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One-step Preparation of Novel Fluorescent Carbon
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Abstract In this study, novel fluorescent carbon dots (CDs) were rapidly synthesized via a one-step hydrothermal
method using 1, 8-naphthalic anhydride (NA) and 1, 2-phenylenediamine (OPD) as precursors. By optimizing
reaction conditions, yellow fluorescent carbon dots(Y3-CDs) with superior luminescence performance were prepared.
The particle sizes and morphology of the Y3-CDs were characterized by high-resolution transmission electron
microscopy (HRTEM) , revealing an average diameter of approximately 2.6 nm and an interlayer spacing of 0.21 nm.
This spacing corresponds to the d-spacing of graphene (100) planes and is consistent with the diffraction peak
observed at 42.88" in X-ray powder diffraction (XRD) analysis. X-ray photoelectron spectroscopy (XPS) confirmed
the presence of sp”/sp’ hybridized carbons (C=C/C—C, 284.8 eV) , carbon-nitrogen bonds (C—N, 286.5 eV) ,
and carbonyl carbons (C=0, 288.4 eV). The optical properties of the Y3-CDs were further investigated using
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fluorescence spectrometry (FL) , ultraviolet-visible absorption spectroscopy (UV-Vis) , and lifetime measurements.

The fluorescence spectra exhibited non-excitation-dependent emission behavior, indicating a single emission center.
Fourier-transform infrared spectroscopy (FTTR) and nuclear magnetic resonance (NMR) provided detailed structural
insights. Due to their high purity, the characteristic hydrogen(H) and carbon(C) atoms could be clearly resolved and
analyzed. '"H NMR results demonstrated that all H atoms were located on the surface of the carbon core, exhibiting
ortho-substitution patterns and coupling effects. C NMR and DEPT 135 spectra confirmed the presence of ten
distinet tertiary carbon atoms. The cell-tracking and imaging performance of Y3-CDs were systematically evaluated.
Results demonstrated that Y3-CDs possess excellent cell imaging capabilities and anti-photobleaching properties.
Even after 180 minutes of continuous irradiation, Y3-CDs retained strong fluorescence, enabling long-term tracking
of HelLa cells. Co-localization experiments further highlighted their selective lipid droplet imaging ability, with a
Pearson’s correlation coefficient of 0.846.

Keywords Carbon dots; NMR analysis; Anti-photobleaching; Cell tracking; Lipid droplet imaging
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Scheme 1 Synthesis process and images of the synthesized Y-CDs under daylight and UV on
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Y3-CDs. Y3-CDs W22 &7, fEA HLIA R AP s i vk RAF, JF nl RAUBEA 7™ . SE 36 v ) A i L AR I8¢
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TSR B BTS2 0 SRR, R i BT R AR E 1 . AL YL S0 3R B, Y3-CDs RS2 BN
THIEFRPE R . A SCHEFEAE R N R PEREDOERR S BB 80 S5 A8 70 BT L2 A ) A 0 T B ARt 1 — 7o
A S
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1,8-Z5 " FREF(A. R. %, 4 98%) . 1,2-4878 e (A. R. 9%, 4l 98%) . LWE(EtOH, JoKZ%) |
PR TR (4EFE 99. 8% ) | A7k (4lFF 99. 8% ) F1200~300 H ke, b 241 w5 4k 2p 28 vl . i R ) ok
2o E— Al AT . S2EG TR AlK i WP-UPT-40 #4fiK 24814 .

UV-3600 Plus %58 #h-A] WL -UT 21 4850 Y66 B (UV-Vis) , H 4% Shimadzu 23 7 5 FluproSEN S9003 7
Fa B9 6 (FL) , ¥eH Gilden 23 7] 5 C11347 Rl Xt PL & 772 R 64 (QY) , H /A Hamamatsu 23
F] 5 FTS3000 A B 28 460 21 40 5638 A (FTIR ) , 26 8 Digilab 23 F] 5 RES100/S 78 B4 & 51 3% %
(Raman) , 18 [ Bruker 23 7] ; D8-Advance I X 514 ¥y K AT S (XRD) , 1% [ Bruker 2 7] ; ESCALAB
Xi+XPS FUSEHL FREREAL (XPS) , B Thermo Fisher A w] ; FEI Tecnai G2 F30 37 & 5 i 5 o, 1 2 5
(TEM), 35 [ FEIZ\ H] ; AVANCE I 400 F1 Ascend 600 4% 7 JL 4R P 351X (NMR) , 1% [ Bruker 23 7] ;
TOKAI HIT and Nikon LU-N4 35200 B 145 (CLSM) , H A4S Nikon A ] .
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B 1, 8-25 HIEREF (0. 198 ) Fl 1, 2-4B7 — e (0. 108 g) 1 A S0 Ay SR A4 #7540 #1010 mL TG /K
ZEEH, A S0 mLJ i, SR — KL T 180 “CIU 4 h. FF N A RS HI 2= G, 153
B ETEW, Ph 10000 v/min 7% HES 0 4 min 15 2 8 @ AR, Lt R E A 3K, BR R RO A JRURNRT
. K R E AR — A PRl (VR A R O, RREL 50 1), A EIR AR, R
95%.

T 3 AT L A PR AR AR L R, X ROV EE R B (51, 311, 101, 1:3F11:5) | RV [E (4, 6,
8 F1 12 h) Fl S i B (120, 150, 180 #1200 °C) S5 S50 25 HEA T 04K, B 1 Bk R0 R Y B A S 5%
1, ik S I 1.

Table 1 Reports of the synthetic details

Sample Molar ratio Time/h Temperature/ C
Y1-CDs 5:1 4 180
Y2-CDs 3:1 4 180
Y3-CDs 1:1 4 180
Y4-CDs 1:3 4 180
Y5-CDs 1:5 4 180
Y6-CDs 1:1 4 140
Y7-CDs 1:1 4 220
Y8-CDs 1:1 8 180
Y9-CDs 1:1 12 180

1.3 HRatEFRFIZHRE AR 15

1 HeLa 20 5 B T 35 mm (Y35 IR ML F AR R TR, 559720 909% LAl 1 95 5 (DMEM ) +10%
FRAE MG +1% BiA R (F R K 100 UmL FIEERE R 100 pg/mL). FFAUNGERE S, A — 7 Wk B8 id et itk
1T E (1 mL AU T3 RN A 5 WL & GeRHAg DMSO £1K ) , B T8 6B 48 B IMs N MEZ Y3-CDs 1Y)
BG5S,
1.4 ZHpE4L

¥ HeLa 4 ifs 5 Y3-CDs(5x10°° ¢/mL) 7E 20 L 15 S48 Hh AL 5 30 min J& , IWAJEZZ1(5%107 mol/L)
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Fig. 1 PL properties and structure characterizations of Y-CDs
(A) PL spectra of nine different Y-CDs samples in powders (A =400 nm) ; (B) PL spectra of Y3-CDs when excitation wavelength
ranges from 300 nm to 420 nm; (C) decay spectra of Y3-CDs (red line) , Y8-CDs (blank line) and Y9-CDs (blue line) under
365 nm light irradiation; TEM image of Y3-CDs (D), Y8-CDs (E) and Y9-CDs (F). Inserts of (D)—(F) : size distributions
(bottom right) and HRTEM images (top left) of Y3-CDs(D), Y8-CDs(E) and Y9-CDs(F).

P 2 S A S w0, B SO B R] FR 3 0, e AR RO D4R (A,=400 nm) , Y3-CDs, Y8-CDs
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MR FIINGE ), 3X AT RESE: F A STl A s s RS 43 AT 78 TS
22 FREREMIBES ML

K oy HEE ST - BT (HRTEM) | L4065 (FTIR) | 578063 (Raman) | 2G40, ot
HLFRE I IC 2 (XPS) Rl X S AR AT 34T (XRD) S5 5 0 ik a5 TE 3, 25 R B RBUE T T 3R
fif . HRTEM EUZ 7R, i ¥ 5] B BRIE 40 K ik, Y3-CDs, Y8-CDs Fl1 YO-CDs[ &l 1(D)—(F) JA9 &
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FEFRAEEE— B, BIREE PSR AR, B i RSHAE R, BRI B IS . 2675 amill ik 4h
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JERO AR 20=42. 88 AL dH>M 0. 21 nm, BAATHE AL .

2dsinf = nA
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(A=0. 15406 nm). dEITH4555 HRTEM e 25 0 —2L .
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285, 399 Fl1532 eV Ab S B 34N LAY IS, AT S T C,,, N FO, WIEE&RE, XF 0 A 5T HL 43l
79.82%, 10. 74% F19. 44%. C, W53 HE XPS 1K HP 7T 284. 8, 286. 5 F1288. 4 eV [ 3 MELRH], ksl
HAEAE 3 FOR RIS B s [ 2(C) ], AT 45X 7 ol C=C/C—C, C—NFI1C=0. N, ZHrak, s
FETEMEE % (398. 6 eV) Fllf1 52 A& (400. 7 eV) [E 2(D) [PV, [FEF, O, 3% &l 2 AW T 531. 7 Fl
532.9 eV, {EHH C=0 fil C—O FFAAAE B 2(E) . Y8-CDs 1 Y9-CDs 4 XPS % ] 4347 285 1 (WA S
Fif5 BRI S3 FIK S4) 5 Y3-CDs — 2. K 2(F) Fi/R FTIR B, 855 EIE R T ILA HA R FENE fE
Hl, I N—C=0(1699 cm™), C=C (1450 cm™)Fl Ar—N (1352 em™), F H.3 i 5 #HA A R AL 22
PEEREIA [ WA R E BRI S2(A) |, 28 |, FIiR sl R A s r i S — P B 45 o L a8
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Fig. 2 XRD patterns of Y3-CDs, Y8-CDs and Y9-CDs(A), XPS spectrum of Y3-CDs(B), XPS spectra
peaks of C,(C), N, (D) and O, (E) of Y3-CDs, FTIR spectra of NA, OPD and Y3-CDs(F)
23 kR BYARREHIRRAE
B 5L ) 3 B S S LA AL 5 P RE RN RO ME A, A8 e b AR A I 7 P LA o R0 5 1255
AbR. HHET, 18 Z20F50R AL 20T 73 B EOR Mk s 2l Al S SR AT f At 1A S S TR
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HIORIAAH EL, Y3-CDs k22008 B A T BB AR, R85 26 7. 3 ~ 8. 84k, nIH A F R ILHE 5 454
B 22 RN 5 T R BT 7 R H R, X7 AR B B AR 5 IRAh, A IERE 445 BRI B 2
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Fig.3 'H NMR spectra of OPD(A), NA(B) and Y3-CDs(C) measured in CDCI, at room temperature

PIAERFSE PR ER R A B BER], T—COOH!™ , —NH,!"% | —OH P 2 4 A% 31| A7 BRI A 1030 2 5%
SRFANIE . A SCHFE Y3-CDs 19 'H NMR 35 B ok B 25 0 —NH, 0§, X — 2518 5 XPS RAEZE R
[E2(D) |58 44—k, B EAGIN Stk ZUR1 A7 SR, MR kR IE LA

SEIG I E T HT IR S F ODP Al NA 2 Y3-CDs 9 °C NMR ISR . W& 4 /R, Y3-CDs 4584 A
18 Fise i, b 8 B2 I, X2 i T DEPT 135 3% & v 8 M43 2k I B 10 /M0, FT A TA B A
FRAEAE 10 R S5 1~ . KA1, Y3-CDs 35 o 6 160. 44 3T 1 AL A0 B AHAE T NA (160. 54) ) C=0 [11]
R KRR, I RENRIRE TS 58 ATE BT RE, o C=0 " {E 132k, TR
FERMER T EHE T2 C=0 R, FEERAZHIE TN D-A FHEAER . X H OPD FINA
5 Y3-CDs I AT 1, 78 Y3-CDs FPJCyE R E] OPD FNA 6 655, 158 OPD FI NA 1By fy it 2
Jt, HR IR 758 L E Az b . S HERRRR A P [ O VR AZ R iR L = A= 2 i, X Y3-CDs
AT T A AL LR R S RALE , FHE ] (A SCEZ 455 B B S9) Hr i i il U Y3-CDs (1 BT A3 4 Ak 06
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Fig.4 "C NMR spectra of OPD(A), NA(B) and Y3-CDs(C) measured in CDCI, at room temperature,
and DEPT 135 spectra of Y3-CDs measured in CDCI, at room temperature(D)

Y8-CDs (WA SCSZ 447 BB S5 F1S6) F1 Y9-CDs (WA SC S35 B8 S7 #1S8) (1) 'H NMR F1 °C NMR 3% £
5 Y3-CDs AR EICE | BOTE IR LSRR,

S LERFFR S RAR], AR5 38 1 BP0 A IFORH AT IR AA e AR T A% St s 2o 5 e L 455 i 74 [
WEG T A ALY RS B BB R s AT PRI R LU b2 O IR T A A AT, R RS IR 43 b
Jr BB, JF454 HRTEM, XPS, IR 1 Raman 25 )74, SUERRIRA T MR 25 1 ELSCAb 27454
24 A BRE R R ANRE LR

BT AR B A B 2% , 7E1F 2 A AR R A i o HR B F AR . BRI S S
ZARATIERR | FIESFEVIMISE . CDs BB IE R 2 BRAT A A W) AR AR IERET , TR, Behi 5T & Xt
JETHAA R4 D BB 2 R A i L S S S

SHARSE Y3-CDs 16y % 5 TS FAPE . LA HeLa 200 RS 40 g 22 64726 M) 92 03P AS 1 e 40 iy
BAZS BTN . 8% Y3-CDs 55 HeLa 410 HEA AL 8, A0 GIL IR AL BANEE T sh A Halk A4
W K BOGEL I RE ST . AR A R 5(A) F/R , Y3-CDs HAT SR A 4IRS B, 76 10 min Py BRI A] 52
PRI 25355 , 28 60 min 3SR AR RO IS , A ST ORRR R0 DO (WA SRR 5 B S10)
F B S0 A AR 4 2 180 min B, Y3-CDs AR FFER L5 152, B RIFMBOEEARES . M
A A PG R R R 2 PR Y 3-CDs #1 ) BURAE AT b, JFR B I B ek oo, it S5 AR
YR e B ar i T Y, R P Y3-CDs SR B LML (e K E S, HO R E R HUAE
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Fig. 5 Photos of long-time HeLa cell imaging by Y3-CDs within 10 min to 180 min(A) and confocal fluorescence
imaging of Y3-CDs(5 pg/mL) incubated HeLa cells co-stained with Nile Red lipid stain (0. 5 pg/mL)(B)

The Pearson’s correlation coefficient is calculated as 0. 846.

0.846[ K15(B) |. [Nk, Y3-CDs J—Ph BA & B al SAL R BE JT RUNR TR #L 10 ¥R 4T, 7EARMIpU% s BA
R I AT

3 % e

I RAT BRI BRI, SR — 2K Bk Pl 5 i T BT s A e HE R 3 5Tk
s BRI ARDE A KL E AT B, JEAL 1 — M AT SRR CDs 258 M5 i, TSRS CDs
,ni‘AJEi@‘{ﬂ%/\Tﬁﬁ’q’:, PASR AL PR S M5 B, . A AT DU & BT R S RE CDs 2 fiE—1ii
7, T HIRRE T R B FOGER IR RE S KN #E 1) RE 1 U 5 p B R 3R A M EL RO 4

BAES B THHAFT I ELRRESH N ALSTF RS THHELRR TN LH.

Z £ x W
[1] ChenP.Y., Zhang G. Y., LiJ. G., Ma L. J., Zhou J. Y., Zhu M. G., Li S., Wang Z., Chem. Res. Chinese Universities, 2024, 40(2) ,

293—304

[ 2] PearsonS., FengJ., del Campo A., Adv. Funct. Mater., 2021, 31(50), 2105989

[ 3] LaiX.N., Shen C. L., Shan C. X., Chem. J. Chinese Universities, 2025, 46(6), 20240407 (il rg , TLRiE, ME20 . mdEamifbE
4R, 2025, 46(6), 20240407)

[4] LiuY.P., Yang J. X., Hao Y. M., Qu S. N., Chem. J. Chinese Universities, 2025, 46(6) , 20240070 ( XIEEMS , ###0 , H—ny,
AN . B SRR o, 2025, 46(6), 20240070)

[ 5] Ejeromedoghene O., Omoniyi A. O., Akor E., Alowakennu M., Samson K. A., Abesa S., Zhang Z. X., Appl. Mater. Today, 2024, 37,
102088

[6] RenS.C., Lv H. X., Chen S., Zhou J., Chen S. Y., Chen J. X., Luo J. X., Guo Y. X., Wang H., Zhai J. J., Zhou Y. M., ACS Appl.
Mater. Interfaces, 2025, 17(14), 20885—20900

[7] LiuY.Z., LiP.F., SunZ. C., Chem. J. Chinese Universities, 2025, 46(6), 20250103 (X ZL{% , Z=M8 €, IR . B & 2p b 2pa
2, 2025, 46(6), 20250103)

[ 8] LiuM.J., HaoX. L., DaiS.J., WangS. Y., Wang Y., Zang H., Chem. Res. Chinese Universities, 2023, 39(2), 234—239

[9] Pang L. F., Fang W. L., Zhang B., Xu Q. J., Spectrochim. Acta A, 2024, 321, 124743

[10] Zhang H.Y., LiJ. P., Li Y. Q., Tan K. X., Wang H., Yang M. Y., Ju Y. H., Liu Y., Wang G., Song X. F., Gu P., Xie X. M., Yang S.
W., Ding G. Q., Zhou H. F., Fan X. Q., Adv. Funct. Mater. , 2025, 35( 6), 2414817

[11] Terracina A., Armano A., Meloni M., Panniello A., Minervini G., Madonia A., Cannas M., Striccoli M., Malfatti L.., Messina F., ACS
Appl. Mater. Interfaces, 2022, 14(31), 36038—36051

[12] LiuH.X., Zhong X., Pan Q., Zhang Y., Deng W. T., Zou G. Q., Hou H. S., Ji X. B., Coord. Chem. Rev., 2024, 498, 215468

[13] ChenC.C., XuZ. Q., QiuJ. M., Ye W. H., Xu X. K., Wang R. Z., Hu C. F., Zhuang J. L., Lei B. F., Li W., Zhang X. J., Hu G. Q.,
Liu Y. L., ACS Appl. Nano Mater., 2022, 5(7), 9140—9149

Chem. J. Chinese Universities, 2025, 46(11), 20250166 20250166(37/38)



Jd E% s Ky g R

:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬁg‘-‘ii{t\'i

[14] Zhang Q., Li X. F., Xu Y. Z., XuZ. X., Xu L. H., J. Hazard. Mater., 2025, 490, 137845

[15] Bhattacharya S., Phatake R. S., Barnea S. N., Zerby N., Zhu J. J., Shikler R., Lemcoff N. G., Jelinek R., ACS Nano, 2019, 13(2),
1433—1442

[16] Yang L. J., Dai F., Tang H. T., Li M., An Y. B., Tan Y. B., Liu R. Y., Tan X. Y., Zhang W. X., Rizvi S. F. A., Zou J. J., Lu Z. X.,
Liu G., Chem. Eng. J., 2025, 513, 162637

[17] ShiX.F., Ma Q. L., JiaX. L., Wu Z. F., Yu C.H., Gao T., Xu W., Sun Z. N., Zhang J. W., Xiong H. M., Mao Y. Q., Small Struct.,
2025, 6(3), 2400435

[18] LiL.Y., WuJ., WuX., LiZ.J., Zhang X. M., Yan Z. K., Liang Y. Q., Huang C. S., Qu S. N., Adv. Mater., 2025, 37(20), 2420068

[19] GuoD.B., HouY.J., Xu Q., Wang B. Z., Zhang T. S., Cheng Q. S., Chen M. H., Huang L. X., Xing G. C., Qu S. N., Light-Sci. Appl.,
2025, 14(1), 163

[20] Xia W.B., WuZ.X., HouB. Y., ChengZ., BiD. C., Chen L. Y., Chen W., Yuan H. Y., Koole L. H., Qi L., Mater. Today Bio, 2025,
30, 101428

[21] GuoZ.S., QiF.Z., DongJ., XueJ. T., Wang Y. L., Xu B., LiuG. N., Sun Y. Q., Li C. C., Nano Lett., 2025, 25(1), 434—442

[22] LiY., Cai H., Bi H., Chem. J. Chinese Universities, 2025, 46(6) , 20240130 (Z=e, #£0k | Ho21 . FRAFS M2 41, 2025, 46(6)
20240130)

[23] Zheng X., Huang Y. S., Lv W., Fan J. Z., Ling Q. D. Lin Z. H., Angew. Chem. Int. Ed., 2022, 61(35), €202207104

[24] WangL. M., WuJ., Wang B. Z., Xing G. C., QuS. N., J. Colloid Interface Sci., 2025, 678, 575—582

[25] Mathiowetz A. J., Olzmann J. A., Nat. Cell Biol., 2024, 26(3), 331—345

[26] Walther T. C., Chung J., Farese R. V., Annu. Rev. Cell Dev. Bi., 2017, 33, 491—510

[27] Qin L. B., Song Y., Zhang Y. Y., Gao W., Meng X. Y., Bai Y. F., Geng K. X., Niu P. Y., Wang Y. R., Wu N., Bai, J. L., Ma J. L.,
Ren L. L., J. Colloid Interface Sci., 2025, 679, 135—143

[28] Mohandoss S., Palanisamy S., Priya V. V., Mohan S. K., Shim J. J., Yelithao K., You S. G., Lee Y. R., Microchem. J., 2021, 167,
106280

[29] Boukhvalov D. W., Osipov V. Y., Murzalinov D., Serikkanov A., Bi H., Carbon, 2024, 225, 119101

[30] SunS.H., LuK.Z., LiN., Dong Z. H., Yue M. B., Fu Q., ACS Appl. Nano Mater., 2024, 7(7), 7720—7730

[31] Wang F. H., Dong X. Z., Zuo Y. J., Xie Z., Guan R. F., Mater. Today Phys., 2024, 41, 101332

[32] GuoG., XiaY.S., Anal. Chem., 2024, 96(13), 5095—5105

[33] ZhaoM.Z., Lin M. Y., Guo G., Xia Y. S., Anal. Chem., 2024, 96(51), 20169—20178

[34] XulJ.H., Liang Q.J., Li Z. J., Osipov V. Yu., Lin Y. J., Ge B. H., Xu Q., Zhu J. F., Bi H., Adv. Mater., 2022, 34(17), 2200011

(Ed.: L, V, K)

Chem. J. Chinese Universities, 2025, 46(11), 20250166 20250166(38/38)



