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Abstract: Based on the various oxygenic functional groups and huge specific surface area of graphene oxide, the
humidity sensitive properties of graphene oxide with different oxidation degree has been researched. The graphite
oxide samples with different oxidation degree were prepared by modified Hummers method. Then the samples
were dispersed in water by ultrasonication to form homogeneous graphene oxide dispersions, and the humidity
sensing elements of thin graphene oxide film were prepared. Structural and spectral analysis for the experiment
process samples were carried out by X-ray diffraction, scanning probe microscopy, infrared spectrum, Raman
spectrum and X-ray photo electron emission microscopy. The results shows: the basal spacing of graphite oxide is
about 0.9 nm. With the increasing of oxidation degree, diffraction peak of graphite in graphite oxide were
gradually disappearing, the crystallite size of graphite phase decreasing, O/C ratio increasing and the degree of
oxidation going up. Monolayer graphene oxide with the thickness of 1.3 nm more or less can be dispersed in
water. Functional groups of OH, C-O-C, C=0 and COOH combine with graphene oxide, and the contents of them
gradually increasing with the rising of oxidation degree. The response time of the humidity sensors is about 3
seconds, the sensitivity approaches to 99%. In the relative humidity of 11.3%~93.6%, the resistance of elements

significantly reducing with increasing of humidity, logarithmic resistance of graphene oxide elements with higher
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degree of oxidation is linear with relative humidity. The higher the oxidation degree was, the greater the element’

s sensitivity was, the shorter the response time was.
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Table 1 Standard equilibrium relative humidity at the confined space on the top of

saturated salt solutions at the room temperature (25 °C)

Salt LiCl

CH;COOK MgCl, K,CO;4

MgNO; NH.NO, NaCl KCl KNOs

Humidity (%RH) 113 225 32.8

54.4 62.1 753 84.3 93.6
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Fig.1 XRD patterns of the graphite sample (G) and the

graphite oxide samples (GO-1~5)
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Fig.2 Raman patterns of the graphite sample (G) and the
graphite oxide samples (GO-1~5)
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Table 2 Raman parameters of the graphite sample (G) and the graphite oxide samples (GO-1~5)

D-band / em™

G-band / em™

Sample Iy! I L,/ nm
Raman shift FWHM Raman shift FWHM

G 1352.72 14.15 1 580.30 14.15 0.039 1128.21
GO-1 1 353.79 93.69 1583.72 46.03 0.905 48.62
GO-2 1355.12 124.22 1 585.62 71.96 1.419 31.01
GO-3 1 356.17 115.90 1 588.43 68.34 1.438 30.60
GO-4 135523 121.96 1.584.77 72.81 1.530 28.76
GO-5 1 356.43 137.79 1 584.16 75.97 1.549 28.41
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the graphite and graphite oxide



920 Jx Hl fk

528 B

290 288 286 284 282 280
Binding energy / eV

K6 A sk J5URE(G) R FR S A AL A B4 5 (GO-1~5)/Y
Cls % R A5 iih 2k
Fig.6 Cls spectra and curve-fitting of the graphite

294 202

sample (G) and the graphite oxide samples
(GO-1~5)

RN,
23 AEASHEEHERESEERIIESHT

H R T A TR AR R B R A A A 0 T T
FEAN TR B 250 T A F BH 3 B e 2 e 7 i £ (1
NE T (R SMT Ak A S5 FE 5 Y
P, BH 23 i S0 AR B 1 T s T G K, IO R AR
AALSE, BRIR 4540 )2 BB W sp? ] sp 7R
FLHE 7 BN IR AT S AR, B TR Y T
T, A A A R Y S A R B TR R ARG AR fh gk
34 NECE G, X PRy A A B0 R T R M
A1 4n-OH .COOH % , Vsl M B HL,0 43+, Tl &
M H,0 20 F i3 2 SR Y i H,0 43 F R, TR
I, TR A A 8200 R T BE A1 40 COOH HL &5 77 4F
H,O* B 109 AT 3 80 H,0 4 F BEAE Ak A7 B8 2
T B R 30 | B 2 6 B S Ak A S8 07 T e B
TR HE 7 A AR E R B R R A
bR ¢ v 1 4 Ak Ay B 0 Y S A 1) Fl BEL X B0 S
TR HA RAFEME R, I H RS AR T
o RPRIG R SR R TR A Y A B
1 B Z 0 FK B REH, I 200 0l i B H RE
P, BT DA 20 358 00 B A 86 K, 9 e 1 ol BT B
R,

2200
2000 -
6.0
1 800 5.5
5.0
1600 8 as
1400 < 40
c 235
= 1200 3.0
8 1000} 2.3
S 20
2 800 15
3 0 20 40 60 80 100
~ 600 | Relative humidity / %RH
—s—Sample-1
400 F —&—Sample-2
—A—Sample-3
| —v—Sample-4
200 o Sample.s
0 L
-200 : i 7 Y
0 20 40 60 80 100

Relative humidity / %RH
7 FRIVEA A B N O R AR A e B R S
LOIDAHESS
Fig.7 Relative humidity-resistance static response curves
of the graphene oxide humidity sensing element

samples

F S [ 4 A i 4R Ak A 38 0 7 e W RIG TR 3R
ST R R e AR A it k(8] 8)E L Ak A BB
P BT A A e 7 B U] (24 R 3 ), R R (909~
99.9%), X 7% W] U1 Ay B8 0 22 1 1) SR K MR SR | R]
HLEEREM 0 Fa, ARV B K i HL,0 4 T,
IF B R EOT i SR Ee ), B 8 ik LIE
B, B AR B Y B e R A RO B 2 B R, T
A 1N R (E Y S W T ST i B = I =
T BEBAR Y sample-1 Fl sample-2 AT LL#E R 224
5 ), X PR Y AR A I SR Ak A R s v

93.6% RH —&— Sample-1
100 | —&— Sample-2
—A— Sample-3
—v— Sample-4|
—O— Sample-5
80
60 -
x
P
40t
20
0 HAsBoa e—a—a— o
11.3% RH 11.3% RH
N I A 1 . I . 1
0 100 200 300 400

Time /s
P8 FRF A A S0 R T i ) 2 B RE ) 1)
Mg 7 AR 52 1l £
Fig.8 Sensitivity-time response and recovery curves of
the graphene oxide humidity sensing element

samples



%5

T ELAE TSR B S A A R 0 A ) o S BV RE BT 5 921

MO E T IR PR T I S A S5 0 v 3 T
LN ERW I &S & T 3 22 WK o RVE L B g — 2B
W ARG, 53 MR8 E — 2 Fi v (LI R 3 26 7K 2 1 WU
T Z I ]

3 &% it

(1) 5256 W oy il 28 1 A ] S840 72 B2 9 S Ak A
B ATk LR 3B SR A BRI KR 43 BIORCRT AL Ak
A1 S 4 R O, A S 06 R TS A -OH L C-
0-C.C=0 1 COOH Mt & A B RE A1, i (b
F T v, A A A S0 2R T35 460 RE MY 2 B T Y
K, FRAKMERG SR

(2) SE kAT 850 8 I e A 7 A B P
Fl(11.3%~93.6%RH)N , BA R 4F iR ftkne bR
JEE GRG0, ST A 0 Fa BHL 58 35 08/ (R Ak 3k 3~4 AR
%), JCFI R BUE S (R 90%LA 1), i 1 I 8] 45 (2
3s), KA AR B Y Ak A B 0 R T A i BE R
BOGWE R RO SRR

(3) SR FE X A A A 55 0 VG 1) T B g
RS AR AR BB T A A R R R R e
P ) L O S B ) G A s P R AR
JoT it bb Ry 1:2 B A5 0 S A A A s v PR B T 1
A e A 14 i iy R R PR RE

@) FAb A A R r R esrkne, e
IR X PR A A RO — AR B
TR EA L

SE WK

[1] Fujita T, Maenaka K. Sens. Actuators A, 2002,97(8):527-534

[2] Chen C. Trans. ASABE, 2001,44(5):1241-1245

[3] Keek T, Leiacker R, Heinrich A, et al. Rhinology, 2000,38
(4):167-171

[4] Patissier B. Sens. Actuator B, 1999,59:231-234

[S]HaNTT, An D K, Phong P V, et al. Sens. Actuator B, 2000,
66:200-202

[6] Cunningham M J. Build Environ., 1998,34:349-352

|7] Dunmore F W. Res. Nat. Bur. Std., 1938,20:723-744

[8] XIAO Shun-Hua( i i48), LI Long-Yu(ZFFE E), JIANG Wei-
Fen(2Z T#3), et al. Chinese J. Inorg. Chem.(Wuji Huaxue
Xuebao), 2007,23(8):1369-1374

[9] SUN Hong-Juan(#h£L4H), PENG Tong-Jiang(¥ [ 1T.), LIU
Hai-Feng(XI| i V), et al. Mater. Rev.(Cailiao Daobao), 2011,
25(2):70-73

[10]Biju K P, Jain M K. Thin Solid Films, 2008,516:2175-2180

[11]Wang X H, Zhang J, Zhu Z Q, et al. Appl. Surf. Sci., 2007,

253:3168-3173

[12]Shah J, Kotnala R K, Singh B, et al. Sens. Actuators B,
2007,128:306-311

[13]GENG Wang-Cheng (¥k FE &), LI Ming-Fu (%% W] &), SUN
Zhi-Yong(fh i 7K), et al. Mater. Rev.(Cailiao Daobao), 2011,
25(5):62-68

[14]Ducéré V, Bernes A, Lacabanne C. Sens. Actuators B,
2005,106:331-334

[15]Matsuguchi M, Yoshida M, Kuroiwa T, et al. Sens. Actuator
B, 2004,102:97-101

[16]Lee C W, Park H S, Kim J G, et al. Sens. Actuator B, 2005,
109:315-322

[17]Li Y, Chen Y S, Zhang C, et al. Sens. Actuator B, 2007,
125:131-137

[18]lijima S. Nature, 1991,354:56-58

[19]Novoselov K S, Geim A K, Morozov S V, et al. Science,
2004,306:666-669

[20]Zahab A, Spina L, Poncharal P. Phys. Rev. B, 2000,62:
10000-10003

[21]Varghess O K, Kichambre P D, Gong D, et al. Sens. A ctuators
B, 2001,81:32-41

[22]Schedin F, Geim A K, Morozov S V, et al. Nai. Mater.,
2007,6:652-655

[23]Yao Y, Chen X D, Guo H H, et al. Appl. Surf. Sci., 2011,
257:7778-7782

[24]YANG Yong-Hui(# % #), SUN Hong-Juan(#M£L1H), PENG
Tong-Jiang(¥ [F] VL), Chinese J. Inorg. Chem.(Wuji Huaxue
Xuebao), 2010,26(11):2083-2090

[25]YANG Yong-Hui(# % #), SUN Hong-Juan(#M£L1H), PENG
Tong-Jiang (¥ [A] 11.), et al. Acta Physico-Chimica Sinica
(Wuli Huaxue Xuebao), 2011,27(03):736-742

[26]Hummers W S Jr, Richard E. J. Am. Chem. Soc., 1958,80
(6):1339-1339

[27]Park S, An J, Piner R D, et al. Chem. Mater., 2008,20:6592
-6594

[28]He H Y, Klinowski J, Forster M, et al. Chem. Phys. Lett.,
1998.,287:53-56

[29]Tuinstra F, Koenig J L. J. Compos. Mater., 1970,20(2):392-
401

[30]Thomsen C, Reich S. Phys. Rev. Lett., 2000,85:5214-5217

[31JHUANG Qiao (% #7 ), SUN Hong-Juan (¥ £L i), YANG
Yong-Hui(# % #%). Chinese J. Inorg. Chem.(Wuji Huaxue
Xuebao), 2011,27(9):1721-1726

[32]Geng Y, Wang S J, Kim J K. J. Colloid Interface Sci., 2009,
336:592-598

[33]Titelman G I, Gelman V, Bron S, et al. Carbon, 2005,43(3):
641-649

[34]Fuente E, Menendez J A, Diez M A, et al. J. Phys. Chem B,
2003,107:6350-6359

[35]Szabo T, Berkesi O, Forgo P, et al. Chem. Mater., 2006,18:
2740-2749

[36]Szabo T, Tombacz E, Illés E, et al. Cabon, 2006,44:537-
545



