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HEATING-INDUCED PHOTOLUMINESCENCE-TUNABLE

CARBON DOTS SYNTHESIZED FROM ALOE VERA GEL
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Abstract: Along with quantum dots (QD), carbon dots (CDs) have attracted a lot of
attention due to its strong optical properties and simple synthesis procedure. For
decades, Aloe vera has been used for medical and cosmetic applications. Another
application of Aloe vera is reported here; we have synthesized CDs from Aloe vera gel
through a simple heating process. With variation of heating duration, we achieved CDs
with various photoluminescence (PL) properties. The variation of heating duration has
changedthe functional group on the CDs surface and induce tunable PL properties. In
this paper, we present three types of CDs, i.e. blue, green, and yellow CDs with PL peak

at wavelength of at 438, 503, and 614 nm, respectively.
Keywords: carbon dots, photoluminescence, tunable, heating, Aloe vera

PACS: 61.46.+w, 36.40.Vz, 42.70.Jk



1. INTRODUCTION

In recentdecades, quantum dots (QDs) have attracted much attention due to its superior
optical properties. The superior optical properties are caused by the quantum
confinement effect in zero-dimension material, which cannot be found in the bulk
counterparts or singleatom. QD is a promising material for display[1], [2], solar cell[3], [4],

imaging[5], and sensing[6].

In accordance with quantum dot materials, recently carbon quantum dots or carbon dots
(CDs) rise in popularity. CDs are zero-dimension carbon nanomaterial which its size is
less than 10 nanometers. CDs have been studied extensively due to their attractive
properties such as strong optical properties[7], high stability[8], low toxicity[9],
environmentally friendly,and simple synthesis procedure[10]. The properties of CDs allow
various applications such as bio-imaging [11], sensing [12], [13], bio-medicine[14], light-

emitting diode[15], catalyst[16], and optoelectronics devices[17].

Besides its attractive optical properties, another advantage of CDs is they can be
synthesized in simple way with cheap raw materials[10]. The synthesis of CDs using bio-
mass has been studied extensively, as well as synthesizing CDs from coconutshell[18],

sugar cane[19], gooseberries[20], and seeds[21].

According to the theoretical prediction, the properties of CDs can be tuned by varying its
size or passivating CDs surface with other elements[22]. One challenging issue is tuning
the photo luminesce (PL) properties of CDsfrom the same raw material through the same
method. CDs with tunable and high PL is suitable for biological labeling and imaging

applications[23].



Aloe vera |leaf gel contains anthrones, carbohydrates (pure mannan, , acetylated mannan,
acetylated glucomannan, glucogalactomannan, galactan, galactogalacturan,
arabinogalactan, galactoglucoarabinomannan, pectic substance, xylan, cellulose),
chromosome (8-C-glucosyl-(2’-O-cinnamoyl)-7-O-methylaloediol A and 8-C-glucosyl-(S)-
aloesol), enzyme (Alkaline phosphatase, amylase, carboxypeptidase, catalase,
cyclooxidase, andcyclooxygenase),inorganiccompounds (Calcium,chlorine,chromium,
copper, iron, magnesium, manganese, potassium, phosphorous, sodium, and zinc),
proteins such as lectin, polysaccharides, and vitamins[24]. Aloe vera is known for its anti-
oxidant, anti-microbial, anti-septic, anti-bacterial, and anti-inflammatory properties. The
Aloe vera planthas been used for centuriesforits health,beauty, medicinal,and skincare
properties[25]. In thisarticle, we show otherapplications of Aloe veragel,i.e. as aprimary

precursor for CDs synthesis with tunable PL properties.

2. METHOD
Synthesis of CDs

The CDs were prepared by heating the mixture of Aloe vera gel, distilled water, and
phosphoric acid. Typically, we mixed 12 grams of Aloe vera gel, 5 mL distilled water, and
15 mL of concentrated phosphoricacid. The mixture was heated on hotplate with average
temperature of 99°C for various times. In this research, the heating duration was varied,
i.e. 60,90, and 120 minutes. After the mixture is heated for a particular time, the mixture
color will turn to dark brown and then black. The mixture is then dispersed in 100mL

distilled water for 20 hours. After that, the solutions were filtrated using a filter membrane.



CDs Characterization

As prepared CDs solutions are characterized using photo-luminescence (PL), Ultraviolet-
Visible (UV-Vis), and Fourier-transform infrared (FT-IR) spectroscopy analysis. UV-Vis
spectrophotometric analysis is carried out on a Shimadzu UV 1800 spectrophotometer.
PL spectroscopy is conducted using custom-configured device with Ocean Optics

USB4000 spectrometer. The FT-IR spectroscopy is performed using FTIR Thermo

Nicolet Avatar 360.

3. RESULTS AND DISCUSSIONS

In this study, we have synthesized three types of CDs, i.e., blue, green, and yellow CDs.
The names are taken based on the CDs luminescence under UV illumination (such as
shown in Figure 1a-c inset). All of the CDs are produced from Aloe vera gel mixed with
concentrate HsPO4 and distilled water, which is heated at average temperature of 99°C.
Variation of heating duration in the synthesis process produce differenttypes of CDs. The
blue, green, and yellow CDs are produced through 2.5, 2, and 1 hour(s) of heating,

respectively.

The CDs absorbance responses to light with various wavelengths have been studied
through UV-Vis spectrophotometric analysis (Figure 1). The synthesized blue CD has
absorbance peak at 244 nm. It corresponds to the m — = * transition coming from the C =
C bonding of the CD core. For the green CDs, there is shoulder peak of absorbance
around 260 nm. Meanwhile, peaks appear two times in yellow CDs, i.e at 278 and 368

nm. Absorbance peak at 278 nm in yellow CDs corresponds to the = — =* transition



coming from the C = C bonding of the CD core. Whereas the other peak seems to come

from the transition in the surface or edge state. Overall, from yellow to blue CDs, the

absorbance peak shifted to smaller wavelength.

PL emission spectra of the blue, green, and yellow CDs are also depicted in Figure 1.
The PL emission of blue, green, and yellow CDs have peaks at 438, 503, and 614 nm,
respectively. It indicates blue-shifting of PL peak arises as we increase the heating

duration on the synthesis process.

The functional groups of CDs are characterized by FT-IR study. As shown in Figure 2,
blue CDs andyellow CDs have similar absorption bands. For blue CDs, absorption bands
appear at 3430, 2360, 1639, 1176, and 1003 cm-' that corresponds to O-H, O=C=0, C=C,
S=0, and C-O functional group, respectively. For yellow CDs, absorption bands appear
at 3447, 2384, 1640, 1175, and 1006 cm! which also corresponds to O-H, O=C=0, C=C,
S=0, and C-O functional group, respectively. Although itis weak, the peak correspond to
C-H bond also can be seen in both yellow and blue CDs. In the FT-IR spectrum, yellow
CDs show more existence of O=C=0, C-O, and C-H bonds, which may be exist in the
edge of CDs. It is consistence to the UV-Vis spectrum, in which yellow CDs have
secondary absorption peak at 368 nm. This absorption comes from the presence of

hydrogen on the surface of yellow CDs.



We observe that longer heating duration causes the UV-Vis absorption peak shift to
shorterwavelength. ltindicatesthatthe bandgap energy increases as the heating process
becomes longer. An increase in bandgap is due to confinement effect. Moreover, the
edge state is visible in yellow CDs but invisible in blue CDs, indicating that heating
process makes the edge state unpronounced. It can be modeled in Figure 3; the heating
process decreases the edge states at valencebanduntilitbecomes the same as the core
state. Thus,inblue CDsUV-Vis spectra, absorption peak corresponds to n — 7 * transition
isinvisible. This explanation is supported by the FT-IR spectra thatshowless O=C=0, C-

O, and C-H bonds presence in blue CDs compared to yellow CDs.

We also propose that surface of CDs also influences the conduction band. As shown in
Figure 3, there is edge state near n* state. The existence of the edge state in the
conduction band causes variation of emission peak wavelength. The gap between edge
and * states reduce as heating process becomes longer. The fact that there is less

surface bond (O=C=0, C-O, and C-H ) in blue CDs may support this idea.

4. CONCLUSIONS

CDs with strong PL properties have been achieved with Aloe vera gel as a primary
precursor. Heating durations in the synthesis process play importantrole in tuning the PL
properties. Longer heating duration reduces the oxygen functional group in the CDs
surface induces stronger PL and blue-shifting PL peak. These tunable properties of CDs

are potential for bio-labeling and imaging applications. Further investigation about other



properties of CDs such as their response to environmental pH and temperature changing

is recommended.
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illumination. The emission spectra were obtained at an excitation wavelength of

410 nm.
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UHOOPMAIIUA OJISA ABTOPOB

Coopank Hayunsix TpyaoB «Harocucremn, ranomarepiamn, sanorexunoiorii» (HHH) ny6ankyer emgé
HeoNy0IMKOBAHHBIE U He HAXOAAIMECA HA PACCMOTPEHUH /I ONyOINKOBAHUA B MHBIX M3/aHUAX Hayd-
Hble 0030pbI ¥ OPUI'MHAJIBHEIE CTAThH, COZlePIKAI[e H XapaKTePU3YIOIue Pe3y IbTaThl DKCIIePUMEHTAb-
HBIX U TEOPETHYECKHX HCCIeJ0BAHMIA B 001aCTH (DM3UKH, XUMHHU, METOJI0B CHHTE3a, 06pabOTKH 1 AHarHO-
CTHKH Ha JHBIX CHCTEM M Ha 1TaGHBIX MaTepHaIoB: KJIacTepoB, HAHOYACTHI], HAHOTPYOOK,
HAaHOKDHCTAJJIOB M HAHOCTPYKTYD (amaTHTONOZO00HBIX GHocucTeM, aMOP(MHBIX W KOJJIOMAHBIX HAHOPA3-
MEepHBIX CHCTeM, HAHOCTPYKTYPHBIX IJIEHOK M HOKPBITHIA, HAHOTIOPOIIKOB M T.J. ).

Crarey IyOIMKYIOTCA HA OJTHOM M3 IBYX A3BIKOB: AHTIMICKOM HJIM YKPAHHCKOM.

Crarey, B 0pOPMJIEHHH KOTOPBIX He COOJIO/IeHBI CeAyIoNie paBuia Jias myoaukanun 8 HHH, Bo3-
BPAIIAIOTCA aBTOPaM (e3 pacCMOTPeHMA 1o cyIecTBy. (JlaToil MOCTYIIEHNsA CINTACTCA H€Hb IIOBTOPHOTO
[pe/CTaBJIEHNA CTATHH MOCJIe COOIIOIeHNA YKA3aHHBIX HUYKe TPABAIL.)

1. CraTha 107kHA GBITH MOANMMCAHA BCEMU aBTOPaMH (C YKa3aHUEM UX a/IpecoB 9JIEKTPOHHOI I0UTEI);
clenyeT ykaszarh (haMHINIO, UMA M OTYECTBO ABTOPA, C KOTOPLIM Pelakius OyjeT BeCTH IePelucKy, ero
IIOYTOBLLl ajpec, HoMep TesedoHa (phakrca), aJpec dIeKTPOHHON IIOYTHI.

2. WznoskeHne NOMKHO OBITH SICHBIM, CTPYKTYPHPOBaHHBIM (pasgenamu «1. Beexenue», «2. Dkcme-
pumeHTaNbHAM/ Teopernueckas MeTOANKAa», «3. PesyabraTsl 1 ux o0cyskaeHne», «4. BeiBogbl», « [lutn-
POBaHHAsA JIMTEPATypa»), CKATHIM, 6e3 JIMHHBIX BBe/IeHWIi, OTCTYILIEHNI W OBTOPOB, AyOINPOBaHAA B
TeKCTe JAHHBIX Ta0JIMI, PUCYHKOB ¥ TIOATIACe K HUM. AHHOTAIUA U pasfen « BeIBogsI» JOMKHBI He Iy6-
JIMPOBATE IPYT AApyTa. YNCI0BbIe JaHHBIE CJIe[yeT MPUBOANTD B OOIETPHHATHIX eIHHATAX .

3. 006ém craTbu foJKeH ObITh He Gosree 5000 cioB (¢ y46TOM OCHOBHOTO TEKCTa, TabIuIL, TOATNCEN K
PHCYHKAaM, CIIACKa JuTepatyphl) n 10 piucyHrKoB. Bonpocsl, cBA3aHHbIe ¢ IyOaMKaIeii HayJIHBIX 0630pPOB
(ue 6osee 9000 csoB u 30 pucyHKOB), pemaiorcsa pegkosuierneit HHH Ha OCHOBaAHMY IPEABAPUTENBHO
[pe/I0CTABIEHHON ABTOPAMY PACIIMPEHHO AHHOTAI[MH PAGOTHI.

4. B peflakIiuio IpeocTaBIsgeTcsa 1 9K3eMIIAD PYKOIHMCH ¢ H/UTIOCTPATHBHEIM MaTepuaioM, Hameda-
TaHHEI Ha Gymare (popmara A4 yepes ABOHHOIH HHTEPBAJ B OAUH CTOJIGEI] C OZHOI CTOPOHEI JINCTA.

5. B pemakuuio o6asarenbHO IpejocTaBiserca (mo e-mail mim Ha KoMmakT-aucke) Gaia pyKomucu
crarpu, HaOpaHHBI B TeKcToBOM pegakTope Microsoft Word 2003, 2007 nim 2010 ¢ HasBaHHMEM, COCTO-
AmuM 13 GaMuIIN IepBoro apropa (JrarmHuIei), Hanpumep, Smirnov.doc.

6. IleuaTHBI BADHAHT PYKOIVCH ¥ €€ 3JIeKTPOHHAA BEPCHA JIOJKHBI ObITh HI€HTHYHBIMHA U COEPKATh
5—7 mupexcos PACS (B nocaieznreit pexakuun ‘Physics and Astronomy Classification Scheme 2010’ —
http://publishing.aip. org/pubhshmg/pacs/pacs 2010-regular-edition) n annorammio (200-250 cioB)
crarsu (BMecre ¢ 5—6 ). TeKCTHl YKPaMHOASBIYHEIX CTATEH JOJKHBI TAKKe Cojep-
JKaTh 3arjaBye CTaThy (BMeCTe CO CIIMCKOM aBTOPOB M a/[pecaMi COOTBETCTBYIOIIMX YUDexK/ieHuit), pac-
mupeHHyio anHoTanuio (300—350 c0B), KiIIOYEBbIe CI0BA, 3aT0JOBKH TabJIMIL U HOAIIMCH K PHCYHKAM Ha
AHIIMIACKOM s3bIke. KpoMme TOro, TeKCThl YKPAHWHOASBIYHBIX M AHTJIOASHIYHBIX CTATEH HOJKHBI OBITH
JOIIOJTHEHBI 9TOH ke MH(pOopManueil Ha PyCCKOM fA3bIKe (COAePIKaHUA aHHOTAINN HA YKPAMHCKOM H pycC-
CKOM A3BIKaX JOJKHBI GBITh HAEHTHUHBIMHT).

7. PucyHkn (TOJBKO YepHO-0eJibIe NN IOJYTOHOBBIE ¢ IPajalieil ceporo) IpeaoCcTaBIAITCA Ha OT-
JIeTbHBIX JINCTAaX C YKazaHWeM HOMepa PHCYHKA M (haMHJINK TIepBoro aBTopa. Bee PHCYHKM O HEI GBITH
JIOTIOTHUTENILHO TTPE/ICTABJIEHBI B BH/IE OTAETBHBIX (haiiIoB (IIpeANouTHTEILHO B rpaduyecknx gopmaTax
TIFF, EPS nau JPEG) ¢ HagBaHUAMM, COCTOAIUMHI U3 (DaMHJIMK [IEPBOTO aBTOpa (JaTHHHIEH) 1 HOMepa
pucyHKa, Hanpumep, Smirnov_fig2a.tiff. KauecTro mimocrpamuii (B TOM 4mc/Ie HOJIYTOHOBBIX) ZOJIKHO
obecrieduBaTh UX Bocnpoussejerue ¢ pagpemenuneM 300—-600 rouek Ha A¥0iM. [JONOIHHTENIBHO PUCYHKH
IIpeJIoCTaBIAIOTCA B JopMaTe IPOrpaMMbl, B KOTOPOIf OHI CO3/IaBaJIHCh.

8. Hapmuen Ha pHcyHKaX (0COGEHHO HA MOJYTOHOBBIX) HA/IO II0 BO3MOKHOCTH 3aMEHUTh GyKBeHHBIMH
o6osHaueHnAMN (HabpaHHBIMHI Ha KOHTPACTHOM (DOHE), & KPHBbIE 0603HAYUTH U(PAMH NN PA3INIHOTO
THIIA TMHUAMEI/MapKepaMy, PasbACHAEMBIMH B MOANUCAX K PUCYHKaM uiau B Tekcre. Ha rpaguxax Bce
JIMHIHN/MapKEPBI JOKHBI OBITH YEPHOTO I[BETA M JOCTATOYHBIX TOJIINH/PAa3MepOB AJIA KadeCTBEHHOTO
BOCIPOMBBEZEHNA B YMEHBIIEHHOM B 2—3 pasa Buje (peKoMeHAyemasd IMpWHA pucyHKa — 12,7 cm).
CHUMEKM JOJIKHBI OBITH YETKMMH ¥ KOHTPACTHBIMH, & HAANNCA U 0003HAYEHWA NOJKHBI HE 3aKDHIBATH
CyIIecTBeHHbIE JeTaliy (IJIA 4ero MOXKHO MCIIOJIb30BATH CTPeJNKH). BMecTo yKasaHmsA B IOATEKCTOBKE
YBeJIMYeHUsA 1P ChEMKe JKeJIaTeJbHO POCTABUThL MaciiTad (Ha KOHTpacTHOM (OHE) Ha OJIHOM U3 HJIeH-
TUYHBIX CHUMKOB. Ha rpagukax moAmucu K 0CAM, BhINOJHEHHbIE HA A3bIKe CTAThH, JOJKHBI CO/EPIKATh
obo3HaueHNA (M HANMEHOBaHHA) OTKJIaAbIBAEMbIX BEIHMYMH 1 Yepe3 3aNATYIO NX eJ[MHAIB H3MEePeHH.

9. ®opMyIBI B TEKCT HEOOXO/MMO BCTABIATH C MOMOIIBIO pefakTopa dopmyn MathType, momsocThI0
cosmectumoro ¢ MS Office 2003, 2007, 2010.

10. Pucynkn, a Takyke TaGaMIBI U OACTPOYHbIE MPUMeYaHUs (CHOCKH) JO/’KHBI HMETh CILIOLIHYIO
HYMepAaIAIO [0 BCei CTaThe.

11. Cebliikm Ha JHTEPATYPHBIE HCTOYHUKH CIEAYET AaBaTh B BHJE MOPAAKOBOrO HOMEpa, HaledyaTaH-
HOTO B CTPOKY B KBaJPATHBIX CKOOKax. CIMCOK JMTepaTypPHI COCTABIIACTCS B TIOPA/KE IEPBOTO YIOMHHA-
HHUA UCTOYHMKA. IIpHMeps! 0OPMIIEHHHA CCHIIOK NPHUBEEHBI HUMKe; TPOCHM 00paTHTh BHUMAaHMe Ha II0-
PAJOK ClIeJIOBaHMA MHUIMAIOB 1 (GaMuInil aBTOpOB, GubarorpaduyecKuX CBeJCHMIl U HA Pa3/ie/uTellb-
HBIE 3HAKH, a TaKKe Ha HeOOXOAMMOCTh YKa3aHUsA BCEX COABTODPOB IIUTUPOBAHHOII PaGoTHI M (B KOHIE
Kak/0i cChUIKH) eé iudposoro uaenTndunkaropa DOI, eciin TakoBOil HMeeTCs y COOTBETCTBYIOIIEH My6-

ISSN 1816-5230. Harocucremu, HaHOMaTepiaan, HaHoTexHoJorii. 2019 IX



MHPOPMAIUSA IJIA ITOAIIMCYNKOB 1 ABTOPOB

JMKanuK (M yKasaH HA e€ HHTePHeT-CTPAHNUIIE H3/IaTelIbCTBa):

1. T. M. Radchenko and V. A. Tatarenko, Usp. Fiz. Met.,9, No. 1: 1 (2008) (in Ukrainian).
https://doi.org/10.15407 /ufm.09.01.001

2.T. M. Radchenko, A. A. Shylau, and I. V. Zozoulenko, Phys. Rev. B, 86: 035418 (2012).
https://doi.org/10.1103/PhysRevB.86.035418

3. A. Meisel, G. Leonhardt, and R. Szargan, Rontgenspektren und Chemische Bindung [X-Ray Spectra
and Chemical Bond] (Leipzig: Akademische Verlagsgesellschaft Geest & Portig K.-G.: 1977) (in Ger-
man).

4. J. M. Ziman, Printsipy Teorii Tvyordogo Tela [Principles of the Theory of Solids] (Moscow: Mir:
1974) (Russian translation).

5. M. A. Stucke, D. M. Dimiduk, and D. M. Hazzledine, High Temperature Ordered Intermetallic Al-
loys.V (Eds. I. Baker and R. Darolia) (Pittsburgh, PA, USA: MRS: 1993), p. 471.

6. Handbook of Mathematical Functions with Formulas, Graphs and Mathematical Tables (Eds. M.
Abramowitz and I. A. Stegun), Nat’l Bureau of Standards. Appl. Math. Ser. Vol. 55 (Washington,
D.C.: U.S. Govt. Printing Office: 1964).

7.B. B. Karpovych and O. B. Borovkoff, Proc. of Symp. ‘Micromaterials Engineering’ (Dec.25-31,
1999 ) (Kiev: RVV IMF: 2000), vol. 2, p. 113 (in Russian).

8. T. M. Radchenko, Vplyv Uporiadkuvannya Defektnoyi Struktury na Transportni Vlastyvosti Zmis-
hanykh Krystaliv [Influence of Ordering of the Defect Structure on Transport Properties of the Mixed
Crystals] (Thesis of Disser. for Dr. Phys.-Math. Sci.) (Kyiv: G. V. Kurdyumov Institute for Metal
Physics, N.A.S.U.: 2015) (in Ukrainian).

9. E. M. Gololobov, V. B. Shipilo, N. I. Sedrenok, and A. I. Dudyak, Sposob Polucheniya Karbonitridov
Metallov [Production Method of Metal Carbonitrides], Authors’ Certificate 722341 SSSR (Published
November 21, 1979) (in Russian).

10. V. G. Trubachev, K. V. Chuistov, V. N. Gorshkov, and A. E. Perekos, Sposob Polucheniya Metalli-
cheskikh Poroshkov [The Technology of Metallic Powder Production]: Patent 1639892 SU. MKI, B22
F9/02,9/14 (Otkrytiya i Izobreteniya, 34, No. 13: 11) (1991) (in Russian).

11. Yu. M. Koval’ and V. V. Nemoshkalenko, O Prirode Martensitnykh Prevrashchenij[On the Nature
of Martensitic Transformations] (Kyiv: 1998) (Prepr./N.A.S. of Ukraine. Inst. for Metal Physics. No.
1, 1998) (in Russian).

Cuiestyer IpUMeHATH OOIeNPHHATEIE COKPAIeHIS HA3BAHMIA )X YPHAIOB U COOPHUKOB TPY/A0B:
http://www.cas.org/content/references/corejournals; http://rmp.aps.org/files/rmpguapb.pdf;
http://images.webofknowledge.com/WOK46P9/help/WOS/A_abrvjt.html;
http://www.ams.org/msnhtml/serials.pdf

O6s3aTeIbHBIM TPeGOBAHMEM ABIAETCA MPEJOCTABIICHHE JOMOTHATEIHHOTO CIIICKA ITATHPOBAHHOI ITepa-

Typs! (References) B ar i TPAHCIHT wmn (cncrema BGN/PCGN; pekoMeH/IyeMbIe TPaHCINTEPATO-

per: http://www.slovnyk.ua/services/translit.php; http://ru.translit.net/?account=bgn). ITocre Tpanc-

JIMTEPMPOBAHHBIX HA3BAHMI KHAT, AMCCEPTAIMIl, TATEHTOB M IIP. HAZO IIPUBOANTE B KBAAPATHBIX CKOOKAX

WX aHrJI0A3BIYHBIA epeBoj. IIpn Tparcamrepanyn crareit n3 HHH Hago ncnonbsosars Hanmucarne O.1.0.

ABTOPOB, IIPUBEJEHHOE TOJIBKO B AHTJIOA3EIYHOM OIJIABJICHIN COOTBETCTBYIOIIETO BEIYCKA, 1 O(HIHAILHOe

TPaHCJIUTEPUPOBAHHOE HA3BAHME COOPHHUKA (CM. TAKIKe cailT).

12. Koppexrypa aBTopaM MOX<eT ObITH BBICJIAHA II0 9JIEKTPOHHOII moure B Buge pdf-daitia. Ha mpo-
BepPKY KOPPEKTYPhI ABTOPAM OTBOAATCS 5 paGodMX AHEll, HauMHAas CO JHdA, CJIeAYIOIIEero 3a AaToii OTIpas-
KH KOppeKTypsl. I1o cTeueHNN yKasaHHOIO CPOKA CTAThsS ABTOMATHYECKH HAIPABIsETCA B IedaThb. Mc-
IpaBJIEHAs CIeyeT OTMETATh H TPOKOMMEHTHPOBATE B caMoM pdf-daiine m60 opopMuTh B BHe HepeIHs
WCIIPABJIEHHUH U mepecsaTh (OT MMEHH! YIIOJHOMOYEHHOTO MPEACTABUTENA KOIJIEKTHBA ABTOPOB) IO BJIEK-
TPOHHOIT TOYTE B aAPeC PeAaKIIUMI.

IlevaTHBIE BepCHA PYKOIMCH HATIPABIAOTCA HemmocpeAcTBeHHO B pegakmmio HHH mo mouroBomy aape-
cy: 6yasBap Axaa. Bepuajckoro, 36, komu. 210; 03142 Kues, Yxpanna in60 4ieHy peJaKI{HOHHON KOJI-
Jieruu (COCTaB PeAKOJIIErHH YKa3aH Ha 2-i cTpaHuIle 00JI0KKHM). DJIeKTPOHHEI BADHAHT CTAThU HAIIPAB-
ssercs o e-mail: tatar@imp.kiev.ua (c Temoit, HaunHaOmeliCA CIOBOM ‘Nano’).

B coorBeTcTBHY C JOrOBOPEHHOCTBIO MexkAy peaaknueit HHH u yupexurensimu cGOpHUKA, pefaKius
cYMTaeT, YTO ABTOPHI, MOCHLIAA el PYKOIHMCH CTAThH, IEPefAl0T yIPEAUTENAM M PeAKOIIETHH IIPABO
0my6JIMKOBATh 9Ty PYKOIMCH HA AHIVIMIACKOM (YKPAHHCKOM) ASBIKE, I IPOCHT ABTOPOB CPasy IPHUKJIaibl-
BaTh K PyKOIIUCH

Cornamenue o nepesaye aBTOPCKOro MpaBa

MBI, HHIKETIOANICABIIHECH ABTOPHI DYKOIMCH « », TIepe/IaéM yupeIuTeIAM U PeIKOJLIeT ui
cbopHHUKa HAyYHBIX TPY/A0B « HaHocucreMu, HaHOMAaTEpiaan, HAHOTEXHOJIOTII» IPAaBO ONYDOJIMKOBATE ATy
PYKOIINCH HA AHTVIMIICKOM (YKPaMHCKOM) s3bike. MBI MOATBEPIKAaeM, Y4To 5Ta MyGIHKANUA He Hapyliaer
ABTOPCKOT'O ITpaBa APYTUX JIMI UM OPraHU3auii.
Ilopmmcy aBTOPOB: (®.U.0., nara, aapec, Tei., e-mail)

IIpm sTOM 3a aBTOpaMM COXPAaHAIOTCA BCE OCTAJbHBIE NPaBa KaK COOCTBEHHMKOB BTOI PYKOIHMCH.
ABTOpBI MOT'YT NOJIYYUTH OIYOJMKOBAHHBIN BBIIIYCK CO CBOEH CTATHEN B PeJlaKIi COOPHUKA 10 BBIIIE-
ykasaHHOMY aznpecy (res. NeNe: +380 44 4229551, +380 44 4249042, +380 44 4241221), a Taxoke 3arpy-
3uTth pdf-daiin craTeu ¢ caitra cbopruka: http://www.imp.kiev.ua/nanosys/ru/articles/index.html.
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INFORMATION FOR CONTRIBUTORS

Submission of M: ipts: Papers should be sent to the Executive Managing Editor, Editorial Office,
Institute for Metal Physics, N.A.S.U., 36 Academician Vernadsky Boulevard, UA-03142 Kyyiv,
Ukraine. Manuscripts may also be submitted to a member of the Editorial Advisory Board or to the
appropriate Editor Board Member who is familiar with the research presented.
Submission of a paper to ‘Nanosistemi, Nanomateriali, Nanotehnologii’ (i.e., ‘Nanosystems, Nano-
materials, Nanotechnologies’) will be taken to imply that it represents original work not previously
published, it is not being considered for publication elsewhere, and if accepted for publication, it will
not be published in the same language without the consent of the Editors and Publisher. It is a condi-
tion of acceptance by the Editor of a typescript for publication that the Publishers acquire automatical-
ly the copyright in the typescript throughout the world.
Scope of the Collected Scientific Transactions: ‘Nanosistemi, Nanomateriali, Nanotehnologii’ (i.e.,
‘Nanosystems, Nanomaterials, Nanotechnologies’—NNN) is the quarterly multidisciplinary peer-
reviewed collected scientific transactions, which publish high-quality work on all aspects of nanoscience
and nanotechnology. Currently, transactions stand alone in serving the ‘nano’ community in providing
up-to-date information on all developments and progresses being made in nanoscience and nanotechnol-
ogy and the future predictions for this extraordinary technology. The topics covered by the transactions
relate to all ‘nano’ related areas of the latest research and recent development works including nano-
materials, characterization tools, fabrication methods, numerical simulation, and theory as well as dis-
cussions in the field of nanoscience and technology ranging from basic aspects of the science of na-
noscale systems and materials to practical applications of such systems and materials ranging from civil
engineering to advanced molecular electronics so promising to transform our everyday technology as
well as basic economics. The subjects covered include the following: 1. physical sciences; 2. chemical
sciences; 3. life sciences; 4. theoretical and computational science and engineering.
Language: The language of publication may be English or Ukrainian.
Abstract: Each paper requires an English abstract of 300-350 words summarizing the significant
coverage and findings.
Keywords and PACS numbers: Up to six keywords and PACS numbers reflecting the content of the
contribution should be supplied (see ‘Physics and Astronomy Classification Scheme 2010’ at
http://publishing.aip.org/publishing/pacs/pacs-2010-regular-edition).
Manuscript Preparation: Papers should be typed (in duplicate) with double spacing and wide margins
on good quality paper (A4 size). The length of original contributions should not in general exceed 5000
words and 10 figures, and subject review articles should not exceed 9000 words and 30 figures, includ-
ing tables and diagrams. Authors are urged to arrange the subject matter clearly under headings such
as: 1. Introduction, 2. Experimental/Theoretical Details, 3. Results, 4. Discussion, 5. Conclusion,
References. Subsections should be identified with section and subsection numbers (such as 6.1. Sec-
ond-Value Subheading).
References and Notes: Notes are indicated in the text by consecutive superior Arabic numbers
(without parentheses). References should be numbered consecutively (in square brackets)
throughout the text. The full list should be collected and typed at the end of the paper in numeri-
cal order. Listed references should be completed in all details including DOI (if available) but
excluding article titles in journals. All authors’ initials should precede their surnames. Examples
of references preparation:

1. T. M. Radchenko and V. A. Tatarenko, Usp. Fiz. Met., 9, No. 1: 1 (2008) (in Ukrainian).

https://doi.org/10.15407/ufm.09.01.001

2.T. M. Radchenko, A. A. Shylau, and I. V. Zozoulenko, Phys. Rev. B, 86: 035418 (2012).

https://doi.org/10.1103/PhysRevB.86.035418

3. A. Meisel, G. Leonhardt, and R. Szargan, Rontgenspektren und Chemische Bindung [X-Ray

Spectra and Chemical Bond] (Leipzig: Akademische Verlagsgesellschaft Geest & Portig K.-G.:

1977) (in German).

4. J. M. Ziman, Printsipy Teorii Tvyordogo Tela [Principles of the Theory of Solids] (Moscow:

Mir: 1974) (Russian translation).

5. M. A. Stucke, D. M. Dimiduk, and D. M. Hazzledine, High Temperature Ordered Intermetal-

lic Alloys. V (Eds. I. Baker and R. Darolia) (Pittsburgh, PA, USA: MRS: 1993), p. 471.

6. Handbook of Mathematical Functions with Formulas, Graphs and Mathematical Tables (Eds.

M. Abramowitz and I. A. Stegun), Nat’l Bureau of Standards. Appl. Math. Ser. Vol. 55 (Wash-

ington, D.C.: U.S. Govt. Printing Office: 1964).

7. B. B. Karpovych and O. B. Borovkoff, Proc. of Symp. ‘Micromaterials Engineering’ (Dec.25—

31,1999 ) (Kiev: RVV IMF: 2000), vol. 2, p. 113 (in Russian).

8. T. M. Radchenko, Vplyv Uporyadkuvannya Defektnoyi Struktury na Transportni Vlastyvosti
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Zmishanykh Krystaliv [Influence of Ordering of the Defect Structure on Transport Properties
of the Mixed Crystals] (Thesis of Disser. for Dr. Phys.-Math. Sci.) (Kyiv: G. V. Kurdyumov In-
stitute for Metal Physics, N.A.S.U.: 2015) (in Ukrainian).
9. E. M. Gololobov, V. B. Shipilo, N. I. Sedrenok, and A. I. Dudyak, Sposob Polucheniya Kar-
bonitridov Metallov [Production Method of Metal Carbonitrides], Authors’ Certificate 722341
SSSR (Published November 21, 1979) (in Russian).
10. V. G. Trubachev, K. V. Chuistov, V. N. Gorshkov, and A. E. Perekos, Sposob Polucheniya
Metallicheskikh Poroshkov [The Technology of Metallic Powder Production]: Patent 1639892
SU. MKI, B22 F9/02, 9/14 (Otkrytiya i Izobreteniya, 34, No. 13: 11) (1991) (in Russian).
11. Yu. M. Koval’ and V. V. Nemoshkalenko, O Prirode Martensitnykh Prevrashchenij [On the
Nature of Martensitic Transformations] (Kyiv: 1998) (Prepr./N.A.S. of Ukraine. Inst. for Met-
al Physics. No. 1, 1998) (in Russian).
Journal title abbreviations should conform to generally accepted styles:
http://www.cas.org/content/references/corejournals; http://rmp.aps.org/files/rmpguapb.pdf;
http://images.webofknowledge.com/WOK46P9/help/WOS/A_abrvjt.html;
http://www.ams.org/msnhtml/serials.pdf
Equations and Formulae: Formulas in the text should be inserted by MathType, which is fully compat-
ible with MS Office 2003, 2007, 2010.
Tables: Number tables consecutively with arabic numerals and give a clear descriptive caption at the
top.
Figures: All figures should be numbered with consecutive arabic numerals, have descriptive captions
and be mentioned in the text. Keep figures separate at the end of the text and clearly label each figure
with author’s name and figure number. The labels at axis should contain the designation (or notation)
of quantities and their units.
Preparation: Figures submitted (black-and-white or greyscale strongly recommended) must be of a
high enough standard for reproduction with 300-600 dpi resolution (including half-tone illustra-
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O06s13aHHOCTH peJaKIMK

e Bce mpezicraBieHHbIE CTATHU PELEH3UPYIOTCA SKCIEPTAMH B JaHHOI 00JacTH.

e Ilpu paccMOTpPeHHH CTAThU YUUTBIBAIOTCA €€ COOTBETCTBHE IIpeAMeTHOil obiactu, 06oCHO-
BaHHOCTH, 3HAYUMOCTb, OPHUTHHAIBHOCTD, YHTAOEIBHOCTD U ABBIK.

e Ilo pesynbpTaTaM peIeH3MPOBAHUA CTAThA MOMKeT OBITh NPHHATA K ONYOIMKOBaHHIO Ges
0paboTKHU, IIPUHATA ¢ ZOPAGOTKOM MIH OTKJIOHEHA.

e OTKIOHEHHBIE CTATHY IOBTOPHO HE PEIeH3UPYIOTCH.

e Crarbu MOryT OBITH OTKJIOHEHBI 0e3 PeIleH3HH, ecIH OHH OYeBHIHBIM 00pa3oM He MOAXOXAT
LA TyOJIMKALUH.

e Penakuusa DpUHMMaeT pellleHHe O NyOIMKALMM, PYKOBOJACTBYFACh IOJHTHKON KypHAalIa, C
VUYETOM JIefiCTBYIOIIEro 3aKOHOAATeIbCTBA B 00JACTH aBTOPCKOTO IIpaBa.

e He ponyckaercs K mybamkanuu nHGOPMANUA, €CIU UMeeTcs HOCTATOYHO OCHOBAHMM ITOJIA-
raTh, 4YTO OHaA ABJIAETCA IJlaruaToM.

Ilpu HanMWYUM KaKUX-THO00 KOH(MIMKTOB MHTepecoB ((PUHAHCOBBIX, AKAIEMHUYECKHX, JHYHBIX)

BCe YYaCTHHKH IIpoliecca PelleH3MPOBaHUA JOJKHBI cOOOIUTE 06 aToM pejkoierun. Bee crop-

HBIE BOIIPOCHI PACCMATPHBAIOTCA HA 3aCeJaHUU PeJKOJLIEruu.

IIpuHATHIE K OIyOJIMKOBAHUIO CTATHU PAa3MeILaloTCA B OTKPBITOM JOCTyIle Ha caiiTe cOOPHHKA;

aBTOPCKMeE IIPaBa COXPAHAIOTCA 34 aBTOPAMH.

BT“‘IECKHE NPHHIMIIBI B 1eATEJbHOCTH PEIeH3eHTOB

e PeleH3eHTH ONEHUBAIOT CTATHH IO MX COJAEPIKAHUIO, OE30THOCHTEIBHO K HAIMOHAIBHOCTH,
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HeIpHeMJIeMbl.
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HEATING-INDUCED PHOTOLUMINESCENCE-TUNABLE

CARBON DOTS SYNTHESIZED FROM ALOE VERA GEL
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Abstract: Along with quantum dots (QD), carbon dots (CDs) have attracted a lot of
attention due to its strong optical properties and simple synthesis procedure. For
decades, Aloe vera has been used for medical and cosmetic applications. Another
application of Aloe vera is reported here; we have synthesized CDs from Aloe vera gel
through a simple heating process. With variation of heating duration, we achieved CDs
with various photoluminescence (PL) properties. The variation of heating duration has
changedthe functional group on the CDs surface and induce tunable PL properties. In
this paper, we present three types of CDs, i.e. blue, green, and yellow CDs with PL peak

at wavelength of at 438, 503, and 614 nm, respectively.
Keywords: carbon dots, photoluminescence, tunable, heating, Aloe vera

PACS: 61.46.+w, 36.40.Vz, 42.70.Jk



1. INTRODUCTION

In recentdecades, quantum dots (QDs) have attracted much attention due to its superior
optical properties. The superior optical properties are caused by the quantum
confinement effect in zero-dimension material, which cannot be found in the bulk
counterparts or single atom. QD is a promising material for display [1-2], solar cell [3-4],

imaging [5], and sensing [6].

In accordance with quantum dot materials, recently carbon quantum dots or carbon dots
(CDs) rise in popularity. CDs are zero-dimension carbon nanomaterial which its size is
less than 10 nanometers. CDs have been studied extensively due to their attractive
properties such as strong optical properties [7], high stability [8], low toxicity [9],
environmentally friendly, and simple synthesis procedure [10]. The properties of CDs
allow various applications such as bio-imaging [11], sensing [12-13], bio-medicine [14],

light-emitting diode [15], catalyst [16], and optoelectronics devices [17].

Besides its attractive optical properties, another advantage of CDs is they can be
synthesizedin simple way with cheap raw materials [10]. The synthesis of CDs usingbio-
mass has been studied extensively, as well as synthesizing CDs from coconut shell [18],

sugar cane [19], gooseberries [20], and seeds [21].

According to the theoretical prediction, the properties of CDs can be tuned by varying its
size or passivating CDs surface with other elements [22]. One challenging issue is tuning
the photo luminesce (PL) properties of CDsfrom the same raw material through the same
method. CDs with tunable and high PL is suitable for biological labeling and imaging

applications [23].



Aloe vera leaf gel contains anthrones, carbohydrates (pure mannan, , acetylated mannan,
acetylated glucomannan, glucogalactomannan, galactan, galactogalacturan,
arabinogalactan, galactoglucoarabinomannan, pectic substance, xylan, cellulose),
chromosome (8-C-glucosyl-(2’-O-cinnamoyl)-7-O-methylaloediol A and 8-C-glucosyl-(S)-
aloesol), enzyme (Alkaline phosphatase, amylase, carboxypeptidase, catalase,
cyclooxidase, andcyclooxygenase),inorganiccompounds (Calcium,chlorine,chromium,
copper, iron, magnesium, manganese, potassium, phosphorous, sodium, and zinc),
proteins such as lectin, polysaccharides,and vitamins [24]. Aloe vera is known forits anti-
oxidant, anti-microbial, anti-septic, anti-bacterial, and anti-inflammatory properties. The
Aloe vera planthas been used for centuriesforits health,beauty, medicinal,and skincare
properties [25]. In this article, we show other applications of Aloe vera gel, i.e. as a

primary precursor for CDs synthesis with tunable PL properties.

2. METHOD
Synthesis of CDs

The CDs were prepared by heating the mixture of Aloe vera gel, distilled water, and
phosphoric acid. Typically, we mixed 12 grams of Aloe vera gel, 5 mL distilled water, and
15 mL of concentrated phosphoricacid. The mixture was heated on hotplate with average
temperature of 99°C for various times. In this research, the heating duration was varied,
i.e. 60,90, and 120 minutes. After the mixture is heated for a particular time, the mixture
color will turn to dark brown and then black. The mixture is then dispersed in 100mL

distilled water for 20 hours. After that, the solutions were filtrated using a filter membrane.



CDs Characterization

As prepared CDs solutions are characterized using photo-luminescence (PL), Ultraviolet-
Visible (UV-Vis), and Fourier-transform infrared (FT-IR) spectroscopy analysis. UV-Vis
spectrophotometric analysis is carried out on a Shimadzu UV 1800 spectrophotometer.
PL spectroscopy is conducted using custom-configured device with Ocean Optics
USB4000 spectrometer. The FT-IR spectroscopy is performed using FTIR Thermo

Nicolet Avatar 360.

3. RESULTS AND DISCUSSIONS

In this study, we have synthesized three types of CDs, i.e., blue, green, and yellow CDs.
The names are taken based on the CDs luminescence under UV illumination (such as
shown in Figure 1a-c inset). All of the CDs are produced from Aloe vera gel mixed with
concentrate HsPO4 and distilled water, which is heated at average temperature of 99°C.
Variation of heating duration in the synthesis process produce differenttypes of CDs. The
blue, green, and yellow CDs are produced through 2.5, 2, and 1 hour(s) of heating,

respectively.

The CDs absorbance responses to light with various wavelengths have been studied
through UV-Vis spectrophotometric analysis (Figure 1). The synthesized blue CD has
absorbance peak at 244 nm. It corresponds to the = — * transition coming from the C =
C bonding of the CD core. For the green CDs, there is shoulder peak of absorbance
around 260 nm. Meanwhile, peaks appear two times in yellow CDs, i.e at 278 and 368

nm. Absorbance peak at 278 nm in yellow CDs corresponds to the = — =* transition



coming from the C = C bonding of the CD core. Whereas the other peak seems to come

from the transition in the surface or edge state. Overall, from yellow to blue CDs, the

absorbance peak shifted to smaller wavelength.

PL emission spectra of the blue, green, and yellow CDs are also depicted in Figure 1.
The PL emission of blue, green, and yellow CDs have peaks at 438, 503, and 614 nm,
respectively. It indicates blue-shifting of PL peak arises as we increase the heating

duration on the synthesis process.

The functional groups of CDs are characterized by FT-IR study. As shown in Figure 2,
blue CDs andyellow CDs have similar absorption bands. For blue CDs, absorption bands
appear at 3430, 2360, 1639, 1176, and 1003 cm-' that corresponds to O-H, O=C=0, C=C,
S=0, and C-O functional group, respectively. For yellow CDs, absorption bands appear
at 3447, 2384, 1640, 1175, and 1006 cm! which also corresponds to O-H, O=C=0, C=C,
S=0, and C-O functional group, respectively. Although itis weak, the peak correspond to
C-H bond also can be seen in both yellow and blue CDs. In the FT-IR spectrum, yellow
CDs show more existence of O=C=0, C-O, and C-H bonds, which may be exist in the
edge of CDs. It is consistence to the UV-Vis spectrum, in which yellow CDs have
secondary absorption peak at 368 nm. This absorption comes from the presence of

hydrogen on the surface of yellow CDs.



We observe that longer heating duration causes the UV-Vis absorption peak shift to
shorterwavelength.ltindicatesthatthe bandgap energyincreasesas the heating process
becomes longer. An increase in bandgap is due to confinement effect. Moreover, the
edge state is visible in yellow CDs but invisible in blue CDs, indicating that heating
process makes the edge state unpronounced. It can be modeled in Figure 3; the heating
process decreases the edge states at valencebanduntilitbecomes the same as the core
state. Thus,inblue CDsUV-Vis spectra, absorption peak corresponds to n — 7 * transition
isinvisible. This explanation is supported by the FT-IR spectra thatshowless O=C=0, C-

O, and C-H bonds presence in blue CDs compared to yellow CDs.

We also propose that surface of CDs also influences the conduction band. As shown in
Figure 3, there is edge state near n* state. The existence of the edge state in the
conduction band causes variation of emission peak wavelength. The gap between edge
and * states reduce as heating process becomes longer. The fact that there is less

surface bond (O=C=0, C-O, and C-H ) in blue CDs may support this idea.

4. CONCLUSIONS

CDs with strong PL properties have been achieved with Aloe vera gel as a primary
precursor. Heating durations in the synthesis process play importantrole in tuning the PL
properties. Longer heating duration reduces the oxygen functional group in the CDs
surface induces stronger PL and blue-shifting PL peak. These tunable properties of CDs

are potential for bio-labeling and imaging applications. Further investigation aboutother



properties of CDs such as their response to environmental pH and temperature changing

is recommended.
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Heating-Induced Photoluminescence-Tuneable Carbon Dots
Synthesized From Aloe Vera Gel
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Yogyakarta, Indonesia
zDepartment of Physics Education,
Widya Mandala Catholic University,
42-44, Dinoyo Str.,

60236 Surabaya, East Java, Indonesia

Along with quantum dots (QD), carbon dots (CDs) have attracted a lot of at-
tention due to its strong optical properties and simple synthesis procedure.
For decades, Aloe vera has been used for medical and cosmetic applications.
Another application of Aloe vera is reported here; we have synthesized CDs
from Aloe vera gel through a simple heating process. With variation of heat-
ing duration, we achieved CDs with various photoluminescence (PL) proper-
ties. The variation of heating duration has changed the functional group on
the CDs surface and induces tuneable PL properties. In this paper, we present
three types of CDs, i.e., blue, green, and yellow CDs with PL peak at wave-
length of at 438, 503, and 614 nm, respectively.

Ilopsaz 3 kBauToBuME Toukamu (QD), Byrienesi Touku (CDs) npuBepHyn Be-
JIUKY yBary 3aBAAKH CBOIM CHJIBHUM ONTHUYHHUM BJIACTHBOCTAM i ITpOCTiit mpo-
nenypi cuaresu. IIpoTsArom AecATHUIITH ajoe Bepa BUKOPUCTOBYBAJIACH MAJISA
MeJUYHOTO Ta KOCMEeTUYHOro 3acrocyBanHsA. Ille ofHe 3acToCyBaHHSA ajioe Bepa
MOBiIOMJISIETHCS TYT; MU CHHTE3YBAJIX BYIJIEleBi TOYKHU 3 T'eJII0 ajioe Bepa de-
pes3 IpOCTHIl IIpolec HarpiBaHHA. 3 BapidAlli€l0 TPUBAJOCTH HArpiBaHHA MH
JOCATJIN ByTJIeneBi Touku 3 pisHuME (oTomominecnenTHumu (PL) BractuBoc-
TsaMu. BapiAnia TpuBasiocTH HarpiBaHHA 3MiHWIA (QYHKIIOHAJBHY TpyIy Ha
MOBEPXHi BYIJIEIEBUX TOYOK i BUKJIMKAE (hOTOJIOMiHECIIEHTHI BJIACTHUBOCTI 3
TiZICTPOIOBAaHHAM. ¥ Iiil poOOTI MU IIPEACTAaBIAEMO TPU TUIIHA BYTJIEIEBUX TO-
YOK, TOOTO CHHi, 3€JIeHi Ta KOBTi ByTIJIeleBi TOUKH 3 IIiKOM (DOTOIOMiHECIIeH-
mii Ha goBkuHi xBuIIi 438, 503 Ta 614 HM BigmOBiAHO.

Key words: carbon dots, photoluminescence, tunability, heating, Aloe vera.
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1. INTRODUCTION

In recent decades, quantum dots (QDs) have attracted much attention
due to its superior optical properties. The superior optical properties
are caused by the quantum confinement effect in zero-dimension mate-
rial, which cannot be found in the bulk counterparts or single atom. QD
is a promising material for display [1, 2], solar cell [3, 4], imaging [5],
and sensing [6].

In accordance with quantum dot materials, recently carbon quantum
dots or carbon dots (CDs) rise in popularity. CDs are zero-dimension
carbon nanomaterial; its size is less than 10 nanometers. CDs have been
studied extensively due to their attractive properties such as strong
optical properties [7], high stability [8], low toxicity [9], environmen-
tally friendly, and simple synthesis procedure [10]. The properties of
CDs allow various applications such as bio-imaging [11], sensing [12,
13], bio-medicine [14], light-emitting diode [15], catalyst [16], and op-
toelectronics devices [17].

Besides its attractive optical properties, another advantage of CDs
is they can be synthesized in simple way with cheap raw materials [10].
The synthesis of CDs using bio-mass has been studied extensively, as
well as synthesizing CDs from coconut shell [18], sugar cane [19],
gooseberries [20], and seeds [21].

According to the theoretical prediction, the properties of CDs can be
tuned by varying its size or passivating CDs surface with other ele-
ments [22]. One challenging issue is tuning the photo luminesce (PL)
properties of CDs from the same raw material through the same meth-
od. CDs with tuneable and high PL is suitable for biological labelling
and imaging applications [23].

Aloe vera leaf gel contains anthrones, carbohydrates (pure mannan,
acetylated mannan, acetylated glucomannan, glucogalactomannan,
galactan, galactogalacturan, arabinogalactan, galactoglucoarabi-
nomannan, pectic substance, xylan, cellulose), chromosome (8-C-
glucosyl-(2'-O-cinnamoyl)-7-O-methylaloediol A and 8-C-glucosyl-(S)-
aloesol), enzyme (Alkaline phosphatase, amylase, carboxypeptidase,
catalase, cyclooxidase, and cyclooxygenase), inorganic compounds
(Calcium, chlorine, chromium, copper, iron, magnesium, manganese,
potassium, phosphorous, sodium, and zinc), proteins such as lectin,
polysaccharides, and vitamins [24]. Aloe vera is known for its antioxi-
dant, antimicrobial, antiseptic, antibacterial, and anti-inflammatory
properties. The Aloe vera plant has been used for centuries for its
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health, beauty, medicinal, and skincare properties [25]. In this article,
we show other applications of Aloe vera gel, i.e., as a primary precursor
for CDs synthesis with tuneable PL properties.

2. METHOD
2.1. Synthesis of CDs

The CDs were prepared by heating the mixture of Aloe vera gel, dis-
tilled water, and phosphoric acid. Typically, we mixed 12 grams of Aloe
vera gel, 5 mL distilled water, and 15 mL of concentrated phosphoric
acid. The mixture was heated on hot plate with average temperature of
99°C for various times. In this research, the heating duration was var-
ied, i.e., 60, 90, and 120 minutes. After the mixture is heated for a par-
ticular time, the mixture colour will turn to dark brown and then
black. The mixture is then dispersed in 100mL distilled water for 20
hours. After that, the solutions were filtrated using a filter membrane.

2.2. CDs Characterization

As prepared CDs, solutions are characterized using photoluminescence
(PL), Ultraviolet—Visible (UV—Vis), and Fourier-transform infrared
(FT-IR) spectroscopy analysis. UV—Vis spectrophotometric analysis is
carried out on a Shimadzu UV 1800 spectrophotometer. PL spectros-
copy is conducted using custom-configured device with Ocean Optics
USB4000 spectrometer. The FT-IR spectroscopy is performed using
FTIR Thermo Nicolet Avatar 360.

3. RESULTS AND DISCUSSIONS

In this study, we have synthesized three types of CDs, i.e., blue, green,
and yellow CDs. The names are taken based on the CDs luminescence
under UV illumination (such as shown in Figure 1, a—c inset). All of
the CDs are produced from Aloe vera gel mixed with concentrate H;PO,
and distilled water, which is heated at average temperature of 99°C.
Variation of heating duration in the synthesis process produce differ-
ent types of CDs. The blue, green, and yellow CDs are produced
through 2.5, 2, and 1 hour(s) of heating, respectively.

The CDs absorbance responses to light with various wavelengths
have been studied through UV—-Vis spectrophotometric analysis (Fig-
ure 1). The synthesized blue CD has absorbance peak at 244 nm. It cor-
responds to the n—n" transition coming from the C = C bonding of the
CD core. For the green CDs, there is shoulder peak of absorbance
around 260 nm. Meanwhile, peaks appear two times in yellow CDs, i.e.,
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Fig. 1. Normalized PL emission spectra (bold line), absorbance spectra (dashed
line), and photo of (a) blue-CD, (b) green-CD, and (c) yellow-CD under UV light
illumination. The emission spectra were obtained at an excitation wavelength
of 410 nm.

at 278 and 368 nm. Absorbance peak at 278 nm in yellow CDs corre-
sponds to the n—n" transition coming from the C=C bonding of the CD
core. Whereas the other peak seems to come from the transition in the
surface or edge state. Overall, from yellow to blue CDs, the absorbance
peak shifted to smaller wavelength.

PL emission spectra of the blue, green, and yellow CDs are also de-
picted in Fig. 1. The PL emissions of blue, green, and yellow CDs have
peaks at 438, 503, and 614 nm, respectively. It indicates blue shifting
of PL peak arises as we increase the heating duration on the synthesis
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process.

The functional groups of CDs are characterized by FT-IR study. As
shown in Fig. 2, blue CDs and yellow CDs have similar absorption
bands. For blue CDs, absorption bands appear at 3430, 2360, 1639,
1176, and 1003 cm ! that corresponds to O—H, 0O=C=0, C=C, S=0, and
C-O0 functional group, respectively. For yellow CDs, absorption bands
appear at 3447, 2384, 1640, 1175, and 1006 cm™, which also corre-
sponds to O—H, 0=C=0, C=C, S=0, and C-O functional group, respec-
tively. Although it is weak, the peak correspond to C—H bond also can
be seen in both yellow and blue CDs. In the FT-IR spectrum, yellow
CDs show more existence of 0=C=0, C-0, and C—H bonds, which may
be exist in the edge of CDs. It is consistence to the UV—Vis spectrum, in
which yellow CDs have secondary absorption peak at 368 nm. This ab-
sorption comes from the presence of hydrogen on the surface of yellow
CDs.

We observe that longer heating duration causes the UV—Vis absorp-
tion peak shift to shorter wavelength. It indicates that the bandgap en-
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Fig. 2. FT-IR Spectrum of yellow and blue CDs synthesized from Aloe vera.
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ergy increases as the heating process becomes longer. An increase in
bandgap is due to confinement effect. Moreover, the edge state is visi-
ble in yellow CDs but invisible in blue CDs, indicating that heating pro-
cess makes the edge state unpronounced. It can be modelled in Fig. 3;
the heating process decreases the edge states at valence band until it
becomes the same as the core state. Thus, in blue CDs UV—Vis spectra,
absorption peak corresponding to n—n" transition is invisible. This ex-
planation is supported by the FT-IR spectra that show less O=C=0, C-
0, and C—H bonds presence in blue CDs compared to yellow CDs.

We also propose that surface of CDs also influences the conduction
band. As shown in Fig. 3, there is edge state near n* state. The exist-
ence of the edge state in the conduction band causes variation of emis-
sion peak wavelength. The gap between edge and n* states reduce as
heating process becomes longer. The fact that there is less surface bond
(0=C=0, C-0, and C—H) in blue CDs may support this idea.

4. CONCLUSIONS

CDs with strong PL properties have been achieved with Aloe vera gel as
a primary precursor. Heating durations in the synthesis process play
important role in tuning the PL properties. Longer heating duration
reduces the oxygen functional group in the CDs surface induces
stronger PL and blue-shifting PL peak. These tuneable properties of
CDs are potential for bio-labelling and imaging applications. Further
investigation about other properties of CDs such as their response to
environmental pH and temperature changing is recommended.
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