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Molecule-based magnets have been investigated for several decades, because not only their
molecular structures but also crystal structures can be controlled. For example, a lot of compounds
consisting of the magnetic metal ions bridged by the polydentate ligands, such as metal complexes
and high spin organic radicals are reported. These compounds have various dimensions from zero to
three dimensional networks. In these materials, some low dimensional magnets show interesting
magnetic properties. For example, single molecule magnets and single chain magnets show unique
magnetic hysteresis and relaxation properties based on their molecular structures and single ion
magnetic anisotropies. So we try to construct and study low dimensional molecule-based magnets
using of highly magnetically anisotropic Co(II) ion and bisnitroxide radicals as bridging ligands.

Another useful features of such materials, multifunctional materials can be constructed by using
the functionalized molecules. For example, some materials, which have magnetism and conductivity,
optical properties are cited. 7

On the other hand, chiral or non-centrosymmetric magnets are expected to show interesting and
novel physical properties. In such asymmetric structural compounds, electronic dipole fields
stabilize ferroic Dzyaloshinsky-Moriya (DM) interactions. Results of these situations, the chiral
magnetic structures are expected. Many chiral structural molecule-based magnets by means of the
structural chirality inducing from chiral substituents are prepared. But one dimensional chiral
magnets are still rare. And there are no reported about the magnetic interaction between Co(II) ion
and nitroxide radical. Then first, he synthesizes and studies for simple Co(Il) complex in chapter 2.
Next, in chapter 3 and 4, he reports magnetic properties of one dimensional chiral structural
molecule-based magnets.

He prepared new paramagnetic cyclic' dimer [{Co(bfac)s-BNO#Bul; (hfac =
1,1,1,5,5,5-hexafluoroacetylacetone, BNO#Bu = 1,3-bis(/\ #butyl- MNoxylamino)-5- #butylbenzene)(1)
by the reaction between [Co(hfac)z] (§= 3/2) and bisnitroxide radical:BNO¢Bu (§'= 1). Here, hfac is
hexafluoroacetylacetonato. In chapter 2, he reports preparation, crystal structure and magnetic
" properties of 1. The compound constructed by two pairs of [Co(hfac)z] and BNO#Bu and has cyclic
dimer structure of two [Co(hfac)2] units bridged by two BNO#Bu radicals. This compound was
paramagnet in all temperature regions. The estimated curie constant, Cwas 2.162 (emu K/Oe mol)
from the fitting of temperature dependences of 1/ym values using Curie-Weiss equation and g
~ value of 2.854 was obtained from the equation of C= 0.125(g0)25S+1). And the high temperature
limit magnetization values estimated from room temperature data was 5uB and this value is further
small than theoretical value 10us. This result indicates that 1 has very strong antiferromagnetic
interaction between Co(II) and nitroxide radical. From these results, though this cyclic dimer was
paramagnet, Co-radical system has strong intramolecular magnetic interactions and high magnetic
anisotropies from 1/ym vs 7'data. |

In chapter 3, he describes about preparation, crystal structure and magnetic properties of novel
chiral molecule-based magnet: [Co(hfac)s] - BNO* (BNO* =
1,3-bis(V £butyl- Moxylamino)-5-1’-methyl-1'-{2”-(S)-methylbutoxy}ethylbenzene) ®. This
compound is consisting of Co(Il) ions and the chiral bisnitroxide radicals: BNO*. This compound
forms one dimensional alternate helical chain structure with R-helicity. Space group of 2 is chiral
P1 (No. 1). Intrachain Co-Co distances are 8.709 and 8.721A and the nearest interchain Co-Co



distance is 10.704A. Resulting this, intrachain magnetic interactions may be much stronger than
interchain ones. Temperature dependences of the y7 values have a minimum at 220K and this is
indicative that this material displays ferrimagnetic alignment within one dimensional chain. This
compound has two magnetic phase transitions. These magnetic phases are paramagnetic (Para)
phase above 20 K, antiferromagnetic (AF) phase (204 K), and field induced ferrimagnetic (FiFi)
phase below 4 K. At 20K, three dimensional AF magnetic ordering achieved and below this
temperature, this material shows spin flip transition. At 4K, the crossover from three dimensional
Heisenberg type AF state to three dimensional Ising type AF state is occurred. In FiFi phase, this
material shows large coercivity (ca. 2.5 T at 2K) and its saturated magnetization value at of 1.16ps.
This value is slightly larger than expected value of 1us (3/2 — 1 = 1/2). This is supposed by the
influence of magnetic anisotropy of Co(II).

In 1999, preparation, crystal structure and magnetic properties of first chiral molecule-based

magnet:[Mn(hfac)s] - BNO* (8) were reported by Kumagai et. al., (Angew. Chem. Int. Ed. 1999, 38,
1601.). This compound has one dimensional chain structure with R-helicity and chiral space group
(P1, No.1). This is metamagnet (7k = 5.4 K) and spin flip is occurred at around 500 Oe at 2 K in
powder sample. Its saturated magnetization value is 2.7up at 2K and this value corresponds to
expected value of 3up (5/2 — 1 = 8/2). This compound has been expected that interesting magnetic
properties based on the influence of chirality may be observed in single crystal. ,
He succeeded to grow large single crystal of 3. In chapter 4, he reports magnetic properties of single
crystal of 3 and constructs its magnetic structure model. Normally, in the single crystal of
metamagnets and antiferromagnets, magnetization curves show the angular dependent behaviors.
These behaviors depend on the direction of applying magnetic field and spin direction. If applied
magnetic field and spin direction are parallel (&) below 7k, spin flip transition is observed (easy
axis). On the other hand, if applied magnetic field and spin direction are perpendicular (H),
magnetization values increase gradually and saturate (hard axis). But this compound shows
spin-flip transition in all crystallographic axes. This is indicative that this compound has
antiferromagnetic multisublattices. From the magnetization measurements of single crystal of 3,
The calculated angles of total spin components from crystallographic axes and the magnetic spin
structure of 3. From these results, it is indicative that this compound has antiferromagnetic
multisublattices and the magnetic structure is constructed by the influence of chirality. '

In conclusion, the author prepared and studied some molecule-based low dimensional magnetic
systems. In the discrete cyclic dimer 1 indicates Co-radical system has strong intramolecular
magnetic interactions and strong anisotropy. In the basis on these results, the author prepared
Co(I) and chiral triplet bisnitroxide based one dimensional magnet 2. This compound show
‘remarkable magnetic properties based on its strong anisotropy and low dimensionality. Finally,
from the magnetic measurements of single crystal of Mn based chiral structural magnet 3, the
author revealed its interestixig magnetic behaviors and calculated its magnetic structure. He
revealed that this novel magnetic structure is considered of the cooperation with magnetic property
and structural chirality. ‘
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FTFHREEDOERLEZOPHEOH RIS THELOEITEHNELHFOVLO>THD, ABX
R OFREFTFROFOBAC VAR I CINVEBBERA AV OACESEBLLE AV,
BRTHYFRECOSR L FTOMEOHRCETIHOTH D, ARL TR, EFHEOK
ERanNNVIe2MAFTy BEMEONE R T oaiqAFr 280 EEENFhER L.
EBELTWS, TLENOEEIX., BBEBA A VOBKBEFEEZRBLEZLOIRR,T
BY. EOREBZHLPICLTWER EKIBEFEONI R~ T oA 2HVIEZR T,

AFLVORFEBRNENVED, FTLVEMFORENH T, FEHELBEZRLE, 20K
BIZOWTHEBEEEZRATWS,

AWXITSELV 2V BE—BRXSTHEGOEBIBR. XTVBITHBLERE 2N
BEFEICETIELANRER. SV THEAORFICHETIZ L, BRTREAICHE
THEBABIZOVWTRERL TS, F_ETIR, ZEHLI-TAXAN-t-TFIL-N-FF
TI)IRVEBUVEEARANZFY LI 0T FATE RN Fra A boBREA—0D4
B, BEBIUCEECETIHELZT> TS, TO0BRIAM ~—IEERERTIX. ¥BESE
THYEBESA—DHARNC IV T4 9T 4 V72TV EXHPEREERDTNVS,
FZETEHZEREFIANER=baXx T RT3 9H0 (L,3-ERXRWNt-TFA-N-FF 7 3
2)-5-(1" -AFn-1" {27 -Q)-AFAT FFIIzFA)RVBY) LERANFTH I
FuTEFATERFFaV FO—RTEEOEREHBER L CREET SV THRATY
5, TOEFRIFITNVEREOREFTHICLY, SREMBRPIOXFTIAEMBIL R T
W3, EXFERBERITID, FIALER=2 by RSO LasV b FURKE
CORBoTe—RIEHPOR-TNHZEERALMIC LI, ZO#EEIZOVWTELY RER
BEZTW., = bhaF T FIPINEanV A FURKEBESICHEEERL. — &%
Zx VHEHEHIIR->TWEZ &, H2KTC2RTRBEEBETIZ L. 4R OE
BRASVHIZLEZHLMR LE, 20O SLRIERZMET I L THL M
Lic, STcAKMEDRBEEZHO DT A LD XRHKEHBIELEORERTZITO I LiITL ., o
NNV IAF VDA BEABEREEZRTZEMBEALNZENR, 2 VML F O AP
VRNVTBATAC YDAV VT EFALTRAEy ~DIURF—R—RZOBEEBOREHAIC
RoTWABIZEERALMCLE, ZOZ LIZa sV REA Ty BESRERBREFHI
XD EFBRODTONTE FUETCRHEZBELRLZEEXFIASVINLERAFTY T AL
BT EFATEIF R A EO—RITEEOER L BER LTREEIC>VWTRRTY
B, TOHEEBFT NN MEFFEROBEER > TRY, HRZEMH LR LPLOF T L 22[H
HThole, ZTOHEOBEBERIIOVWTHL RBEAEEZTV. A ZEEEOR LT Y
YTEBRETOWMTHA I, AU 7YV v FRELBILOTIELY, h—FL R
EUDEMERELE CORER. ZOBEAD h—F LAV IE—BROBEELERERY .,
CORRMLEL—ELARAV—BFAZLoTWVWAZLBALMICR ST, 2O F—FZ LR
EVDRERBEEXICOVWT, FTIAVERBEIOBER LAWY 7o v XF—F Y YHEE
RATHHALE,

UED LS CBEBERE. 1,3-FR=huFxy FRUVPVEREEKOBRBERBA A5
RABERTHEEEDOERICKRI L, TOBEBLIVCRREC W THLMNCLE, K=

xSRI OANADaNN NEERIT, D TOERRIFATH B, a0V MNEEOREET
. "B RAVTEAL TREU NOA PV T EALA TR ~AD T 0 R —N—REHE
EN2MOTOHTHD, AHRARIDFREECBIIEERFETHY ., EEEELE
—HBLTHEECABLEZLDLHEL X,



