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Xu �

[10]

½ '(�)�*+�����
.


"#���$�8��¼�/a��bc���g


���>?��U9��  3.3 mol/L HNO

3

ï���

���
8�>?�H���ââ�8*Å>?
�

������ pH=8.4
 NaOH���.�����8

01��� ��
!"��� '(�)��/!

"�01 3 
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Pã
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10 000~30 000� 30 000~50 0008P� 365 nmR;�

àQU�/;f01ey2e�3e��8� 366 nm
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�H=

��ââ��gª>�
 Xf?��@A8�ÛÜ�

�$
,-.£ S���8B���>?.ãCD

EFG�HI��@A8��>?.
�yJyK�

ï
=ª�5�/4 53.93%y2.56%y1.20%� 40.33%� 

Bottini�
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[7,11,13-22]

�Sun�

[11]

ghS� R�óô
·�

 !�����9��i]^_��j
kÛ� 0

�l�mno��pnO£0qrstuvmn��

pn8� 900 w� 75 kPaà8�  A Q-switched Nd: 

YAGR��(1064 nm, 10 Hz)óô�l 0xc��


yz8£ NO���ç2.6 mol/Lì	
{¿xc

��
yz 12 h8MNO	
{¿,
yz|�xc

��8ù��  PEG

l500N

}�MNO	
{¿,
�

�i01yz8�yzw~�1cÀ�
�����

��£ ÞÌ��
 !·�8� ����é��-

�é��çPPEI-EI8EI��
=ª�5W�4 20%ì

Æ4�H}��8 !a��	�
��

[7]

����

��48����i�Mc¾�i}��Dwg��

�]S`¾�8�¸ ZnOæÇ ZnS8-ßP0©Å


�X;�ªi56

[16]

�������ÞÌ��
 !

·�ºS��
��8P©4��¼Ã ����8

\

13

C-��
 ¡Æ4�` !��8-ß*Å��


���g8� 440 nmR;�àÄ��ªi56W�

4 20%
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Hu �

[13]

ghS��µ"
�ÚÛÜ��
·�

ç¢ 1ì��Ul]^_�/��	�Û£y¤�¥�

æ��¤¥çPEG

200N

ì3���.8�  Nd:YAG¦

§R��ç�$4 1.064 µm8�6¨)4 6.0×10
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Fig.1  Schematic diagram of one-step synthesis of carbon dots in 

PEG

200N

 solvent
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¡e!"�8/*�/0

1�� ¡������e°±²
Þ³´�8�

PEG

200N

��.01
Þ³´�Mpq4yz A�\µ

/i�Æ4��8� ÞÌ
 !,-8 0yz B�

lyz BV�Å¶OçHClO

4

ì.·¸8��� PEG

200N

kÛV�1 120 w8¹º 72 h8»¼1½º�/*�

/ç6000 r/min840 minì 0yz C�789:;�

<�À8yz B
�Hc¾ââ�8MÅ¶Oï��


yz B�H¾âSó¿8yz B�H
¾âMï�

ÜS�â8P�âw\À PEG

200N

ø��Ü�O�â

�Á��yz C�H��Q;Âç365 nmì
ªfà8

�Hc�O�â�
yz A@0e8�Hc¾ââ�


yz Bã@e8�Hc�O�â�
yz C@0e�

@2ÃÄ�À8�O�â�*ÍS���X;�
�

H(Å�� !·�
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Helena Gonçalves �

[18]

9�l�l��	�.8

��� Q;¦§R�©ªç248 nm, KrFì����

.
�l 0����i��ÐÑ[13]
�g�,-

%&Sb�8Ä�g�,-�4 3Ú#ç1ì20 mL�

���i���� 20 mL HNO

3

ç0.1 mol/LìkÛ	


12 h�ç2ìÒç1ì��Ü
��� 20 mL PEG

200

kÛ

	
 28 h�ç3ìÒç2ì��Ü
��� 2.984 g N-�

�-l-ÓÔÕOkÛ	
 31 h8 0C��
��� 

Li �

[19]

� ��� µ"
R�óô� 0w

Ö
�w×x
�X;�����Ul 0.02 g���

>?çØð�	 50 nm8+)W	 99%ì��	 50 mL

Ùå��ç�¸�¥y�Úæ�ì.8��� 0!

"�8l 4 mL !"�ÛV1�rÜÝÞ. 	R�

©ª8�� ]ßàáâÜÝÞ�� �r¤:ã�

�$4 532 nm
 Nd:YAG¦§R��ç¬\64 30 

Hz8¦§ä)4 8 ns8�åØð4 8 mmìxc�æ

Graphite 

particle 
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,-.£ çhèé�èé

!"�êëL¤�����¬h�ì8��íîAï

¢Ö¢ 2�R�©ª��/*�/ç6000 r/min830 minì

P0C��
Þ³´�� 

Bagga �

[22]

l]^lðñ�µ/i�.8���

  Nd:YAGR�öòç1064 nm810 kHzìóô]^l
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�����
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ÆÆ�V�Ü4#Pt DE�4��V8Ag/AgClO

4

4�
�V��Ù�

�A�4�,�n{¿
 0.1 

mol/LÅ¶O��â�çTBAPì
�����;V�

i4–2.0~+2.0 V8��«64 0.5 V/s��,d:�s

u���8å,~�8;<�A�Ò`e�42e8
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Fig.2  Schematic diagram of an experimental device for pre- 

paring carbon dots by simple laser ablation
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Fig.3  Spectrum of the carbon dots solution under ultraviolet 

light irradiation (a); HR TEM image of the carbon dots 

(b)

[23]

 

 

������@2,-�µS�����.W��


�A�8TBAP�å,Å���f�i@��w~�1

Å¨)
����� <.¯
Øð4 2.8!0.5 nm


��ç¢ 3bì�� 340 nm
R;�à8Äªi56

4 0.064� 

Zhao �

[24]

\ Pt DE�4��V8"�ô#4�


�V80.1 mol/L NaH

2

PO

4

���4�A�8� 3 V


�ià8��Ùï�]^$ !�����T%ï

��&
UV8�A�Ò`e�42e8ù��4�

�e�/*�/ç28 000 r/min830 minì��e��

�µxc��
���8��� Lc 3 �ãä�i

ª}ë�
/*,+��+Þ³´�801
5��

iª�/4'5 kDa85~10 kDa810~30 kDa �(30 

kDa��iª4 10~30 kDa��iª(30 kDa
5�

xc��8�iª'5 kDa��iª4 5~10 kDa
5

��/;f0e�2e���X f?��ig<
Ã

Ä�À8bc����
5�­®Cc��ï�Å�

��f�i@��w~�1�� <.¯
��8�

iª'5 kDa��iª4 5~10 kDa
��Øð�/4

1.9!0.3� 3.2!0.5 nm� 
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8 ns 
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Zheng �

[25]

� ]^èÆ4ÆÆ�V8Pt )�Æ

4��V8Ag/AgClO

4

Æ4�
�V8� pH=7.0
*

O+§��. 0á�
F
��8QU
,.�ð

�/4W� 20 nm�W� 2 nmç¢ 4ì�Lu�

[26]

� 

Å+)]^è�Å)�-
�A]^ç1 cm×1 cm×1 

mmìÆ4.V/� 1-�â-3-¾â01��2O�çæ

Ç 1-�â-3-¾â¶�013ì4�
kÛ��.8�

 Cc 2 cm[5
 Pt�Æ4��V8�  1.5~15 V

Ø
�`Æ4�Å�6 !��� 

Li�

[27]

l�¥/�ç100 mL8�ü
4 99.5:0.5ì


kÛ�4Ìª
ç0.2~0.4 gìNaOH k� 0�A

��� ]^èçØðW�4 0.5 cmìÆ4.V�7

V8� �
¨)uv4 10~200 mA·cm

-2


�
 !

���å 89à8��
�Ü«64:��W� 10 

mg������l 200 mL�¥4 10 mLµ/i�k

Û8��V� 8.0 g NaOH 0�A���  PtèçØ

ðW�4 0.2 cmìÆ4.V�7V8� �
¨)u

v4 200~260 mA·cm

-2


�
 !��

[28]

�Lei �

[29]

� �êëåÆ4ÆÆ�V8Pt7�;��/Æ4�

�V��
�V !��� 

Ming�

[30]

l]^è/��+�.Æ4.V8Cc

7.5 cm[5
]^èÆ4��V8á�]^è<�,

&8�  15~60 V Ø
�`Æ4�Å�6ç¢ 5aì�

=>èé 120 h �8.V
]^è��M?@8ø�

�.
��Ae¥¦�4�2eç¢ 5bì�� �ª

+ý�«,+��8/*�/ç22 000 r/min830 minì

+��µ��àM
ï�]^�]^��8�P0


��4������ 

Wang �

[31]

� ��ÙÛÜ
·� !S1e�

���8ÛÜ
��c©Å
]^Ã�)8Pc©W


�ð�Buvç1~9 nmì8��
,.�ðW�4 5 

nm�Wang�

[32]

� ��Ù·�{¿ 0.5 mol/LôÕO


 NH

4

OH���ç10 mL83 mol/Lì8�½ºà{¿ 
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Fig.4  Schematic diagram of a device for electrochemical pre- 

paration of carbon dots in phosphate buffer solution
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Fig.5  Electrochemical preparation of carbon dots in ultrapure 

water

[30]

 

 

2 h  0R2e��ç¢ 6ì8��Cc©D
���

B8��
,.�ð4 2.4 ± 0.4 nm� 

Alekseev �

[33]

l SiC d�7/� HF(48%)/�¥

ç�ü
4 1:1ì
kÛ��.8��r 60 cm

2


�

���é�
.\ 1.4 A �
{¿ SiC d�7 !�

��Tan�

[34]

� 0.01 mol/L K

2

S

2

O

8

���.\+5.0 V


�i�A]^ !.¯
���
:e����8

�f�i@��@A��
Øð�4 3 nm�Deng�

[35]

� ��Ù·� !��8\+�Æ4�A�8��


564 65.5%�å,��P0 3 �
F
��8�

/40Qe��y0e���1e��� 

��ÙÛÜ� !��
�E4#wå,xF�

V�E4�
¨)MGÁÃ ����
�Ü8P 

!��
,-.ÜH©�y�	IÆy5ª©Å� 


����
�������

1.2.1  
�� 

deMcfd
XYÇ� ���ÛÜS� 
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Fig.6  Carbon dots prepared from glycine by electrochemical 

method

[32]
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[36-55]

�Zhu �

[36]

� �J
�º�
���A�Û

Ü����ç¢ 7ì�9�l PEG

200N

�K
çLMK8

ÄK�ìV�µ/i�.�Ü�À��8��l�À

��î	 500 W��N.V� 2~10 min�T%�&


OW8��Ò`e�42eçyz Aì8ù��4��

eçyz Bì8@ïP%�����Ü��,&QR�

�.xcSV PEG

200N

8�ø�,-.��c��


Ae��8B�xcM}�,
�i@AaT
�ã

&'
�X;�� 

Wang�

[37]

l 0.2 gï�]^� 14 mol/L 6 mLN

OV�1����é��ø���.8��lM¨U


����é��ø���ç800 Wì��©ªV�

15~60 min8V��»¼1½º�8��
Ae�4R

�e8ù�å,��P0���Wang �

[38]

*a�J


�1e
�Ú��ÛÜ����
·�� !��

Í®���Û�çôõ8�¤¥8LMK8WK�ì

��ª
`¾/i8ø�w�X�YZÉÜ����

ãÍ®V�H}���Chandra�

[39]

[ 250 mLü\.

V� 1 g WK� 4 mL ��Ü´�8][ü\.V�

20 mL*Oç88%ì8��l��Ü
��î	 100 W

��N.V� 3 min 40 s8��Ò`e�4^¡e�̂

¡e���»¼�	½ºàV� 50 mLµ/i�8X

�Y�c^¡e����Ü8å,/*�/ç4000 

r/min810 minìP0���Liu�

[40]

lÌª
 4, 7, 10-

_ï-1, 13-`_a¤�çTTDDAì4ôõy*O��

��kÛ�Ü�À.�
��8l�À.�
��î

	 700 W��N.V�ãä
�&8Ý�»¼b½º8

 µ/i�cd�e
��8� ���ç}e�i

ª4 1000ì���� 4 d�µ�f
ôõ�`¾�8

ù�P0ñCM}���
2�e���ç¢ 8ì� 

Zhai�

[41]

� Zhang�

[42]

\ghOÆ4�`8\�

�iÆ4}��8� E;ijM
���A� !

���ÛÜ
��4Ùå
��Ók�ªi��
8

�X;��gWl)*Å�Wang �

[43]

-Emno.

p/ano�8��� Wª
µ/i�d:qrn

o��µãs®
nR�]=�ltu
no�tv8

ltv
no�î	 400 wwxN.yü 2 h�Ün 

 

 

 

 

 

 

¤ 7  ÁÐ9Ñ¨st()

 

Fig.7  Synthesis of carbon dots by microwave pyrolysis

[36]

 

 

 

 

 

 

 

 

¤ 8  �ÏÁÐÒÓ9Ñ>§stÔÕÖ×V;()

 

Fig.8  One-step synthesis of passivated carbon dots by 

microwave-assisted pyrolysis

[40]

 

 

o�
z�l 3 mgno�
zV�1 1 mol/L 5 mL 

NaOH ��.8��lkÛ��î	��N.V� 5 

min8� µ/i�cd5��/*�/ç12 000 

r/min810 minì8�µ{ø�

z8ù����� 2 

d8�µdf
 NaOHP0��� 

Huang�

[44]

l 1.1647 g�ÕO�A	 30 mLµ/

i�.8lkÛ��� 10 min�Ü´����l��

î	��ø��
ø�|.8  4 min
�&lø�

|
º)*Å1 200 w8ø�|¹º� 200 wà8�

�©ª�&�/4 10830� 60 min8��»¼b½º8

P0�¡e�À���8���� 2 d8�µø�,)


FGP0���Gong�

[45]

yLiu�

[46]

� Guan�

[47]

l 3 mL¤ô¥V�1 10 mLÜÝ$.8��}>[

ÜÝ$.V� 0.5 mL WK8100 µL �~O� 200 

mg/mL 0.5 mL GdCl

3

çl Gd

2

O

3

�A	�O.8��

�ºø�8ù�l��p;P0 GdCl

3

ì�lkÛ��

��Ü.�
��8�����Nç750 W8.��

��ì.V� 50 s����V�
,-.��Ò`e

�4��e8�À�����Ü�»¼b½º�/*

�/ç5000 r/min810 minìÛÜ
!"�8�µW


æÇ��
��8� ���ç}e�iª4

100~500ì��Þ³´� 24 h8ù�P0��Cc��


´�
2^e�����Wang �

[48]

ghS��g

ÖW&ýÛÜ��;���
E·��l��¤�8

&�¤�æÇ��¤��	�.8][�.V��ª

~OÆ4���8��� ��V�P0���P0


�����
��
Cï
����i8��
�

�4 0.5~6 nmç¢ 9ì�

 

Dhenadhayalan �

[49]

� ���§q��ª
�

�çø\§qØ1§q��´�
ì�µ_���8

��l��V�1���.8èé 1 h � �n�+

ý,+8+�ç��ì ÆDõ�8l 10 mL+�î

	��Nç�H�à��8NN-ST342ì.V���6

�/4 2208550� 800 W���V��&�/4 58 

Microwave 

Microwave 

pyrolisis 
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Fig.9  Schematic diagram of the synthesis of fluorescent carbon 

dots

[48]

 

 

10� 15 min����V�
,-.��
AeÒ`e

�4R�e8�À�����Ü�lP0
5���

	���.8��/*�/ç10 000 r/min810 minì

�µW��
��8� ���ç}e�iª4

3.5~5.0 kDì��Þ³´� 2 dP0���Khan�

[50]

�l 99 mL�� 1 mL�OkÛ8���Whèé


��à[kÛ�.V� 2 g o�K�Ü 2%o�K'

(�l 25 mL��¤¥�A	 75 mL�.�Ü 25%�

�¤¥���l 4.5 mLo�K'(4 4.5 mL 25%��

¤¥��kÛ	ü\.8][ü\.V� 1 mL 5 

mol/L NaOH���lkÛ�î	 600 W��N.�

�V� 3 min8  15 mLµ/i�cdÛÜ
>?8

 �n�+ý,+��8l 1.5 mLÛÜ��/*�/

ç23 000 r/min830 minìá:�µ��8ù�P0


Þ³´�4���Jung�

[51]

�  10 mLµ/i�cd

1.0 gç5.2 mmolìghO8��4ãäª
 β-�ÕO

kÛ8QU
ª�/4 2.685.2810.4815.6 � 20.8 

mmol���l�À��î	 700 W��N.��V�

3 min;�����H}�8»¼b½º�lP0
2

�e���A	µ/i�.8� �f�k+�ç0.45 

µmì,+�µ��{ø�
�f�8ù�� ��é

������ç}e�iª4 1800 Daì,+��P

0��ç¢ 10ì�Liu�

[52]

l 20 mL 5 mg/mL��é�

����î	��N.8��� 180 wà��©ª

ç200 Wì15 minP0���l 0~800 µL�¤�V�

1 20 mL 5 mg/mL<�
��é�����.8�W

hèéàkÛ��Ü�À.�
��8l�À.�


��î	��N.8��� 180 wà��©ªç200 

Wì0.5 h P0���He �

[53]

l¨U��î	��N

.8@c½	Ã º)�ih8���©ªàø��

�
º)�«*Å1 200 w8¨U��.
ø�w�

5 minZÉÜç¢ 11ì�Sun�

[54]

l m-�¤�yj*O

��¤��ª�Ù�ª
4 1:3.2:1.6kÛ��j�Ü 
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Fig.10  Schematic diagram of preparation of carbon dots by 

microwave-assisted pyrolysis using citric acid and β- 

alanine as precursors

[51]
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Fig.11  Schematic diagram of preparation of carbon dots by 

microwave-assisted pyrolysis under temperature-con- 

trollable conditions

[53]

 

 

.�
���8��l.�
���î	 800 W��

N.��V� 40 s8»¼��kÛ�'�Ü��e


'(8l�Ü
'(�A	æÇ��	�.8å,/

*�/P0��� 

Dhenadhayalan�

[55]

l 1 gghO�A	 10 mL�

.8��l��Ü
��î	 550 W��Nç�H�à

��8NN-ST342ì.��V� 7 min8���V�
,

-.��
AeÒ`e�4R�e8@�À�����

Ü�lP0
5���	���.8��/*�/

ç10000 r/min815 minì�µW����8ù�� �

��ç}e�iª4 3.5~5.0 kDì��Þ³´�P0�

â�g�
���l 500 µL 1, 2-�¤�V�1 10 mL 20 

µg/mL�â�g�
����.8lkÛ�u�èé8

��lkÛ�� 120 wà	
 15 h8VP0
��»¼

b½º�/*�/���P0Õâ�g�
���

 

��bc��
��gh8� ��V�w\£

��	��.
�`>?��²V.¯8ø��&W

4�%8��������`�µ¶³´
����

 !·�� 

Carbon dots 

Blue light 

Microwave heating 

Sealed vessel 

Microwave 

5 min 

200 � 

Cooling 

to 80 � 

Citric acid 

Ethylenediamine 

β-alanine 



� 10�                                        ����«();����k�                                   �3407� 

1.2.2  ��� 

Li�

[56]

lÌª
LMKV�1 50 mLµ/i�.

�Ü 1 mol/L�À��8l 50 mL 1 mol/L NaOH��

æÇ 50 mL 36%~38%ç=ª�58àäìHCl��V

�1LMK��.8��lkÛ����{¿ 4 h�-

LMK/HClP0
��L��	 80 wàtv 4 h�-

LMK/NaOHP0
 20 mLL��  HClxq pH=78

���èé
��à¥ÛV� 100 mL �¥8lÌª


 MgSO

4

ç10%~12%ìV�1����.8èé 20 min

��= 24 h�µ��������l 4 g � V�

1 70 mL 30%,ï�J.�Ü¡e!"�8���½

ºàl!"���ç300 W840 kHzì{¿ 2 h8� 

Cc 25 nm��
kÛêëI��¡Q,+c!"�

�µxc��
���8+�4��e8@�À��

���Ü8-��.p;a,ï�J8u����5

�P0��

[57]

� 

Ma�

[58]

l 2.0 gLMKV�1 40 mL 30%Õ�4

100 mL µ/i�
kÛ��.�Ü��`e
!"

�8���½ºàl!"���ç300 W840 kHzì

{¿ 24 h8� ���ç}e�iª4 14 400ì��

��P0���Zhuo�

[59]

�½ºàl 0.05 g]^éV

�1 10 mL�~O4 30 mLNO
kÛ��.ï� 12 

h8��lkÛ��î	��®ç300 W880 kHzì.

��{¿ 12 h8lkÛ�î	¢íc£n	|íî


¤N.¥üç350 w820 minì�µ�~O�NO8

���  0.22 µm���,+5�
¡e!"�P0

^e+�8ù�� ���ç}e�iª4 3500 Daì

��^e+��¦P0��� 

Costas-Mora �

[60]

GÁ§� 0.4 g ���¨�=

çD©ª«¬8ªnR=�­®ª¯°ìV�1��

é/*$.8][/*$.V� 5 mL 5 mol/L HCl�

�8�½ºàl!"���ç12%��ìA±lì{

¿ 4 min8����� ����é�fF+�ç0.45 

µm�ðì,+Þ³´�P0��� 

Zhu �

[61]

Ü�¼XYa��Å»�1e
���

� !·�8\ï�]^éÆ4�`8xcSV²¹

O8gÖ�©%
ø��&ZP0bcÅªi56


��� 

���³�\LMKy � �Æ4�`8��O

æÇ�´
��à� ���µ¶�A�`>? !

��8�
ø�IÆ`�µ¶8B���
5ªãÅ� 

1.2.3  ����� 

Dong�

[62]

l 2 gghOV�1 5 mLü\.8�

�lü\î	V�·.V�1 200 w8W� 5 min�

ghO��¸ô8T���
AeÒ`e�4R2e8

� 30 min���
Ae�43e8@�À�����

Ü�¸Ä¹>V�8W�� 2 h �3e��lù��

4¡e��8@�Àï�]^é���Ü��Whè

éàlP0
3e���Û�Û¼V�1 100 mL 10 

mg/mL NaOH��.8  NaOH.� pHÑ4 7.0�P

0������l¡e���	 50 mL10 mg/mL 

NaOH ��.8 äy�)
 NaOH ��%�Ú.�

P0ï�]^é���ç¢ 12ì� 

Ruan�

[63]

l 1 gôÕOV�1üº.8��V�

b 280 w£ôÕO��8��Y�lüº-V��.

W»8[üº.V� 5 mLµ/i�8l���� 10 

min�/*�/ç10 000 r/min830 minìP0Þ³´

�8� ���ç}e�iª4 3400ì��Þ³´�

P0���Zhang�

[64]

l 0.2 g��é¤�� 0.4 gg

hOî	¼½X¾.X¿Ü.¯
_À8��lkÛ

�î	 50 mL����éÅi|ç180 wì.V� 1 h8

  10 mL ��AÛÜ
��ekÛ�8/*�/   

ç12 000 r/min810 minì�µW
��P0Þ³´�8

� �����Þ³´�P0���Liu �

[65]

�Kn

nÁàl	;î	 300 w� ç̀�º«64 5 w/minì

.ØÂ�A 2 h8»¼b½º�l��e5�î	X¾

.X¿Ü©Ã
_À8���ç20 minì
��àl

0.01 g _À��	�.8��l!"�/*�/   

ç14 000 r/min810 minì�µxc��
���8�

 �+�ç200 nmì%�Ú,+ÛÜ
�À
^eÞ

³´��µ]=�©W��P0��� 
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Fig.12  Schematic diagram of the synthesis of carbon dots and 

graphene oxide

[62]

 



�3408�                                           �N
 <=¡¢£                                          � 48� 

Chen�

[66]

l��ª
ghOÄ4 2.0 g9O�ª

ãä
=ª
ç1:0840:1820:1810:186.7:185:18

2.5:182:181:181:281:4 � 0:1ìî	¼½X¾.u

�X¿8]lkÛ_Àî	ÜÝ$.8��lÜÝ$

î	 300 wõÅ.V� 4 min8  10 mL+��AÛ

Ü
¡eæÇ^e��8ù�� �Æ¤��é�,

+��P0��ç¢ 13ì�Xue �

[67]

lÇÈÉî	�

rÊF
ËÌÍÎ.V�b 300 wç�º«64 10 

w/minì�� 2 h8»¼b½º�l�¡e5�X¿Ü

GÃ_À8���
��àl 0.1 gÛÜ
yzV�1

10 mL+�.�Ü¡e��8� +�ç0.22 µm�ðì

,+���µ©W��P0���Fan�

[68]

l 0.126 g

ç1 mmolì_�Ï�� 0.248 gç0.67 mmolì�¤�

��Oî	¼½X¾.X¿Ü.¯
_À8��lk

Û�V�1Lcái
ï�ÐÍÎ.V�ç350 wì1 

h8l5��	 30 mL �+�.�Ü^¡e��8/

*�/ç8 000 r/min820 minì^¡e���µW��

Ñ5�8� ���ç}e�iª�4 500ì���

� 2 dP0���Li�

[69]

l 0.5 g_Ò¾âÕâ¾aV

�1 5 mL ü\.8��lü\î	V�·.V�1

230 w8� 30 min���
AeÒ`e�4Q:e8

@�À�����Ü8��lQ:e���Û�Û¼

V�1 10 mLµ/i�.8���èé
��à  1 

mol/L HCl��.� pHÑ4 7.3P0�����8�

 ���ç}e�iª4 1000 Daì��ÛÜ
��

24 h%�Úu����Lin�

[70]

l 3 gghOV�1 5 

mLü\.8��lü\î	V�·.V�1 230 w8

� 20 min���
AeÒ`e�4Q:e8@�À�

����Ü8��lQ:e���Û�Û¼V�1 10 
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Fig.13  Schematic diagram of the synthesis route 

of carbon dots

[66]

 

mLµ/i�.8/*�/ç8 000 r/minì�µWÓ]

=8��� 100 wàpt8lP0
tv_À¬E�

�	 5 mLµ/i�.8P.� pHÑ4 7.4P0��

����Martindale �

[71]

�Qn. 180 wàl 100 g

ghO�A 40 h�Ü3^e
Åó)��8�Åó)

��4�âñÔ
��8lÅó)���A	�.8

��  NaOH ���.� pH Ñ4 7  0��
^e

��8l��
^e��»Õtv01 45 g23e_

À8 0
��4��
����8��
,.��

4 6.8±2.3 nm� 

��ÛÜ� !��
�E4#¸Ä�`>?Ã

Ö4��ÃÖ��8×Ø�`>?�ø�,-.ÃÖ


¬Ù©4·¶8ø��&%8IÆµ¶�Ä[��#

º)ã�Ã 8�`>?��©^.¯8º)ÆÅæ

ÇÆ�.ÚkX��
;��g�Û� 

1.2.4  ���� 

Wang�

[72]

l 15 mL`Üé4 1.5 g 1-`Ýaâ�

V�1_Þüº.kÛ8�mn
àV�b 300 w8

��l 1 g ghO³«V�1_Þüº.8ø�ãä


�&&ß 	�Ù4�ÅÙ
à48 �Ú��u

� 3:8ù�01
5��4 0.1 g� 

Wang �

[73]

l 10 mL N-(β-Õ�â)-γ-Õ�â¤¾

ïâáaV�1 100 mL _Þüº.8�nuKn 5 

min8��V�b 240 w8�Whèéàl 0.5 g`�

ghO³«V�1��.8kÛ�¹ºV� 1 min8ù

ú5� ]õâ��u� 3:8P0
���4 2 mL� 

Shi�

[74]

lghOyôõ� 4, 7, 10-_ï-1, 13-`

_a¤�kÛ8���mn
ãäà� 200 wàV�

3 h 0Õâñþ
���Zhu�

[75]

lï�]^é��

	 N, N-¤¾â¾��çDMFì.�Ü�)4 50~270 

mg/10 mL 
���8lï�]^é/DMF ����

ç120 W8100 kHzì{¿ 30 min8��l��î	 30 

mL����éÅi|.8� 200 wàV� 8 h8Vø

�Ãå� �lø��»¼b½ºæÇÝ�»¼b½

º85�ñCS^e
�À!"��¡e���8�µ

¡e���8å,p;��01��yz8��å,$

³���¤ï�áÞå)q�ç
¬�#A4¤¶¾a

-¾¥8�ü
4 2:1_B4�ìu���8� A�
q

�à01áæãä��8T�� B �
q�à01ç

;�æ��8ù��æ��
564 50%~70%� 

Zheng�

[76]

l 2.10 gç10 mmolìghOV�1 3.5 

gç� 35 mmolì¤��â_�.8�õÅ.lkÛ�

V�1 170 w8� 170 wà¹ºø� 30 min8��l

ø�º-õÅ.WG8Ý�»¼b½º8��l�Ú

V�1ø�º.8å,/*�/|¯���8\�Æ



� 10�                                        ����«();����k�                                   �3409� 

4��8� ���ç}e�iª4 3.0 kDaì��R

e�� 2 d�µ��i8:ß 6 h¨è�:�8ù�l

����»Õtv02e���Zhou �

[77]

l�¶��

4��¤��ª
�41:1V�1����é¨U��

.8��� 200 wàV� 2 h01���Liu�

[78]

l 540 

mgï�]^!"	 40 mL DMF.8����ç120 W8

40 kHzì{¿ 30 min8l!"�éWb 60 mL���

�éÅi|.V�1 200 w8� 200 wà¹ºø� 8 

h8Ý�»¼b½º��  0.22 µm���,+kÛ�

P0^e+�8� êép;®� 80 w�ëià��

^e+�P0tv
��_À�Lingam�

[79]

l 200 mg

ìí
]^é��7çGNPs_XGîÙ_Mï/_8 µm

ä� 5~8 nmðì4 40 mL DMFkÛ8����ç�

64 40 Wì{¿ 30 min8l!"�éWb����é

Åi|.V�1 200 w8� 200 wà¹ºø� 5 h8T

��  0.22 µm����é�,+kÛ�P0��� 

Yuan�

[80]

�Wang�

[81]

l 1 g 4, 7, 10-_ï-1, 13-

`_a¤�V�1 15 mLôõ.�Ü´�
��8�

��Kn
ãäàlÛÜ
��V�1 220 w8][

�
��.³«V� 1 gghO8� 220 wà¹ºV

� 3 h P0��e��8Ý�»¼b½º�� ��

�ç}e�iª4 3500ì����e�� 48 hP0�

��Zheng �

[82]

\ghOÆ4�`8\dé��Æ4

}�� !��8��
,.�ð4 2.28±0.42 nm�

Chen�

[83]

l 20 gWK4 40 mLõOkÛ8�Kn


nÁ.�çhèéàlkÛ�V�1 215 w8� 215 

wà¹ºV� 5 min8T�lø���»¼b½º8�

 /*�/�µ���.
����)ñ
.&5

�8ÛÜ
��Ae42e8\µ/i�Æ4��V

�1��. 	ÛÜò�
�����8å,SVó

a�T��/óaX:�µ���.Ff
õOçõ

O��	óaì8Cc����i
ÛÜ����.¯


8l@����4 3ôç:ô 3 mLì8õ 1ô��

Æ4 !
yz8 µ/i�cdõ 2 ô�� 9 :8

l 0.15 g NaOHV�1õ 3ô��.8��� Q;

�ç50 WöIÂì©ªõ 3ô�� 9 h� 

Jiang�

[84]

l 100 mg 1, 2, 4-�_��	 10 mL¾

��.8��l��éW1����éÅi|.V�

1 120 w8� 120 wà¹ºV� 12 h8Åi|Ý�»

¼b½º8/*�/ç10 000 r/min810 minìø�k

Û��µW
��8��ÛÜ
Þ³´�8��� 

¤ï�á-$³��ç¤¶¾a�¾¥Æ4q��ìu

���8�¡Qà�µ���%�Útv�012e

_À82e_À4u�
��8ÛÜ
��;fÀ�


2e��8��
,.��4 14.3 nm8P��4"

���Xu�

[85]

l 4 g��ghOy3 g_Ò¾âÕâ

¾a� 8 mLõOV�1Lc��/�
_­üº.8

�Wh
çhèéàV�kÛ�8T%º)
UV8

��ghO�_Ò¾âÕâ¾a¥¦ô�8��
A

e�42e�Cº)1÷ 170 w�cWª
�5�8

� 170 wà¹ºø� 30 min��@ø&�å,��/

�/Gø�öò8T%�/Gø�öò8ø�öò


º)¥¦1÷ 215 w8� 215 wàãù 6 min��@

ø&��
Ae¥¦�4^:e8VÞ³´�»¼�

l��úû8�ø�º
ü�P0�e
��5�8

 �¥qr��5�á:8T� �â��X:8@

�4S�µ�f
õO8\µ/i�Æ4��8� 

���ç}e�iª4 1000ì���� 12 h8��»

Õtv01�����;f
��41eæÇ2e8

��4¨��8��
Øð4 1.7±0.6 nm8P��4

"��ç¢ 14ì�Jiang�

[86]

l��¤�y&�¤��

��¤��/�	�¥.8��l��Ü
��î	

Åi|.V�b 180 w8� 180 wà¹ºø� 12 h8

� á($³��u���ç¢ 15aì8ÛÜ
��g

Ö��	ý�ýy
Ùå��.�Ü´�8�¸8l

��¤���y&�¤������¤����	�

¥.w�/~�1´�
`e��y2e���_:

e��8:���;f����8;f
���/4

:ey1e�0eç¢ 15bì�Wang�

[87]

l 50 mL 1-

¾â-2-þ�aÚî	 80 mL����éÅi|.8�

�V�b 200 w8� 200 wà¹ºV�� 10 h8å,

¡Qêép;8��\�Æ4���� 3 d �µ�f

�� 1-¾â-2-þ�aÚ�ÄQ]=P0��8��


��W�4 5~15 nm8��
��ªi564 8.4%8

��ø�. 1-¾â-2-þ�aÚã3Æ4��ßPÆ

4�`�K`� 

Peng�

[88]

�l 27 mL4, 7, 10-_ï-1, 13-`_a¤

�ç97%ìV�1�üüº.8][�üüº.V� 11 

gôõ8�Kn
ãäà� �ÅV�kÛ�1 250 w8 
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Fig.14  Using citric acid and tris (hydroxymethyl) aminomethane 

as carbon sources, the synthesis route includes conden- 

sation, polymerization and carbonization

[85] 

Oleic acid 

Polymer-like dots 

Carbon nano-dots 



�3410�                                           �N
 <=¡¢£                                          � 48� 
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Fig.15  Red fluorescent carbon dots, green fluorescent carbon 

dots and blue fluorescent carbon dots are prepared from 

o-phenylenediamine, m-phenylenediamine and p-pheny- 

lenediamine as carbon sources (a); m-phenylene-diamine 

carbon dots, o-phenylenediamine carbon dots and p-pheny- 

lenediamine carbon dots are dispersed in ethanol, the left 

side is a photo in sunlight, and the right side is a photo 

under ultraviolet light irradiation (λ=365 nm) (b)

 [86]

 

 

��� 250 wà¹ºV� 1 h8ø��l�0kÛ�

��	 10 mLµ/i�.8���� 30 min8/*�

/ç8 000 r/min8 10 minì��P0Þ³´�8\�

Æ4��8� �����Þ³´��µ{ø��=

P00e����8ÛÜ
��4¨��8��
Ø

ð4 2~7 nm� 

���� !��
�E4#�����.
�

`>?���©~�ø� �©Å8 !��
ø�

��U��ö.%&8wc»¼êëc��=
�;

\��Qn��
Dõ�%&ãä8PIÆµ"8�

	Ã � 

1.2.5  ��� 

Liu�

[89]

�Kong�

[90]

l 50 mL��¤¥4 10 mL

µ/i�kÛ8��l 3.0 gJï�ÄV�1kÛ��

.�Ü´�8� 120 wà	
 6 h8��
Ae¥¦

�4�e8� Ó��ç}e�iª4 1000ì��L

���µ]=8ù�P0Cc��
D2e��8Û

Ü
��4��8��
Øð4 3~7 nm8��
,.

Øð4 5 nm� 

Jana�

[91]

l 0.5 mgd��4 1 mgÓÔÕOV�

1 25 mL_¬p��.8�  0.1 mol/L NaOH��l

��
 pHÑxq4 12.28��l����{¿ 1 h8

lkÛ�î	 50 mL�üüº.	
 6 h86 h�P0

R2e��8l��¡QtvP0��8��
ªi

56�4 4.1%�Song�

[92]

l 2 mmol`�ghO� 10 

mL 1-¾ïâ-2-ç2-¾ïâ�ïâì�aV�1_Þü

º.8l��u�èé��õÅ.V�b 140 w8�

Whèéàl 2 mmol�¤��Û�ÛV�1üº.8

��lüºV��	
 4 h8/*�/|¯���� 

]õâqr���8å,³���G���P0��� 

Yin�

[93]

l 0.5 gghO�� 15 mL�V�1_Þ

üº.8��� õÅ|V�b 200 w8P 	
»

'� �p	8�Åºà�Ü����ø&����8

�»'$a5{íÞ�rn�8n�cár�g#9

��w\ëù��
U�st8£0 NLi�]%�

��.8Ä:�
À����Wnià��
�T�

��
AeÒ`e�4�2e8��� 0.5 h��43

e8@�À�����Ü�ù�  10 mg/mL NaOH�

�lP0
���
 pHÑxq4 7.0 0����8

ÛÜ
��
��4 1~5 nm� 

	
� !��
�E4#�����.
�`

>?���©~�ø� �©Å8ø�öò��.¯8

PgÖêëø�öòZ�i�,W;�¢
��� 

1.2.6  ��� 

Bourlinos�

[94]

l 1 g NaY¸]!"	 50 mL�

.8l 1 g 2, 4-¤Õâ��¤�O��	 5 mL��Ü

��8��l���V�1¸]!"�.8lkÛ�

èé 30 min8/*�/�qr���äy
�è,-

]¬\�:�l5�
��¬E!"	 50 mL�.8

l 3 g 2, 4-¤Õâ��¤�O��	 10 mL��Ü�

�8]l���V�1¬E01
!"�.8lkÛ

�èé�¦8��/*�/8 ���Ú�üqr5

�8���t�ù��Qn.l�t
��î	wx

N.V�b 300 wï� 2 h 0��8ÛÜ
��í

c	¸]��
;�H� 

Liu �

[95]

l 5 g 10%((
¤ï�á!"�V�

1 10 mL 0.1 g/mL _�����Ù��� F127

çMw=126008EO

106

PO

70

EO

106

ì���.8�½ºà

Solvothermal 

180 þ, 12 h 

Solvothermal 

180 þ, 12 h 

Solvothermal 

180 þ, 12 h 

a 

b 
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lkÛ�èé,¦8å,/*�/ç7000 r/min810 

minì�µ,ª
�H ����H ����
¤ï

�á��¬E��	 100 mL NaOH���çpH=9ì

.8ä�V� 6 mL Em� 
¾������Æ4

�Dõ�8��¾������{�� F127Þ�ÜS

¾������/F127/SiO

2

\Û>?�� 66 wàlk

Û�èé 48 h8¾������Dõ���H ��

o�Þ;��Û8/*�/ç7000 r/min810 minì�

�½ºàtvP0�Äe
�Û�/F127/SiO

2

\Û>

?����i@��¢ ��f�i@��¢ 
�

¾��������¤ï�á��
�HÞ;��Û

ø�8@2�Û���
Øð4 10~40 nm��mnn

Áàl�Û�/F127/SiO

2

\Û>?� 900 wyü 2 h

�Ü��/¤ï�á\Û>?8� 40 wà  2 mol/L 

NaOH ��!@¤ï�á�� 48 h8  HNO

3

.�,

d
 NaOH8\�+�4��8� ���ç}e�

iª4 1000ì��!"�P0���Ò	"^É
!

@¤ï�á��8��#yz.|Fe�2¤ï�á

��8Å«/*�/ç10 000 r/min830 minì�µ�

�/¤ï�á\Û>?��2W
�����P0C

c#$��
R2e!"��HI���À8#$�

�
�Üç=ª�5ì4#90.32% C81.36% H� 8.34% 

O�l#$��!"�4�NOkÛ8��lkÛ�

V�	
 24 h���ââ� 0ï����l 50 mg 

PEG

1500N

V�1 20 mLï�����.8��lkÛ

��� 10 min�Ü.¯
!"�8T�lkÛ�V�

b 120 w8� 120 wà¹º 72 h ���%&}�8

\�+�4��8� êëI���ç}e�iª4

3500ì��!"��µ,ª
 PEG

1500N

8å, 0.2 µm

����é,+�01Cc��
R2e´��!"

��HI���À}�
���Üç=ª�5ì4#

64.65% C87.67% H826.55% O� 1.13% N�ç¢ 16ì� 

Zong�

[96]

l 100 mLö�¥4 90 mL¬p��k

Û8��l 1 g N-`Ýaâ�V�1kÛ��.�Ü

´�8V� 1.4 mLÕ�8T�V� 5.8 mL��ïâ

áa�£kÛ�.¯��½ºàãù�¦8å,,+

ø�kÛ�|¯5�
Re���8 �¥qrRe

��� 3 :8�� µ/i�qrRe��� 2 :8

�½ºàtvRe�����
¬
Qn. 600 wà

yü 6 h�µýþ8P0%�¤ï�á�çn����

4 3.60 nmì�T�l 0.4 g%�¤ï�á�� 0.05 gg

hOV�1 1 mL NaCl8LiCl� KNO

3

_Ç
kÛ��

ç=ª
4 20:5:5ì.8� ��±¬£kÛ���8

���Qn. 300 wàyü 2 h85�
2e_À4�

�/%�¤ï�á�� 40 wà  2 mol/L NaOH �� 
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Fig.16  Schematic diagram of synthesis of multicolor fluorescent 

carbon dots

[95]

 

 

!@��/%�¤ï�á 24 h�µ%�¤ï�á��9

�  HNO

3

.�,ª
 NaOH8\¬p��4��8

� ���ç}e�iª4 1000ì��Þ³´�P0

.¯
2e��8ÛÜ
��;f"�
0e��8

��
Øð4 1.5~2.5 nmç¢ 17ì� 

Wen �

[97]

���
��àl 0.2 g ï�]^é�

�	 10 mL 0.05 mol/L 3-ç2-Õ�âÕâì�â_¾ï

âáa
�¥��.8��l!"�î	 25 mLã&

'Åi(.V�b 150 w8� 150 wà¹º 10 h8�

,/*�/��� 0c¾áa�g�
���l 6 

mLjáO���«V�1 80 mL�¥� 20 mLÕ�

ç25%~28%ì
kÛ��.8�Whèéàø� 1 

min8l 8 mLc¾áa�g�
����� 25~250 µL 

3-ç2-Õ�âÕâì�â_¾ïâáa
kÛ�¥Û

¼V�1ø�!"�.8�½ºàèé 1 h8l 4 mL

jáO��4 16 mL�¥
kÛ�¥Û¼V�1ø�

!"�.8¹>ø� 2 h8/*�/ç9 000 r/min83 minì

�/a�Ü
¤ï�á��\� µ/i���¥q

r8� 60 wàlP0
��tv�¦ 0ùú5�� 
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Fig.17  Schematic diagram of the synthesis of fluorescent carbon 

dots

[96]
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Liu �

[98]

lghO4 N-çβ-2-Õ�âì-γ-Õ�â

_¾ïâáakÛV�b 234 w !áa�g�


��8áa�g�
��;fÀ�
0e��8Äª

i56�4 30%��Wh
çhèé� 80 wà8l

0.2 g)�`Ýaâ_¾â��A	 NaOH���ç�

4 1.5×10

-2

 mol/Lì.8l 1.3 mLjáO��4áa

�g�
��
kÛ�ç�ü
4 12:1ì�«��Þ

Ì��.8� 80 wàèé 3 h� µ/i�qrØb

Þ³´�Âd.�8lP0
j*¬E��	 100 mL

�O4�¥
kÛ��ç�ü
4 5:95ì.8���

½ºàèé 24 h�µ)�`Ýaâ_¾â�8 µ/

i�lùú5�qrX:8���Qn�½ºàtv

P0��-¤ï�á]�%��� 

Wang�

[99]

�çhèé�Knãäàl 10 mL N-

çβ-2-Õ�âì-γ-Õ�â_¾ïâáaV�b 240 w8

��l 0.5 g`�ghO�«V�1ø�º.8� 240 

wàV� 1 min8��¥¦»¼b½º8 óaqr#

5�á:P0����Whèé� 38 wàl 4.0 gÙ

��� P123�	 120 mL 2.0 mol/L HCl��.�Ü.

�
��8��l 9 mL jáO��4Ìª
��¥

Û¼V�1ÞÌ��.8� 38 wà¹>èé 24 h8

��lkÛ�éWbÅi|.8� 100 wà��{¿

24 h8,+ !
yz8 µ/i�qryz8� 60 w

à¡Qtvyz�l 50 mgyz4 60 mg�OÄV�

1 5 mL�¥.8��� 92 wàlkÛ�èé	
 1 

h8qr�tv0ùú5�� 

ýþ� !��
�E4#ýþ� !��
,

-.j1��Æ 8��
W�wÃ8��
�Åw

Ã8Pw\ë���
���Ä[�4#ýþ4��

�/©^8ýþ©^É
�µ8Fe
ýþÚ+,�

�
+)��g� 

1.2.7  ��� 

Liu �

[5]

l�7Ð-æÇÜÝþî	j�ûü


`P./Þ|¯./�
8��l 100 mg./�
4

20 mL 5 mol/L HNO

3

kÛ	
 12 h8»¼b½º�/

*�/ç16 000 r/min830 minì|¯�����æÇ

9�  Na

2

CO

3

.�kÛ�8��� ���ç}e

�iª4 1000ì��kÛ�P0�����ÛÜ
�

��Q;�ç312 nmì
©ªà;f2e���HI

��@A��.
�yJyK�ï
=ª�5�/4

36.79%y5.91%y9.59%� 44.66%� 

Bourlinos �

[100]

�Qn. 300 wàl 4-Õâ¢¨

þ0ç2 g89.8 mmolì¥ü 2 hç�º«64 10 w/minì8

lP0
���A	 10 mL CF

3

CH(OH)CF

3

8��l

40 mL�V�1�^e´�(�.5���8lÞ³

´�úû8 ��üqr��8l��¬E!"	�

¥.�/*�/8T� �¥qrX:8ù��à


���Qn.tv85�
564 10%8��4ý�

ýy
�(8d��11�8�ð4 5~9 nm� 

Tian �

[101]

lÜÝü\2î	3�nûü�
¤

4Þ8��
|¯�ü\
Z#Þ�l 100 mg��


4 10 mL 5 mol/L HNO

3

kÛ	
 12 h8»¼b½º�

/*�/01^2eÞ³´�8  Na

2

CO

3

.�Þ³´

�8\��+�4��8� ����� 3 dP0���

�����C.¯8P­®4��8W����
�ð

4 4.4~5.4 nm8��
,.�ð4 4.8±0.6 nm� 

Ray�

[102]

l 25 mg��
ç-ûü
./.|¯ì

� 15 mL 5 mol/LNOV�1 25 mL_­üº.kÛ8

�çhèé� 100 wà	
 12 h8V¡e��»¼�

/*�/ç3000 r/min810 minì�a{ø���
P

0R2�eÞ³´�8Þ³´��Q;�ªfà@A

1e��� 

Li�

[103]

-ûü
5�6.|¯£û�
8l 10 g

£û�
� 150 mL 5 mol/LNOkÛ8���èéà

	
 15 h8��»¼�  NaOH.�8/*�/ç10 000 

r/min815 minì8��\µ/i�4����:�e


Þ³´�P0 0.5 g��8��­®4��8��
�

ð4 6~18 nm�Vinci �

[104]

-].õÂ
¤4.|¯

�
8l|¯1
�
4�NOkÛ8��lkÛ�

�õÅ.V�b� 300 w8��º)à¹º 24 h8�

  1 kDa����»Õtv 0��� 

Zhang �

[105]

lNO74ãäª
ôÕOî	¼

½X¾.X¿8kÛ�u�X¿Ü�À���2�Í

Î.8ÍÎ�% 160 wtv8. 4 h8��lÍÎ�

%wxN.V�b� 200 w8Ø1xc%�Úa<

�8���Qn.lÄV�b 600 w8� 600 wà¹

º 2 h P0��8�c
��4�(8��
��C

c¿9
���8�ð4 70~80 nm� 

ûü� !��
�E4#ÛÜ
��`Í�H

}�Âg;f��8����©4.¯�Ä[�4#

��
��ªi56©�� 

1.2.8  	
�	� 

Ye�

[106]

� Fei

[107]

l 300 mg:!"	 60 mL�~

O� 20 mLNO
kÛ��.8T�� \i��çî

;<=8F> 08849-00ì2 h8�èéà� õÅV�

b 100 wæ 120 w8� 100 wæ 120 wà¹º 24 h8

��»¼b½º2�íc 100 mL ?
ü\.8T�

[��.V� 3 mol/L NaOHØ1��
 pHÑ4 78

���  0.45 µm����é�,+.�kÛ�8�

  1000 Da�����+� 5 d8u��å,êép;
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����P0����8��
�/564 20%� 

Zhu �

[108]

l 1 g ��]^_À��	 200 mL 5 

mol/L HNO

3

���.���{¿ç100 W840 kHzì2 

h8��lkÛ�	
 24 h8»¼b½º�l!"�/

*�/ 30 minP0Þ³´�����8T�lÞ³´

�V�p;��NOP0:�e��8��l:�e

���A	 50 mLµ/i�.8� ���%�Ú�

�ù�
5z�� 24 h�µ�f
O8��lÄ��

P0tv
��8ÛÜ
���B�C.¯8P4"

��8��
Øð4 3~6 nm� 

Zheng�

[109]

l 0.2 g ¡��	 50 mL 6 mol/LN

O.8��	
 24 h8/*�/ç2770 r/min810 minì

P0Þ³´�8V�Þ³´��Ü:�e_À8��

l:�e_À¬E!"	µ/i�.8P  0.22 µm

���,+!"�8å,/*,+íî� +�ç}

e�iª4 3 kDaì%�Ú�+(��� 40 min8�

+�.P0��
�������
ªi56�4

14.3%8��
,.Øð�4 2.2 nm� 

Choi �

[110]

l 2.00 g α-s@G+AV�1 8 mL 

H

2

SO

4

.8��V� 5 mL��A α-s@G8Whèé

¡e�� 1 h8��  40 mL�cd8/*�/ç4000 

r/min810 minì��\�lÞ³´�úû8 µ/i�

qr��� 2:8l���¬E!"	 5 mL�� 6 mL

NOç22.5 mmol/Lì
kÛ�.8����{¿ 1 h8

�Kn
ãä� 120 wàlÛÜ��	
 12 h8��

  K

2

CO

3

.�8å,��ç}e�iª4 1000ì�µ

,ª
�8�H}��P0���ÛÜ
��4��8

��
,.Øð4 4.5±0.2 nm8³H&B4 0.34 nm� 

Sekiya�

[111]

l 7.50 g]^V�1 360 mL�~O

� 120 mLNO
kÛ��.8l����{¿ 3 h8

P� 120 wàl��èé 24 h8kÛ�»¼b½ºç20 

wì� µ/i�cd8P �OC.�çpHD5~6ì8

  0.2 µm����é�,+���8 ���ç}e

�iª4 2000ì����X3P0 3.78 g��� 

Ding�

[112]

l 5.00 g ¡V�1 200 mL�~O�

100 mL�NO
kÛ��.��èé
��àlkÛ

�	
 24 h8»¼b½º�9�  Na

2

CO

3

_À.�

kÛ�8�� �OO�b pHÑ4 1�ÛÜ
kÛ�

V�1 300 mL �Ú.8Â%,+�µ��8|¯+

�8å,êép;�µ��P0�2e��8�2e

��¡Qtv01��8P0 1.90 g��8��56

4 38%8ÛÜ
��Øð4 4 nm� 

Ye �

[113]

l 6 g `�:��	 225 mL ~O� 75 

mLNO
kÛ��.8l����{¿ 2 h8���

100 wàV� 1 d8�ï��5���^:e��8�

����?Å.»¼\� µ/i�cd 3 E8\µ

/i�4��8� ���ç}e�iª4 1000ì�

��� 3 dP0���

 

Bao�

[114]

l 0.15 g�êëV�1 30 mLNO��

ç5 mol/Lì.8�u�èéàl��V�b 120 w\

�	
 48 h8��  NaOH.���89�  0.22 µm 

BIOSHARP�+�,+ÛÜ
��8��å,��/

*,+,!ç}e�iª�/4 30810� 3 kDaìY

:�+�����8c»�G��
�iª�/4<3 

kDa83~10 kDa� 10~30 kDa8%�Ú��01���

<3 kDa��83~10 kDa��� 10~30 kDa��
Øð

�/4 2.7±0.483.3±0.6� 4.1±0.6 nm� 

Li�

[115]

l 9 mL~O� 3 mLNO
kÛ��V

�1íc 250 mg ���_À
üº.8� 110 wà

� �ÅV�	
kÛ� 15 h8»¼��?Å. ,

"�
Jï�Ä��.���8,+kÛ��µ{ø

�
�_À8T� ?Å{¿,"�(Å
��8l

ø�,-.�Ü
�Ã�aM�lkÛ�]:,+P

0�^e
Þ³´�8]:¬\@rÚÈ%�Ú�µ

,"�
��lÞ³´�éW1�rü\.8� 75~85 

wàp;��Þ³´�£�üë�1W�4 25 mL8

 ?Å»¼���µ���P0�^e
Þ³´�8

ÛV 15 mL_¶¾a��]=%�c¾�8ãe��

\�¬\��ÚÈ 2:8��/*�/ç3 000 r/min8

30 minì���µ����\ 4 Lµ/i�Æ4��

�8 ���ç}e�iª4 3500ì���� 5 d8

: 4~10 h ²è�:µ/i����� 75~85 wàV

�����8Ø1��
�ü�4� 25 mL8ù�å

,êép;®p;�P0 27.4 mg ¡e_À��8�

�
,.�ð4 4 nm� 

�Ùï�� !��
�E4#� �OÆ4ï

��8ø� �Å8ÊË�~8��56
©Å�B

�� �OÆ4ï��wgÚ;�¢
��� 

��������

1) �����
 !%&
©
H
FÌ8OP

ÔÕg×G²d
ÙÇ%�@r��%&XY� 

2) «D��
� XY|{	HÚ��8cV%

�ÚIi8n/��	�������y����y

����y��i��y�����������


� XYcV��G;� 
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Abstract: Carbon dots (CDs) are one of the most popular carbon nanomaterials after the fullerenes, carbon nanotubes and graphene. The 

discovery of carbon dots has caused great interest among researchers, because CDs have excellent water solubility, good chemical 

inertness, low hypotoxicity, good fluorescence properties, favorable biocompatibility, excellent environmental friendliness and resistance 

to photobleaching. Moreover, CDs are easier to modify functionally. In this review, we systematically describe the preparation of CDs, and 

we hope to stimulate more researchers to research in this field, especially for their potential applications in biomarkers, biological sensing, 

biochemical analysis, optoelectronic devices, photocatalysis and drug carrier and so on. 
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