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Abstract: This experiment elucidates a simple method for preparing and separating carbon quantum dots (CQDs),
which were fabricated directly by using biological active substance of milk as the precursor and separated by adopting
a new strategy of ‘gradient extraction’. Furthermore, the relationship between the surface polarity of CQDs and their
photoluminescence property are investigated. The aim of this experiment is to master hydrothermal synthesis and
morphology characterization of nanomaterials, the principles and operations of analytical instruments including
transmission electron microscopy (TEM) and X-ray photoelectron spectroscopy (XPS), and the data treatment
methods. The purpose of the experiment is to cultivate students’ general scientific research abilities, expand their
scope of knowledge, and improve comprehensive capabilities for resolving practical problems by using related
knowledge, in addition to mastering basic knowledge and laboratory skills.
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Size / nm

El1 CODsHITEME F (A) SR 2% 7 E(B)
EIAMHEIE: 74 P TEM

CQDs-a. CQDs-b CQDs-cFCQDs-d 1742 73 41 (R 1) & 7 VU A4 B i 1~ 350 ki 42 43 531l 3.0+ 3.3
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. . RLAR 5T H 43 /%
LA X [A] /nm
CQDs-a CQDs-b CQDs-c CQDs-d

0.5-1.5 2.6 2.7 2.5 2.6
1.5-2.5 26.3 25.6 26.5 26.3
2.5-3.5 39.1 38.1 37.8 38.0
3.5-4.5 29.4 31.2 31.8 31.6
4.5-5.5 2.6 2.4 2.6 2.5
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5.2 RETAKRNELIE
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RS EPHKETRARMRERE

(TR Ey/eV FE i 44 B Eg/eV
CQDs-a 3.32 CQDs-c 3.23
CQDs-b 3.28 CQDs-d 3.18

5.4 RETARAMRMEXTRIGCHF KR m
360 nmI R 28N, R THRE T SRt HEar, FWHEmel LA N AR EER .
= &4

AN FRIGE T E, &R F R HaE.
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HIRE R B T, IR R Z RSB, ERE T o RMmMERm, BeaHZwL, i
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FYeFFAar bz K,

10000 4

8000 A

6000 4
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2000 4
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Time / ns
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K6 WET RHRIEH 5 FHFF 0 (le = 360 nm)

FE b 4R i/ns n/ns 3/ns <r>/ns
CQDs 0.97 (20.47%) 3.70 (50.69%) 12.14 (28.84%) 8.9
CQDs-a 0.51 (19.81%) 3.03 (36.37%) 8.83 (43.83%) 7.8
CQDs-b 0.59 (22.79%) 3.21 (41.12%) 9.41 (36.09%) 7.47
CQDs-¢ 0.81 (21.66%) 3.47 (51.17%) 11.03 27.17%) 7.96
CQDs-d 0.90 (22.44%) 3.61 (51.77%) 12.18 (25.79%) 8.67

Zi ERrid, AR SCIA R BGE IR & R Wi BT o, R TR AR I 22 5, R RTAR AR
X BRE T AET T B, SEEIEIE TEM. XPS. IRM BT 34T TS T, 45K, BEE
REBOAFTIR LRGN, Bk BT RUCR AR P g N, @ UV-Vis. 70, AR AR T
BT RR AL 5 HO e VR IR 2 18] i) 58 R (E8) . JeEEVE R Je 4 AR W], & 7 Rl R i i
Ve OB e Ve 2 AR # U)K 2 BB B 1 R TR VR (I K, B 1 s (RO 1
SOCIEEI R ALRE, FOTFMIE K. KYERIH BRI RACMBESM E AR, HENIZIR 5iHE
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