua
concentrations, 10 mM PBS ( pGDs6ni 0fc,u bartd oh0 wl
perf dromed he mi Xobur @0ami 3nutes. Af tuemr wtalsa tt h ea
recordedoonflFuorescence spectrophotometer.

2.3.4 Pretreatment for human serum
We took human serum sanp0 eL frwoman hwehadloe abl dhoi
taken and centrifugedl.i2flrlaOmil4n SfaommL 2IcOe Andkiennf u g e
refrigeratantihggsugperfifeatrandtatetr 4 se.

2.3.5 Glucose detection

Glucose detection wami tpeo md le@BEs6xs (t3h.ed fnogl/|noLw
35Laf PBS solution (1@L miWf, ¢lHuc6o.s0e) ,sodnud i 20
concentweati pisapwerteddadde daOiL 6t mL creenstpreidiftuegves | vy .
prodvwacst i ncabaémpdedatfwrremi2cdbtiR iersdl@LYy of( I-€EB s

wi t h a conlcedntmga/tnelo ne hodf PB @w i stohl uat icoomlcOe nmiM,at i o



pH 6.0 was added into the solution. After w

were recorded.
3. Result and discussio

3.CharacterizationChsf CDs and Fe (I 1)

ThapreparedFEDCDEHE N Er i olrs ewewreed. An wintahg et hwea s
usetrodnsmi ssion electoonCihs c£€£gcbpyuf eEMEBR) and
whishthow t hat bot-GiDLDasr ea nun iFfeo r( hil'y) dinsdtirciak u tnegc
thegve t he fpaotme rat ihalmotge n e osussmpihe.t dr et anceebae
each CDs -Ghd iFre t(Ha@p)pooxit-fnamml yTHe i nserted i
fifgure l1la and 1b are their own HRTEM 4 eé&pectdi
structure, there are evedhegi si anhcebhaktweemrys
i8@833 nm in average. Owing tdhtehe isziemidlian rfilbwc
CDs andCbhs kalidh)l uds thriagties € |t can be inferred
fluctuate i M4.t0h0en, r amge dbdbfettgheém diomcteme rmamge
3.3575 nm.

Th€Ds b6 andCDBF&p e(cltir)al characteristi couraireer r e
transform infrared-rsapyecphrootsoceolpeyct ¢t ®hl R)pecXr

ul tr &awii soilkelte s pedtsr)oscopy (UV

25 3.0 35 4.0 45 5.
: S ASL R SRzl L& Diameter (nm)
Figure. 1 TEM, HRTEM(@i)ns@Gik ((Iaeancedtbrt de st
and F&Ds)()



The -sfcuan XPS fisgpwerca rduan) (exhi bits three peaks a
which represent C 1s, N 1s., dsudalmtO XBS rsepeetcrt
Feadoped CD where three major peaks at 283.97,
of C 1s, I N aAsdi Oidbs, an dloeme&mts n &t i58:123: &nia
for K (Isl Bb4: 17: Faurd heC€ mMBog,@rveles) cahn enl arged
of fi.,dhatswmeabkts 711. 17e \yhd ch2tphhdXfeedr ri ¢ i on on
() MeanwhiHEPSt eBpectra of2ddD&san@ bleg igfefedlgioer
surface c@Onp(o&penitdsi ng ener g€ @sppPR8dt €2&&V22C
286.62 eV and Cobhsatde288g5cCcaeVoxyl group ar

included in citric acids and iamisnugplpgmsaldp cihs
hydroxyl group (hydroxyl grougxsi)st samomot lge o@
Fe -CD$)l nomaddi he well di ssipat-Chbe c¢can wat teri o
the presence of hydroxyl groups.

FTIR spectra were recorded at -GDb ocno nfpegmapreer(at u
3a). Fe&D Reompllle)x, t he bramald 3pfeaakcsctivebte@6 B8, 2 |

12000 {(2) 0 (1s) 80000 (b) 0 (1s)
1000004 5p
S
600004 Fe (II)-CDs
) 80000 - "
bt b
c N (1s) ] C (1s)
g 60000 o c = 40000 4 N (1s)
S (1e) 3 Fe (2p)
40000 -
20000 -
20000 4
0+ 94
200 0 200 400 600 800 1000 1200 1400 200 0 200 400 600 800 1000 1200 1400
B.E. (eV) B.E. (eV)
6000 14000
(c) (d) Total
120004 —— Fitting
CDs Background
100004 C-C (sp2)
» 1] ——C-C(sp)
+= 5000 - c ——cC-0
c 8000+
S 3 —c=0
2 3]
(&} 6000+
4000+
4000 4
2000+
T T T T T 0 T T T
700 710 720 730 740 280 285 290 295 300
B.E. (eV) B.E. (eV)

Fi guThke¥XPSX survey spec(tlr@Ds dfb)CDsan(da)F,e Re X
spectrunprodparheftiDgBe (1 1)



C=¢®¢, aHd/IFHONstretching vibration respectively
and 237dnadeitgn@@and O=C=0 stretching. Simila
frequencies at 6amn2d, 31462309d,C oPHX8d6s DRI S C =0, R

C=4@¢l, O=C=0-H @dHdNboOmde. anbeorwvtei oned analytical

confitrbneedexi amenoegobups, andr pdhxeylo!l grco thyysdr o
(hydroxyom gtrlou@By -G dc drmep I(d A .)

3.2 Optical proper@Gbhss of CDs and Fe (

Tha9prepared CDCHUEWNiIdsb B @ rsppteicotnr ums ar eb)obt ai n
which displayed two shamend aamlls@ampt hem hpaak ® n
t hegpseankasy epr ebhe€ngpnd &l ectron orbidrarleltataensitta c
bonhndalnd C=0O'Ffbeospdecti vel y.

The emi ssionpsepepated mMCDYd ias Decswn tien tthiagurt d e
variations in terms of the emission intensi
does not change with the adjustmwent edhlilgdt:
ul vi @l et ray withmwaarliemdgudhe otf he360i ghest f |
arounadmd4a«hich can bé i gihneoddtdf iagu e b8 auehows a
stokes o't Addli B8bommaépyred h@Dsasal so demonst
dependentt hbee hantieors:i ty of t he emi ssshiofnbveegrect
energy emi $ ieomxci t atTihoen guuyaine@uie I(iesn gradasur ed
the resuwiab8 @8 ¢ uMhastcaad mpeti ti ve amongi mitlhamr C
hydrot her m®¥?! met hods

e
o

00U

100{(a) s | ~ L(D) Fe(n-cos| _ |(€) —— 360 nm
= S 04 CDs =] ——350 nm
S 80 o S ——340 nm
o &
Q () > 330 nm
c 60 003 %; ——320 nm
8 c e —
£ w0 © 310 nm
= 1 2
g 5 02 c
g 20 g -
- < 0.1 =
= o0 *

-20 0.0 - .

750 1500 2250 3000_1 3750 200 400 600 800 1000 7400 450 500 550 600
Wavenumbers (cm™) Wavelength (nm) Wavelength (nm)

Figure. 3 (RTILRUvVpe/ditsrmabsorption specifDsmathbkex
wavelwinghihn t3aedalnmee ionffset within is the phot
the one unde)y. UV 1T ight)



3.3As-preparedCD6s stability test

For the sake dheexamirationonthe feasibility of the aprepared CDs in terms of its glucose
detection applications, tlespreparedC Db  p h o t assamalyzed. ThE D fldorescence
intensity is obtained in solutions of different pH levels and NaCl concentrations. Figure 4a
demonstrated thatthe C®s f | u o r e s cflactuatedittle in differans pHterwironment
ranging between -8 pH. This shows the relatively high resistance to protonation and
deprotonation to the surrounding of thepaepared CD&l. In consideof thelarge amounts

of sodium element existing in the humaarsn, it is vital forCDsto remain stable in NaCl
solutions with different concentratiofs Figure4b illustrates that the fluorescence intensity

of CDs fluctuates around 750 a.u. with a variety of NaCl concentrations ranging bet&een 0
mM, which dispaystheappr epar ed CDsd rel atively Bigh phce
In light of these two resultswe believethat the asdevelopedglucose detection system

possessethe potentiato beappliedon human serum glucose level detection.

3. F4 uorescence mechanism

The mechani sm f ars belxwd afilnleadr e sncTetneceef 1t obr e wic e
mechanCbBssiotkhi | ar tovitbBaspetttbecOWy. To il lu
in figure 5, the tpohe twolnd Intedta te mist tfeerr thiilti ztehde bs
induced a series of electron transitions. TtF
el ectron that c¢ aorbbei tfaolusn da s sl heen g rhgeeeniptr geyx c e «

800

(a) (b)
800 4
600 4 .
» 600 o
04 0-
4 5 6 7 8 0.0 05 1.0 1.5 20
pH

Concentration NaCl (mM)

Fiuge The CDs6é fluorescence intensity in 5
intensity in 5 distinct-2Nanm@M (dbgncentration

Y
o
o

Intensity (a.u.)
-

Intensity (a.u.)

[

o

o
(2]
[=4
o




bandbgihwedn etltheci t e ddisgtr dtuen darsd at e. The el ect

their highest occupied molecular orbital (HC
unoccupied molecular orbital f(lLdMOMGE Wht $§ e t
HOMO, there can be the emission of el ectr ome
visible Iight'toBeend etsr,arss fnere amet hhebaocmad bi de

transfer on tbesfowmasd benECDgodioalp fl uorescen
Theretheoretructure of the caarbi d@s &iox ey faenade fti
CD& propepeiéamlt! w2 lopo i c@amonstr dtee mst tod it her
oCDs®dr e witlhheedlremBit ©Ise wathsee i ncreased | evel o
orbital will decrebh® et e zekamdgamurofCDtsheé sCbs
3.3575 nm (figure tlhce ,viwhu alh IbiédHtm gamidsnd ii @m ,
hi gher surface oxi datdinf tl eevreil s smaogn .al Bhoi < aius
may shift into a | ower energy emissi V8 site
Then, when the electron transferred onto its
the wavelength of the fluorescence of the o
that of the normal CDs as tlR&% Ibta nidsg appo sfsoirb Ifd
emit electromagnetic radiation that has a | o
of the visible range. According to the XPS ¢
| evel of oXxipdetpiacretdoifGDey & aisad rhaalt | -ptrheep aaissnd e€D s
may emit visible Iight, for example, having

energy

Figure5 CDs fluorescence mechanism



3.5 Fluorescence quenching mechani sm

This section wild.@ first di scuss seweppadedpo:
exi stence in our experPmenvtinduwoed Eiéteroimlf
and Oxidative Quenbehidnegmo(nGQ)r.a tTdedsl nwthhyjatti tviQI slp |s

t he most rol e.

Figure 6a provided supports in terms of spec
|l i sts possible chemical combination scenario
infer that among viaan so,ust lcen egrt rsad e trebn hea t (|

outt hmiss group displays the | owest fluorescen

Numerous assays have reported different me t

noting that Fe (1Il1l1) is the best fluorescen
1200{(2) —cbs % | (b) Fe (II)-CDs

= CDS+H2°2 E A WAL asthmad

= 1000 Fe (II)-CDs S H,O

o Fe (Ill)-CDs o [t AR

i Fe (lll)-CDs+H,0, O

2 Fe (I1)-CDs+H,0, ol

(7)) whud

C 6004 B

3 c

£ 400+ 2

- =

L 2004 Fe (I)-CDs+H,0,
Y < ——-- 3182 318.4 318.6 318.8
380 400 420 440 460 480 500 520 540 560 Magnetic field (G)

Wavelength (nm)

Fe (I)-CDs

5000(C) ——CDs 0 Goe
Fe (Il)-CDs+H,0, (d)
5 4000 - 1
84
124

16 4

FL Intensity (a.u.)
2 8 8
8 8 8
Zeta potential (mV)

20 4
__j 24 4
0 20 40 60 80 100

Time (ns)

o
1

Figure. 6 Tbeetbtom®seChseé¢ (FD}y, £DsHIO), ) Fe
CDsiHsystem (a). The ESKEDSp®Htamnds-COa MOIqIb)) F
fluorescence | ifeCbhsme:(c)etCdDspamnentrFieal( | hega
(1-eDs (d) .



quenchi ng®.labTihleirteyf ore, it i s fareraisoniadmh ei ¢ oa ¢
guencher-pfepatbd €@Bs. OwiFiegn ttoon rheed getxihosnt € nEre
exi st dingcBr & Yi%ddsdime (11 1) ions, hydroxyl rad

exi st i n our experiment.

Si ncfeguateneé fl uor es c epnrceep alriefde tdDnise hoafs anso o bvi

when Fe (11) is present or absent, d¥?h&mhi c (
The -ul orat absorfipguroe 3Ip)ecal s1on cgauupspeo rtthse rteh iis
appavamitkhéti waen CDsDasndhbBer Oldh)clet siiggnwmdl | kn
Fe (l111) ion trends form a complex with ami
groups, whi chpriosntobteen g e pgreerseddrsatienr exci ted el eci
l eading to f 1l ub3% s E i diocnediqcbaet necsB Dishgahta sF ea (hlilg)h e
potential, which represents a comphlagx pioss sfes

negativandhdah@lelF)h aitpalsa st i v.e Fcohrartgheiss r eas on,
that one of the fagneoepasr €«edn@DAb uftlinagr & soc & maee
there is a complex exists beltiHoave Ftehmeu r gu eGrac |
i mpliepreéepmarad CD has slightly quenched by i

have a big impact on CD fluorescence quenchi

Furthermbeeabsorption spectr u3n0 0 fn nh yrdergoixoyn wt
th eotf atghreepar ed CDs iis2 9@@B®Br oomi(fingge @ N3 Mnr eover ,
the absorption spectr um5 0 fl A8h yFdorro gtehni sp erreoaxsi odn
overl apping spectfrante aceutrheneeirddruddsest bFE
fluorescence epueenpcahrliéfdg HoDve@aedabBydroxyl radi
only exert a negligible effect and fidctshro.ul ¢
Accortdoi Rtghnet on FKFe aCltli o npGtagnt & dhwyaeder o x Bslwhn & dhi c al
have wultrahigh loxduwpmptadsed ptohhetnti@adcti ons wi
oxidative hydroxyl radicalswamnad ht ce mpedsedt iICD
struthusecan | ead to chanld@ld*fln it dbementriuched
CDsd6 serustogrucial to its fluorescence abil:i
surface functstomal i grenpes Icawesle of fl uoresc

fi gure 6a.
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3.6 Glucose detection system

As mentioned bedloueoséeée hdetdeovrel opemet hodol ogy
First, glucose oxidase ( &@x)Afaxeirdk®pheactd L o enhdes
reacts with Fe (l11) and produce hydroxyl rac

struetand therefore cause fluorescence quenc

Fi gur e 8 astdheamo ntshter aftleu 6 a¢ $ cse wec eHhO e & mt g &t i ©
First, t he opti mum o0iarcdliwdhi ngonklda t ( 6h) f oor
environmentiasl amth | Wezwfd sst measured the optir
prepari COPsFe$§ Cl) i Sromsdirnwadet ha fl uoresce

reachpsaw t Bcdrhcidfi ohismM of Fe (I'Il), whi ch r
concentration for theaednownealhe@md d ushtiucaddBiednFsi ou
fluorescewc®&hidntpeinhietrel s, which reveals an |

Fe -CD$)to have a maximum fluorescence emi ssi
340 nnaviwllterta ' i ght induced the highest | evel
opt i muart idoent ee nv i fOpdnenteenctt ifoonr ik composed with
when prepaDshngpHecqrndi)tdI ohnmo-vuldd, rdanldi ght exp

The detection limitsas wél asthe linearrangefor H>O> detecting systens also obtained.
Figure 8a depics that while the concentration of:G stays within 89 5 ¢ khe HO-

concentrationss inversely proportional tthe fluorescence intensityhus,withina3s i gn a |



Figure. 8 The f 1 uo Ogdsecpeenncdee nstp efclturourne socfe r ch@e
oxidation Theaddtaitan d(ias)p.l ays the I(il\€@&®aB €ali
intensity aladdi(avh (e .H

t -0 0 irsaetliO@and0. 0 4 3is mehduredas thdinear gradient and thiemit of detection
for this systenrespectively which show a competitive accuracy with other commoe@H

detection method& 44,
The feasibility of glucose detection system is analyzsiain a condition that is similar to the
above mentioned onéidure 7a and 7b). It is demonstrated that Fe-QD)s accompanied by

Glucose and GOx can cause dramatic fluorescence quentigumg (L0a).

The optimum reacti on ocnonidsi tiinovne sftoirg agtleudc.o sTeh ed

GOx addition is obtained. Figure 9a shows t|
the addition of di fferentl5abdoumMrsa dd d 60O a tr s
maxi mum fl uoregaened wheenSUtwliesef GOx is ad
time is also measured. Wi th the addition of
intensity is maximized after 30 min from t he
conantof 5U/ ml of GOx addition accompanied v

condition for the developed glucose detectin

Thlei near paed awae lolnisdist t dife d egtleuccto soen df eotre ctthiinsg
therefore bekEingueash8tehdaattdee drne acelr msh eCDsed (| 1)
fluorescenckeei obwémsamne ¢gi naimlelarste gliusc casdeded 1 nt o
solutiThhe | i nea-dewvahgepedf sy beéeiarsitsh ankradBMg e do ft

































