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MOTIVATION

— Fullerene molecules: 12 pentagons and (n/2) - 10 hexagons.
— Edge-sharing polygons.
— Frustration (pentagons)
— classical magnetization and susceptibility discontinuities.
— guantum magnetization discontinuities (I, symmetry).

— singlets inside the singlet-triplet gap.



MOTIVATION

— lcosahedron: dual of dodecahedron (I, symmetry).
— 12 vertices, 20 edge-sharing triangles — Frustration (triangles)

— classical magnetization discontinuity:.

C. Schroeder, H.-J. Schmidt, J. Schnack, and M. Luban, Phys. Rev. Lett. 94, 207203 (2005)
— singlets inside the singlet-triplet gap.
— strong similarities in low-energy spectrum with dodecahedron.
— consider bigger Iy fullerene duals — quantum discontinuities?

— next bigger: pentakis dodecahedron.



PENTAKIS DODECAHEDRON

32 vertices

— 20 6-fold vertices,

12 5-fold vertices,
60 edge-sharing triangles.

— 2 nonequivalent edges (black-red).

Dual of the truncated icosahedron.

I, spatial symmetry group
— 120 symmetry operations.
— 10 1rreducible representations.



PENTAKIS DODECAHEDRON

Antiferromagnetic Heisenberg Model

H = <pSirsj+Jd) <i=SirSj— hYis# , J >0

J=0: dodecahedron + uncoupled spins.

J - c: quadrangles linked together.

[H,S]=0, [H,S?]=0

- |p and spin inversion symmetry
characterize states.

FRUSTRATION: si=1/2, 1, 3/2, ..., o
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Zero-magnetic-field ground-state energy

symmetry of the lowest-energy

Dashed lines: change of the
configuration.
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Zero-magnetic-field ground-state correlations
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Zero-magnetic-field ground-state magnetization
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Ground-state magnetization and susceptibility discontinuities in a field

(a)

+: magnetization discontinuity, x: susceptibility discontinuity.
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Ground-state magnetization and susceptibility discontinuities in a field
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Ground-state magnetization and susceptibility discontinuities in a field
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Width of ground-state magnetization discontinuities in a field
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Lowest-energy configuration unique polar angles

T T
()]
| | | L
[ [ [ T
(b),
0 ™7 0203 04 05 06 07 om0
CF j;CFi:F cr2 T h/h,  cps CF6
F3-?CF F4 F4
1 e L T
081 ! (a) ]
~— = 3
O e = ,
S [
04 % N
o \&\_/ E
ol Lo [ N vy ! ! L
T [ T [ [ [ T [ T [ [ [ [ T
0.16 - - (b)
—oosf = X -
S - ; \
004 T _ ]
| | xl N B T
g 0.

o .

04 05 06
CF6I ] cr3 T cp2 h/hJ,
CF F4 S~CF4 CF4~

F5

red arrows: magnetization discontinuities,
green arrows: susceptibility discontinuities,
CF;: lowest energy configurations.

. . Ll P N B R P
0 01 02 03 04 05 06 07 08 09 1
crs  Cr4 h/h_  cri1 cm3j’@&l6
CF9-7 ~~CF10 CF12 F14CF15



QUANTUM SPINS s;= 1/2

Block-diagonalization with symmetries

Hilbert space: 23?2 = 4,294,967,296 states.
Biggest S* subsector: S*=0 with 601,080,390 states.
Biggest symmetry subsector: H, of S?=1 with 23,585,037 states.
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QUANTUM SPINS s;= 1/2

Zero-magnetic-field ground-state energy

-0.17 T |
-0.19- =
-0.21F —
-0.23 - —
-0.25 —
027 - —
-0.29 - -
-031F |
-0.330 ' '
J-range S| TIrreducible |Degeneracy| Spin
representation inversion
0<J <0371 |0 Ay 1 S
0.371 < J < 0.642|2 A, 5 s
0.642 < J < 1.506(0 Ay 1 S
1.506 < J < 1.542|1 T 9 a
1.542 < J < 1.609|2 H, 25 S
1.609 < J < 1.685|3 Toy 21 a
1.685 < J 4 A, 9 S

Dashed lines: change of the
total spin S and the symmetry
of the lowest-energy
configuration.




QUANTUM SPINS s;= 1/2

Zero-magnetic-field ground-state correlations

DDDDD

"y, oo
— b oo 0 = —
Oy =] W °7
[+ o0
l e - ]
L] W DDDDDDD Eh [uii g
[} o I
— QM e _
@ e ]
peo © om Hmmu DDDDDD
]
! I T L+ | | | I T |
02 04 06 08 1 1.2 1.4 1.6 1.8 2

Black circles: 6-fold spins
correlations.

Red squares: 6-fold and 5-fold
spins correlations.




o
Esp=rind

QUANTUM SPINS s;= 1/2

Low-energy spectrum
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J=0.9, 1, 1.1, and 1.2: singlets
inside the singlet-triplet gap.



QUANTUM SPINS s;= 1/2

Ground-state magnetization discontinuities in a field
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Higher J: weaker frustration, equidistant jumps
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Ground-state magnetization discontinuities in a field
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Ground-state magnetization discontinuities in a field

J-range Stciow |5cove |Irrep. below [Irrep. above

0<J<1.012 10 12 Ag Ay
0.279 < J <0.302] 1 3 Ty Ey
0.302 < J <0307 O 3 A, F,
0.307 < J <0371 O 2 Ay A,
0.642 < J < 0.743| O 2 A, A,
0.707T < J < 1.032| 4 6 Ag Ay
0980 < J < 1.071| 6 8 Ay A,
L.O50 < J < 1.056| 4 6 Ag Ay
LO7T4 < J < 1.075 6 8 A, A,

Three discontinuities
— 0.707 < J < 0.743

— 0.980 = J = 1.012

Can have degenerate irreducible representations on either side of a jump



CONCLUSIONS

— Antiferromagnetic Heisenberg model on the pentakis

dodecahedron.

— Frustration results in nontrivial magnetic properties
- classical magnetization and susceptibility discontinuities.
-~ guantum magnetization discontinuities (I, symmetry) as
big as AS?*= 3.
- singlets inside the singlet-triplet gap.
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