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Geometric Structures and Magnetic Analysis of Manganese
Clusters Mns and Mng
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Abstract Equilibrium geometries and electronic properties of transition metal clusters (Mns, Mng) have
been investigated by means of the relativistic density functional approach. Present results show that these
clusters exhibit rich structural varieties on the potential energy surfaces, while the spin polarization at each
site and the corresponding magnetic moments are highly sensitive to structures. For Mns cluster, the most
stable structure is trigonal bipyramid with spin magnetism of 3 ug, and Mng cluster has the most stable struc-
ture of ferromagnetic octahedron with spin magnetic moment of 16 pg. The more stable isomers of Mns and
Mng correspond to different orientations of the atomic spins resulting from the interatomic exchange
coupling.
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Figurel Calculated equilibrium structures of Mns (in nm)

S ARHEAR (Dan) SR AT SR 2 H . I 4 S
KIWHARLATEZ EE N 4, 5CHR[16]71 545 1 —B(H
T DFT J7 kB, v B2 EEE —Eim g, UE
SEVERTIE, SO BT A e 2 BRI AE IS 3R ILAE z O )
). ER R A HE N —1.31 eViatom, il R BEK
9 0.246 nm, HifrESE SRR 0.19, 7T = MBI
Mn Z [A]FE 85 R,y 0.274 nm, M4 Y 0.08, # W]t
()P T AN B 1 PR PR 2 (RN A s AR B . 20 A 3G

H e, I 5 e R ST ) B AR A BE 43 )
N 4.8, 4.2, AEJ5 A AH SO FLHGHY, SR T ARGk 55
RN, I LA I 12K 28 14 J5 5[] B XS R A B
AR, =P L Mn—Mn Ji 7 A
(0.274 nm), W B gt A7 i AH ], 3 - 5 1
JE 7 AH R AEI (0.246 nm) ) I BER AL T M AH I . 14 T4
[F4547 88 —1.05 eViatom, B EEK A 0.243 nm, {7
T=AMIE IR Mn Z (A1 524 0.214 nm, HLfT B &4
i 0.17~0.18, HLfar 5] 43 Ai. T 5 ey AT R T A
JRF 40, PIRRFOCH 171, 35 [ AH [RME A ]
JEL 10 B AR AL BE D /S, S TRHE R /N, BT B P i 7
KAHEIR. XF 18, 20, 22 TASIRI I, 255 REAC S I,
39 —1.04, —1.11, —1.23 eV/atom. X =/ FyRL
MRS 1A R s i B, T = A~ F T Min i 2 TRk
AR, HeRCEAT B e AL BE A e &N, bR R
[ e A A BE Wit A 22 B RE IR G KT T v, HE R 8GR,
FAE P S AR SR RN, R

Mns P IHI R Y R 25 B3 /1S, 290 — 1.0 eV/atom.
PR A FATE . RS BRI EE A, T Ll TEAY
B 14 A, ez, HH# ReKh 0.180 nm, i
SR 057, JAHABHIPIANE Ry #KCh 0.229
nm, HLff SR 0.27. KA R 8K A 0.253 nm,
M BB 0.29. B TE TG, FibHE R A5
T HVEHE O, Th ki, KM, A =ART
(B ERRAL L ]y 4.2 4 ~4.3 1, AT Al R KA K
PR TRUAG 3] T AN Z A, 20 Al 22 FEZS. PR
H OB Ry, Rop), Re MM NMRIGHE Ry M B JiE
A, PR RS e PUAS SR A R e R
e 2.4 ¢ (2S+1=20)T1 % 3.6 1 (25+1=22),
M e AR 4.0t ~4.4 1 Z]H)

Ty Fh Co BT LU e B = IR | Ming Jii 7
R, %M RSB 24 FA, H4iAHEh —0.82
eViatom. g = JEIR AN Ry KA 0.260 nm, R;
By 0.247 nm, HLfT SRR 0.32, HIAHIER
R 8K 0.259 nm, i &4 S 4 0.19, K Ry
4 0.262 nm, HifiT S 0.15, &AM EF ER) HE
WALRE D 431 ~47 1 | A PR Mg 8, RIS
TR B v AT 5 99 BEAT B I B

ELAE PR R R 45 5 R, — A0 OUHE R R HH L o3 B
e, SLUO RS Y, PR FA A, TR EE AL LR
5/, Mns HE A 15 B R T (3R 1).

Mng J5LFRE(ILIE 2) T 534 R RS 1) 28 43 ol 2 Wi
AR\ THIAA, A AL B PR TR eI, WA 133
ST N 2 AP R B G e i AR )\ AR H IR ) L R



No. 10 WKL % A% Mns Rl Mng JLATE544 55 5 1E 1K) 73 Hr 1065

R1 M SRR BT AL
Tablel Comparison of charactersfor various Mns cluster

Structure Spin multiplet Bond length/nm (Mulliken population) Eping/€V Frequency/cm’l
Ds, 4 R, 0.274(0.08) 131 51.7(2), 103.4, 120.9
=X R, 0.246(0.19) ' 130.6(2), 140.5(2), 219.7
1 R, 0.214(0.18) 108 131.5(2), 159.9, 166.3(2)
R, 0.243(0.17) ' 204.3(2), 213.1, 408.0
18 R, 0.227(0.10) 1o 152.4(2), 185.4(2), 210.1
R, 0.247(0.20) ' 269.4, 357.7, 454.2(2)
20 R, 0.248(0.09) i 119.2(2), 136.7(2), 197.0
R, 0.255(0.21) ' 215.0(2), 234.6, 304.7
- R, 0.256 (0.07) 103 113.3(2), 172.9(2), 183.4
R, 0.257(0.22) ' 216.3, 269.9, 600.7(2)
Ca 14 R, 0.253(0.29) 35.7,81.6, 112.2
H i R, 0.229(0.27) —0.96 116.7, 158.7, 219.8
R; 0.180 (0.57) 244.9, 260.1, 424.1
Cov 20 R, 0247(0.26) 34.3,49.8, 92.3
I 2 Ry 0.253(0.21) 098 1339, 160.5, 168.9
Ry 0233(0.18) 206.9, 282.6, 537.4
R, 0.255(0.31) RS e
2 Ru 0.248(0.24) 36.7,47.7,94.9
Ry 0256 (0.24) —1.09 152.4, 162.4, 178.8
Ry 0.249(0.19) 198.8, 239.1, 239.1
R, 0.260 (0.28) PSS e
Co 24 R, 0.247(0.32) 87 110,324
A Ry 0260(0.32) —0.82 46.4,97.8,110.1

Ry 0.259 (0.19)

R, 0.262(0.15) 148.8, 223.0, 265.1
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Figure2 Calculated equilibrium structures of Mng (in nm)

K, MRESL IE AR H e R

J\THIAA K B A5 58 R L DA JE S AR M dR =i ) O,
R Y, S sREXS FRE A D, Cay M1 Dop 522 )\ THIAK. HL
HHE R PR O AS B T 1, 3R, T &Rt
FREE[], FT oy Be i B e Ak B2 77 ) AH [ 5 HF38 4k, &5
A REARAIK.

D AL 5] 3 M2 HA. K AL EL 13
ZEA AR, I —1.50 eV/atom, RS PY A JE - )
P Ry A 0.242 nm, M E LRI 0.10, HUERSS.

SPIER P ) A ARy A 3.3 1, 4.6 1. 534k 19, 21
AR (WK 2), 5220 H P i s 1R W2 )\ TR A28,

Cyy M 8 IR A BUAG 2 T UA 2 EAS, Hop 17 &
AL RERR, h—1.51 eV/atom. Ky (a] i PYAS Ji
TR Ry 0.264 nm, M ESEEA 0.20, IF R,
B 0.235 nm, HImTE S SR 0.21, B RyBEK N
0.241 nm, i ESEFEA 018, X =FPEK AN —
FE, H LA B S 4R S #R LUK, 1 WA st 1 o st 1 )
R o, FEA T B . A BER AL BE A A, ]
PRI DY A J1- Tt Jst -~ R0 JECams -1 14 B e Rl Ak B2
Sk 4121, 4831, 4374, TR -5 ) R H
WERRARTT AR s, BRI — 2 ) A8 3 AH DA, [
BRI T Tty Jo 5 v 1) B ) ) R VR, B A 2
FRZAN RS Ry 4K 5 J6.(0.235 nm). 1fij 9, 13 T A #4g 7Y
sEAfEY) N —1.50 eV/atom, F HL I bR 155 v fa) S i
R 1 B RER AL T A B, (9 TEAKI TS 1 EM AL
O3A LU Y, KSR BT Oy #7113 TS
R BY 1 B TR A A A AR ZE B8R, AW K R i 1 (1)



1066

R Vol. 64, 2006

R 2 Mng KRG BT AL
Table2 Comparison of characters for various Mng cluster

. . Bond length/nm 1
Structure  Spin multiplet (Mulliken population) Epind/€V Frequency/cm
o 1 R, 0.216(0.25) —1.02 194.9(3), 377.2(3), 454.7, 490.7(2), 1599.7 (2)
n 3 R, 0.217 (0.23) —1.09 204.6(2), 279.1(2), 307.9(3), 371.0(3), 453.3
D, 13 R, 0.242(0.10) 150 92.0(2), 112.7, 122.0, 130.7, 132.5, 146.7, 158.0(2), 196.2(2),
R, 0.281(0.13) : 230.1
19 R, 0.254(0.21) P 81.9(2), 96.0(2), 192.2, 195.1, 206.9, 211.3, 297.7, 302.2,
R, 0.232(0.13) : 347.3(2)
21 R, 0.246 (0.18) 116 67.5(2), 184.3, 207.1, 235.5, 246.9(2), 336.4, 377.8, 388.8,
R, 0.238(0.17) : 531.6(2)
Cuy 09 R, 0.253(0.22)
R, 0.244(0.15) 150 32.03;2),116.7, 128.0, 132.4(2), 140.5(2), 142.7, 171.2, 210.2,
R; 0.248(0.14) :
13 R, 0.282(0.10)
R, 0.244(0.13) 150 ggéléz),lw.e, 123.1, 130.7, 133.1, 147.8, 157.6(2), 193.7(2),
R; 0.241(0.13) :
17 R, 0.264(0.20)
R, 0235(021) 151 ;g.g(z),llm, 119.0, 149.4, 183.4(2), 186.8, 194.3, 222.6(2),
R; 0.241(0.18) :
25 Ry 0263(0.17) 90.6(2), 106.3, 138.5, 141.4(2), 147.7, 197.5, 211.3, 281.2,
R, 0.269 (0.18) —1.37 4500(2)
R; 0.241(0.22) :
Dan ! Ri 0.239(017) 65.5, 86.9, 102.8, 120.6, 129.0, 135.2, 136.8, 144.7, 162.5,
R, 0.252(0.21) —1.48 1793 1913 2545
R; 0.251(0.13) T e
13 Ri 0.243(013) 88.7, 91.1, 107.8, 120.0, 130.5, 132.6, 144.3, 156.4, 158.9,
R, 0281(0.10) —150 192.1, 195.7, 230.4
R; 0.242(0.13) T e
17 R 0.236(020) 109.6, 111.3, 116.5, 149.4, 156.0, 158.3, 174.5, 198.6, 205.1,
R, 0.276(007) 1% 207.9, 208.1, 280.0
R; 0.237 (0.20) e e
C, 74 9 R, 0.260(0.14)
R, 0.261(0.14) 423,784,853, 89.8, 1237, 141.8,142.8, 148.0, 164.1,
R; 0.255(0.21) —1.50 2149, 218.3. 2974
R, 0.256(0.07) e e
Rs 0.244(0.13)
17 R, 0.239(0.19)
R, 0.279(012) 49.0,61.0, 79.4, 95.5, 99.8, 133.9, 138.4, 141.2, 169.4, 219.1,
R; 0.272(0.16) —1.27 2357 3209
R4 0.216 (0.09) R
Rs 0.248(0.13)
21 R, 0.247(0.21)
Ry 0270(0.14) 67.0, 76.3, 125.4, 127.7, 170.0, 173.2, 175.0, 176.2, 197.3,
Ry 0.258(021) 1% 232.8, 240.1, 373.1
R, 0.200(0.01) e
Rs 0.244(0.12)
Csy 25 R, 0.269(0.21) B
R, 0.235(0.18) 1.30 40.0(2), 78.1, 131.1(2), 155.4, 155.4, 188.8(2), 239.6, 302.3(2)
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Figure3 Geometry structures of various Mng clusters (M=spin
multiplicity)
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