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Micro-nano zinc nitrate hexahydrate film
fabricated by biomimetic mineralization
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In this work, Zn(NO,),-6H,0 micro-nano rods are successfully fabricated by a biomimetic
mineralization process. During synthetic process, the self-assembly monolayers with different
terminal groups are used as templates to induce the nucleation and growth of Zn(NO;),-6H,0
crystals. The products obtained at different conditions are characterized by means of X-ray
diffraction patterns, scanning electron microscopy. The results show that the orientation and
morphology of the Zn(NO;),-6H,O crystals are controlled properly by tuning the terminal
groups of the self-assembled monolayers.

Keywords: zinc nitrate hexahydrate, micro-nano structure, biocrystallization, self-as-
sembly monolayers.

Usrorosnensl u uccnefoBansl MuKpo-HaHo Tpy6km Zn(NO3),-6H,0 meromom Gumommmern-
YeCKOHM MUHepaJlmusamuu. B mpoliecce CHHTE3a MOHOCJIOM C CaMOCOOPKOII C Pa3IMYHBIMU
KOHIEBLIMU TPYIIIaM{ HCIIOJNB3YIOTCA B KadeCTBe MATPHI[ IJIA HUHAYKIUK HYKJIeAIUHd U
pocra kpucraninoB Zn(NOg),-6H,0. O6pasnbl, mosydeHHbIe B PASIMYHBIX YCIOBHAX, HCCIEMLO-
BAHLI PEHTTeHOBCKUMI METOJAaMU U CKAHUPYIOIeil 2JeKTPOHHOM MHUKPOCKONNN. Pe3yanLTaThl
IIOKAa3BIBAIOT, YTO OpHEHTAnNA U Mopdosorua Mukpo-HaHo Tpy6ox Zn(NO,3),-6H,0 momxmsiM
00pa3oM KOHTPOJIUPYIOTCA MYTEM HACTPONKU TePMUHAJILHON I'PYIILI CaMOCOOPHLIX MOHOCJOEE.

Mikpo-HaHO TeKcarimpaTr HITpaTy HHWHKY, OTpUMAaHWH OiomimMeTrwmuHi MiHepamizamicro.
F.Lu, F.F.Meng, LLWang, Y.Q.Dai.

Burotosneni i mocmimxeni mixpo-mamo Tpy6km Zn(NO,3),-6H,0 meromom Giomimerwumoi
Minepasisanii. ¥ mporeci cuHTe3y MoHOMIAPiB 3 caM0O300PKOI0 3 PiBSHUMMU KiHIIEBUMU T'pyHa-
MM BUKODPHCTOBYIOTHLCS B fAKOCTI MaTpunb AJMA iHAYKIIL HykJaearil i poery kpucraiis
Zn(NQO,),-6H,0. 3pasku, orpumani y pisEHMX yMoBax, JOCTif:KeHO PEHTIeHIBCHKUMU MeTOa-
MK 1 CKaHYIOUYOI eJIeKTPOHHOIO MiKpockomieoo. Pesyiapraru MHOKasymoOTh, [0 OpieHTamia i
mopdooria mikpo-HaHo Tpy6ok Zn(NO3),-6H,0 HameXHIM UMHOM KOHTPOJIOIOTHCA ILIAXOM
HaI0yMOBY TepMiHaJbHOI Ipylu caMo30ipHHX MOHOIIAPIB.
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1. Introduction

The fabrication of functional nanomateri-
als via biomimetic mineralization is very
meaningful due to their large variety of ap-
plications in biomedicine, catalysis, environ-
ment, and energy storage and conversion.
For applications, it is needed to create inor-
ganic crystal that are highly aligned and
ordered, therefore, how to control the ori-
ented growth of the crystals has recently
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attracted much attention [1, 2]. As a typical
example of induced nucleation, the biomin-
eralization are very actively studied cur-
rently because the materials made by the
biomineralization have highly unified and
orderly crystal morphology, size, and orien-
tation [3, 4]. Inspired by this natural phe-
nomenon, biomineralization method is
widely used in the preparation of the special
structures of the inorganic or organic/inor-
ganic composite materials. The usually used
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Fig. 1. SEM images of the Zn(NO;),-6H,0 microcrystals nucleated on the SAMs template with the
ending groups (a) hydroxyl-group; (b) amino group; (c) sulfonic group; (d) thiol group.

templates for biomineralization are bio or
mimic bio films, such as polymer brushes,
Langmuir films and self-assembly monolay-
ers (SAMs) [5—T7].

It is well known that the factors such as
chemical binding, lattice matching and
structural complementarity between crystals
and organic ultra-thin film templates play
great role in the biomineralization [8]. Our
previous works have proved that the ecrys-
tals with well-designed properties can be ob-
tained under controlled conditions by chang-
ing the orientation and position of the LB
template in solutions.

In the present study, we have provided a
simple biomimetic mineralization for the
fabrication of Zn(NOj3),-6H,O micro-nano
structures. First, different group-terminated
self-assembly monolayers are employed to
control the deposition and crystallization of
Zn(NO3),-6H,0 on their surfaces. Various
crystal habit of Zn(NQOj3),-6H,O microcrystals
have been synthesized on the surface of dif-
ferent group-terminated SAMs.

2. Experimental

(3-Mercaptopropyl) trimethoxysilane
(MPTS), (3-aminopropyl)trimethoxysilane
(ATPMS), and 4-Mpy were purchased from
Sigma Aldrich. Zn(NOj3),-6H,O, benzene,
chloroform, acetone, concentrated sulfuric
acid, hydrogen peroxide, acetic acid were
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obtained from Shanghai Chemical Reagents
Co. All of chemical were of A.R. grade and
used without further purification.

Pretreatment of ITO and quartz wafer
substrates. The ITO conductive glass and
quartz wafer were immersed in Piranha so-
lution (H2804:H202 = T7:3, V/V) at 90°C for
30 min to make hydroxy radicals on their
surfaces. Then the substrates were carefully
rinsed with deionized water and dried in the
air condition.

Preparation of thiol group-terminated
SAMs on the substrate. The as-pretreated
substrates were immersed in dehydrated cy-
clohexane solution containing 0.5 mmol/L
of MPTS for 6 h. In order to remove other
physically adsorbed ions or molecules, the
substrates were cleaned in turn ultrasoni-
cally with chloroform, acetone, and ul-
trapure water.

Preparation of sulfonic group-terminated
SAMs. MPTS SAMs on the substrate was
put in a solution of 30 % H,O0,/HOAc
(1:5 v/v) and maintained at 45°C for the
oxidation of thiol group to generate sulfonic
group-terminated SAMs. The substrate was
withdrawn after 60 min and cleaned with
chloroform, acetone, and ultrapure water.

Preparation of amino group-terminated
SAMs. The pretreated substrates were im-
mersed in dehydrated methyl aleohol solu-
tion containing 0.3 mmol/L of APTMS for
6 h. In order to remove other physically ad-
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sorbed ions or molecules, the substrates
were cleaned with methyl alcohol.

Preparation of Zn(NOj3),-6H,0 crystals.
The solubility of Zn(NO3), is 211 g at 40°C,
while at 30°C, the solubility is 138 g. The
Zn(NO3), undersaturated solutions were pre-
pared by dissolving 140 g of Zn(NOj), into
100 mL of deionized water at 40°C in the
water bath. The solutions were precisely
dissolved for 1 h and then the solutions
cooled to 30°C. Thus supersaturated solu-
tions were obtained.

The SAMs modified substrates and hy-
droxyl substrate were vertically inserted into
the above solution at 30°C. After a soaking
time of 8 h, the substrates were drawn from
the solution and dried for the test.

The morphologies of the products were
characterized by a field-emission scanning
electron microscope (JEOL JSM-6700F). The
X-ray diffraction (XRD) measurement was
recorded with a D/Max-RA X-ray diffrac-
tometer using Cu Ko (k¢ = 1.5406) radiation.

3. Results and discussion

When different groups-terminated SAMs
modified substrates and hydroxyl substrates
are vertically soaked in the Zn(NOj), solu-
tion, the induced nucleation and growth of
crystals occur on the surface of substrates.
Morphologies of as-synthesized products are
firstly characterized by SEM images. As
shown in Fig. 1, Zn(NO3),-6H,0 crystals
composed of cuboids are observed on the
surface of hydroxyl substrate and amino
group-terminated SAMs modified substrate.
The size of Zn(NO3),-6H,O crystals on hy-
droxyl substrate is larger than those depos-
ited on amino group-terminated SAMs modi-
fied substrate. Massive aggregate
Zn(NO3),:6H,0 crystals built up on sulfonic
surfaces, fibrous Zn(NQO3),-6H,0 crystals nu-
cleated on the mercapto surfaces. The high-
est density of the Zn(NO3),-6H,0O crystals is
on sulfonie substrate, then on mercapto sur-
faces, on amino surface, on hydroxyl sub-
strate in sequence.

The corresponding XRD analysis on the
surface of hydroxyl substrate and amino
group-terminated SAMs modified substrate
show characteristic peaks at 17.8°, which
are assigned to the diffraction of the (111)
plane of the orthorhombic Zn(NOj3),-6H,0O
crystals (Fig. 2). The result indicates that
the {111} faces of the orthorhombic
Zn(NO3),-6H,0 crystals are arranged paral-
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Fig. 2. X-ray diffraction patterns of the
Zn(NQOg,),-6H,0 microerystals nucleated on the
SAMs template with the ending groups (a)
hydroxyl-group; (b) amino group; (c) sulfonic
group; (d) thiol group.

lel to the surfaces of the substrate, and
their growth direction was [111].

It is known that several factors including
the lattice matching, the degree of super-
saturation, and electrostatic interactions
hydrogen bonding influence the induced
crystallization of inorganic materials on or-
ganic ultrathin films templates [9, 10].
XRD results further demonstrates that
Zn(NO3),-6H,0 cuboids have {111} planes
parallel to hydroxyl substrate and amino
group-terminated SAMs modified substrate.
The ITO glass is amorphous phase, and
ATMPS possesses orthorhombic structure
[11]. Therefore, it can conclude that the
lattice matching is not the factor for the
orientation growth of crystals [12]. Fig. 3a
and 8b shows the schematic models of the
unit cell of orthorhombic Zn(NOjz),-6H,O
and its (111) plane, respectively. As indi-
cated in physical principle of the orthor-
hombic structured Zn(NO3),-6H,0 crystals,
the set of (111) planes is the closest packed
plane. Therefore, the {111} planes corre-
spond to the lowest free energy surfaces
[13]. The {111} plane should be first to
emerge in solution, however if no additives,
the crystal facets of Zn(NOj3),-6H,0 crystals
are not just the {111} plane due to the crys-
tal kinetic process. In case of the presence
of APTMS SAMs, the NH, groups of
ATMPS are almost dissociated in neutral
solution. Therefore, the electrostatic inter-
actions exist between APTMS SAMs and
Zn(NQO3),-6H,0O crystals. The (111) orienta-
tion may be due to the adsorption of {111}
plane in a preferred orientation with re-
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Fig. 8. (a) Unit cell of orthorhombic Zn(NO,),-6H,0. For clarity, H atoms of the water molecules are
not shown. (b) (111) plane of Zn(NQO;),-6H,0. (Zn in green, O in blue, N in green).

spect to the substrate. Moreover, in the
crystals, the Zn2* is in the form of
Zn(H20)62+ cations[15], H-bonding interac-
tions between the Zn(H,0)s2*, nitrate and
the surface amino groups of ATPMS SAMs
will be another contributes to the adsorp-
tion of {111} plane to the substrate. The
hydroxyl ITO glass is a negative template,
the electrostatic interactions will drive the
{111} plane to the ITO glass. At the same
time, H-bonding seems to be an important
factor for the orientation growth of crys-
tals.

While on the surface of thiol and sul-
fonic groups-terminated SAMs modified
substrates, there are additional typical
peaks appearing in the curves besides the
maximum intensity at 17.8°. The thiol and
sulfonic groups in the solutions are both
dissociated so that they can absorb the
Zn(H,0)g2* cations in the {111} plane of
Zn(NO3),-6H,0O crystals which caused that
(111) direction is mainly crystal growth di-
rection. However there are no H-bonding be-
tween the template and Zn(NOj3),-6H50 crys-
tals so that thiol and sulfoniec groups-termi-
nated SAMs modified substrates not
completely promoted (111) growth and in-
hibited the other crystal orientation growth.

4. Conclusions

We have demonstrated the successful
fabrication of Zn(NOj3),-6H,O micro-nanos-
tructures via biomimetic mineralization
technique and annealing treatment. SAM
templates are used to induce the nucleation

and growth of Zn(NO3),-6H,0 crystals. The
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crystal orientation and morphology are con-
trolled by tuning the terminal group of the
SAM templates in the solutions.
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