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8 E AL B (Graphene oxide, GO) R IMEA F5 1 E B HAE S 1Y LR AR, GEASVE Ay EAT RV
TG B HOR SR, HHTG B GO M B ARARMECR UE A 1) RO 193 — 4. Ah , GO 72 H AR KBRS v 43 Bt 1
FREMESZ IREE rh pH {EURTES iR BE (1 52 A SCRIT 5T 1 R 1) RUSE | pH(BDRTES 758 BE X GO SR T Xk, J2 1 fif B
SR AL P i AR AH EL AR 0 AR . MJRUSZ i 77 AU ( Atomiie force microscope, AFM) 384514 1 -1 85 Il £&
(F-D) W LAE WA 4% DLVO J1 IFEH.GO FIRUH B R JIBEE pH (AR FH = mids oK, X T g &t T
A E BE P 0 v g TR i BT B (H B 2 0 B (R 3 U J2 7% sl A3 B 1 854 5 DLVO Bl — 3l
i Zeta BRI R SCHRER 1 BAEE (Kelvin probe force microscopy, KPFM) il #fi %2 T A b A 280% F )2 32 M
H i AR 4 5 1.
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The effects of pH, ionic strength and particle size
on the stability of graphene oxide
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Abstract: High specific surface area and abundance of functional groups have facilitated the
potential application of graphene oxide ( GO) as a suitable material for membrane technology.
However, synthesis techniques have not ensured the uniformity of GO transverse size required for
membrane generation. In addition, poly-dispersity of GO in natural water attributed to variation in
stability of GO as a function of pH and ionic strength. In this article, we studied the role of
transverse size and pH and ionic strength on GO's electric double layer charge or interaction forces
required for designing assembled structures. The role of solution parameters on DLVO forces were
identified from the force-distance curve (F—D) obtained from in situ Atomic force microscope
(AFM). The electrostatic repulsive force on GO tended to increase with the rise in pH possibly due
to enhance ionization of the surface functional moieties. However, increasing ionic strength reduced
the electrical double layer repulsive force and the obtained data was in coherence with DLVO theory.
Particle size-dependent surface charge inhomogeneity of GO-platelets were determined from zeta

potential and Kelvin probe force microscopy ( KPFM) measurements.
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At 24 ( Graphene Oxide, GO) VE A A 8205 1) — PV ZATAEY , B T & BA MM LRI =
Y25 U T R R R T E R REA D AE W Akt A RLR S SR A2 B ) R
GO R EE MR, BN RIS T T8 B A0 3K e R 1 KA IR BT B VR 4
HLRTAY Zeta HLAT 48X HEE I 30 mV UKL (] (A4 75 F R 77 23 BHL Ik HAR B TSR | il BB TR nURR A2 A T 4
F1.GO TE K A R BT b 2 T E AR M A B R A 2 GO 7E pH =4 KM AT, Zeta HLNL
<-30 mV'*. HHT, GO B8 HTEAHLRICHLTS Y B 50 B A R0 R i B I A e VR e s 4
HCAE R I rh (4 W R RS 12 WA B RI0% . 5 Ti Be AARTR E PE 17) 32 B PR 3R R PR A B 1Y) pHL | B8 5
S0 ST AT pH (EAES R B R GO 9K )2 3 1 XU 2 L HE R 7 A0 RN AR A 1 R
55 rh R e P I TR R LR Rk R A B R 42 Z — . Lanphere %5 BFSE T8 TR EE X GO 7EHL F /KRB &
FE LR B2 | 255 S BOGHUR  3h 727 RN 55 ) I 4500 2 VR B 25 3 30 GO Ry T3 53 4h, R R il He
BRI E R £ 8 E GO FIZN%"” , Wang Z5E WA [l 1] RSF 9 GO T4 K 5 B )2 2 1 i
AR S Zeta BLSBAT], B/ 1A RSHE GO BATHEF Y Zeta LY

CL 4 1Y SR 20 zeta A BIAOGHUN ERAMOGRET  S 5 AR S A HLEK BT A S5 L
ARFBL, N zeta LA JIORCRAR 007 WO BE SRR A FR An AR b, RAE pH BRI 25 58 BEXT T GO &%
R M g e s O A SOR T ) 844048 (atomic force microscope, AFM) 1) 17-FE B th k%t GO H
J2 B F E HE S T AT D S AN 368 Ao X6) 4 Jo 3 TR J2 i E R 7 R R 8 (B ) S RV/IN
D A G RUREAE 9K RUEE AR B 7 AR5 A T R Ve e Ik — 20 0 g . [RI B, GO ZE 7K AH PR
SRR R 1) A N2 o0 % , AN R G548 7= A AN [ AP 5T, 77 i 4 o HAE S5 H0 T LT 75 1 A
HAEH T R S TE R . BT Zeta AL AT AN GO R JZTE/KART R Zeta HLF SZIREEA 0T
RS2 M 5K, B FH R SCHR % 7 435 (kelvin probe force microscopy, KPFM ) ELAZARIMAS [A] f# ) R~
) GO 2 17 LS HL A, Sy AN )P S5 4 ) A 4 Jo AR B — 1 5 1 v 350 #

1 SEEGHR 4> (Experimental section)

1.1 RSP aE

GO (W [ 3BT T A AL B A A BRZA 7], 7145 G139803 ) FREX 500 mg 1Y GO BT 1 L HeArFm
A FEAKBEHIHE A 500 mg - 17" BV, o PR 75 20 M e A3 (I 1 B8R Rt R B (D) A BR AN FD
RIS FB120) 75 0.5 h, fR9IE GO 9K R 351 /3 Bt K.

6T FH v SO ML (T A BRSO A FRA H], A5 GL-21M) , #E 3000 remin™ 553 T B0
0.5 h 52U 3, WS B A TTTE I AR 4l K | 55 B0k Bk 3 WA B8 LT 45 2 s 1) R~ i)
A M B-GO.7E 10000 r-min™ BT B0 0.5 h ARG 315 2009 1 g, SRS 200 I O A
gliyk , A B 0KYE 3 RO BRI RAS B/ ) RO B Sk A 580 S-GOLKE B-GO il S-GO 6 A BT 48
IR IR A M AK A2 b BT 24 b TAIRG 12 h B e — R 25 a8 P BB 4liK . BT 45 o n I B i
4SS A B8 0 A B R 1) RS B-GO /N 1] RS S-GO.

il FH 2B 1 R T B A (I A A & e BB A RS A LS MultiMode 8) 19 )R T ) 8 B B%
Scansyst-Air 20 R EIGAd H# 6 57028 5] NanoScope Analysis 526 A TRAR G115 40 HT.
1.2 (-HAL

i Zeta FLAAL (W8 H 92 8 Bruker ¥ SCALER A FR 2 W], %945 . NanoBrook 90plus PALS) il & GO |

B-GOFI S-GO #£ pH=4.5.6.7.8.9 .10 M4 F AT =W H Cy;, =0.0.01.0.03.0.05 mol - L™ it} pH=4 F
pH=7 1) zeta HL ¥,
1.3 K 3

FEIRSCHRAET J1 B A808E (KPFM) S —Ff BB 16 99K RS B i 22 Fhob ol 2 i el #50i0 T 2L g 38 ek
A O A SRR AR AR A R T, Si N B8 As, diad”x0.5 mm, S, R:0.001—0.005 ) Y # i



2302 57N 53 1k 2% 38 &

0.8 emx0.8 em FYIR/IN, T IEL1E TR R v feff PR P 8 R ASCRR 75 15 mim, {6l JH AR 407K 0 T R 1T S AU
W TN B (o FH R 75 D v R ASGRE P S min. RS, (508 FH AR 27K 0 08 040 9 FH RS TR R
W BFIERE e, (] SPT S AU AR (W 1 I i RS R A B ) F ek R 7E R B DTG S i 15 S
A 68 5022 W) MM B ST PR BT W UBE 19 AM-KPFM A5 e 3 i Hi .
L4 BUHLZ v i

BT WA J1-BE S (FD) fh4k, RRAEB S A DU (J5) 23 F UG S5 3 AL 2 AR WU AR BLAE
FHB0E WSS A Al BT AR Y Scansyst-Liquid FEaCREEL [ SR BB HEAT (3 SR AE , I i 7
IR pHAE (pH=4.7.9) A B T (Cy =0.01.0.03.0.05 mol-L™") &1 T GO B it LR 2 A
T 7 2 B2 5 T A7 2 5220 ] NanoScope Analysis 5528 0 AT 17 11 28 Y Ak B 5 437

2 R 5118 (Results and discussion)

2.1 AEBE ST GO 1Y Zeta HHFIZR I HL b7

K 1 ZHEHHEFEVE R S-GO 1 B-GO K AFM % , 133 NanoScope Analysis 2Xf Particle Analysis 2
RERY 20 A , 15 3 WORORLAR 1Y L7 704 L RIRE Y S R Y R I X LG S-GO il B-GO IRLAR 4341, S-GO (i kL
12 79.8% 3 A 1E 0.1—0.5 pum JLE N, B-GO BYKiAR 61.1% 534 4E 0.5—4.3 wm {5 HIA.
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Fig.1 AFM image and particle diameter histogram of GO

e XL JEARE K AR AR T - LI Y Zeta FABJE— A IEARSE | Zeta HLFATT DU LK
210 XL Z ( Electrical Double Layer, EDL) A %503 1fi H iy 25 FE M HL M IE 11" Zeta W1 345 EDL 724
L IE D B (FEFF ) A B B I R B — R I AR V1A 32, EDL J2 500K A LI 7 02
MR RRE N FENRZ —.

TEE 2,GO \B-GO F1 S-GO 11 Zeta HL A XMEREE pH B A m Mg =, 8] pH (E 25T S-GO 1Y
Zeta BHE T B-GO.HH T GO & & HAEM , BRI FEAE GO h%k , BIL IR EIE FEAME 2 %R,
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BEH pH EAY TR, 7 ATE GO LA —COOH B OH™ & Tk EE Y THm MR i B 18 1 i 7 )2
(¥ EDL 3 1] 477 2 BEHE 5 , 17 GO (30 S84 B2 55 R J2% 2 11 T L L 6 88 1oy RO pg e 22 /N0 T L
A1) ROT R/ IN GO FLAT B i O 3 1T P A 26 B2 TR, FER] 25 pHL Z60F R, 1) ROSH R B Ak A 2804 2
TRUL, TS HAE KR GE i 4 5 544

pH (EARIRI , by FXURJZ Y BUZ S8 75 BN 2L Zeta FRLFABEE 2571k B2 A1 10 0 B3R, 494
JE45 SUHL 2 BRI AR AR B T YR B3 5 B0 Zeta H A FRAR R 00 2 A AR FR R BE AR /N | L
T3 R B AR S, 7 B VR P T 2 h A AR DS AR 5 1 ke 32 S AR T, W51 11 GO 4k
FrJ2 Z 18 AR I, Fr 28 10 T A1 R R AN TR A 25 B 5 A 2 R BE IR R S ) L ER 79 5
W, AN S BB TR R B U o TR A S TR &R B UAH R RORH 25 1F B IR B 1 (Na ™) R &R L
ST (Mg™ ) IR FR 1Y Zeta H3 38 0 5. im0 S Mg™ B8 11 2 Pl MR B 1 v gip SO

0r or —=— GO-pH=4 —o— GO-pH=7

&~ B-GO-pH=4 ¥~ B-GO-pH=7
- S-GO-pH=4 -4 $-GO-pH=7
> -10 | >
£ E-l0fF
g =
s 20} £
g =
8 8
,1]’ 30k Ii]) =20
-40 + ‘
A 30
R
~50 [ IR N S N UN N S NN SR NN S | | |
4 5 6 7 8 9 10 0 0.01 0.03 0.05
pH NaCl concentration/(mol-L™")
20 o _ _
- GO-pH=4 ®--- GO-pH=7
—a— B-GO-pH=4 --%- B-GO-pH=7
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Fig.2 Zeta potential with different pH value and ion strength

K 3 2 KPFM 4532 B-GO F1 S-GO JE A K11 it 34 &1 Kz ke v, 32 AR R 2 35 18T e BBOA [] RO 1 4Lk
BRI HEAT R A . X B R AR 0 R VR H R, S-GO [ B-GO Y B B IR igF — 2B il
NanoScope Analysis 7F 7 J2 & e H— B Z 47T HL 3931, B-GO 1R M HL /T S-GO (194 T H 3,
T Zeta HUOT TN AT 2 A 25 L.

2.2 Jihze

K 4 2 SEAEAR pH 4 FIAS ) BS 53 B A9 NaCl Mg, C1 75 59 F R 4HE T GO Fmifl f-FiEg
HHES

Bl 4A FEAN TR pH H A5 40 T, B R 45 fi ) B f 4 208 2 18] DLVO & 1l RIE R F ., =
-0.99 nN,F ;;_,=-0.08 nN,F ,_o=3.59 nN.Z5 5 HI I Y Zeta FL KW, th T pH (19T 32U L
A1 BRI AR AT R L B, 2 3R I ey 2 G o S BOHORU E L HE R IS L F o> F e,
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Fig.4 Force curve of GO with different pH value and ion strength

el 4B RIS T 3R AE A PE T 65 IR R AR B I BB Dy, s =8.53 nim, Dy oy =
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5.66 nm, Dy s = 2.87 nm.DLVO & S5 KAE Fogy gt = 1.15 0N, Fops, 0= 1.04 nN, Fy oo 0=
-0.34 nN. B 4C, N A B B &M T, W 5 R 2 A& EHEAEHMEE Do g =4.45 nm,
Dyos o1 =4.38 nm, Dy s i1 =3.86 nm.DLVO & S5 KAH Fo oy 1 ==0.16 1N, Fy oy 1 =—0.28 nN,
Fy o5 maoi-1 = —0.43 nN. 25 55 -5 B (3450 & A TR 4 XU 2 BR 42 | WU )2 A H 37 1 FH B 8 R R AR /N
SR S A B R 2R A EAER I BEE AR, Dy oy oiet> Doos w1 > Doos morr-1- FIET, PR
AHE AR VR FHEE B i A8, LA AEAE ) S 32 5 0 SRR VR FH O G /e T, BT AR AR #2241 | 2 3% 1f
B, DLVO & 1 e KAB KA B T4 A BESR TN, F o o1 norerot > Fo.03 moteio1 > Foos moi-1- 25 5 Zeta B4, [F) BE
IRV TS S PR S 2 M IR R B R B = T Na IR R, T LU T R 45 XU 28800, I8 4C 7] 45
JEE JR e B 2544 R WA RS D AT DLVO & S/ &l 4B 5.

3 %58 (Conclusion)

BRSE FAT, BETE pH(HORINT | GO 3 4B Mk Tt e 5 S HL 6 T 0L J2 A 9 0 0, 2
DLVO 471y <F g <Py SR FT T 1008 B2 5 T AR IR, GO e XU 20 FE A, J1 %
DLVO %jj FO.OI mol-L~1 >F0.03 mol-L~1 >F0‘05 mol-L=1 s %%TQHAE*HE,VEJEHEE% DO.OI mol-L~1 >D0‘03 mol- L1 >D0A05 mol-L=1
XL JEAE ) B 5 25 06T, B 8L T 28 /I, 7 B o B B A B0 5 19 K B T R A T
0.03 mol- L™ AUNFBL T, GO FLATHE A BLIFAOEAE #E. LU, KPFM 50 16 R /NG GO e 1 o 35
B ,15 Zeta HLGT ARG &, HEVR RIS AR A P S5 AR 0 Zeta PR MO AE S,
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