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bstract

One-dimensional hydrophobic ZnO nanocrystals were successfully prepared via a one-step process through a direct precipitation reaction in
queous solutions of ZnSO4 and NaOH with self-prepared octadecyl dihydrogen phosphate (C18H37OPO3H2, ODP) as a surface functionalizing
eagent. Scanning electron microscope (SEM) and X-ray diffraction (XRD) results showed that the obtained ZnO particles were one-dimensional
1D) with hexagonal crystal structure. Measurements of relative contact angle and active ratio indicated that the obtained 1D ZnO nanocrystals were
ydrophobic. The results of Fourier transform infrared spectroscopy (FT-IR) spectrum and X-ray photoelectron spectroscopy (XPS) clearly showed
he formation of interfacial chemical bonds between ZnO and ODP. Furthermore, from the results of TGA test, it was confirmed that a certain
mount of organic components existed in the 1D ZnO nanocrystals. These results suggested that the formed organics were bonded onto the surface

f 1D ZnO nanocrystals during the reaction process, besides, the organics resulted in the perfect compatibility of obtained ODP functionalized ZnO
articles with common organic reagents like ethanol, cyclohexane, and acetone. The influences of ODP on the size of the obtained ZnO particles
nd the mechanism of surface hydrophobic functionalization by ODP were presented.

2008 Elsevier B.V. All rights reserved.
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. Introduction

Semiconductor nanocrystals have attracted a great deal of
ttention for both fundamental size-dependent optoelectronic
roperties and wide range of applications. ZnO, as one of the
I–VI compound semiconductors, is a versatile material and
as achieved applications in photocatalysts [1], solar cells [2],
hemical sensors [3], piezoelectric transducers [4], transparent
lectrodes [5], electroluminescent devices [6] and ultraviolet
aser diodes [7].

Since the application of ZnO nanorods as optoelectronic
anodevices was reported [8], many efforts have been focused
n the synthesis and properties study of one-dimensional (1D)
anocrystals [9,10]. Besides, 1D ZnO nanocrystals are usu-
lly necessary to be dispersed in a lipophilic matrix to study

he properties of them. For example, ZnO nanorods should
e dispersed in acetaldehyde to estimate their ability to the
hotocatalytic decomposition of the organic compounds [11].

∗ Corresponding author. Tel.: +86 431 8515 5358; fax: +86 431 8515 5358.
E-mail address: wangzc@mail.jlu.edu.cn (Z. Wang).
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dihydrogen phosphate

owever, pure ZnO particles are hydrophilic and they are dif-
cult to be immersed in a lipophilic matrix. Hence, it becomes
ery urgent to investigate the synthesis and surface hydropho-
ic functionalization of 1D ZnO nanocrystals. So far, many
esearchers had paid lots of efforts on the strategies of the
ynthesis of hydrophobic ZnO particles mostly based on the
wo-step synthesis method. For example, Hong et al. [12] real-
zed the surface functionalization by a two-step method: (1)
reparation of ZnO particles by calcinations of the precursor
precipitates of zinc acetate and ammonium carbonate) at 450 ◦C
or 3 h; (2) surface hydrophobic functionalization of the obtained
nO particles by capping with oleic acid. Wu et al. [13] also

eported the synthesis and surface hydrophobic functionaliza-
ion of ZnO particles through a two-step colloidal process, by
sing 3-aminopropyl trimethoxysilane, tetraethyl orthosilicate,
ercaptosuccinic acid, 3-mercaptopropyl trimethoxysilane and

olyvinylpyrrolidone as functionalizing reagents. The men-
ioned methods used in the above two examples were effective to

repare particles with distinct morphology, and conduct surface
ydrophobic functionalization with certain organic agent. The
orphology changing of the particles derived from the addi-

ion of organic reagents was also avoided and ZnO particles

mailto:wangzc@mail.jlu.edu.cn
dx.doi.org/10.1016/j.cej.2008.01.027
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ould keep the original crystal shape as 1D nanocrystals. But a
wo-step synthesis must include two processes named synthe-
izing the particles and then coating the particles. So, washing
nd re-dispersing the particles between the two processes were
nevitable. Therefore, the two-step process would not be facile
ompared with the one-step synthesis.

The one-step solution synthesis would attract more inter-
sts, which combined the preparation and surface hydrophobic
unctionalization directly in mild condition. However, dur-
ng solution synthesis procedure, the functionalizing reagents,
hich were indispensable to fabricate hydrophobic ZnO par-

icles by the chemical process, would critically influence the
orphology of ZnO particles, and various morphologies of ZnO

ike flowers, towers were always obtained [14]. So it was a more
ifficult thing for the one-step preparation to fulfill the surface
ydrophobic functionalization of ZnO particles together with
he 1D growth.

In our previous work, we reported the preparation and surface
ydrophobic functionalization of ZnO particles by a precip-
tation transformation of Zn5(OH)6(CO3)2 into ZnO in the
resence of sodium oleate [15]. Here, we used our self-prepared
ctadecyl dihydrogen phosphate (C18H37OPO3H2, ODP) as a
unctionalizing reagent to produce surface functionalized 1D
nO nanocrystals through a direct precipitation reaction in
queous solutions of ZnSO4 and NaOH via a one-step pro-
ess. The synthesis and surface hydrophobic functionalization
f 1D ZnO nanocrystals were finished at the same time. The
ctive group of ODP could associate with Zn2+ by interfacial
ecognition of molecules. Furthermore, the ODP could not only
nduce the nucleation of 1D ZnO nanocrystals but also change
he surface property of ZnO from hydrophilic to hydrophobic.
he obtained ODP functionalised 1D ZnO nanocrystals showed
erfect compatibility with common organic reagents, such as
thanol, cyclohexane, and acetone, which could broaden the use
f conventional ZnO in organic systems. The effect of ODP on
he preparation of 1D ZnO nanocrystals was investigated and the

echanism of surface hydrophobic functionalization was also
resented in detail.

. Experimental

.1. Materials

Zinc sulfate (ZnSO4) was adopted as the source material for
inc species. Sodium hydroxide (NaOH) was employed as the
recipitators for the formation of ZnO particles. Octadecyl dihy-
rogen phosphate (C18H37OPO3H2, ODP) synthesized in our
ab was chosen as the functionalizing reagent. All chemicals
urchased from Beijing Chemicals Co. Ltd. were of analytical
rade and used as received. Distilled water was used throughout.

.2. Preparation of the functionalizing reagent
P2O5 was added into H3PO4 solution (the H3PO4 concentra-
ion is about 85%) under constant stirring at 50 ◦C for 1 h. Then
ctadecyl alcohol (C18H37OH) was introduced into the system
ith the protection of N2. After increasing the temperature to
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w
a
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0 ◦C, the esterification reaction processed and was maintained
or 4 h. Finally the resulting suspension octadecyl dihydrogen
hosphate (C18H37OPO3H2) was obtained.

.3. Preparation and surface hydrophobic functionalization
f ZnO particles

In this work, ZnO particles were fabricated by a direct pre-
ipitation reaction in aqueous solutions of ZnSO4 and NaOH,
o follow the growth habit of ZnO from Zn(OH)4

2− to ZnO par-
icles. In a typical synthesis, a 50 mL ZnSO4 solution with a
oncentration of 1 M mixed with a certain amount of ODP was
et in a three-necked flask and vigorously stirred at 90 ◦C. Then
0 mL NaOH solution with a concentration of 2 M was added.
he weight ratio of ODP/ZnO, R, is varied in a range from 0.0 to
.5 wt.% with the interval of 0.5 wt.%. The solution was stirred
or another 1 h. Subsequently, the resulting slurry was filtered
nd washed several times to remove the excessive ions by dis-
illed water (90 ◦C) and ethanol. Finally, the functionalized ZnO
articles were obtained after being dried in an oven at 60 ◦C
or 20 h. Four samples obtained at 90 ◦C and with 0.0, 1.0, 1.5
nd 2.5 wt.% of ODP were denoted as ZnO-A, -B, -C and -D,
espectively. Two other temperatures, 50 and 70 ◦C, were also
hosen to the synthesis of ODP functionalized ZnO particles.
or the comparison, these three control experiments were per-
ormed at 90, 70 and 50 ◦C in the absence of ODP, so three kinds
f non-functionalized ZnO samples were obtained.

.4. Characterization

The crystalline structures of the obtained ZnO powders were
xamined by X-ray powder diffraction (XRD) with Cu K�
λ = 1.54056 Å) radiation on a SHIMADZU-6000 X-ray diffrac-
ometer. The dimension and morphology of ZnO samples were
nvestigated by scanning electron microscopy from a JEOL
SM-6700F electron microscope. Water contact angle charac-

erization of ZnO samples was carried out through a FT ´̊A200
USA) contact angle analyzer. Fourier transform infrared (FT-
R, Nicolet Bruker FT 5DX) was also used to investigate the
omponent and chemical bonding. XPS measurements were
arried out in a Vacuum Generators ESCALab MK II instru-
ent (VG Co., UK). And the spectra of Zn 2p and O 1s lines
ere recorded. All recorded lines were calibrated to the C1s

ine at 284.6 eV. Thermogravimetric analysis (TGA) was mea-
ured in air on SDTA851e thermoanalyzer at the heating rate of
0 ◦C/min from 50 to 600 ◦C.

. Results and discussion

.1. Surface property of ZnO particles

In order to study the surface characteristics, non-

unctionalized and ODP functionalized ZnO particles were
nalyzed with measurements of floating test. The floating test
as used to measure the ratio of the floated product to the over-

ll weight of the sample after they were mixed in water and
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ig. 1. Influence of the amount of octadecyl dihydrogen phosphate (ODP) on
ctive ratios of the obtained ZnO samples produced at 50 ◦C (a), 70 ◦C (b) and
0 ◦C (c), respectively.

tirred vigorously. The ratio above was called the active ratio.
oth the weight ratio of ODP/ZnO (R) and the reaction tem-
erature could influence the active ratio of the ZnO particles.
hree plots of the active ratio versus the amount of ODP used to

unctionalize ZnO samples at 50 ◦C (a), 70 ◦C (b) and 90 ◦C
c) were shown in Fig. 1. Without the addition of ODP, the
btained ZnO particles were hydrophilic, and the active ratios
ere 0.0%. From the three plots, it could be seen that the active

atios increased slowly with R increasing from 0.0 to 1.0 wt.%,
nd became sharply with R being 1.5 and 2.0 wt.%. When R was
.5 wt.%, the active ratios of three samples obtained at 50, 70 and
0 ◦C were all above 98.0%, and the active ratio of the sample
ynthesized at 90 ◦C was 99.9%. From the three plots, it could
lso been seen that when R was below 2.5 wt.%, the active ratio
f the sample obtained at 90 ◦C had the highest active ratio. For
xample, when R was 1.50 wt.%, the active ratios of three sam-
les obtained at 90, 70 and 50 ◦C were 96.0% (c), 68.0% (b) and
5.0% (a), respectively. Therefore, it could be concluded that the
mount of ODP was a crucial parameter to surface hydropho-
ic functionalization. In conclusion, a high reaction temperature
90 ◦C) was more beneficial to surface hydrophobic functional-
zation, and the optimal amount of ODP was 2.5 wt.% to make

he surface of ZnO hydrophobic. The floating fact might demon-
trate that the hydrophobic organic molecules had been probably
onded onto the surfaces of the obtained functionalized ZnO par-
icles. Because the hydrophobic property of functionalized ZnO

t
Z
t
s

Fig. 2. Water contact angles of the two ZnO samples: (a) non-functionalized ZnO
g Journal 139 (2008) 642–648

articles were maintained even being washed by hot water and
thanol.

A functionalized ZnO sample obtained at 90 ◦C with 2.5 wt.%
f ODP (ZnO-D) was further analyzed by relative contact angles
o study the surface property. Non-functionalized ZnO sample
btained at 90 ◦C (ZnO-A) was also measured as a contrast sam-
le, as shown in Fig. 2a. In order to do the contact angle tests,
nO powders were firstly pressed into compact slices with a
ressure of about 20 Pa. And the volume of the water droplet
as fixed as 5.0 �L with a diameter of about 2.0 mm. When the
ater droplet dropped onto the surface of the thin ZnO-A slice

Fig. 2a), no stable drop shape formed, and water droplet was
mbibed in the slice, which indicated that the non-functionalized
nO-A sample was hydrophilic and the relative contact angle
as nearly 0◦. In contrast, stable drop shape formed on the sur-

ace of the ODP functionalized ZnO-D slice and the relative
ontact angle was about 109◦ which indicated that the transfor-
ation of the surface property from hydrophilic to hydrophobic
as realized. The two different relative contact angle results
roved that the surface of obtained hydrophobic ZnO particles
as capped by organic molecules.
To study the interfacial compatibility between the obtained

DP functionalized ZnO particles and organic reagents, three
ypes of common organic reagents were chosen, including
thanol, cyclohexane, and acetone. Fig. 3a–d shows the pic-
ures of ODP functionalized ZnO-D particles in distilled water
nd these three kinds of organic reagents (ethanol, cyclohex-
ne, and acetone) at room temperature. From Fig. 3a, phase
eparation phenomenon was obviously detected that no func-
ionalized ZnO-A particles were dispersed in distilled water.

hile in Fig. 3b–d, the ODP functionalized ZnO-D particles
ere uniformly dispersed in these organic reagents and showed
erfect compatibility with them. Therefore, the ODP function-
lized ZnO particles could be expected to be applied in those
ystems where these three kinds of solvents were used, to study
he special properties of them.

.2. Structural and morphological characteristics

Fig. 4 shows the calculated X-ray diffraction pattern of ZnO
a, JCPDS 36-1451) and the X-ray diffraction pattern of ODP
unctionalized ZnO-D sample. As can be seen in Fig. 4b, all

hese X-ray diffraction peaks could be indexed as the hexagonal
nO, the same as the values in the standard card (Fig. 4a). By

he functionalization of ODP, the (0 0 2) peak of ZnO became
tronger relative to its corresponding (1 0 0) peak. Zhang et al.

-A and (b) octadecyl dihydrogen phosphate (ODP) functionalized ZnO-D.
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ig. 3. Pictures of octadecyl dihydrogen phosphate (ODP) functionalized ZnO-

ad reported that this phenomenon could reveal the 〈0 0 0 1〉-
riented growth of ZnO particles [16].

ZnO-A and ODP functionalized ZnO-B, -C and -D sam-
les were chosen as representatives to study the effects of
urface functionalization on the morphology and the size of
btained ZnO particles. Furthermore, in order to keep the orig-
nal morphology and size of the obtained ZnO sample, we did
ot use ultrasonic to treat the ZnO particles before the SEM
ests. According to Fig. 5a, the non-functionalized ZnO-A parti-
les had a wide particle size distribution of 100–700 nm and
he average length of the sample was about 400 nm. When
.0 wt.% of ODP was added in the preparation, the length of the
btained functionalized ZnO-B particles was about 200–300 nm

n a narrow range (Fig. 5b). By increasing the amount of ODP
o 1.5 wt.%, the length of the obtained functionalized ZnO-

decreased to 100–250 nm (Fig. 5c). By further increasing
he amount of ODP to 2.5 wt.%, the obtained functionalized

ig. 4. Calculated X-ray diffraction pattern of ZnO (a) and the X-ray diffraction
attern of octadecyl dihydrogen phosphate (ODP) functionalized ZnO-D sample
b).

p
o
s
Z
p
c
b
Z
T
(
s
T
c
n

w
c
s
i
F
n
c
T

ticles in distilled water (a), ethanol (b), cyclohexane (c), and acetone (d).

nO-D particles were uniform with an average length of about
80 nm (Fig. 5d), which was much smaller than that of the non-
unctionalized ZnO-A particles shown in Fig. 5a. Clearly, ODP
layed an important role in the formation of the small and 1D
nO nanocrystals. It was reported that 1D ZnO nanocrystals
ould be used in the promising application of optoelectronic
anodevices [8]. Regarding all above results, it was clear that
DP could alternate the surface property of ZnO particles from
ydrophilic to hydrophobic without changing the 1D morphol-
gy.

.3. Mechanism

In order to study the mechanism of the functionalization
rocess, the Fourier transform infrared (FT-IR) spectra of the
btained ZnO powders were examined. Fig. 6 shows the FT-IR
pectra of non-functionalized ZnO-A (a), ODP functionalized
nO-D (b) and surface functionalization reagent ODP (c). The
eak area of the particles nucleated in the absence of ODP was
hosen as the standard for comparison. The FT-IR absorption
and at 401 cm−1 (Fig. 6a) was the characteristic absorb peak of
nO, which was the same as that of curve b shown in this region.
he absorption peak of ODP occurred around 2916, 2847 cm−1

�(CH2)), 1472 cm−1 (�(CH2)) and 715 cm−1 (�(PC)) were con-
istent with the appearance of the alkyl groups from the ODP.
he appearance of the peaks at 2916 and 2847 cm−1 in curve b
onfirmed the presence of ODP in the functionalized 1D ZnO
anocrystals.

Non-functionalized ZnO-A and ODP functionalized ZnO-D
ere measured by XPS to identify the mechanism of the suc-

essful conversion of hydrophilicity to hydrophobicity and the
tate of ODP in the functionalized 1D ZnO nanocrystals. Bind-
ng energies (EB) were referenced to the C 1s energy at 284.6 eV.

ig. 7(a1 and b1) shows the Zn 2p and O 1s core level spectra of
on-functionalized ZnO-A. The binding energy of the Zn 2p3
omponent was recorded to be 1020.9 eV and O 1s is 531.4 eV.
he Zn 2p and O 1s core level spectra of 2.50 wt.% of ODP func-
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ig. 5. SEM images of non-functionalized ZnO-A (a) and octadecyl dihydroge
d).

ionalized ZnO-D were shown in Fig. 7(a2 and b2), from which
t was known that the binding energy of the Zn 2p3 component
as recorded to be 1020.0 eV and the O 1s was 530.6 eV. The

hange of Zn 2p3 and the shift of O 1s could demonstrate that

he alkyl chains were successfully bonded onto the surface of
nO, because the non-functionalized and functionalized sam-
les were synthesized almost with the same conditions but the
ddition of ODP. We have also calculated C/Zn atomic ratio by

ig. 6. FT-IR spectra of non-functionalized ZnO-A (a), octadecyl dihydrogen
hosphate (ODP) functionalized ZnO-D (b) and functionalization reagent ODP
c).
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sphate (ODP) functionalized ZnO samples: ZnO-B (b), ZnO-C (c) and ZnO-D

he result of XPS according to the below formula:

Cx/Zny = (Ac/Sc)/(AZn/SZn),

A—peak area (Ac = 9916, AZn = 77486),

S—sensitivity factor (Sc = 0.25, SZn = 4.8).
nd the atomic ratio was about 2.46, from which the surface
overage was calculated as 12.02% (C was considered all from
DP). The appearance of the organics on the surface of obtained

ig. 7. XPS spectra of the Zn 2p (a1) and O 1s (b1) core levels recorded from
on-functionalized ZnO-A and Zn 2p (a2), O 1s (b2) from octadecyl dihydrogen
hosphate (ODP) functionalized ZnO-D.
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[6] S.H. Jeong, S.B. Lee, J.H. Boo, The insert of zinc oxide thin film in indium
ig. 8. TGA curves of non-functionalized ZnO-A (a) and octadecyl dihydrogen
hosphate (ODP) functionalized ZnO-D (b).

nO might also encourage the nucleation and prevent the 1D
rowth of ZnO particles with smaller length.

The ODP molecules deposited on the surfaces of ZnO might
e in the form of insoluble salts according to previous work
17,18]. It was very hard for ODP molecules to form a compact
ayer because of steric hindrance between them. However, when
he amount of the insoluble salts reached to a degree, the obtained
nO particles would show hydrophobicity. TGA test was taken

o prove the above conclusion that a certain amount of organic
olecules was built on the surface of 1D ZnO nanocrystals. The
GA curves of non-functionalized ZnO-A (Fig. 8a) and ODP

unctionalized ZnO-D samples (Fig. 8b) obtained at 90 ◦C were
hown. For non-functionalized ZnO-A, there was a weight loss
f 3.43 wt.% when the sample was heated from 50 to 600 ◦C,
hich was due to the removal of physically adsorbed water,

hemically adsorbed water and the decomposition of hydroxide
roups. The hydrophobic ZnO-D sample had a total weight loss
f 5.16 wt.%, when the temperature changed from 50 to 600 ◦C.
ome differences were detected between curves (a) and (b) in

he temperature range of 279–364 ◦C, which might be caused
y desorption of the octadecyl phosphate in the functionalized
nO-D sample. Compared with curve a, the total weight losses
f the hydrophobic ZnO-D sample shown in curve b indicated
hat the grafting amount of ODP were 1.73 wt.%, which might
e the monolayered amount of ODP for ZnO particles to be
ydrophobic. The amount of ODP calculated by TGA was less
han that was added in the preparation process. This might be

ainly due to that the reaction ratio of ODP was less than 100%.
In summary, in the presence of functionalizing reagent ODP,

n2+ could be bonded to the negatively charged ODP and
esulted in the nucleation of ZnO particles, and ODP prevented
he 1D growth, so 1D ZnO nanocrystals with smaller length were
btained. Furthermore, ODP also changed the surface property
f ZnO from hydrophilic to hydrophobic. Kuo and Mikkelsen

ad reported that the complexes of phosphate could deposit on
he surfaces of calcite particles [17]. So it was concluded that
rganic phosphate could also sedimentate on the surfaces of 1D
nO nanocrystals by chemical reaction. Besides, the presence
Journal 139 (2008) 642–648 647

f chemical bond between ZnO and ODP had been proved by
he result of XPS test (Fig. 7). According to these results shown
n Figs. 6–8 and our previous work [18], it could be implied that
he organics bonded on the surface of ZnO could be zinc alkyl
hosphate.

. Conclusion

One-dimensional hydrophobic ZnO nanocrystals were suc-
essfully produced by using ZnSO4, NaOH as raw materials, and
he self-prepared octadecyl dihydrogen phosphate (ODP) as a
unctionalizing agent. ODP used in direct precipitation process,
layed a dual role of surface functionalization and the mainte-
ance of 1D morphology of ZnO. XRD analysis indicated that
he product was of hexagonal structure. SEM analyses showed
hat ODP regulated the size of ZnO particles, and uniform and
ydrophobic 1D ZnO nanocrystals with an average size of about
80 nm were successfully obtained. FT-IR, XPS and TGA anal-
ses indicated that a certain amount of organics was formed
nto the surfaces of ZnO particles. The organics could be alkyl
inc phosphate and significantly changed the surface proper-
ies of ZnO particles from hydrophilic to hydrophobic. And the
ydrophobic property of functionalized ZnO particles could be
aintained even being washed by hot water and ethanol. Mea-

urements of active ratio and relative contact angle indicated that
nO samples were hydrophobic, which showed perfect compat-

bility with common organic reagents like ethanol, cyclohexane
nd acetone and could broaden the use of conventional ZnO in
rganic systems. In a word, it is a simple way to prepare 1D
nO nanocrystals with a hydrophobic surface during an in situ
reparation.
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tial of textured front ZnO and flat TCO/metal back contact to improve
optical absorption in thin Cu(In,Ga)Se2 solar cells, Thin Solid Films 515
(2007) 5968–5972.

[3] V.R. Shinde, T.P. Gujar, C.D. Lokhande, R.S. Mane, S.H. Han, Develop-
ment of morphological dependent chemically deposited nanocrystalline
ZnO films for liquefied petroleum gas (LPG) sensor, Sens. Actuators B-
Chem. 123 (2007) 882–887.

[4] D. Zaouk, Y. Zaatar, R. Asmar, J. Jabbour, Piezoelectric zinc oxide by
electrostatic spray pyrolysis, Microelectron. J. 37 (2006) 1276–1279.

[5] D.R. Sahu, S.Y. Lin, J.L. Huang, Deposition of Ag-based Al-doped ZnO
multilayer coatings for the transparent conductive electrodes by electron
beam evaporation, Sol. Energy Mater. Sol. Cells 91 (2007) 851–855.
tin oxide anode for organic electroluminescence devices, Curr. Appl. Phys.
4 (2004) 655–658.

[7] S.Y. Lee, E.S. Shim, H.S. Kang, S.S. Pang, J.S. Kang, Fabrication of ZnO
thin film diode using laser annealing, Thin Solid Films 473 (2005) 31–34.



6 eerin

[

[

[

[

[

[

[

48 L. Tang et al. / Chemical Engin

[8] M.H. Huang, S. Mao, H. Feick, H. Yan, Y.Y. Wu, H. Kind, E. Webber,
R. Russo, P.D. Yang, Room-temperature ultraviolet nanowire nanolasers,
Science 292 (2001) 1897–1899.

[9] W.T. Cao, W.M. Du, Strong exciton emission from ZnO microcrystal
formed by continuous 532 nm laser irradiation, J. Lumin. 124 (2007)
260–264.

10] K.S. Kim, H.W. Kim, Synthesis of ZnO nanorod on bare Si substrate using
metal organic chemical vapor deposition, Phys. B: Condens. Matter 328
(2003) 368–371.

11] D. Li, H. Haneda, Morphologies of zinc oxide particles and their effects
on photocatalysis, Chemosphere 51 (2003) 129–137.
12] R.Y. Hong, T.T. Pan, J.Z. Qian, H.Z. Li, Synthesis and surface modification
of ZnO nanoparticles, Chem. Eng. J. 119 (2006) 71–81.

13] Y.L. Wu, A.I.Y. Tok, F.Y.C. Boey, X.T. Zeng, X.H. Zhang, Surface
modification of ZnO nanocrystals, Appl. Surf. Sci. 253 (2007) 5473–
5479.

[

[

g Journal 139 (2008) 642–648

14] Z. Wang, X.F. Qian, J. Yin, Z.K. Zhu, Large-scale fabrication of tower-like,
flower-like, and tube-like ZnO arrays by a simple chemical solution route,
Langmuir 20 (8) (2004) 3441–3448.

15] L.Q. Tang, B. Zhou, Y.M. Tian, H. Bala, Y. Pan, S.X. Ren, Y. Wang, X.T.
Lv, M.G. Li, Z.C. Wang, Preparation and surface modification of uniform
ZnO nanorods via a one-step process, Coll. Surf. A: Physicochem. Eng. A
296 (2007) 92–96.

16] H. Zhang, D.R. Yang, Y.J. Ji, X.Y. Ma, J. Xu, D.L. Que, Low temperature
synthesis of flowerlike ZnO nanostructures by cetyltrimethylammonium
bromide-assisted hydrothermal process, J. Phys. Chem. B 108 (2004)
3955–3958.
17] S. Kuo, D.S. Mikkelsen, Effect of magnesium on phosphate adsorption by
calcium carbonate, Soil Sci. 127 (1979) 6–69.

18] Y. Sheng, B. Zhou, J.Z. Zhao, N.N. Tao, K.F. Yu, Y.M. Tian, Z.C. Wang,
Influence of octadecyl dihydrogen phosphate on the formation of active
super-fine calcium carbonate, J. Colloid Interface Sci. 272 (2004) 326–329.


	Synthesis and surface hydrophobic functionalization of ZnO nanocrystals via a facile one-step solution method
	Introduction
	Experimental
	Materials
	Preparation of the functionalizing reagent
	Preparation and surface hydrophobic functionalization of ZnO particles
	Characterization

	Results and discussion
	Surface property of ZnO particles
	Structural and morphological characteristics
	Mechanism

	Conclusion
	Acknowledgement
	References


