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DESCRIPTION JP2004277199A

Molybdenum disulfide nanoflowers and their manufacturing method
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TECHNICAL FIELD The invention of this application relates to molybdenum disulfide flours.
More specifically, the present invention relates to molybdenum disulfide nanoflowers that

have excellent field emission properties and are useful as field emission materials, and a
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method for producing the same. 2. Description of the Related Art Nanotubes, nanowires, and
the like, which have a small radius of curvature, are promising electron-emitting materials
(emitters) because an electric field tends to concentrate at their tips. For this reason, the field
emission properties of nanostructures such as carbon nanotubes, needle-like silicon carbide
nanorods, tungsten nanorods, and molybdenum trioxide nanobelts have been actively
investigated. There is great interest in applying the nanostructures to large-screen flat panel
displays. It has also been reported that the field emission properties of nanotubes are
dramatically improved when their ends are open. On the other hand, applications of
nanostructured molybdenum disulfide to electrodes for electrochemical hydrogen absorption
/desorption, solid lubricants, etc. are being considered (see, for example, Non-Patent
Documents 1 and 2). [0005] Non-Patent Document 1: J. Chen et al., Journal of the American
Chemical Society (J. Am. Chem. Soc), 2001, vol. 123, p. 11813 [Non-patent document 2] L.
Rapoport et al., Nature, 1997, vol. 387, p. 791 [Problem to be Solved by the Invention] The
invention of this application has been made in view of the above-mentioned prior art, and has
as its object to solve the problem to provide molybdenum disulfide nanoflowers having
excellent field emission properties and useful as a field emission material, and a method for
producing the same. [0007] Means for Solving the Problems [0008] The invention of this
application solves the above-mentioned problems by providing molybdenum disulfide
nanoflowers (claim 1), which are characterized by an assembly of thousands of petal-like
structures each 100 to 200 nanometers wide and several nanometers thick. [0008] The
invention of this application also provides a method for producing molybdenum disulfide
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nanoflowers (claim 2), which comprises heating a molybdenum oxide thin film to 950 to 1000°
Cin a sulfur vapor atmosphere to produce the molybdenum disulfide nanoflowers described
in claim 1. [0009] [Embodiments of the Invention] The molybdenum disulfide nanoflowers of
the invention of this application and the method for producing them have the characteristics
as described above. The following examples will explain the molybdenum disulfide
nanoflowers of the invention of this application and the method for producing them in more

detail.

[0001] I[XPADET3MNEF] COHERBRORERIF. ZFtEVIT>/T753T7—ICEBT
B2HDTHBD, THICFHFLLIE. COHBEOHERAIZ, BN ERMHFMEZET 5. ERWHA
MELE LTERBZRILEV ITYF/ 757 - EDEERAICETZHDTH %,
[0002] [EkROFM] NEVHRFREFIZ ST/ YA XD/ Fa—T. F/714V—
FiZ. TORBBICBEANEFLP TV, EFREME (TZv&—) tLTHETH .
CDIEND. A—RYF/Fa—J, #HROXR(ERF /Oy R, R2TXToF/O0V R =
BALEUTTUF/RNILNEDF /EBEYICO VW TERRHE ORI BRAICITTHON TV S,
LT, EEBFH/1BEMIE. KEEDT S5y IRILT 4 A TLAADRRBICZARBEOHF N
TW3, [0003] Ffoo F/Fa—TF. TOEEIFEVTWVS & BREHIFEDTREN
ICAETRIeHmESNTLS, [0004] —A. ZFLEVITOOF/BEWICOWVT
IE. BRUILENRKROEMEREBR. EFREBRHIZEAOGHIRNINTUVS (L xid. FEH

SFXER1l. 258) . [0005] [EEEHFXE1] J. Chen¥, Dv—FIL - FT - 7 X
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JAY « TTAHILYHYALIF (J. Am. Chem. Soc) , 20014, £123%, $
118138 [IE5#rx#2] L. Rapoport4, R/Fv¥— (Nature),
19974, £387%, £791H [0006] [HEIRRLLO L TZHE] COHED
AL, EROREREAMICEATHRINTHDTHOD. BhicBERREEEEZETS. ERMEA
MELE LTERABIRMEE) I T+ /757 EOREREZRMBETZ  C 2RI NIHRE
ELTW3, [0007] [REZBRIZLOHOFE] COHBORRIE. LELOREZFER
T3HDELT. 100~200F/ X—FILDREEHT / X— FILDOES OIEFRIEESIH T
MEELTWA I ZIHME I3 RItEV T+ /757 — (@BEKREL) ZiRHET 3,
[0008]) F/LZCOHFEORRIE. BT TT U BRZHMEOEAITEHTHTIS 0~
1000°CIiCm#EL. FERELEHOZHLE) I T/ 757 —%2ERITZCEFHE TS
“BMEEV I TS/ TS0 —0%ERE FKIE2) 2RI, [0009] [HRADREM
DOFRE] COHFEDERBEDZFRILE) T 7>+ /773 7— L EDRIEAEIK. LD HED OFF
HzET3HDTHBH. UTICEmHZRL. COEBORRADHILEVTT>F/T75T—
EEDRIEAZEICDOVWTESICFL AT %,
EXAMPLES Sulfur powder was placed in a graphite crucible, and a molybdenum foil (10
mm X 10 mmX0.1 mm) was placed about 1 cm above the crucible. The sulfur powder and
molybdenum foil were used as starting materials and heated in an infrared irradiation furnace
for 20 minutes at 950 to 1000° C. for the molybdenum foil and at 300 to 350° C. for the sulfur
powder. The thin layer of molybdenum oxide formed on the surface of the molybdenum foil
by oxidation was reduced by the generated sulfur vapor. [0011] The product was examined by
X-ray diffraction, and it was confirmed that a hexagonal molybdenum disulfide phase with
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lattice constants a=3.16 A and c=12.3 A was formed. Furthermore, when the product was
observed under a scanning electron microscope, it was found to have a flower-like shape as
shown in FIGS. 1(a) and 1(b), and to be several hundred nanometers in size. The nanoflowers
were composed of thousands of petals, each measuring approximately 100 to 200
nanometers in width and several nanometers in thickness. A small amount of nanoflowers
was peeled off from the molybdenum foil to which the nanoflowers had been attached,
dispersed in alcohol, and subjected to ultrasonic treatment for 15 minutes. The dispersion
was then dropped onto a carbon-filmed copper grid and allowed to dry. The crystal structure
and chemical composition of the nanoflowers were analyzed using a high-resolution
transmission electron microscope equipped with an X-ray energy dispersion spectrometer
and an electron energy loss spectrometer. The nanoflowers remained stable and maintained
their shape even during ultrasonic treatment. As shown in FIG. 2, the electron energy loss
spectrum measurement revealed that the chemical composition of the nanoflowers consisted
of molybdenum (227 eV) and sulfur atoms (165 eV). Furthermore, the results of electron
diffraction confirmed that the molybdenum disulfide phase was pure hexagonal. FIG. 3 is a
high-resolution transmission electron microscope image of a typical nanoflower, in which the
striped pattern of the (002) crystal basal plane of hexagonal molybdenum disulfide is clearly
observed. The number of layers making up the petals decreased towards the tip, at which
point they had fewer than five layers and were about 1-3 nanometers thick. [0015] Using a rod-
shaped aluminum probe with a cross-sectional area of 1 mm NER1 as the anode and
molybdenum disulfide nanoflowers as the cathode, the field emission characteristics were
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measured in a vacuum of 2.0 x 10 NER2 Torr.

[0010] I[EMERF] J57 74 bEZDIFOHICHERKEAN. 2DIFDLEHFHL cmd
ECAICEVITFUE (LOmmX10mmX0. 1mm) #BEL7. INSHMEMRRVE
) 77V BRER L TRMEBEFEZBL. £V IJTFVEIE950~10 0 0°CIic. FE
KiZF300~350°CIC2 OB LTe EVITUBHBILSNTERLBILEY TT
OREDFEBH . RELCREOERTICLDETIN G, [001 1] ERYICDOVWTXIRER
THANER RFEHa=3. 16A. c=12. 3RDSARBROFILE) TF VBHLTEL
LTWB e RNl Foo £z EBREFHEMR CTHELICER. £l M1
(a) (b) IZRLELSBIEROERZLTED, KESIEIHEF / A—FILTHoTe D
T/ 75 7—F. BTFROERRIDSERINTED. —ROTEADOAETIIE BHNKWL00~
200/ X—=FILT, BEESHEF/ X—bILTHo7z [0012] LEDF/T75T7—h
ELTWBEUITUBENISLEDT /75T —%FNMNLEOD. 7II—-)LIZHELT1 5908
BRIBEZEIT oo COREURIGE. TWTH—RVEOMWEERT )y RISHTLTRESE

foo XBIRILF—LHRARY FOX—F—EBFIRILF—BRIARI FOX—2—Z[HEL

feanBeedBEEFEMERZRAV. 7/ 777 - OBEBERMEFERD D ZITo1ce T

o

/777 —3. BERUERTHERIBIEINT. RETHo7e [0013] H2ICRLE
LI BFIRILF—HBRART MLOBERRD S F/ 757 —DLFElEmIZ. £V ITT>
(227eV) EHR&EREF (165eV) hoRBICHHALI, . EFREHTOBERHD

5. R AANARRDOIFRIEE) I T UHETHSZ e SRR SN, [0014] K3F. K
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NaF/ 757 —DanEeEeRlEFEMRE THIH. NARROTHILE) I 720D
(002) HREEADHEERNAD & SICARINDS, TEAKRMZERL TLWSEBOMIZ. ik
IEMIICONTRED L. TR TIE. SEBLDDRL BEIFN1I~3F/ A—FILTH>
Tco [0015] BFEFE 1 mm<sup>2</sup>DFERO7ILI ZJ LiFHZFE B L. ZFR{tE
YITFoF+ /) T750—%2B#Br LT2. 0X10<sup>-7</sup>T o r r DEZEFRTERBHIF
Mz RE LT
The current density was measured when a voltage of 0 to 1100 V was applied and the distance
between the anode and the nanoflower was changed from 100 to 150 um. The results are
shown in FIG. [0016] If the voltage required to generate a current density of 10 uA/cm NER3
and 10 mA/cm NER4 is defined as the onset voltage and threshold voltage, respectively, it was
found that molybdenum disulfide nanoflowers have an onset voltage of 4.5t0 5.5V/um and a
threshold voltage of 7.6 to 8.6 V/um. Thus, the excellent field emission properties of
molybdenum disulfide nanoflowers are due to the extremely thin and open tips of the petals.
Of course, the invention of this application is not limited to the above examples. It goes
without saying that various variations are possible in terms of details. EFFECTS OF THE
INVENTION As explained in detail above, the invention of this application provides
molybdenum disulfide nanoflowers that have excellent field emission properties and are
useful as field emission materials, as well as a production method for realizing the same.
BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 (a) and (b) are scanning electron microscope
images of the molybdenum disulfide nanoflowers obtained in the examples. FIG. 2 shows the
electron energy loss spectrum of the molybdenum disulfide nanoflowers obtained in the
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examples. FIG. 3 is a high-resolution transmission electron microscope image of the
molybdenum disulfide nanoflowers obtained in the examples. FIG. 4 is a graph showing the
field emission characteristics (relationship between voltage and current density) of the

molybdenum disulfide nanoflowers obtained in the examples.

O~1100VOEEZMML. BiRr+ /757 —EDE#HEEZ100~150umETELSt
EROERBEZAE LIERERK4ICRL. [0016] 10uA/ cm<sup>2</sup>.
10mA./ cm<sup>2</sup>DEREEZELTEIDICETIERZ TNTNHAREE. M
EEELERITD L. ZRILEVITTVF/ 75T —1F FEWREEN4. 5~5. 5V ‘um. B
BEENT7. 6~8. 6V, umMTHBEHHIAL e CDLIIC. ZHRYLEV I TVFH /T3
T—HENCERBMEFEZ T ITOIE. TEROTmMIERITTE. DOV TVWE ZLIZEL B,
[0017] B3A. COHEEOHERBIZ. ULOEHEAICE > TRESNDIHDTIFARL,
IS DWTUIIRR BN AIRETH D ZIFVS FTHAL,. [0018] [HEBO#R] UL
FLCFHALED . COHBOERBICE > T, BNLERREFEZE TS, ERNEAME L
LTERAIHRILEV I 7>/ 757 —r. ChzERTIWEFEIREINS. [KEO
EEAsAE] (K1) (a) (b) & £heh. EEfAITESNEIRILEV IT>FH /75
U—OEEREFEMFEGTHS. [K2] REATESNIZHRLEIIT>F /7570
BFIRILF—BRIARIMNILTHS, [K3] ERFATESNLIFRCLEV I T>F /T35

DEREEAMEFREMRG TH D, [M4] ZFEAITESNLZHRILE) IT>F /7

i}

J—D

Z7—DEFBHENE (BEECERBEOBR) Z2RLISTTHS,
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