Vol.46 No.6
e 202 - NEW CHEMICAL MATERIALS

L B # oM R

ABEBTAELEAN RHSHIEETR

Foaet  E o ORARA RiER?
(1.PEHEERFALFIHIFE,FL 266100;2. 5 5B K AR FHMAARAZ ,F B 266100)

H E OATERMMRILAMMTHRERTR, AL EZH GO, KR RTHBHREAFM) 3 & k%K
H(DLS) EH EA(TEM e X HE XS FREXPOHAIET — AR EAL SN L EHEFE(GQDs) B A LM,
FARTHEITHAFRENBES AR/ FH_BREEN PO, Z2RAN.IHLE FHHET.0nm. F 4
ONTFARAMN GQDs LA BB E R KSIE-FEAEZR(DMSO) F T B P oy o3 RE. LN ERR )2
TR AMEA R 5 F B RAAE R F ok,

KR LEHETTEAALGER AALTRA. 2K

Dispersion behavior of graphene quantum dots in chemical solvent
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Abstract Based on promising application in composite material by liquid phase processing and compared with
graphene oxide (GO) ,the surface morphology and chemical structure of large-scale commercial graphene quantum dots
(GQDs) were characterized by atomic force microscope (AFM) ,dynamic light scattering (DLS) ,transmission electron
microscopy (TEM) and X-ray photoelectron spectroscopy (XPS).And the dispersion behavior of GQDs in seventeen
ordinary organic solvents and five glycol solvents with different chain length or molecular structure were investigated.
The results showed that as the single-layer,7. Onm average diameter as well as a lot of O- and N-containing groups.,
GQDs was endowed with characteristic of strong polarity. GQDs appeared the best dispersion behavior in dimethyl

sulphoxide (DMSQO) and ethylene glycol besides in water,due to the solvent polarity and hydrogen bond interaction.

Key words graphene quantum dot,graphene oxide,O- and N-containing group,dispersion

46 B 6 M
2018 4F 6 H

AT SR (GO & A7 8 28 5 1k S ) 85 )5 1Y 7
Yy, BA R JR IS B 7 AR I BOK B8+ ok,
TERR R0 0 G FRE T L 35 A 35 A R SO A 2 1
BREHN X IR B RO S F B SR Tz R TE,
JECAE S KRR I T8 55 B R BE 48 GO 1
WOLE R i Rt R AR 2. T AR R
P15 K i 20 B SR A DL GO ek HA R4
(9 43 1O AT R RS E B RS GO AT LARS E
Or BT — SE A PR A AL R b 0 N - 2ot
BEl N N - BRI L D Sk L R EE
TCTE G HCT AR W B AR A T R e

A1 BT (GQDs) 2 1 88 4 1 1 % 2 94 oK
FERE BOREE T A7 880 1 L1 J2 R L (RLTE AR 1 R
P E/NT 100nm, 38l H PR AR B S AR A U

NEFR R AL A B i TR B RS | GQDs
AILEVER GO M KY B B B L2 1R,
ENOW 254 & IF AR ™ #% . M T GO, GQDs
i AR 25 T K B 2 T BRI K- TR T
NG AT E A, FBUF 2 WAL e &k
ZERRSSY AN HLAT B A SR Y SO R R 2
YAE 25 1 R 5 1 A 2% D R AR AB WV 1 55, AT T
O L G A R | AR W s 2 AR R 43 R A 4
BT, SR, A EP RS20 = L GQDs 19 il &
o FEI 2% 97 B9 S 53 2 0 B I 4 VBB
O FLE T bR 2% 4 o 72 L BAE AR AT D i GQDs FF i
MELLE & LB T B R K TR E A L X AR
B B A O DR AR R Y AT
GQDs 7E 5 £ MRS SR )2 B .

FEE A M REL(1973-) 2 Wb R B8 EEWF 507 1 o WAk 2 TR 5 AR



46l PR ELRE A B T R TE A A R T R 2 P RE T Y + 203 -«

A ST R AL A7 Y GQDs s AR I
5T 7 HAE 17 Bl WA AL R 5 B A [F] 58 K A9
(7] / S5 Ay T 590 v ) 20 BEOPE E 22 S S A T I

1 SCIG#ER 4y

1.1 RXFENEE

A BB 5T S (GQDs) KW (1. 35mg/mL) ,
H S RIGHEH MR A RA R QB ERE. R
B O EE. 2 EELCTN BEL 4O B DU K
(THF) , B E WA (DMSO) | N , N - F 3 I i friz
(DMF) , N-H & mE i g i (NMP) | B | R 48—
HOR A R @ Wkt IEC ke 1, 2-79 B,
1,3- N s 1, 4- T —f 1, 5% /L. ¥ AR, H
24 b 24 A

BT 1 B85 ( AFM, Digital Instrument
Nanoscope [l Multimode &), £ [# Veeco Instru-
ments 2 Al 3 3 & 91 1% 5 L W 5488 (TEM, Tecnai
G2 F20 #9), & [F FEI 24 A); X HF 20t i+ i 3 (X
(XPS, Escalab 250Xi %), = Thermo Fisher
Scientific 2> 7l ; # )6 ki FE {X (Zetasizer Nano ZS
B, BEE Malvern 24 &) 5 ¥ % T HE AL (FC-10A #1),
TG OV 52 56 A 4 A PR A A e % 2% & AL (RE-
52AA AY), 1 W S8 A AR A AR T M S R T R AR
(DZF-300 A , B 1L A a8 A R A H] .

1.2 GQDs 8k Fl &

Sk GQDs K ¥ W U T 8 1A R L Bk K
10mg By A ZF A F] 100mL B 17 Fh A5 HLE F)
(P ENEE . FHE., HBE.C . N =M. 2
¢, THF ,DMSO,NMP,DMF, HI | /I % 48 —
R R @M M IE b6, A 43 1h
BRI R 0. Img/mL 1 GQDs 4 UM, # &
1d J& 38 38 A0 0 W 5% HE B A DT UE 9 R . AR R
20mg GQDs K} A 1 5 2k H 59 3 5770 HH e i) 0. 2mg/mL
Gy O - 3 — 20 HEBR A DTTE M ¥ 7 . ) 3 3% 25 e 1l
1.0 1 2. 0omg/mL [ GQDs 43 B - 7 1 A &) 43
M BE P R .

h T AR GEE N Oy F A X GQDs 43 R
PEREMFZ I FF 100mL GQDs 7K % W 43 5 45 1R A
W) 5 Fp R A (L FE 1, 2- 0 L L, 3- T B
1,4-T M 1, 5- 0 O IR A HEZE 1h KBRK S,
SR 5 W B AR AT — R YA [l v B (0. 30~ 1. 35mg/mlL)
1 GQDs 43 HUR .

1.3 GQDs BIR1E
¥ GQDs FE G FE 20 5 AFM M HJE

FE oA L 8 ik TEM X 88 I8 £ Rk 1) R F 43
i, 8k XPS 4387 Ak 2% 18 4 Fl28 7 20 B, OF JE 1
Cls 1Y 284. 6eV RAIHELS A AE, B 3 ALK AE R
FH OB EE A AT 2 G U (DLS) Wl &

2 ZR5itiR

2.1 AFM &#f

R4 AFM EHLA 5 81 GQDs J&E B 4 #i 1 i
WE 1, R, GQDs JEE & 0.4~1. 6nm, H
FAESI%/NT Inm. XEWEZH N 13 )2, H4t
KB R RS

25

20f
L5t
3
K10t

’ Al HH Hﬂﬂﬂﬂﬂmm

0.204 06 0.8 1.0 1.2 1.4 1.6 1.8
JEBE /nm

P 1 GQDs B JE B 53 70 15 00 18]

W

2.2 DLS #1 TEM 43 #f

DLS V5 44 2K B4 6 S50 5 — b 4z 36 Tl i T i
B HE 5 T ER ARG W0 e A e [ AR UKL 1 R 4
fi. XF GQDs #47 DLS Wi, 45 R W& 2. i AT
H1L3 4k GQDs #9 DLS 4 25 58 2 MR % 4,
GQDs kL R~F 4r 4 24 6.5 ~ 19. 0nm, F- 1
11. 0nm, {HiHF GQDs /KE WL DLS ML 15 2] (1)
SRR TR S W45 AL I A BB MERR S GQDs 52
PRRSF, i TEM 2 H R TG, A5 KEG)E,

10 15 20
RiAZ /nm

E 2 GQDs 1) DLS I 1k k7 44 43 7 55 5

34567 8910111213
Bif% /nm

3 GQDs 1y TEM & (a) K ki R ~F 245 1 B # (b)




< 204 - o T BB ow 5 46 &

e — ik TEM W% T GQDs 18 3 A 52 B R
S AR UL 3.t BT GQDs JE IR G LR
W, HARAM TN 2. 5~13. 3nm,F¥ H 4R 7. Onm,
2.3 XPS &7

X GQDs i #E4T XPS 43 #r, 45 B LR 4, 45
G LRAH A, R RREY Inm, HAZ LA
K GQDs #9574l 43 WUfE J AR I 0 XPS FeA g
T GQDs MRS H.

BAr HABU%

Cls 59.12
Ols Nls 14.75

0ls 26.13

Cls

I3 /(a.u.)

750 630 510 390 270 150
4R leV

Kl 4 GQDs ) XPS i &

GQDs H C.O il N 3 Foc R4 i, Hrf (O+
N):C=2:3(RF b, FED ., BB GQDs & K&
AR BRI HE— 2B X Cls B LA, 2 2R
W1, mMEAALIGRMADN sp® 1 sp°’C—CHH
B2 MGl sp?C—C S B Z TR N
1.1, RUI7E GQDs By 5E 1 Flih S A 7E K G PEE
el b sir 2 0 M R 2%y T ol i+
A FEHAT I O—C=0 Fil N—C=01(288. 6eV) , I Ifii
fiff GQDs 72 % W ) 4 th B+ I8 1l i W A 19
JBEAK

*1 GQDsH Cls IEBEER

Fsp?C NFsp?C Fsp’C C—0O C—N,C=0

284.3 284.6 285.2  286.2 287.9
HXF 5k / 0
GQDs  9.07 27.99 21.31  18.38 12.22

N—C=—0,0—C=0 F-sp? C+F-sp3 CNF-sp? C
288. 6 Tt

HXE 5 8/ 2%

GQDs 11. 03 1. 09

T Fosp? CHIEEM sp? C—C 8 NF-sp2 C HIETHAELL sp?
C—CH;F-sp® C HIhfiefk sp® C—CHE,

2.4 GQDs KD HUEBES#T

GQDs 7£ 17 Bl LI 770 o (9 43 801 50 WL IRl 5.
AT 50, 158, 0. 1mg/mL GQDs 43 88 76 1E TR
Bt SR SBE AR W R CTHE R 4B 40K
TEWGEAIE CBE ik 9 g v i A BPEAR 25, 1

AN GQDs ULIEY . BJG , 76 T 42 8 Fhigs 7
FRECH] 0. 2mg/mL GQDs 48U , TN = B 43 U
W OTTE . 5 4k St R A 7 Bl 3R o G
1. 0mg/mL GQDs 4 B0 » H ¥ 43 10 v 30 % Bl
UUVE . d5e o, 76 B A% 6 g 7)o Bc il 2. Omg/mL
GQDs 43 B, X DMSO F1 20 B 53 8O ok i 3
DLVE . FE 1 H e AR B UIED .

o-e >20

w1020
EEENEPHTS
U010z

Y/ (mg * mL™")

5 GQDs 7E 17 F i 57 o i 23 180 e s 2 A

R 17 R R 28 B AT DL A3 o R /55 B R R
CHNIE C %8 B 2R 48 — R 48— @UR A — & H e
TR M Y5 700 e 8 R e 55 ) o G bl P v 590 )k —
A0y Sk ST I S TR L I T B L S LTS L
W W 2 R 2 D R E BT R i
(4n THF .NMP,DMF F1 DMSO) . M i i FAF 7]
HLGQDs RSP H GO /N 2—3 M ER,. SAEZL
B BE T, 8500 7 AP AR AR Sl AH R0 i R
GQDs H GO X ¥ 77 B b Pk ZEoR T 8, 40 GO Al 4%
GF A BCF THE th 2 i GQDs WIARME (B 5) . &
VAR M 0 — 2P 3R L an A DMF (3. 24D) #|
DMSO (4. 09D), GQDs 1 43 8 P 6 A48 4. I Ik,
GQDs 1)1k 27 45 #6) £7 7 8 50 A R 5 A5, 0 50 52 B o
W8 AT GO sk fe.

Goharshadi 45" 3 13 4> PRI HIESL T GO
5K F AFFE SR BN R A AR T . 2 Ui, [k
FET] L, GQDs AFIE B 7K & 248 DLS W45 1) R
B TEM M KARZ . X FAR K — 251 7T $2 4t
T 5 B M R AS TR AR B M R R 6
GQDs 43 FBy#FME/E L H 5 GQDs 43 F ) 1Y &
SR X 43 BCbE 9 B2 e o] BB R R BB, SOk i GE
GO 7£ NMP ()43 b e e DMF K fil 2 — g v
P i BAEA R . B 5 o —Jt o = oo
FEUE R B AE 2 Bk RR 1Y 5B 1 7 R B GQDs
AR ME > H, T — JCBEXT GQDs 19 73 8L RE 1 B 4f-.
— W FEWR R, S — S FhEa 2 A
HLME R B AR /NI O R, L5 20 I H - ik
fEFHAB A H R 30 5843 1E H A L 1 GQDs 26 T K 2



6

&

PR ELRE A B T R TE A A R T R 2 P RE T Y

+ 205 -

A A EREBIBE e st sm W B 1 ON JE ¥, 7%
FEFNR 55 SR HL B Hh A Ay B . MOTE & TR
GQDs Z 8], £ i W Be A8 05 1Y) 32 44 (] B S BB A
HEAA SRR 27 2 Z% 10 iR SR FH A GQDs F 1 PF
i FEL Aaf 43 AT B N34 50 5 i L A A A RN A7 R )
1B 22 BPE iR , EC 0 RO S B

Ry ik — 25 WY BT - M s A v R B =R
PEHL 5 AN Rl BE A 1Y [|]/ S 4 BRI )L 8 GQDs
SRR IR E 1 MR B BE WA 6. W
BRI, 76 AN [R5 4 A R A% — B 57 b, GQDs 7E &
TP L3N EE DL A-TT EEA 1L 5 R R R 4y
o B 4y o > 1.35 (Ll S p H E O
2.0mg/mL).,0.90~1.00,0.50~0.55 Fll 0.35~
0.40mg/mL; 1A, GQD #E R & A9 A9 1, 2-TH 1
A1, 3-P9 R O g Ok BE 43 0 S > 1035 M
0.90~1.00mg/mL. I UL [ & ¥ 5 ik B 79 389 K 5l
S TR 2 DRI R B R, B L O my kAR
55,35 GQDs |4 AUE AE W R 1 &8 1 52 )
3 55 T LA S HEIE Y 25 1] B4 R, Je
FH GQDs 14 BLRE S BEAIK.

~13f ' °

g L1of

20.90] z

50.70:

%0.50: z

030 e
2y p o3y
L R R

BOM B M

Bl 6 GQDs f£ 5 Ff B 1) 4 B s 2

L5 LR . GQDs 13 7 b 19 20 BlCPE Bk TR
FAEF F-GQDs 73 8] 1y S AR T, AFE B 1
P 70 B R P AR O P R ) R AR A 3 A
R  BRE R GQDs ¥ IR & i 3 T 5K
RT3 THT BE 8 35 M MR 3% A R 4 i SR AORE 1A 5 1A
R,

3 i

Itk GQDs 1 i JBE B 28 RAF R IE A 81%
AINF Inm, HA K Z B PR T2, P R EHR
7.0nm,(O+N):C JHF b R2:3, T GQDs R~
NP N 2R == i B S S
WM A R o S T A D O A P R O R
FI B A B R RN AZ R B R B 2, GQDs FE i
Gy HUHE G . BROKAM  TEFZEER 17 B Wi b,
GQDs £ DMSO 1 2, - (19 43 B SR e

(1]

[5]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

S % ik

Paredes J I, Villar-Rodil S, Martinez-Alonso A, et al.Graphene
oxide dispersions in organic solvents[ ] ]. Langmuir, 2008, 24
(19):10560-10564.
Dreyer D R, Park S, Bielawski C W, et al. The chemistry of
graphene oxide[ J ].Chem Soc Rev,2010,39(1):228-240.
Goharshadi E K, Akhlamadi G, Mahdizadeh S J.Investigation
of graphene oxide nanosheets dispersion in water based on
solubility parameters:a molecular dynamics simulation study
[J].RSC Adv,2015,5(129):106421-106430.
Mehmood Ahmad R T,Hong S H,Shen T Z.et al. Water-as-
sisted stable dispersal of graphene oxide in non-dispersible
solvents and skin formation on the GO dispersion[ ] ].Carbon,
2016,98(1) :188-194.
Konios D, Stylianakis M M, Stratakis E. et al. Dispersion be-
haviour of graphene oxide and reduced graphene oxide[ ]J].]
Colloid Interface Sci,2014,430(1):108-112.
Liu F,Jang M H,Ha H D, et al.Facile synthetic method for
pristine graphene quantum dots and graphene oxide quantum
dots:origin of blue and green luminescence[ ]J]. Adv Mater,
2013,25(27) :3657-3662.
Jang M H,Ha H D, Lee E S.,et al.Is the chain of oxidation
and reduction process reversible in luminescent graphene
quantum dots? [J].Small,2015,11(31);3773-3781.
LiL L,Wu G H,Yang G H,et al. Focusing on luminescent
graphene quantum dots: current status and future perspec-
tives[J]. Nanoscale,2013,5(10) :4015-4039.
Kim S,Hwang S W,Kim M K, et al. Anomalous behaviors of
visible luminescence from graphene quantum dots: interplay
between size and shape[ ] ].ACS Nano,2012,6(9) :8203-8208.
Wang C,Wu C,Zhou X, et al. Enhancing cell nucleus accumu-
lation and DNA cleavage activity of anti-cancer drug via gra-
phene quantum dots[ J].Sci Rep,2013,3(10):2852-2859.
Li X,Rui M,Song J,et al.Carbon and graphene quantum dots
for optoelectronic and energy devices:a review[ ] ]. Adv Funct
Mater,2015,25(31):4929-4947.
Gupta V, Chaudhary N, Srivastava R, et al. Luminscent gra-
phene quantum dots for organic photovoltaic devices[J].] Am
Chem Soc,2011,133(26):9960-9963.
Sun H, Wu L, Wei W, et al. Recent advances in graphene
quantum dots for sensing[ J]. Mater Today, 2013, 16 (11):
433-442.
Zhu Z.,Ma J,Wang Z,et al.Efficiency enhancement of perovs-
kite solar cells through fast electron extraction: the role of
graphene quantum dots[J].] Am Chem Soc.2014,136(10):
3760-3763.
Song X J.Zhou Q Z,Zhang T,et al.Pressure-assisted prepara-
tion of graphene oxide quantum dot-incorporated reverse os-
mosis membranes: antifouling and chlorine resistance poten-
tials[J].] Mater Chem A,2016,4(43):16896-16905.

(T 4% 209 7O





