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=8 2 ATNE B

1A Awet Ast=E 7, A Aol Hold viEglol AEE @ X (bacteria
cellulose, BC)E #A=315.2™ BCE 200 °CollA & #3liste] 712 FE Sh(carbon quantum dot, CQD)S /43151

3, ¥4 ¥4 F=A (fluorescence spectrophotometry)E ©]-8-3}] BC-CQDL] &% -‘_i,*ég slolzlict. 4% BC-
CQD | 3 365 nmellA A7 S o, WE 3P 440 nmoll A Fo FF WEe] YRS o ¢ AT o]
sk =4 ZL,/]L—‘__ W= 34 o] 440-550 nm ol Y= 7= AEA ASZQAE o] t:y_ CQDQ]- SABF EAS U
BRI, 7] 3 §islel] mE W o 2§ o] HilE 543 3 §E BC-CQD2| #EH4 540]
7] 3 o|EHE U S #EE 5 UMTH B‘a oly(vinyl alcohol)(PVA)%} E-gks}ale] |23k BC-CQD/
PVA ZEL 7Y o]Fox 953 3 ebgAlo] & ]ué Il Az E F% #4(thermogravimetric
analysis, TGA) $4& &3l BC-CQD/PVA Z5°] & M-S gRisto =z, &-8do] thdst flEglot A

715}8} ‘:‘e”%(electrocheml-luminescence, ECL) X1t & vlo] o —rolzoﬂ o]l4d & = FsAL AAXEA

Abstract: In this study, bacterial cellulose (BC) with high mechanical strength, crystallinity, and excellent biocom-
patibility was prepared. BC-carbon quantum dots (BC-CQD) were synthesized by thermal pyrolysis at 200 °C. Flu-
orescence properties of BC-CQD solution were assessed by fluorescence spectrophotometry. BC-CQD solution was
excited at 365 nm, and emission-maxima of the solution was at 440 nm. The optical characteristics of synthesized BC-
CQD showed excitation wavelength-dependent emission wavelength-pattern as the emission intensity varied with exci-
tation wavelength. These results showed similar excitation wavelength range, 440-550 nm, as observed for CQD with
conventional plant celluloses. In addition, BC-CQD/poly(vinyl alcohol) (PVA) composite film exhibited extended flu-
orescence stability, for more than 7 days. The thermal stability of BC-CQD was demonstrated to be lower than that of
PVA film through the weight loss estimation of BC-CQD/PVA film by thermogravimetric analysis. Therefore, it can
potentially be applied as membrane material, in electrochemiluminescence (ECL) diagnosis and in biomedical fields.

Keywords: bacterial cellulose, carbon quantum dot, BC-CQD/PVA composite film, fluorescence stability.
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7HEAAL Qlt). ole) whEhA] B2 ATAEe] AL, =2
AAATAE T LS 71K JHR o s e MR dgct

2 AHS(quantum dot, QD)2 7HE Thekst 880l (carbon quantum dot, CQD)ell t&t A+5 &aks] Zegsiar
ofsje] Zpgta Qlr}. 53] #7122 o] Folxl QD= 10 nm lom, JHEQl A, /7] Suf, whel . oju] B Al
offell EAsl= o= Mol = )] AR o] FolXl F Soll ek 384 A7t Barsal 9ok
& e wieA] 2otk 28y o8 g Fr1= QDE 3 CQDe] &4 W2 A "th(top-down)a} ¥HE <
<9 2tk ol Fokela B FESelde SRS (bottom-up) 2] 02 Ll grhe WS eBAASAE F

AEE o|gspH =43 wtelE Folo] wEe] A7
w2 o}= ¥ (are discharge),’ #l|©]4 ¥2](laser ablation),’

"To whom correspondence should be addressed.
drvibrio@cau.ac.kr, ORCID*0000-0002-6416-7745
©2019 The Polymer Society of Korea. All rights reserved.

722

F713}8}F 2F3}(electrochemical oxidation)® 52 WHEC] &
2] AREE A QU vl Y A2 f71ES YEE o]&s]



Hee]ol AE2 e o83 7 A9 o A &8 723

w2l 180014 200 °C Ake]2] €}k (carbonization)©]
=0l W o 7 HE3| (thermal pyrolysis),’ FFo]| T Z o] H
(microwave),” 23} ]2 (ultrasonic treatment)® 52| *HHo]
de] ARE AL Sl

A AQ f71E SAZE Fr] £US vlo]azgeo]lH
2 B3AAA 4-6nme] CQDE T, HEA ES}
72+o A A ATE Baglon, tE AFExEL Al
TEE Gdlele WHS o]&sted’ Alxd CQDE mloli
dieglotel Fgolo] onAE UEeRf7] 91t PF 2eHE
ZEA A HASHATE B Aol ofgt 7riel] WS
gat] Uiy 3 22 AEolA] FE28 - AEZS S
b A7 270wl @St AA CQDe g EAE B
ST SEAIRE, o] gt A5 7|E 2B dEEL 7|
gkl CQDell tigh Ao A|ghs]ar Qi

AENN FE3he AEd AEZS AT AEZQX v
AER 020} gade] AR Hof o] st MEEQ
25 A7) A= fall sl slet 3 AAoF s
T T3 HojA= 5o EAVE A A EA)ef A g
AEAE 4o = A &HE S7H7IE AZbeE A7
WFE 2 AT B o]g gk A5 A S whel 22 v
g]o} AE = Q (bacteria cellulose, BO)= 2] &4 HAEZQ
29} 5% sleHH F2E /A o e dER S
22 P B siekA AAZE Bart glaL o] F
the dxde] Sirh BCOl 54& &2 T35, B2 24s=
(84~89%), =& 71AIA 7=, Hold AAATA E4&
T3 ojn] BE AFAEE Tl HAEIoE 53] BC
9] =& 7|AIA B2 9E(Young’s modulusye 79-88 GPa,
nlola® AHY AEE QX1 JE2 29-36 GPaY= Hl
Sl WAL ok

BCE 0|83 CQDl| th3l Bye
CQDE ®E7] 93k &3} 24 e
H vt gtk mepa] 2 Atx e B
ER2925 AXSINAL, A7 RS 7= BCE
S o] 83t EStAIAA BC-CQDE §/d3tal 3%
& 2ALE199.21, poly(vinyl alcohol)(PVAYZ ©]-8-51¢] BC-
CQD/PVA E3HE &2 AlZkeiitt. 4 BC-CQD2| 3
EA4S A A3 7)1E A AER0AE o83 CQD
oF AN 3 545 Beler, A& BC-CQD/PVA &3t
52 Hold ¥ 8-S AT =N HEYR AsE
Aol #7]3}8h3 (electrochemilumine-scence, ECL) 21 &k
g, oJgtol} Hlo] @ Abgote] o] 8E F U= 71x =4
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BCe| M|=. BCE A|=3}17] Sl3te] SFoMM|EvFe 2;

©]2] & (glconacetobacter xylium) 5 3= A& HEL
(Korean Culture Center of Microorganisms(KCCM), No.
41431) 0.2 FH EgRsket. utel o} widS f1gk wiA] =
AL 119 F7FF° &% FZE(Becton Dickinson and
Company, Sparks, Maryland, USA) 0.75g, 3&(Becton
Dickinson and Company, Sparks, Maryland, USA) 0.45 g,
D-"}£(99.0%, Samchun Pure Chemical Co., Ltd) 1.5 g&
S3AAN Azt HEFAH g XS pH 4= =45}
3L 121 °CollA 1587 Eet AP siiet. Eat Aele A
Aol uHeglolE A vFEORE 26 °ColA 1247 AR u
Fslod, ek BC ¥PES 58I, AdE ek 92 38 um
ATAE ARG-ste] AT 3%2] vh|E|o} HEN S AY
& AAIA] 400 mLol| HFAIZ F- 26 °CollA 20247 Hf
Fatod HE2Q BC Wk I T 75 BC Wik
7] 918k, BC ¥ <t = "h|glols | M FAkshv
F &l Holx 3087 7ML 2A AASIANL S/
T2 F 24 AlFst S pH7t HEE 2SI o] %
ol A" BC ¥eks 4 XA HFA w2 AAE BC
kg AT

BC-CQD2| 4. BC 44} 0.04 g& %1 7] Z(Barnstead,
Thermolyne-F62730, USA) 232 200 °Collx] 3417k &<t 7}
et o] FFolA gk Ao gslE BC £Es g5
S ALoA] WZPAIZl %, S mLe] 32F TRl &34
Zt}. o] g8 23} E2F7](Sonics Materials, VCX 130
PB, USA)E ©] &3t 12417k &¢t 289 A 2|3 Fo
25000 rpmol| 4] 2417 Bt A4 EEAZTH €4 EElE
A& 6A7F FRF 1 L9 33k SFFTE o83t F4613
, A 71 5 N A0 E QA% SRTE 2AISK
FAE g oAl 0.2 um AFAE T2

gl

M 2 o
_‘

o

1A BC-CQD
AFEZ ARSI fojx BC-CQD Al&E 4°CollA B
sl o] AJo) o]-&st3iTh
4. BC 9t} BC-CQDE| FEi 54 w42 FARK
218 v) 7 (field emission scanning electron microscopy, FE-
SEM; JSM 7500F, JEOL Ltd., Japan)2} &3} A=} & w7
(high-resolution scanning transmission electron microscopy,
HR-STEM; Tecnai G2-F30, USA)S AlMg-3to] #Hasialom
Mg AR gty 2L Xeray 38 EAH (Xray
diffraction, XRD: Model XDS 2000, Scintag, SMART
BREEZE, Bruker-AXS)3} FTIRS ©]|§-3te] &elstaitt.
XRD ZHelAM Zts} AR/ 2702 40kV 2 40 mALY, 20
= 5~80°2] W lelA St FElol] wgk #9338t
(Fourier-transform infrared spectrophotometry, FTIR; Nicolet
6700, Thermo Scientific Corp. USA) #4912 4000~650 cm’!
oA 4 cm™! ETOZ 328] scansle] 4351t BC-CQD
o] ¥3 542 49 A2 BC-CQD AlEe] 365nme] 2}
9AMe ARSI ¥ #3337 (fluorescence spectrophoto-
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metry; Scinco FS-2, Korea)S AH&-sle] 273813 Th.
BC-CQD/PVA & Mz ¥ & £4. PVAMW 89000~
98000, 99%+ hydrolyzed, Sigma-Aldrich USA)ZS &&=l
02 gmL =2 100 °CA 6037t 7FEste] AsiA ] £,
HF FEE 32mgmLe BC-CQDE H7lste] F7 7}
0.5 mm<%! BC-CQD/PVA 83 EFdd&52 A28t
559 4 AL B8] St AR €% 5
(thermogravimetric analysis, TGA; TG/DTA 7300, Seiko
Instruments)s A4~ 712~ lollA AR 6.2 mgs 27| THS
2 3ho] AL o 2HE 600 °C7HA] 10°C/mine] Y43 &5
2 S 2 ol e FERslE S5t

du A EE

BCol &4 &4, Figure 1= B vyl ot 25
ZOMERFE Alolglw d57F ke BC Bfeto 2K vh
Hg]olE A AS <=3k BC qtete] delE HojFt) BC g
2 ekl e e A UMlE ek 24.39~155.72 nm
7|12 1= AT

Figure 2= BC ¥}2te] s18H4 A Fof tjgh FTIR 418
F3Y8t Axjolrt, 4=4b7] Adt(hydroxyl bondpl sg == &
4 ¥i=0l 3338 cm'ollA O-H 3 =7} et o ™, 2913 cm”!
oflX= C-H FZE I8 2913 em™e] S5 == H]
A AEZ Q 2~ (amorphous cellulose) 54Y 2 S2IsIAT].
1648 cm oA 2] ¥]F+= —OH ¥|AZ & B4} &5 2J3t 1
35 BOFT Y} 1427 em™ oA e] ¥i== CH, tha W
o 25 (symmetrical bending vibration)l] sFEH A3} =
o} #&Ho| glo] AER e~ AAA Wty E b C-C
== 13359 1159 em oA YERSTE 235 1107 em™= C-
O-C 925 Y2 919, 1054 cm™& C-C, C-OH, O-H
g 935 Yep drh?

?.--.-
.‘._'_
[ T St o e s -
. . " - " -
o e T M e e e
o LT Ty W AL = S

Figure 1. SEM image of BC pellicle.
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ols%

Figure 3& XRD =% A3= BCY 2% 722 HolFy
Ut} olm] B E e} 7ol 16.5°014 (101)4, 14.5%14,
(101)#, 223 22.5%A4] (002) Hol| t)-3-3R= z}zke] 37)<]
=2 gelsigith. (101)F (002)H e F vaE= 747t AE

Q2 I, 7ES} [ 7= EE AT AUAT

BC-CQD2| HElX SM £4M. BC-CQDE 7] 9
BC BFS A7) 2o @ar 200 °CollA] 3417F
o} BC-CQDE| YAk Z719] 243 FA4ks & a7 flsted
Z50 B R BC-CQD We f4AF Z719] 20S A%
o} 32 SHel A7 'sbE BC 2idg 229 A
g & J4¥ BC-CQD €95 A7 BF T4 0.2 um
AR E FHAIA HF AFEE QA 22T 2AHE 34
7k Eek AE)e @sbe BCO YAE Figure 4(a)ell A4
olw|x]o| A theF 80~100 nme] =71 & =4 = UT}. Figure
4bys 1207 &9t 25vE A3 ©@std BCHA 21=
UERH 109712] BC-CQD §#ke] A715 2793 Hak

-OH bending

LY
C-H streching
CH, bending

0-H streching
C-C streching

C-0-C streching

C-C, C-OH, O-H ring

Transmittance (%)
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Figure 2. FTIR spectrum of BC pellicle.
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Figure 3. XRD pattern of BC pellicle.



Helelol AEE0.

Figure 4. HR-TEM images of BC-CQD (6 h); (b) BC-CQD (12 h)
due to times by ultrasonication. The inset shows the histogram and
Gaussian distribution of BC-CQD sizes.

2.34+0.88 nmY & ;cﬂs 93&1 L}_LL Az} A7) BEES
Figure 4(b) ol &

BC-CQDe| && =5 —.-_-&1 . Flgure st BC-CQD-°4 R
S0l tigt 29 AxE BoFaL itk BC-CQDE 0.1 mg/
mLe] FEZ 32 FHF &A1 F 365 nm g A}
9)e 2AKE A Figure 594 HolR]= nfe} 7o) Ar
g F24 35 JepfSlth BC-CQD §-99] W3 448
FF BF BEAE ol&ste] S A+, BC-CQDe 3
365 nmollA] 9J71AZS W 440 nm gl o) FF =
o] _74-%1-5]0}\1:]. o]a{s} &g E/\-LQ o]u] HyE 2B A
EZ 02 CQD7F YER= 440-550 nm B 9le] 543 FAL
S I 4 AN B E] BC-CQDE] ¥ 540

O:

=

-

= Excitation scane
= Emission scane

300 350 400 450 500 550 600 650 700 750
Wavelength (nm)

Normalized Intensity (a. u.)

Figure S. Fluorescence excitation and emission spectra of BC-
CQD. A black line indicates an excitation scan (A.,=440 nm), and
a red line indicates an emission scan (A,=365 nm). The inset shows
the BC-CQD containing solution in visible (left) and ultraviolet
(right) light.

2~Z o]&3) 7l AY o A S48 725

S 97 7] 3 %8 90l BCS S18T BO-COD B

4 o] & xl3 e I 5 A

Figure 6 BC- CQD-4 o17] 3 Wstel| we W& o
2 @R =e] Wsks S43 Aot o7 J%’é% 33001
A1 370 nm7FA] 10 nm @912 S7HA71EA A9 A3t of

7] Shge WsAIel wet g 39 anﬂ =
SIIE e ST £ AL, T4 BCCODS 31
sRelsigict.

57301 7] 2 ejEde ek
e °W§ —E-M. . BC-CQDE ¥

BC-CQD/PVA al_

Hyel AU ECL AeHe B2 24 Hg3s] 913 Ago
2 BC-CQDZ PVA %al wof] Egtslate] A7kl W& BC-
CQDY] AL gelsisith. PVA] E3t3ls BC-CQD/PVA
ol 355 0.5 mm FAZE AZSIAIL 365 nm 2ge] Ae)Ad

10

08

04}

02t

n.n L L L L L L e
300 350 400 450 500 550 600 650 700
Wavelengh (nm)

Normalized fluorescence intensity

Figure 6. BC-CQD fluorescence emission spectra with different
excitation wavelengths from 330 to 370 nm.
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— {day
— 3day

8000 | — Tday
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2000 ¢

Fluorescence intensity (au)

300 400 500 600 T00 800
Wavelength (nm)

Figure 7. The fluorescence stability of the BC-CQD film measured
at the excitation wavelength of 365 nm, after 1, 3, and 7 days,
respectively. The inset shows fluorescence characteristics and sta-
bility of PVA and BC-CQD/PVA film after 7 days.
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S AR 3 548 FRlEkth 2 A3 $49€ BC-
CQD/PVA 452 89 AJEle] BC-CQDe} 5Us F24 3
#E& eI

BC-CQD Z&<] 34 A 4L 98l Az 25
S 77 AR 1Y, 3Y, 7Y HE2 9 365 nmollA] 7] Al
AN, BBEE zxé@' A3} Figure 79149} 7] 440 nm2]
WE g A, Aol A&e D53 Hlaste] 39 o
99.88%, 79 Folli= 96.22%°] FB=7F FAEAAL, 7Y ©]
3] g3 Al S #A=35 A3} BC-CQD/PVA LEollA] Az}
z7)9} FU3 FF k=t ERIFoEH ole A 4

Fkﬂ

S G B D] AR o FoE A 2719} fAke
Y EYL RABOEA, ¥ FF BPHS BAshe 2
o2 PRk,

BC-CQD/PVA S&t ZEo| &N 4. PVA Z53} BC-
CQD/PVA ZE9] & S Lol 1] flske] TGA )
2ZE Figure 8l YERAITE PVA EE3 BC-CQD/PVA ¥
5 &5 305904 78.7°C7HA] E T =4 glo] 4 A
B on PVAZEL 78.700 A FE] 2483 °C7HA], BC-
CQD/PVA ZE2 7879014 215.7°C7HA] €& FAqA F
T FE BEF 6.9% 4] T HAE I oY
o 4o T Bo| AAR A% T ﬂ*ah HIE3
AUTE? PVA 52 24839014 379.6 °C7FA o] 2= F el
A 741%] T FAE BAOH 463.9 C7FA2] &% Y
oAl 12.6%2] F WA FF &Aool WAt B3k BC-
CQD/PVA ZE-& 215.7914 276.4°C2] &%= Folla 3
A Bl ©A17F Yelb=d PVA 28 %R 22 51.10%
S At vebgon 5 Ay el S &4 4043°C
7] 5% JGolA 83% AAaslitt. 481.7°CY) 2% 94
NM = 15.1%2] T &4S eI Sl 600 °C7HA] 9]
KR = ogoﬂoﬂ/ﬂt 0.9% ako] 1—_/]\_*(5]—11]/\-1 [e=] o}x%—lo] 7}
32 Ho] 3 it} o|gs AxZ BC-CQD7L E3§slw

rulo i

| PVA film
—— BC-CQD/PVA film

0 100 200 300 400 500 600
Temperture (°C)
Figure 8. TGA curves of PVA and BC-CQD/PVA film.
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ols%

Ygo| PVA e Hlwsle] FF £ae] Pas Helg ¢
lem o]2jgh Ak BC-CQDSE PVA AREE7ke] 5)e}
2 Agr| o]t A5 8ol o] o obAlo] stES 3

AL 5 A
g E

2 et 3-84S 7= QDell tig A7t el
Y= of ghow, Aol FHojum =A4do] glar Al
35 Ad CQDE A A7 B AFAFEl o] B
AH 3 Qo ey dElgobrt Aitshs AERQAE ©]
83 CQDell tjF A7 WiE vk glold B A =
NAH st A9skeg v ARAHTel Holdt
BC ¥=Fe A 2319932, BC ‘3}‘1}2 200 °CollA] & E3l s}

BC-CQD< 93331t BC-CQD §2] §3 542 ¥4
3 FEAS olgste] #ES A 365 nmollA o714
=, 4= JP“ 440 nmellA FHo ¥3 &S HERiIL
7] 3 Wl uE W= o 9 g3 7o) WEE
,\Hsl_ Q_,,]_ A E] BC- CQM .14—6‘1-)(-1 ._/Ho] o:]7] _L].Zl— ,41
3% ehde B33 4 I3ich. E3 PVASH Bestslel A
25 BC-CQD/PVA B8 B2 79 o] %o $-43 @
SPAL fA5HE 2 YERIIT BC-CQD/PVA BE2|
S FRITteZN, oY Fofdl &go] 7tsd AR
AR f8Ao] SIS
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