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Abstract

In this study, the latest scientific research results of carbonized polymer dots were transformed
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into experimental teaching content, and the “Innovative experiment of fluorescence quantum
Yield based on carbonized polymer dots” was designed. Carbonized polymer dots (CPDs) with high
fluorescence quantum yield were synthesized from polyethyleneimine by bottom-up hydrother-
mal method. They were characterized by transmission electron microscopy, fluorescence spec-
trophotometer and ultraviolet spectrophotometer. At the same time, the determination of fluo-
rescence quantum yield of CPDs by “one point method” and “comparison method” is investigated,
and the conclusion that “comparison method” is more accurate is obtained. The implementation of
this experiment is conducive to deepening students’ understanding of the mechanism of fluores-
cence generation, deepening their cognition of the components of the instrument, improving the
ability of experimental data processing, analysis and problem solving, and effectively improving
the quality of fluorescence analysis experiment teaching.
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SR R R ARV QIR RE I E I . HAT, ARSI A S AL T H D 3
BB BRI ZR G BRI H — U7 TN 22 AR B R e 2R B Re T IS 3R SR 2, i — TR H 545
ITEARR BRI G, BT RSB TR /) LR T R . IR, SR B & Fh
HARFHE G R RS R R, &P SRR R E A TS, (B S AR R TE 1k S 7E 4
BHEZBE R R BHUF I B0 2 R e IR i — A BB 70, nTPw RS . R L)
0L, AR REAH AR IE . SO . ASURIEZUMBHINE , (5B 70 M B TR 96 A Hrikix — 40 W
2%, WUl T TR YUK B AL IR A 5 I G R T R AR SR

A G S(CPDs), & —KAAMEFREWIAR L AERT H % CDs [1], A BRERRELL
TR G F AT RIS E R R, G 2R DU R B AN FECR G R R R, B AT
M EME R, @R B BRI BB/ MR . BB B T aRe v RS 4 KA R
[2] [3]. CPDs AMXEAf£4iHxtk CDs MLm=k Re, IEIRE T RS RE[4] [5] [6]. @%, CPDs
BA ARG R BRI AR AT poavEge, X I8 E T e AT RG34k 45 M FRR ik 1)l
ORI . BT IHEARRIE NS M[7], CPDs #R T T 1 Z AR BRI Ve . 1
Gb, HTFHRBEASTOLE TR, RIFNAEYHBERAYcRet:, TR EMig. AmiiEsEne
SR o BRI R R . Ding Z5[8142H LA PEI AME—RTIRAR, IRk & & CPDs, KHAEN
Y R GAR IR I RIE YRR, SIS H AP ) R BORIE BRI Zhu [9]5 AR ORI 20, 4F
PR AER NERL, FIH— DK RIER B B A W A BN R SRR T, H ST
TEY AL ;s Consoli 55 [10] LA 5 55 79 2k P M Tt e A Rk, G B 17— FhmT Tl A s 1) 22 2 R k)
CPDs-PNM, fef A B0/ D 23 RIVER , 1525445 386 77 T A ORI B FH A5

A SCIRYE AT AR R, Bvh 7RG IR B s () 4% B it TP BRI B 45 A S8 58 . VR 2% T
[tz (Polyethyleneimine, PEI) A S5}, SR FH s i & 1) )R S — 82 45 i CPDs. CPDs HGEUK It F 2k T
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R, 70 T AN 3 AT (CEE)RUNL, Kl A2 7 145 M CEE Nimrk 1 EZ KLk [11]. KA
SINEGE TR & KK CPDs AMRHIEAT 13RAL, IEBUBRIRZE T/E Wb S L R ELBGE N &
B R G B T 7 AT T INE

YR T 5 (0) 2 SO 52 WA Jm PRSI T80 5 18 5 A 0 TR L e . JF H et
PRI — MR TOCRAL I EE S AL, HBEBOR, FOLYRIN sl (EEUE /IR E LR K
At 1o Nk, SSERINE @ RRAZOLD TAMEIRSCHED IR, BT, SOtE T RN METEa W
i, TR “HERIET A CRIRE T [12]0 Hrh g BN R ZOUM B ZOL R T RA T ES WY,
HA T E R IR, WHERZER S, WA &5, AR T PRI SO E 7™ R M. moAx % E
TR TR AR B PO 5 5 SR A O © dRAES LIRS 5 2 M ELEL, 3l i SR AR O 35 A
GG, I 5E B by AR e AE SR B A BB BERUAR el i i AR, e 24 2T B n] 45 Y
A R T R o M R AR I E 3 AT 0« — IR M “HEBRE” [13]

o R TR 73 RS N ARV S LU S AR A IR AR ¢ e 5 P (RIVRE IE 5 e 1% BT B 47 F) T AR
CLRAEARIRICAR B T BN G BIBOERE, i AT 512 SCRIAT SR A A dh 77 3R

F
(D)( — XAST )

)

ARQH © RETHR, FRRDIICEE, ARMEMABKKIANS IR, ST AGRRHEYI R,
X ACRAHI 5 -

“HEGER” . XFRON “RIERTOCILBRE Y, RIENE ] — R E R E T R AR AEY) B
TR R AR EATAEIE — B AL IR R M AT IR B AR R o TN AE AR R ISR P 7 A
HIFEE RS WX IE TR >, ARG IR IROE M e, B RN

k n’
§ ST(kST j[’?é]

R ST X HCERIMEY R ALY, Oy ke g DRI RNCE TR FNYAEREY) R 2 LA
BRI, Yt ERHFERRERES, 2RH 10 mm SRR E I, 7 EEH R E RROG
FEAE 0.01~0.10 2 [H], £ XSG A VIR S HCIREE SR FEROE LR &R, Fril &5 H 5Ot &E 1
FEERTEONAERA, D AR TR B G PRI I KT H B PR A 5 T L T 7 R A

ASEES A ) CPDs FTfli BB R IR 0@ Wik, el —Fh A REZ LIS T /KSR EY,
HAREIE A RIFRAE AR 2 . 85256 R DR PEL B & () CPDs ¥k % K7F 340
nm, ASHBATEE Sy 380~600 nm. i 58 E T AR HEY) R IR R ZE T 7E 0.1 mol/L H,SO, W i1 &
TIP3 54% [14], BUR A 350 nm, KA TERT DY 400~600 nm, 5 ACSELS v & ) CPDs [R#UK
WK 5 RS EAE EREUEE, FEH T CPDs I H4EK, 5 0.1 mol/L HSO, Tt A —5, K
PP IR ZE T VE AR UE DGR o« AR SEROREE “— k" A “ k™ St CPDs (W7 Y& 177 ik
ITIGE, FEHCE MR T3 2 R
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1) WF

DOI: 10.12677/ae.2023.1391012 6502 HHHRE


https://doi.org/10.12677/ae.2023.1391012

R 55

R OIG T (Far% 3 BAE e (L) R A IR AF]), WRETMREMH T SOk AR (RE, -
), FTAHIEI ral, S R A A K

2) 13

KH FO7Pro D6 Je e TH (MU A8 B2 8844 )X PO AT R AR s R KA Wt it
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3.2. RUEBEVRNEIZ

KH K IGE— G p CPDs: ¥ PEI IMAGEESK T, #iidE 10 min IR A5G, BinliE# 2 R U
LIFEN AT R R B S8R, 160°C R INFA RN, £ 15 [ N 38 H AR E 2 =00 . 45 21 i 35 € i 4 A 3500
Da iBENTASENT — K. WFBENTSG IR 4 CUKFA IR R4 .
3.3. WAEBFEENNE

Kol CPDs ¥R 58 IR ZE 7°(0.1 mol/L H,SO)FRUEVETR, 1 FLAE W IEIR I 340 nm AbSX M BEAE
735124 0.007. 0.015. 0.03. 0.045. 0.06, 94 CPDs &R SR E TS M7 6it, FHidsk R
PG B (R eI TR o AR 2 2 et B 5RO I R I, RIS RER ko s N\ “ Lhik”
A, i CPDs X BT e,
4. BEREW®
4.1. BRUEBEY SR ERE

I FH 3% 5 7 B 3B (TEM) X CPDs FIRUOWLSE /I BEAT T 408, Hgs Ranie 1 frow, MBI a] DLE A s
EH|, &R CPDs B BIFH 0 B AL FERIE IR, Bk E AR 2N 50 nm.

Figure 1. Transmission electron microscopy of CPDs at different scales
1. CPDs EARREILL IR THViES L F R iR &

4.2. RUREMRHSEF MR

FEAMIRETX 365 nm (KIS GRS CPDs, WLSA LD LOREE . Bt . (S4T30 e R T
FERSOEEE, R E RIS 2 = 369 nm (U1 2). SR Ja R e KW iek K%y CPDs IO K, A
FICI IS 2] CPDs IR SHERE, #5E SRR IO Em = 465 nm. #J5 3415 21| CPDs [
RO, WE BB B Ex =340 nm. Hitk, fE#33] 7 CPDs B KA 5 RBUR B . R
R RSB B RO e (n 1] 3), 15453 51 CPDs B s iz #24 125 nm.

DOI: 10.12677/ae.2023.1391012 6503 HHHRE


https://doi.org/10.12677/ae.2023.1391012

2.0

1.5

MR 't B

0.5

0.0

: : . : .
200 400 600 800
K (nm)

Figure 2. UV-vis absorption spectrum of CPDs; Inset: the photograph of the CPDs
under the visible light (left) and UV light of 365 nm (right)
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Figure 3. Fluorescence excitation and emission spectra of CPDs
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Table 1. The standard reference is the integral area of the dilute solution of quinine sulfate and the dilute solution of CPDs
= 1. fRES R ETIHARMAFNY CPDs #id Mmoo iR

T R 2 T i ¥R CPDs #i
W AvITA Wt AvITA
0.007 106786.98 0.007 15640.40
0.015 203673.56 0.015 22951.62
0.030 364502.97 0.030 35879.31
0.045 536518.10 0.045 44139.76
0.060 734155.40 0.060 54685.05
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WRIEZE 1 Prid M sci i, RIS 2R 9O s SWOLE M R B (Il 4). T CPDs # 5 y
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Figure 4. Quinine sulfate and CPDs fluorescence intensity integral versus
absorbance curve

4. FRERZET N CPDs T3 AEFR 5 M AR L BE £k (&

45. “—p3R” iEEFNY CPDs ETF/~=%

BEFR N “— Bk 1815 3) CPDs MHX & T r2 % 558 7.91%. 6.15%. 5.32%. 4.44%. 4.02%,
A LAE HAEARFWRIEE T, KA “— 8”7 tEAENE TR 2B R bl “— A7 KRR
B, (HER PR AR HRRGE T .
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KA “HBGE” MRAHIURE b O R TR, RS iR AT IR IR LE PR R A T
BRI A RGN, BTSRRI NN “—rGE” , “HESE” MR E R, AT JE8sk
BRI BT R NE »

S AR, R T SRR O EETE SO R BT RAE . A AVE IR TR
SSAERIERTTIE, e T IR ERRE: BRI origin (%), iR T EIRALIIRE S Btz
bb, EEARSRIGARR T RGBT SRR IR AR . SN 3 SR . EREEIRR, WA
BUE T 9O AN R TR Bt AR SR RS, BB T OOLE TR R
FO7. SMHER, FEEAIHHT B R SRS BHe ], AR T ESRILANE ROR REEERL .
Kb LARRE T 2 E R TE SR e e 2 A B B A A OOCHR . Bt Sy & BHESIGSIR . B4
KIS TE R, RN TE T AR R LA RRAT LR TR KBTI H 5 AR A LI #E g &
FEQIHT LS I0 T H SE B R b, BU8 T AR G UG UE P A R I AR S IR R Y R, Mt LAy
Py ARBLE EVER TR R SRR R T

E&WmE

V91148 B SRR R 4 100 H (2022NSFSCL1475); Al i R 25 K% 2021 4 FERS R0 o B TR i 1 o A
T H (ZLGC202136); MR 2 K% “AhhzE” 2R AABHHETHHRI(MPRC2022027); 4 “K
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(ky-2023101).
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