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Liquid Exfoliation and Stability of Different-Sized Black Phosphorus
Nanosheets
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Abstract Black phosphorus (BP) is a kind of direct bandgap 2D semiconductor with natural fold structure. It
has attracted lots of attentions since 2014 for its outstanding physical properties. In this article, different-sized
2D BP nanosheets were successfully prepared by liquid exfoliation. The sizes, morphologies and thicknesses
were characterized by scanning electron microscope, transmission electron microscope and atomic force
microscope. Then the size-dependent Raman scattering spectra were collected. The biodegradability provides
a possibility of BP for the biomedical application. Thus, degradation characteristics of BP nanosheets in
aqueous solution were investigated. The time-dependent absorption spectra and pH revolution both suggest
that the smaller BP sheets degraded faster, the predominant degradation occurred in the incipient 3 days. The
underlying mechanism is attributed to the generation of orthophosphoric acid or other phosphorous acid.

Keywords black phosphorus; 2D materials; nanosheets; liquid exfoliation; stability

ks HER: 2017-11-09  f&EIAEA: 2018-01-11

EEWHE: HxARRFESTHE (51702352, 51672305); *E1E L EREEEET FETE) (2017M612762) 5 IRINTRHL TFRIT B F: 618 50
(JCYJ20170307100227392)

TEEENY: Tok, AR, BFROTRCTYEMRL: B, ARL BT RN T 4EMRL: AR GEIER) , ik, )R, BT O S AR
KRGk, E-mail: jh.wangl@siatac.cons Wi, -LAFFUAE SN, W50 1000 SR 0% 2L S8 SR AR RHII & L2 ST o



3 ToW A TYERRBEGNR T U R B AR E M 25

][l

1 3]

1914 4, Bridgman e U R A v UL T
AT WIS B A, H T & T T
Zl, RBESIESZRE. HE 2014 4, EHK
S S & CrdzilINERVE ShNI - YA S I E RS /R
G SR ENT R, BEBHE N 4EM R KR
(3T R A RS TR RS E . 1B
— P B B AR R, M BRI A BROK
NI 0.3 eV T ZRBERATIRZIN 1.5 eV,
LA B K /N AT DL i 2 Mo AT A U
WHARIE, BEAGR&ENEBTFTBERE, ik
103 cm?’/ (V-s) ¥ ik 10* (6 L AR L 1 o
TR RURRPES . FI, SR R 1 R
S TAEFHERN SR, WEKRTRITN
MEER T RE 15, R ERTT
T B B A sk Ah, m T BEAE A
N R EATE, BREEGKREZ S AR
EHEEFR N AT R, KREFFIEH, BfER
TIOR3 B AR R 2 R Ak
Tk, BEEAE KA IR BT T 2 180 B AR N
RN T ZARE IR K 1. ik, AT RL
10 3 2 T A2 1 B T B 7 ) ok ) SR B 1
B fpodi 22, AT BRI 5 BE AR . HE HR A4S
Hi

AN A AR, SR 02 (R RS 1
JOAEAE Ty, DR AT DU i HUBRAE FH S 30 20K 2
YUK IRIES . 20 BI5GB & 7
ERE R, & S FE AL B 75 i B T
B () o Ui 25 TR 10 7 R R
Ty HiL R B D 2 SRR K J ;. Wang 25U R RE
I FH AT 300 25 1 7 24 38 5 28 1) Bl (LR B Tl
1) o RS NIRRT IS BRI S E
ARG R, BT AR IR R
ik, KA. MELLERFE

WA RS (0 73272 H AT B BEGK %

SHTRT B 4% 77 E . Brent 28V HLSCIL T R
K AR B 2% AR S R, 4
A AL ) 2 THI Ak 52 B AN — 4 i 1) 2% 1] A AH UL
eI, R FH R P 1R S AR F A 2 e s 3 3 1 R
B A RS, MBRik BB TR, fEART
PErb, R SO R VRORE ) B R ) T AN R R
[ REBEGK B G ST 9 (2.8 £0.3) nm (44K
AR D, B S AR R0 AN R RS )
BREGUK AT 0, IR 2 PR AT R
AL, A SO A E I T AN [FR ST SR 4K
PERME KV B B AT AL o

2 % W

21 LWARSNE

1 40 P PR AR ST Smart Elements, fif
FAE IR TFER &M N-F kg L
(NMP, AR>99.5%) i) 3L+ Aladdin.

ST 28 (TEM) , JEM-3200FS;
= Wi R ST FL Bt (SEM) ,  ZEISS SUPRA
55; JRT /1R %: (AFM), Bruker MultiMode
8; HamiEHiE LA, KQ-300DE; ik X%
HBOHL, Sigma 3-18K; 4E4MAT W4t %
it, HAZL U-3900; 87 20 Ap i HL, BILON-
1800Y; pHit, PB-10.

22 FRIRTEBYKFBIHE
2.2.1 RIRSFAIZNR ST 9K il 2%

T, PR RS N- R i
(NMP) #3418 1 mg/mL 1R B HEAT 78 70 WF
BE, PR B R 2 SOOI T R K v e 4
A 10 h, EADIZREE N300 W, HAE SRR
AR IR E R 10C LAR . 2R)5, LA 4 000 rpm
B0 15 min, B EIHEW AR, 7 000 rpm & O
15 min, BEIEETE LT BES, 192 K0R 1%
BEGK . BN L-BPs. &), 4k42K 7 000 rpm
B0 EIEWLA 10 000 rpm 250> 15 min, FL4%EH



26 £k H O OR 2018 4
DR TS, HEVNRSFIRBYKR A, A 3 &R

S-BPs.
2.2.2 /N BEEGNK i) %

TG, PR BRI NMP 4% 1 mg/mL
(IR BEREAT 78 40 BFF B o LIk, EURE - WO A 7S
MR EHLHEAT RGBS (LA 2 50 [HE 4 5),
10 h JE ¥ BUBNAE IR K I R 4k 22 0L 300 W
T2 10 he HJa, 4192 BIFE 5 A S
EGALEL 10 000 rpm B0 15 min, HUEJEH,
FFT 13 000 rpm 250 15 min, BRI LT
Ve, 193 /NBBEYK ., O BBE T N
(BPQDs) -

3.1 ARERTEBMKEBIHEMRE

¥ 3 BN IR RS I A8 K A4 i 4
fE NMP 1, FSAM AT W45 6t BE T 4 il R 4
L-BPs. S-BPs Fll BPQDs 25 A~ [ii] JX | () S48 F 7
NMP H e, 258 1 (a) ~ (o) .
WS o, =R SRR B 3 R A BT
LIANHIWR USRS . e, L-BPs. S-BPs (KW
WAE 500 nm AL S, BPQDs HIM G E
FEXTFE o SA0K R WS RS2, P P R B g
KA ERRE e, TREE T ARRE

4.0

3.5 n
3.0
5257 |

< 3

a1 =07 BPQDs
g 1.54
= 1.0

0.5

S-BPs

0.9 1.3
08 1.2
o L
E 0.74 g (l)-g-
Fo] L-BPs 7
g 0.64 g 0.8
B .54 B 0.7
0.6
0.44— . : : : 0.54— . .
400 500 600 700 800 900 400 500 600
WK (nm)

(a) L-BPs Wikt

‘- B0

) Ci—
’L‘ ‘t":'!

< Fum =
—_ -

P (nm)
(b) S-BPs Wit

04— T v T v
400 500 600 700 800 900
P (nm)

700 800 900

(c) BPQDs MU it

50 nm

() BPQDs FIigE 41 HL 7 S i B e Ay

D=(436£55)nm

400 420 440 460 480
EA% (nm)

(g) L-BPs HLGIME J5 P42 20 A1

20 140 160 180 200 220 240 260
H1% (nm)

(h) S-BPs RIBLIE A kA2 A1

D=(197+39%)nm D=(2.840.3)nm

0
1.5 20 25 30 35 40 45
H1% (nm)

(i) BPQDs HLGEHE T IRRi A% 70 A

El1 =MAREIRTB#AK AR

Fig. 1 The characterizations of three different size black phosphate nanosheetss
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Fig. 2 The thicknesses of three different size black phosphate nanosheets
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Fig. 4 The degrations of three different size black phosphate nanosheets
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