5519 %35 3 ) FEEEEEFR 2009 43
Vol.19 No.3 The Chinese Journal of Nonferrous Metals Mar. 2009

XEHmS: 1004-0609(2009)03-0543-06

ERAR MR BREWREEREE SR

ZWE L2 AT L HaES, ERA

(1. hEFR2E MRRE S TR, Kb 410083,
2. WRIKRY AHEWAOEEMEIRES TRESSEE, KD 410083;
3. FERY MRS RE AR E, Kb 410083)

B OE: T SRR S5 A A, 2R DUROR R S TR DR RIS HE IR 7o RS AR Y
5 V. Cr. Nby Mo. Ta. W Fll Fe JCEAUKIPINLE A RE. 45REW: —CBIRT, &F—ErlkR %4
KR bee SEMIRISS A RERI fec S5MIRISE A REAISS; R0k SH R T iz AL STI, bee G TRasE, /N T iZF
W, fec S5RSARE . B DHOTH R, BRIZRE DY R TE o] DUB VR 1F 2 AR TE AR, 22 THAR T ok
R A SRR ARG S ST A T AR N S22 8], 5 SOk PR A RS

KR SRR SRR tE giARE RN RSP

hESES: 00482.2; TG 111.5 SCHAFRIRAD: A

Stability of crystal structures of metallic nanoparticles and
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Abstract: A model was developed to account for the size, shape and structure dependent cohesive energy of metallic
nanoparticles. The cohesive energies of V, Cr, Nb, Mo, Ta, W and Fe were calculated. The results show that the cohesive
energy of nanoparticles of bec structure is the same as that of fcc structure at the critical size and specific shape. When the
nanoparticle size is larger than the critical size, the nanoparticles in bcc structure are more stable, but when the
nanoparticle size is less than the critical value those in fce structure are more stable. Furthermore, as the nanoparticles is
close to the polyhedral shape, the critical size of polyhedral shape lies in the middle of spherical and tetrahedral shape,
which is consistent with the experimental and other theoretical predictions.
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Table 1 Parameters cohesive of energy used in calculation for

Eqns.(8) and (11)

Cluster  Ep pe/€V!' Ey e Ep €V By rleV
Y 533 0.286 5.044
Cr 4.12 0.381 3.739
Nb 7.48 0.286 7.194
Mo 6.83 0.381 6.449
Ta 8.11 0.286 7.824
w 8.81 0.381 8.429
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Table 2 Calculated critical sizes and experimental ones of

elements and other theoretical results

Ncrit
Cluster
Experiment!”) Theory!”! This work
\Y% 2950 1 400—4 650
Cr 390-590 580 310-1 030
Nb 8 190 3680-12 170
Mo 1 460-3 900 2630 1260-4 170
Ta 10 380 4 650—15 360
Y 7200-10 470 5660 2 590—-8 570
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Fig.l1 Cohesive energy of V nanoparticles as function of
crystal size in spherical and tetrahedral shapes (Solid lines and
critical sizes are calculated by Eqns.(8) and (11). Symbol @ is
result given by Ref.[9])
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Fig.2 Cohesive energy of Cr nanoparticles as function of
crystal size in spherical and tetrahedral shapes (Solid lines and
critical sizes are calculated by Eqns.(8) and (11). Symbol @ is
result given by Ref.[9], symbol —#— denotes range of

experimental results by Ref.[5])
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Fig.3 Cohesive energy of Nb nanoparticles as function of
crystal size in spherical and tetrahedral shapes (Solid lines and
critical sizes are calculated by Eqns.(8) and (11). Symbol @ is
result given by Ref.[9])
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Fig.4 Cohesive energy of Mo nanoparticles as function of
crystal size in spherical and tetrahedral shapes (Solid lines and
critical sizes are calculated by Eqns.(8) and (11). Symbol @ is
result given by Ref.[9], and symbol —#— denotes range of

experimental results by Ref.[5])
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Fig.5 Cohesive energy of Nb nanoparticles as function of
crystal size in spherical and tetrahedral shapes (Solid lines and
critical sizes are calculated by Eqns.(8) and (11). Symbol @ is
result given by Ref.[9])
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Fig.6 Cohesive energy of W nanoparticles as function of
crystal size in spherical and tetrahedral shapes (Solid lines and
critical sizes are calculated by Eqns.(8) and (11). Symbol @ is
result given by Ref.[9], and symbol —#— denotes range of

experimental results Ref.[5])
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Fig.7 Cohesive energy of Fe nanoparticles as function of
crystal size in spherical and tetrahedral shapes (Solid lines and
critical sizes are calculated by Eqns.(8) and (11). Symbol @ is
experimental result given by Ref.[4])
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