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Density Functional Theory Study of Mixed
Transition-Metal Clusters Nb,Rh,

CHEN, Jian TAN, Kai LIN, Meng-Hai* ZHANG, Qian-Er
(State Key Laboratory of Physical Chemistry of Solid Surfaces, Department of Chemistry, Xiamen University, Xiamen 361005)

Abstract The mixed transition-metal clusters Nb,,Rh, (m, n<2) have been calculated using density func-
tional theory and the structures, stabilities and bond formation discussed. The results show that the bond
Nb—Nb is stronger than that of Nb—Rh, and the weakest bond is Rh—Rh. The straight line and fold line
structures of Nb,Rh, have the weak-strong alternately bonds and all the structures are stable under low spin

multiplicity.
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Table 1 Comparison of energy and frequency for various dimers Nb,, Rh, and NbRh

25+1 State R./nm Ea.u. w/em”!

1 DI 0.212 —112.5024 480.2

Nb, e 0.212 —112.5155 479.5

DN 0.226 —112.4816 389.6

3 Expt. 0.207 20.210*"(CAS) 42491281

Nb, 3 Sy 192172420 0.215"(GGA) 420.51%

42129

D 0.247 —218.9443 231.4

Rh, 3 e 0.249 —218.9660 218.9

5 Y, 0.230 —219.0053 301.2

5 A, O 0.267(CD!'® 238014

5 A 0.228(CD!"* 266!

Rh, 5 52* ts] 0.286(CD!! 11813
5 M 2y 0.231(LDA), 256(GGA), 233(GGA) 33301831 1910121 282117

5 Expt. 0.228" 2670

1 T 0.212 —165.7653 421.7

3 A 0.217 —165.7718 337.3

NbRh 5 Y 0.225 —165.7681 290.5

7 Byl 0.259 —165.7338 186.2

9 ) 0.276 —165.6638 139.4

“ R, is equilibrium distance. ” E is sum of electronic and zero-point energies.

K 2 Nb,Rh M Rh,Nb 14585 [ s
Table 2 Structure and total atomic spin density of szRh and Rh,Nb

Bond length /nm Angle/(°) Total atomic spin density
Structure 25+1
Rh—Nb Nb—Rh  Rh—Nb—Rh Nb—Rh—Nb Nb Rh Nb or Rh
2 0.221 0.221 80.5 .13 —0.07 —0.07
Folded line (1) 4 0.246 0.221 71.8 2.19 —0.36 1.17
6 0.242 0.237 67.5 3.12 0.48 1.40
Rh,Nb
2 0.216 0.216 99.4 —0.14 0.57 0.57
Folded line (2) 4 0.225 0.225 112.2 1.66 0.67 0.67
6 0.258 0.220 140.1 2.81 1.94 0.26
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Bond length /nm Angle/(° Total atomic spin densit
Structure 25+1 £ gle/() P Y
Rh—Nb Nb—Rh Rh—Nb—Rh Nb—Rh—Nb Nb Rh Nb or Rh
0.221 0.221 180.0 0.76 —0.53 0.76
Straight line 0.223 0.223 180.0 2.16 —1.32 2.16
0.225 0.225 180.0 3.02 —1.05 3.02
Nb,Rh
2 0.233 0.224 52.6 1.29 0.44 —0.74
Triangle 4 0.229 0.227 56.6 2.58 0.79 —0.37
6 0.231 0.266 58.2 3.06 0.78 1.16
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Figure 1 Geometry structures of various Nb,Rh; clusters (Mulliken completely populations with underline have been shown, bond an-
gles A, dihedral angles D, other numbers denote bond lengths/nm)

171h orbital 18th urhilul. 23rd orbital

Bl 2 Nb,Rhy (KA R R )5 5 il P 7R B

Figure 2 Diagrams for several bonding molecule orbitals of the rectangle of Nb,Rh,

3 ANFEIH Y NbyRhy Y HE A LAy 5 e LA

Table 3 Comparison of energy and Mulliken overlap populations for various Nb,Rh, clusters

Mulliken overlap populations

28+1 Symmetry E/a.u. AE/eV

Nb—Nb Nb—Rh Rh—Rh
1 Trapezium 1 Gy, —331.6828 1.6680 0.904 0.566 0.222
2 Tetrahedron 1 Cy —331.7074 1.9836 0.948 0.356 0.092
3 Trapezium 3 Cy —331.6754 1.3959 0.766 0.644 0.248
4 Butterfly 3 C, —331.6943 1.6789 0.876 0.414 0.016
5 Straight-line 5 Coy —331.5390 1.9455 1.252 0.288 0.452
6 Butterfly 5 C; —331.7018 1.6462 0.692 0.120 0.020
7 Rectangle 5 Gy, —331.6571 1.6127 0.636 0.434 0.346
8 Folded-line 5 C; —331.6582 1.7140 0.052 0.976 —0.072
9 Rhombus 5 Dy, —331.3867 1.8669 0.866 0.164 0.126
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Generalization of Surface State Equation
for Phospholipid Monolayer

YAO, Ya-Li; ZENG, Zuo-Xiang*; XUE,
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The relation between the molar
fraction of LC state molecules x, and
the reduced molecular area 4, has been
investigated. The curves of x; versus 4,
for 1,2-dipalmitoyl-sn-glycero-3-phos-
phocholine  DPPC  monolayer at
different temperature are linear and
every line gets across the same spot, so
that the relation expression of x; and 4,
can be obtained.

Investigation of Microstructure of Colloi-
dal Liquid Aphrons

YAN, Yong-Li*; ZHANG, Ning-Sheng;
QU, Cheng-Tun; LIU, Li; LI, Bian-Qin

The microstructure of colloidal liquid aphrons (CLA) composed of polyoxyethylene 3
dodecyl ether/n-decane/sodium dodecyl sulphate/water was visualized by freeze fracture
transmission electron microscopy. The freeze fracture of the CLA presented many
spherical or close to spherical (reversed) micelles or O/W microemulsions in oil-rich
and water-rich phases, respectively. The thermal behavior of CLA was analysed by dif-
ferential scanning calorimetry both on freezing the liquid samples and upon their heat-

Acta Chimica Sinica 2005, 63(21), 1944 ing.
Study on the Visible Light Photochrom- 209 1,
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posite Films 1614, thin films prepared by sol-gel
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§ 121 5 40 80 150 160 photochromism (2=420 nm).
2 | The  Mo—O—Ti  bond
< 08 formed at the interface of
044 MoO3*H,0 and TiO, was
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