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Abstract

It is a matter of interest to investigate the nature of the chemical bonding of the
copper complexes in the amorphous state having different solvents by ESR. We observed
the ESR spectra of the following copper complexes in some organic solvents at 77°K;
cupric chloride in ethanol, the pyridine copper complexes, and methyl-hydroxamic-acid
copper (II) complex. The observed ESR spectrum of the cupric chloride is simulated to
give the best fit with the observed line shape and the adjustable parameters in Spin-
Hamiltonian A, g5 and ESR line width parameter 4H were found to be determinable.
The “covalent” characters were evaluated quantitatively for the ¢ and = bonds in the
three copper-complexes from the h.f.s. and g-values obtained by analysis of the ESR
spectra of the complexes. And also, the same characters were evaluated from the extra
h.f.s. of N“ for the pyridine and methyl-hydroxamic-acid copper (II) complexes.

Agreement between the two values of the covalent characters independently obtained
by the two different methods were fairly good, but not satisfactory. The reason for this
discrepancy was discussed.
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Fig. 1. ESR spectrum of CuCly;-2H,0 in EtOH and H,O at 77°K.
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Fig. 2. ESR spectrum of tetrakis pyridine copper (II) complex in MtOH at 77°K.
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Fig. 3. L part of extra hyperfine splitting due to ligand nitrogen
atoms in Pyridine Cu (II) complex in MtOH at 77°K.
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Fig. 4. ESR spectrum of Methyl-hydroxamic-acid Cu (II) complex in EtOH
and H,O at 77°K.

4. BPXARY MLOEW

SAIET- O B AREAELLIE Cu® 23 68%, Cu® 23 32% Th h AL v DixEbbi 32 Th
BHo ZHOMEEED g, fHECBlb D 4 KD hofos ik [Ar]3d° O BTESLA L2 Ca™? D 1
Hoh— L Cu® DAL v 1=3/2 L ORSHMEIER X 5 his Th 5, Figs. 1~4 T
o X5 mskEo ESR A7 b Rl FRS F MBI IRBIC 5 5 & X ICHEERC T
ENBHARZ PA LR UME R, Licdis T, & OMMSEIL— 1% 00555 1 17 0 Fit 2 B
D FTH B,

— i, BRI ER L O T LAY Vs b =T IR

# = Bylg, HeSo4 g1 (HeSa+ Hy S+ A, S L+ A L (Sl + Sy 1) (1)
EEHEINRE, TOT, P ldA—THT, WE =z, v, 2 3O THEECHEEMcH Y, z iz
Flilic & » T b, WF g, H, S, Tix% % g f, B, BFACYF v —2—, FALY
AR~ g = HEERT D,

Bleaney, Zof™®’? ik y, K oAyt =7 ATHET5H ESR D= %1
F— oy TEROMLSELER B,

hyy = gBH~+M; K/g (2)
Z o7, K = {(Ajg} — ALg%) cos® 0+ A% g3 ' V* (2y
g = {(g5—¢%) cos? 0+g1}? (2y

THo, My 3AC VEFRO 2 B4 TH o, £3/2, 212 DfEx L %, 0 GRS H &
Sl () OeTHETH B,



160 mA OB BB - HEBME 6

LGSR BERRE T, STRERFLRAL L Tw2anb, ZoBaoBilahs
ESR A~ bbb s HAKAG LG FRbOFFOERLIIE O Lt b, OO
W H it 2 R&ZEB LT

H = gy Hofg—M; Kfog? (3)

ThEz bR, BIEE IN/AH 3RO EL IR 59,

dN A@{zamo[ﬁﬁ—gmmiﬂ

dH ~ 2 7 29
My GAT—g AL Kl —gi) ] (4)
5o 2K g

ST, go=lg, +200)/3,  Hy=hro/gobe
THD, dNIX 0 L 0+d0 LMD STDRTH %,
(4) x 0=0, 0=n/2 TER SO, BRIC X ARIEE BB, 0=0, 0=1/2 TR
8 H o3 5 — Rk Mos Bl % b o, FOmEA 52 5 H ofiiix 3) XD
0 =0: H, =2Hg,—(A:/g, Bo) My (5)
0==/2: H, =2H/g,—(A ]y Bo) M, (6)

Ll d, O 2T hu=g,80 Hy=g.fH, MR IR T 5, R T, My oflicktL, H,

H, %#x7 5y b4l Mi=0 295850 g0 PRED, 20 g, g0 DEEBEE LD,
A, AL ofipskdbh s, Figs I~4RT I3 2O L Ac A7 b AT 0=012%
J53 5 hofs. Bl T B0, g, Ay OEERD D 2 ECEIR, 0=0 D 2 fFOHRE
B THEHR T 0=x/2 DRIL i, h.ls. RBbhig DT, AL OfHIIRDHZ L
W TCER T, LU, SEDIES, 0=x/2 108 ET 5 A2 rArDbRER D, —I5 g,
OME LTHRLI, UEOTEHEECELAL YA~ IA 2T VYDATA—F—, g, Ay, gL O
{ifi & Table 1 {2733,

Table 1. Magnetic Parameters of Cu (II) Complexes

Cu (IT)-Complexes Solvent gy ) [ ‘ Jo0 1 —Aycm~t
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Fig. 6. (A) Typical experimental ESR spectrum of CuCly-2H,0 in EtOH
and HyO at 77°K.
(B) Theoretical line shape of ESR spectrum.
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o T 211 (9), 10) KOWEBIF & BT F vV 1 Ay DFEANE ey Ayy, Ao HEHETE D,
Cu** (3d°) » HHrIREE TOREIREEE 2D Th 5. ZMCIE/NH KOS (O,

Lty b gD OD=F N F—BMCHHTE, B30I, O T3P & & LT, #iikD

Cu 3% Dy 230035 % &%}%H%i%:a‘«w?—i%{mi Fig. 7 X 512 5,

//"_—_——" d/rz ’ vz
g (3)
—
/ ™ d
2 b5y S "
e & 7 s
Ds/z"e" A K
\ o
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Fig. 7. Energy levels in crystaline field of Ox and compressed Dy, symmetry.
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Fig. 8. o and = bonds of Dy, symmetry complex.
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GERRTECADFFRBORH a, i, § £ OBIFX L ROYE L RBIIKC TSRS,

a? = —(A,/P)+(g,—2.002)+3/7 (g, —2.002)+0.04 1
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Table 2. Bonding Parameters of Cu (II) Complexes

from Cu(Il) h.f.s. from N extra h.f.s.

Cu (II)-Complexes a? a’? a2 1 a? 8% 52
) [Cu (CH,CONOH), ]2+ 0542 | 0583 | 0763 | 0.363 0.99 1.00
3) [Cu (CsHsN), 2+ 0575 | 0864 | 08% 0205 0.85 1.00
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