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ABSTRACT. The chemical behavior of the transition metal (Nb** and Mo**) complexes with organo-
ligand (dichloro-bis(n-cyclopentadienyl) has been investigated by the UV/vis-spectrophotometric,magnetic,
and electrochemical method. The two or three energy absorption bands are observed by the spectra
of these complexes. The magnetitude of crystal field splitting energy,the spin pairing energy and bond
strength was obtained from the spectra of the complexes. These are found to be delocalization, low-spin
state,and strong bonding strength. The magnetic dipolemoment are found to be paramagnetic and diamag-
netic complexes.The redox reaction processes of complexes were investigated by cyclic voltammetry in
aprotic media. As a result the redox reaction proceses of Nb-C complex was couple-single reaction with
diffusion and reaction current one electron process, and also Mo-C complex was couple-single reaction
with reaction current of one electron process.

MoE A FEE S ol%h fA1E FEE AN A

Holf9aEL 259 F%(congener)HdoH A & EF7t wkAbrlAdelc). NbBrPy,*} NbCl
£ AME e 4d& 2% 397 Wrk Nio- (thiophene) ot 22 84l RHE5E B57} Ada}r)
biumi} Tantalum'e P53 F2Ave]=i}) g8 Aoz okex] it Mo(IV) #Ee glojAx T4
Avfel= ASER EA3AY, e 23 Abge 9 gEEe] d8A slon gdFeorE
IERE EAg [MoCL1?", MoX,, MoFs % Mo(Co)s 5ol 2=,

Nb(IV)= NbX,9} MO o] &3} e 75 4 ol a1 F 313E Fel 2= [Mo,0:1' 2 Mo,Clyy 5-°)

rle

—=356—



Mol F4(IV) AEE9 AxA Az Ay 33} Age B A7 (V) 357

FZAgchs 7ol Bino’sl 2j3 s

AET9 T2 AR A7 e 2= X3
uhg-ol wpz} AR 2 kA7) o] F9 ). A E =4
484 727 MX) = A EEHMLX,) =
], Ni(Il), Pd(I), Pt{l), Ir(d), Rh()E°] °]F+=
AbiA] AR £3 & 5 sl weEbq MX7)
M(PRy),X: Fel2 2 72 NMRe| 2lsiA %3
A3 A3 g3} PR JAEL olv] Xy
ek zE Al "e]MAES A2, A 39 A
ol Ao} vlwsl B df, uk7 9] w], 4k} A, 8-
313, 247 A, A7 Sl A= o8 e
veldicl s sl

E3] 2 Atstalel 9l Al 2, A 38 HoldAv)
A 18] Aelyirr} v AL, o]Fo] olFe
AE5e A7AE 7HAY BE 2¥(low-spin) 4
eo] ko] Ach

a2 o)59) RAFAL dubH o2 wix}r]A)o]
weon 217149 B4 tig AR ol A v]FF
Aoz o)A gk = ¢33 A2, A 39 Mol
Eo] o]F= FAEES A EAR Md93x
glov) 158 Yo 21 AEE e A
d Axgell Ao} 43 geo] EXde) AdE
FE Aoz 4#A okt

aele2 NbIV)et Mo(IV)7} cyclopentadienyl =}
9] FE3 Ao qloiA tivjed Folrleo] =(dimethyfo-
rmamide) &vi&ollA ZAAAS] He)25E AFA
71 23, A& A3 2r)4E AAEY
E£E AR S Aiete] AR H71E Fel, 2
FA4, A3 AApibda 23] A7 258 Racah
w5 Fate] o] HEgre] Ak el
off 23 2~ A= AL A, HAE
BAAFFE Tkl AREL] HANS} d4E =3
et o}-g2] A7|313HA Absigid WSR2 NEH A
o #3 v myES Ak

4 H

A2 R 2171, B AR LE AFES
Aldrich¥l GRS AAlshx] ¢ TA2 AH§shy
on, A7|58tH Ao §ol2 AHE-Y DMFE A
226 2~3 gl P,0soll 150 mlE ATl A 257

1995, Vol. 39, No. 5

& w3t Karl-Fisher Aol ojsix 52
greko] 0.03% ©)5H3le sl 28w 350TC
mulffle furnaces| A RA|7F ek 4314171 ALO,
(MerkA)Z. 24217t @2 AHg-siich AA A A
2 A28 LICIOE oete fHoz 23 ZHA
NAASG L, 2o A T2 AFFIA AL
435l

B AdFeA AH§ HEES %) o8 A
stgen o]% #HEE-S FLUKE 51K/] Thermo-
meter2 ¥EHE FA3d FAX9} viastd
2ge #lg F 50T oldtoliA gt AZRAA
A B2 AHE3ACh

A 9) 4 A¥ E#e Shimadzu IR-4002-2, 2}¢] 4
~#E3e Beckmann DU-68 2335 AE AH¢-
sto] ZAstedch wx, 4, a9 4 ML
Perkin-Elmer Model 240 C Elemental Annalyzer
2, 285 7 F59 =L Labtest 71039 in-
ductively coupled plasma argon spectrophotmeter
(ICPAS)E 7tz E-Asiqdr). A3h&(up PARC
Model 155 Vibrating Sample Magnetometer-& A}
g3t 229 A7)348k3 442 PARC Model-
303 A static mercury dropping electrode(SMDE)£-
PARC Model 264 A Polarographic analyzers| <
Asle AgAFe e s & AFE A4 A
ZogE AFA, 23 7IFE AFo2E £33 7}
29 A5E o]43le] 3Astelen PARC Model
RE-0089 X-Y recorder® Eet&2fz} &3 At
AFFAE ddrh

dant % 2%

AEERa. o Ayl AHgd Nb(CsHs)Cly(®]
&l Nb-C2)2} Mo(CsHs):Clx (o3t Mo-C2)2 #
A% dimethylformamide(DMF) §-2jol} -8-3] A #
UV-visible 2¥ede2RE] doa &5 339
7 R ASFHv)EFEH & A oA £
AL v, v2 FAI3L Table 14l eblisich

atgo] AR x| F-2jgk (cm™)E B° Nb-
C7} zH7t % i< 38314 cm”'s} 34246 cm 7} 2
o] A3 Mo-Ct 38314 cm™'9} 35714 cm™’ 28|
34965 cm 2 oA ) Table 19 vehd F454



358 BLS - BFER

Table 1. Parameters for crystal field splittings of Nb(IV) and Mo(IV) complexes

Complexes P (cm™) Q (cm™) et Observed spin  E* (kJ/mol) B®(cm™')  Bond type
Nb-C 49285 38314 1.0 low 455.6 3702.3 Ion
47037 34246
Mo-C 37908 38314
37258 35714 0.0 low 457.8 2057.8 Ion
36036 34965

P: free ion frequency (cm™"), @: complex frequency (cm ™), py: magnetic moment, “Strength of bonding, *Electro-

nic repulsion parameter.
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Fig. 1. Crystal field strength of metal (IV) complexes.

40

Energy ( K-Ca-1)

-40

10 20 30 a0
v ( X-Cat)

Fig. 2. Diagram for squar planar complex of niobium

.

217} 10,000 cm ™! o] de]lwl EAAAET} o] FHA]7]
ol2jgu, AAAY AVl U4 FoB AArA Y
F2 29 2o} 39} o]& A= 3] Nb-
C2} Mo-C¢] ] =] z}o]E ¥.9 4068 cm™ 12} 2600
cm™'2 Jepd Fe} P o) 9 oyA] Ay} 2F
10,000 cm ™' ¥t} 22 gho 2 A% FAjo) Frlate
AL A7|7} 7R Aoz WY & 3
¢ Y43 B3 gick AR 7|7} F7)
ghol| welx 4h5ell A Fala) Pale] M2 I3t
8=A AR A2 He dejxsHe A
- Zo) Orgel® <kt A, Sugano-Tanabet 7}%F
Fol} = ¢ Fo Pt FHFE ook
o}2}A] Fig. 2% Sugano-Tanabe A 2ol 93] d-d2]

1995, Vol. 39, No. 5

40 €Eag

20
(4]

0(F)

Energy { K-Ca~!)

By

-40

o 10 20 ao 40 S0
v { K-Ca~'})

Fig. 3. Diagram for squar planar complex of molybde-
num (IV).
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Table 2. Parameters for Nb(IV) and Mo(IV) metal co-
mplexes

Complexes Racah,- B* D,/B° Localization
Parameter type
(em™)
Nb-C 4068 065 1.09 delocal’
Mo-C 2600 090 1.26 delocal’

“Energy gaps between excited terms of spin orbital F
and P; *Nephelauxetic ratio of B (complex)/B’' (free
ion); “Crystal field strength (D,: frequency difference
(P-F); B: inter-electron repulsion parameter).
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Fig. 4. Cyclic voltammograms for redox process of 1
mM Nb(C:;H:).Cl; in DMF (0.1 M LiClO, supporting
electrolyte) at static mercury dropping electrode (Scan
rate: 100 mV/sec).
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Fig. 5. Cyclic voltammograms for redox process of 1
mM Mo(CsHs).Cl; in DMF (0.1 M LiCIO, supporting
electrolyte) at static mercury dropping electrode (Scan
rate: 100 mV/sec).
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Table 3. Electrochemical date for [Nb(CsH;).Cl.] and [Mo(CsHs);Cl;] complexes in dimethylformamide
Sweep rate +Exi ~Epr ~Eps ~Eps ~Epes ~Eps ~Epr +Epy ~Epo ~Eps ~Eps —Es ~E,;6 ~Ey
Complexes
(mV/sec) )
Nb-C 20 005 027 085 115 138 163 210 012 023 040 - - 153 183
50 005 027 087 118 140 163 213 012 023 050 - -~ 153 183
100 005 028 088 120 158 170 214 013 024 050 - - 158 183
200 005 028 088 123 160 170 215 013 024 050 - - 173 188
Mo-C 20 003 030 060 170 210 - - 013 020 - - - - ~
50 003 030 063 175 213 - - 013 020 - - - - -
100 003 030 063 175 213 - - 013 020 -~ - - - -
200 003 030 065 180 215 - - 013 020 - - - - -
Tyt tpz ipe3 Bpes ipes I Iper ipet Tpe ipe3 Tpct Tpes ip6 Tper
Complexes
(nA)
Nb-C 100 220 075 025 050 225 065 025 075 003 - - 020 015
125 350 200 050 050 300 075 0.75 200 150 - - 030 025
220 490 450 075 025 100 030 175 3.00 200 - - 030 0.25
350 270 630 088 050 132 125 300 400 325 - - 050 030
Mo-C 005 325 050 200 08 - - 175 325 - - - - -
010 700 075 450 090 -~ - 350 700 - - - - -
075 730 150 650 100 - - 450 875 - - - - -
235 750 200 900 125 - - 675 900 - - - - -~
in/Vl/Z
Complexes K.
pA//sec
Nb-C 0.22 0.49 0.17 0.06 0.11 0.50 0.15 1.3x10*
0.18 049 0.14 0.07 0.07 043 0.11 3.6X10*
0.22 0.49 040 0.07 0.03 1.00 0.03 39X10¢
0.25 049 0.45 0.06 0.04 0.93 0.09 39X10t
Mo-C 0.04 0.73 0.11 045 0.19 - - 59X%10°
0.02 0.99 0.11 0.64 0.13 - - 9.0X10°
0.08 0.73 0.15 0.65 0.10 - - 9.0X 10
0.16 0.53 0.16 0.64 0.09 - - 9.0X 10°
/V]/z“&_" 011""015; l'pf4/V1/2°" ki 0.45""064, l'pcs/Vl/Z% C‘f‘ 7&]/&1174]% L}'E}'"\g-——io ol‘f' Qﬂ' Zlﬂﬂl'l?l
0.09~0.192 A 1, 2, 3, 4, 57 BE gto] A4 #AA7e £ 4 0o, Mo-CollMe AABAES

Qe Zee wol ¥y ARl SIF AskE 4T
shgolepisn glojAic,

= 39 519 AU R 77 96 5 2
259 2l 89 AFUT PSR B2
gte =Alsted Fig. 6o thehiisdeh. Fig. 614 Nb-

kKl
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Fig. 6. Plot of the peak current vs. the square root of
the scan rate; cyclic voltammogram for the second re-
duction process of 1 mM Nb(IV) and Mo(IV) comple-
xes in DMF (0.1 M-LiClO, supporting electrolyte).
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