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SEREAEOLEUDI I VUEREHE. BREBHENTORMTERRISCE D
WTRUsh3, REYBIUERDUE. RO LB BRIV EREBRD
3, TORHI. KBEBEDIA3VREXKBFEDIPLE L - THEORNENROIVIE
ERHEEBKESRRSVS, fIAE. Pearsond DHEV RIS LS.
trans-Pt(pridine),Clo &3°CI L ORMFEEIL. BEORBBILLI->TKRKELRR
STVL3%, ZOL5KR. ARARKOBEGRE. BRORREBIEIITREEERE
EEhRFhERaRRV, ThRUT. BEBREE. Ao ELBH3 32
i, ERCBUFEOHESN. REHCHU TEERIFHEBSESH. T k.
BEHEKTOARBOO SEELEGY ' HBEBLIELREISHAGEL, HETUE.
MRNBLECORBOAZRS FRUEAL2 ', RUEBEEHR' 19, ¥—%7
OIXAL'STTDRE RO I3RIEEROLEHRHCOES>TVWS, UL, BEH
BRICOMRW. TH—-RTORIETHY. KHFOBLETS S{LEHELLUSN
. SO ENRR. NEROUVRJHEHR. FEFESOMERBH L L > TEE
EhEPEHELLGATVLIZELERERTH 3.

AR ELORERLRAI I ZBLEHKAOEAGBRRIEY. RUTFOBK
B (1) . BAR (2) 33VIHERMUFER (3) CKHIThI3LICEHU.
TP, ChoORRIELEBROHARR IV BELEOBESELEHI ML, DL
T. BROBZERBIIHBUOBREULERFEL. 2E-RUTRMOBENLES
TEHOABRMUTFOUELHOIDILTEIELEABELLBDTD %,

BROUFOHRMBIRIE . [MLa] ondo. = [MLe-n] + nL? (1)
BAUTORIBIIE : (MLa] oxo. > decomposition (2)
Em?&&&m : [ML.]Xn endo.—’ EMXDLII‘D]XH‘D + th (3)

BIBEZBLTI. FAEIDANAY F(Hts)BLUL-BFA LI AANY
F {4-XF I -(Hntsc). 4-X F ) -(Hetsc). 4-7 Y -(Hatsc)s 4-7T = =L -(Hp
tsc)} &€ 04L (M) L OFHERBRESZEICCUL)ICI DAK E. BAIF(HL)
B Hisc BAY Hptsc DEFWHMT I ENTELIIESHEBNE (CrdL);]k
D2VTENS, g, ChoBBAHEROIUREAEREHEOBDITRITRVL. &
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ZOBARBBCROWIHELBUOREBIUVHEARLEOBHERRLE ODVWTER
Uk,

B2BRBLTU. FARZLABHZUORANERELRKE T, BELOFARE
&ESEBHMOh TR 187220, ZORDTRAUFARENREETFTHE DG
UTVLW3EXSEEEOH (1) S RoVEBEOy L () « & (1) .
RHAY (M) . anih (1) $HOHAMBEOHEEBLE DV TREU k.

RIETU. BHOBMPBRULUBIRITHERBRSAI A DOEELHI DRI Z LD
Wy YAFAT YA RV A(dag)D NV b (HI) 2O LiF. EREMG
[Co(Hdmg)oAIX BLUEERESMEE [CoX(Hdng)A]l OBATRITR >k, T k.
FOBROEHR., BIL7VESTLZEOT7VEILERRMULRBA0O8BK
RROGVREZOBREBINIREERYPRIDVTIRFUVLE. (AL 72U UB&
UZOFEXE)

AR, BI1HTR]. VAIVALARMPUERNFEaINLE () tOFRRE
B {[Co(Hbhen)A,IC, B LU [Co(Hbhpn)A1X:} DAEME. Th ok
BAOFERICDODVWTIEX S, {Hbhen: N,N’-EX (2-eFO%xY 43I J-1-XF
LTREYFY) TFLIYY 7 I, Hebhpn! NN’-E X (2-EFO%Y 43 )-
I-AFALTOEYFY) -1,3-TONYY7 IV}

[Co(Hbhen)A.1CI, K OBMAW T, WMBLUTF (A) TH37 V> FENRKL
EYWAAEORBRISKESSKBBBODOIN SN, TOK. REBRER
BT Hbhen BERHMWIZHWET 5. —F. [Co(bhpn)A]X, $EHDIZEE. (1) X
WRTEIORUHMBAUFTSIE37 2V VERUO20F B _2OABRESI A VICK
STIBREHREHRINABZEO[CoX(Hbhpn) IEEEBERT 3 ERRVIELU k.

[Co(Hbhpn)A21Xz engo.—> [CoXo(Hbhpn)l + 2A1% (10
28T (1) ROMEUFEMRISE Coats-Redfern OHEWRZ LW >THE
ERBCERFL. AREMERSUVCHEUTFOBEIC L 3EMHtEHI I AY
—DHBEODVTERL 2.

HOETH. #UORETTENLEBIIITHUTORBUER (M. BRER)
OEELEHI O T B RDHIWIC. [Ni(acac)A] BEU [V0(acac),8] $5k L2 Y
EF. BABLABOAERIVEERBRRITR RBREDVWTHEX S,
(Hacac: 7 FAL 7PV, A7 VERE. BIEYY VEHENRK)

_2___



[NiCacac) A JSE K DOBAITTE. DQREFRTLOREREWTHEI 7Y VHE
WD, REPEORS>STIHFIDO2BENERB I I 2BOL. T k.
[VO(acac) Bl (A DiE AW, B) RRUFRT LS WEXBITHILEY Y VHEXRED
BERICTHSC L 2P R,

[NiCacac)2A2] endgo.—> [Ni(acac),A] + A%

[NiCacac)A]l engo.—> [Ni(acac).] + A%t 2
[V0(acac)2B] .nso.—> [VO(acac).] + B1? (3)
XoWR. ThooBRIEOFEHILAEHIZILE -0, BEEOEBETFHELEROUK
SBHHEHCEEIh A ER2HIMIZU R,

2B, AMRCEIIEBXUE. RKOBEVTH 3.

1. Cr() complexes of thiosemicarbazide
Y.Shibutani, C.Matsumoto, K.Shinra, J. Inorg. Nucl. Chem., 43,
1395(1981). (% 1%E)

2. FARIAMNYFFEZOERGUO I OL () EHEOESH
HERE. BAxITH. FTRE—B. Hit. 1984, 422. (¥ 1¥E)

3. YAFATYAERVh-anLh () oI
HAHE. IE ®. BATdh. RE—B. B1k. 1985, 1379. (¥ 3
)

4. MHERMUFYARYL-aXALP () $EROERE B
GBRRE. MHEXL. BIRE—8. Bik. 1987, 174. (A E. ¥ 1 i)

5. EHLEBIS [NN-EX Q-EFOFYALIJ-1-AFLTOEYF
) ~L,3-7aNnNYVFZIFPIIER(ZUY) anxih () &%
([Co(Hbhpn)B,IX:) D #EEH
HOHRE. TREL M. B1{t. 1988, 143. (F4 E. E21)

6. EXA(Z7EFAT7EIFP) EX(BBT72YY) 2w (D
OEMIB T S|EEM
WARE. U . BiRELG—HB. BHit. 1988, 1816. (¥5 &)

7. Thermal Stability of Substituted Pyridine Adducts of

Bis(acetylacetonato)oxovanadium(IV) in the Solid State
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1.1 #*

FAEIHNNYEF (NHz-CS-NH-NHoo BAT Hisc & BT ) W WMEBEFBLU
TI)HROSETHEBAOEBL2ERCEAL. #ULERT 5, RO TH. @ (O)
2 Zwhrb () 0, EE (D) SBESPRO2VTEHEBELORENS Y.
ZhohORBELMBPIOh TV S, ¥dlc. anxi (M) FEHETH.
1-1 RET &I, FALIAANY FRPURUTFEUTHEET 2 ERESEK
(1), $LBAAUEBUTFEUVUTHEGTSHEMESH (2) DEMRMINT
W3 (tsc . Hisc DEKEBEbDhERDDERT) &%, UHBR. 704
() $EEICETIMEBRs RN,

3+ 0

S\C/NHZ S\C/NH
M M
N/NH A N/NH A
Hy H,
(1) (2]
Fig. 1-1 Electrolyte complex Nonelectrolyte complex

AETUE. 9 Hisc BV 4-BRFAELIHAANVEF {4-AF N -1 Hmtsc.
4-TF N -: Hetscs 4-7 YV JL-: Hatsc, 4-T7 x -0 Hptsc} &2 o h () &
OFLREBEAROVCEEREGKOEREHK AL, 20T, fRohRJOA
() @hopIHeiTav. ERESNK (1) R2VREBRHEASK (2) 0
HELHRXT IR/ MBEOHBLIODVTERLU .

1.2 *x ®
(1) HAEROUWRER
BRAuFDO Hisc BLIUZTOEXEWL. FREBMIE (&) HOoRXELHL 2.
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HE. KE. BEOLHII. Wz MT-2 MEARBEBRALTITRL. 20
faltlbENHCLVITR S R,

BUEOBFANY PLOBERI. HYHEAAES 340 MEAV L. T i,
FRABRPANY b P AL OPFERIE. B IR-430 BE AV, KBrikid & - 2.

HUEOREEHTHIUTERNNIE. EXERUTEHAT L. EHY
BEUTa-7AIFTRAVT. BHA0COREEE. KRR TITR-> k. B,
BEEOKEWRID. WEE. MBIV ILOBEHEE. BLU Pd, In OFE#£H
HERVR,.

(2) 7ox (W) $EHOEK

ERESBEOEMR

PUR(FAEIALNYEF) 704 (D) LY -=ZKHY

[Cr(Htsc)s1Cl+3H,0° 7k 75ml WML R2iEfk s O h Ak 26.72 (0.1
mol DIZE A D Hisc 27.38 (0.3mol)®BhI%X. %9 80CT 2 RIhE ¥R MOM
gLk, AR, BRCEERBRL2HLIDPIIMWAT p 2 1 Fi8&E L. | BHRET
ZLBRBOHRESVER VR, HERE. BLEOEERME kAR S 2 [
BEREITRVBHUE, BohhERELVEDOXKEK. ¥ /-, Z—F N
DIPRKFELVROB., ZRTHEERLU 2,

COMDZILILBIUZ7IVLNEREOBRESE {[Cr(Himtsc)31CI;2H,0.
[Cr(Hetsc)sICI3+2H,0, [Cr(Hatsc);1CIs+2H,0} & Hisc DIREGLHEBDAHIET
AWMU, BB, 4-T T 2L-3-FFELIHLNY K (Hpts) BEUED Y O LS
hid. KBHBFCKOVDT LY ) —LERWEXY ) —LHTERU 22,

FYR Q-T2 W-3-FALIAANYF) Jou (1) EiLW-—KkFfoy

[Cr(liptsc);1C13+2H,0: ik ou (W) ~AKFIPELOBEOLY /- E
DU, ChiCE&ED Hptsc 2 X. ¥3 80CT 3L E TN SMHABU 2.
ZRITRRALKBTIE. EG&BERU R, COERE. XK. ¥ /-,
I-FLOMERE+L%ELROL. FBETHITERL 2.

EEMHEB A OE MK
PYX(FAELIAAANYF) 704 (I

_7_



[Cr(tsc)s]: LERTHBRBEED [Cr(itsc)s]Cls 30,0 SEkRK-XY /) —I
(1:3) © 1% BWE U B STTHULK D ZEERMB S, 0.1N 7OET7KE
BRAWMA. HED ph 28 7.8 FETERORKBESF L, Boh kR EK. T
)= T—=FLTHHRERU k.

BE. CCTRISEBESR 5Chd 60CETLREIEI L. RBRBURBHBLEKRU
e CORBE. EEBEOaNLP (M) 84k {[Co(tsc):1}D mer-BREMEHK
WHYT ZEEZEXONSEY., BRETIZEBEULL,

FYZR Q-T2 h-3-FAEIAALAYF) 20 Au (I

[Criptsc)s]: EER TR [Crilptsc)s1C15+20,0 SR A Y /) — N fafiFB &
Us K8 (83 5C) THULK D ZEYRBOBF7 VE7RELVERT IS L.
BEBEHEORBRYBLEBR U L. Gohhdld. YXFLAALRFY FRUE
TH 5. "

BHE. ZLxL. 7ULEZERGEO I OL () T, EERABKERS
hiabh ol

BN RBEEOREAFBELRE 1-1 BR¥. REULU. RFoanL b (D
BHIE. XREBOHE LK UEBVERL L.

Table 1-1 Elemental analysis of chromium () and cobalt(l) complexes®

, Metal c H N s al
Complex 96 (@ @ @D (96 (96)
10.76 7. 64 3.96  26.61  19.84  22.21
(Cr(Hisc),]C-3H:0 1570y (7.42) (4.36) (25.95) (19.80) (21.90)
_ 16.13  11.30 3.80  38.68  28.87 0
[Cr(tse)s] (16.13) (11.18) (3.75) (39.10) (29.84) 0
7.58  37.02 421 18.50 14.53
[Cr(Hptsc)s]Cls-2H:0 7747y (36.24) (4.49) (18.11) (15. 23)
9.62  47.18  4.50  21.12  17.24 0
[Cr(ptsc)s) (9.44) (45.81) (4.39) (22.89) (17.46) 0
10.24  15.16 497  26.00 21. 42
[Cr(Hmtsc),]Cl-2H,0  (15'50)  (14.13) ( 4.97) (24.73) (20.12)
9.43 2042 5.5  23.07 19.90
(Cr(Hetsc)a]Cl2 H,O0 ( g'42y  (19.58) ( 5.66) (22.84) (19.28)
8.77  24.26 5.23  21.20 16.04  18.15
[Cr(Hatsc)]Cl2H,0  (g'gyy  (24.51) (5.31) (21.44) (16.36) (18.10)
fac-[Co(Hisc)s1Cls- 11.96 19.50  21.58
3H,0 (12.35) (18.50)  (21.65)
fac-[Co(tsc),)-H,0 (}gﬁ gg) é;j 23) S
mer-[Co(Htsc)s]Cly- 11.42 17.73  19.20
£H,0 (11.54) (18.83)  (20.80)
mer-[Co(tsc),) (}g gg) ég (2)8) 8

a) The calculated values are in parenthesis.

_8_



1.3 %8 £ & £ ¥

FAEIAAMNYFBLIUFOFEG L 7OL (1) EOFRRERABLY
EEREEELHEB U2, BRHEOD [Cr(itsc);IC13+3H20. [Cr(Hptsc)s]Cls-
20,0 AU RSV REREOa N L (M) #&UE. 7VET7KEENT B L
WY, BUF»ro70b v 2RBUTHEERHABUBERT 5. TOEHO
XAFL, TFABIUT7YLIEBEHRBEOERAHFOREL. KFERESZUDES
hizghohe COCEW. BREOEEMR (EFHEMN) Ri->TERUF»S
TOr RRHETIRENNBEh S RDEELIOND, BB, Boh kD
A2V T,. TR, EFARNTPARBUREFEABRPRK AN P AL LV
shHlU R,

(1) EBFANXT ML

[Cr{Hptsc)s]Cl;+2H,0 ER DB F AN PAER 1-2 WiRT . . EHE&
DANT PLREEShEBRREEER 1.2 REEDTRT .
Table 1-2 Spectral bands for chromiumu(ll) complexes
Complex cm™t loge cm™t Joge cm™! loge cm! loge

[Cr(Htsc);]Cl3-3 H,O 18000 (2.31) 24000 (2.16) 31000 (3.58) 43900 (4.3H)®
[Cr(Hmtsc);]Cl;-2 H,O 18200 (2.30) 23500 (2.30) 31300 (3.81) 43100 (4.41)%®
[Cr(Hetsc);1C1;-2 H,O 18000 (2.43) 23300 (2.30) 31300 (3.83) 43200 (4. 72)%
[Cr(Hatsc);]Cl;-2 H,0 18200 (2.43) 23300 (2.30) 31300 (3.75) 43900 (4.45%
[Cr(Hptsc),]Cl3-2 H,O 18200 (2.43) 23800 (2.36) 31500 (4.03) 38500 (4.68)%
[Cr(tsc);] 18400 26400 )
[Cr(ptsc),] 18100 (2.63) 22500 (2.70) 33300 (4.49) 37900 (4.84)9

a): In methanol solution, b): Suspension spectra, c): In DMSO solution.

Bl 1-2 B&UEX 1-2 TEoh 3
&3, ZThanrah (M) &k
T, 18X 103cm 1 (loge =2.0)8B &

Wavelength (nm)

600

400

UF23.5X10%cm ' (loge =2.3){FiE o5 b

d-d BHCESCRTENED SR =

Z. k. 3IX10%cw FiFED > 2r

hB3BRIFHE. TOBRE (loge = . . . .

3.58~4.03)h > A TERMBEBILED
KBHOEHEREIN S, 2B, 8 ()
BUEOBAELLH. ZoFERBVIER

20

Vavenumber (10%cm™?!)

30 40

50

Fig. 1-2 Electronic absorption spectra

Spectra (——) of [Cr(Hptsc);]Cly-2 H,0, (---) of
[Cr(Hatsc);]Cly+2 HyO in methanol solution and spec-

"-a( ......
_9__

) of [Cr(ptsc);] in DMSO solution.



PHEBEHoh. oL NOEEBHRRFTELETHh TS, Fi2, 43X 10%cm™!
FEORN#HIE. RUFEESCBRENE TS 3.

T, 3d° $UTU. RTWOAEVFBFRNFOLIALY -, BRUTEIH
(10 DDOKETREYT B LI TWVWS, C2TREVOL () £#RXOBE
BERMENRUTOXRKRICAUBT 2D, ZLhEL. FYLTRE Tz L ER
2->Td 10 0g DEREKZIREZERIBZDoh RV,

2) FABRPANT P

BRHEBSIUEEREOIOL () #HOFABRBANY PLRZRshE
REPHEER 1-3RREEH. Tk JxoLERGO#BLODVLTE. B 1-3
KR, B, ERNFOREIL. Mashima!!’, Campbell!’, Adejumboi'?’ B &
U Mostafa'!'3’ s OWE W U - k.

Table 1-3 Important IR spectral bands of chromium(nl) complexes (KBr disk)™

[Cr(Hisc),]- | [Cr(lesc) B [Cr (Hmtsc) ] [Cr(Hetsc),)- [Cr(Halsc),] -
Hisc Cly+3 H,é [Cr(tsc),] Cly- 347 [Cr(pisc),] Cly-2 H,O‘ Cly-2 H,d Cly-2 H,0 Assigznments
3380 vs 3400 s 3450 vs 3450 s 3420 s 3350w 3400 s 3420 s
3269 vs 3250 vs 3386 vs 3350 s
3180 s 3140 vs 3336 s 3150sh 3250m 3110 s 3109 sh 3110 s v(NH)
3100 sh 3060 s 3070 vs 2990 s 3090m 3030 s 2960 vs 3000 vs J
2960 s 2990 sh 2900 sh 2850 sh 2850 sh 2830 sh
1643 vs 1621 vs 1614 sh 1615vs 1600 vs 1630 vs 1620 sh 1625 sh } §(NH,) and
1618vs 1608 vs 1595 vs 1598 s 1590 s 1612 vs 1610 s 1615 s amide J{ band
1533 s 1561m 1528 s 1560m 1515vs 1518 mbr 1510 mbr 1515 mbr } Mainly v(CN)
1508 sh 1536m 1515 br 1500 sh and §(NH,)
1482m 1443m 1452w 1437 vs 1446w
1310m 1418w 1325 mbr 1398 1380m 1413m 1404 5 } "(C(S)H’L;’ €N)
1391m 1302m 1320 vs 1330m 1321m *
1280 s 1248m 1245 s 1250 mbr Amide M band
1220 s 1223m 1209 s 1221 s 1210 s 1208 s
1160m 1150w 1123m 1076 vw 1072m 1080w 1080w 990w } S(NH,)
1000 vs 1005vw 954m 918vw 988m 1015m 1041w 925m
800 s 693 s 660w 696 s 692 s 738 wbr 722 wbr 688 wbr  Mainly »(C=S)

a) s=Strong, m=Mecdium, w=Wecak, sh=Shoulder, br=Broad, v=Very.
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??&5?3‘@?@35}?‘1)‘%%[/#1)‘6 SBREHCEBI IO IDDS T,
BORMEBPWELUTELIOL () BERTIEEZIINRTOL S,

EZAT. FARFLESGRWU. vy (O) ', & (O) 'V ann
Po(O) '02 0 IUHY (D) VP RSUVIRE (1) @RS TL
3, MHEOASKHE. EBBRTHY., FARFREERMUFEUVUTLEIES
UTWw3. —FA. 8 (1) sE&wid. [CuCtu);1CI. [Cu(tu)ClIB & U Cu(tu)Cl
17200 (tu: FAREK) OB RRIMoh., e xBEHA&RITDH S b
YA BIAUECAEBR' . WIThdEAXRZERETHSILNHIDIRE O
TWw3, Chodl (1) HHBHOFE. BUFTHE3FARERE. RAFFTH
DIBREFEUTHEAUTV S, RUTOCOLSIREBEABAOHBIR. FET
TO#HKDRZEUS I VRRISHERCRBE N 318 5, BHREIZBLTI. L
AEREHIhTLRWLW, TIT. FARFEREUFETSH (1) BRIV
BROGRBRHEUEZEBU. ChoBROBMPITRITRL. SHEORTEURS
VRHBIMBREOHER LERE U 2.

2.2 ® ®

¥iE

SHRomAICE. EXERTEEEHERT (HOEBTAS-100, WEBTG-
8110) RAHWVT. 100nl/minDRHF ARG P. B I0COREXFETITR- ko



B, REERUE. T~10ngOFHE L. COMDOEHE. AEEAUTS S,

FARELESHUEKDOE K

6 (1) 'S0 & (O) ' vy (O) "2 anih (I) 2RV
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Table 2-1 Elemental analysis of tiourea complexes

Metal c H N S Cl
complex %) (%) (%) ®) %) (%)
[Cu(tu)alCl 19.42 10.77 3.62 25.79 29.30 10.91

(19.41) (11.01) (3.70) (25.78) (29.38) (10.83)
[Cu(tu)2C1] 25.20 9.34 3.10 22.30 25.3% 14.53

(25.29) (8.56) (3.21) (22.30) (25.52) (14.11)
Cu(tu)Cl-1/2H20 34.56 6.49 2.62 15.30 17.32 19.36

(34.51) (6.52) (2.73) (15.23) (17.41) (19.25)
Cu(tu)ONO 34.23 6.73 2.08 22.55 17.09

(34.23) (8.47) (2.17) (22.83) (17.27)
[Cu(tu)2]2504-H20 18.70 10.36 3.53 24.28 32.38

(18.21) (10.32) (3.41) (24.07) (32.15)
[Ni (tu)«Clz] 13.61 10.91 3.60 25.94 30.03 16.18

(13.52) (11.07) (3.72) (25.82) (29.54) (16.34)
[(Mn (tu) «C12] 12.70 11.12  3.71 26.22 29.71 16.35

(12.77) (11.16) (3.75) (26.40) (29.80) (16.48)
[Fe(tu)4Cl.] 12.90 10.95 3.64 27.17 29.52 16.43

(12.95) (11.14) (3.75) (25.99) (29.74) (16.45)
[Co(tu}sClz] 16.44 9.92 3.28 23.88 26.91 19.66

(16.45) (10.06) (3.38) (23.46) (26.85) (19.80)

The calculated values are given in parentheses.
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Table 2-2 Thermal analytical data of tiourea metal complexes

.Main decomposition

complex M.p. T*’ weight-loss T°?
°C °c b3 °C
[Cu(tu)s]Cl 175(-) 202~312 47.5 272(+)
[Cu(tu)2C1] 170(-) 214~348 40.4 271(+)
Cu(tu)Cl-1/2H,0 249(-) 75~160 4.4( 4.9)
232~343 29.6 272(+)
Cu(tu)ONO 151(-) 179~155 27.2(24.8)

207~268 12.6
[Cu(tu)3]2S04-Hz0 127(-) 116~137 2.2( 2.6)

202~327 52.1 259(+)
[Ni (tu) 4C12] 228(-) 225~353 61.9(70.1)
[Mn(tu) «C1:] 196(~) 206~345 63.8(70.8)
[Fe(tu)«Cl:] 184(-) 216~365 65.3(70.6)
[Co(tu)sCl.] 121(-) 223~357 63.0(63.8)
tu 182(-) 187~286 78.3

a) The tmperature range of maine decomposition

b) (+): DSC exothermic peak maxima temperature
M.p.: Melting point

The calculated values are given in parentheses.
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1: [Ni(tu)4Clz], 2: [Mn(tu).Clz], 3: [Fe(tu)aCle],
4: [Co(tu)sCl.].
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Table 2-3 Powder X-ray diffractional data for decomposition products of

thiourea copper( 1) complexes

[Cu(tu)s]Cl [Cu(tu)zC1l]  Cuf{tu)Cl-1/2H,0 CuzSe’ Cuy. 96S?’
256°C*’ 300°C 350°C 300°C
d(A) 171, d(A) I/1, d(A) I/I, d(A) I/1, d(A) I/1, d(A) I/1,
3.29 15 3.28 31  3.28 3.28 25 3.30 30
2.83 100 2.83 100 2.84 2.85 45 2.85 60
2.16 28 2.43 60
2.01 30 2.01 68 2.01 2.01 100 2.00 100 2.02 100
1.8 25 1.90 100
1.72 21 1.72 1.73 22 1.73 30 1.72 60

a): The decompostion temperature.

b): An interplaner spacing .

¢c): JCPDS powder diffraction file, No. 12-176.
d): JCPDS powder diffraction file, No. 12-174.
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Table 3-1 Elemental anal

ysis of

cobalt(Il) complexes and other metal complexes

Electrolyte complex c(®) H(Z) N(%) c1(%) M(%)
{Co(Hdmg) 2 (an) 2 ]C1-1/2H,0> 47.08(46.21) 5.60(5.08) 16.45(16.77) 6.45(6.82) 11.18(11.33)
[Co(Hdmg) 2 (p~Cl-an).]C1®’  41.56(41.43) 4.73(4.53) 14.38(14.50) 6.38(6.11) 10.34(10.16)
[Co(Hdmg) 2 (p-CHa-an) 2 ]JC1°’ 48.00(49.02) 6.31(6.00) 15.20(15.60) 6.68(6.58) 10.95(10.93)
[Co (Hdmg) 2 (p~C2Hs-an)2JC14’ 51.08(50.80) 6.72(6.41) 14.90(14.83) 6.14(6.25) 10.19(10.39)
[Co (Hdmg) 2 (p~NHz-an) 2 JC1*’  43.81(44.40) 5.40(5.60) 20.05(20.70) 7.00(6.55) 11.01(10.90)
(Co (Hdmg)  (m-CHa-an) 2 JC1¢’ 49.30(49.02) 6.09(6.00) 15.70(15.60) 6.87(6.58) 10.47(10.93)
[Co (Hdng) 2 (m-CH30-an) 2 JC1=’ 46.45(46.28) 5.75(5.66) 14.72(14.72) 6.19(6.21) 9.85(10.32)
(Co (Hdmg) 2 (o~CH30-an) 2 JC1*’ 46.45(46.28) 5.75(5.66) 14.73(14.72) 6.18(6.21) 10.00(10.32)
Nonelectrolyte complex

[CoCl (Hdmg) 2 (an)]-H20 39.34(40.24) ,5.60(5.08) 15.92(16.77) 8.29(8.14) 13.28(13.52)
[CoCl (Hdmg) 2 (p-CH3-an) ] 41.80(41.72) 5.72(5.38) 15.74(16.22) 8.62(8.21) 13.74(13.65)
[CoCl (Hdmg) 2 (p-CoHs-an)]  43.10(43.10) 5.87(5.66) 15.17(15.17) 8.34(7.95) 13.50(13.22)
(CoCl (Hdmg) 2 (p-C1-an) ] 38.02(37.18) 4.92(4.46) 15.63(15.49) 8.81(7.84) 12.75(13.03)
[CoC) (Hdmg) 2 (p-Br-an)]*’  34.01(33.86) 3.97(4.40) 13.17(14.10) 7.63(7.31) 11.83(11.87)
Other nonelectrolyte complex

H{CoClz (Hdmg) 2] 26.61(26.61) 4.40(4.20) 14.88(15.52) 20.19(29.64) 16.03(16.32)
[Co (Hdmg) 3]2.5-H,0*®? 31.80(32.08) 5.68(5.83) 18.55(15.70)

(Fe (Hdmg) 2 (py)21*’ 46.32(46.77) 5.43(5.67) 18.55(18.18)

{Cu (Hdng) 2] 33.01(32.71) 4.46(4.80) 18.96(19.07)

[Ni (Hdmg) 2] 33.05(33.26) 4.76(4.88) 19.30(19.39)

The calculated values are indicated in parentheses.

a) an: Aniline, b) p-Cl-an: p-Chloroaniline, c¢) p-CHs-an: p-Toluidine,

d) p~CzHs-an: p-Ethylaniline, e) p-NH:;-an: p-Phenylenediamine, f) m-CHi-an: m-Toluidine,

g) mCHs0-an: m-Anisidine, h) o-CHi0-an: o-Anisidine, i) p-Br-an: p-Bromoaniline.

J) py: Pyridine.
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Fig. 3-2 TG-DTA curves for the cobalt(Il) complexes

(a): [Co(Hdmg)z{(p-CHa-an),]C1
(b): [Co(Hdmg)z(an)2]C1-1/2H,0
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Fig. 3-3 TG-DTA curves for the cobalt (M) complexes

(a): [Co(Hdmg)z(p-Cl-a

(b): [Co(Hdmg)z(m-CH3-an)2]Cl

n)z]C1

Table 3-2 DTA data for electrolyte complexes {Co(Hdmg)z4,]C1

Main decomposition stage A
No. Complex { (c) I (C) HI‘ET:) pKa
1 [Co(Hdmg)2(an)2]C1-1/2H20 217 (-)®' 250 (+) 300 (+) 4.83
2 [Co(Hdmg) 2 (p-CHs-an)2]Cl 194 (<) 277 (+) 298 (+)  5.10
3 [Co(Hdmg)2(p-C2Hs-an).]Cl 233 (<) 265 (+) 289 (+)
4  [Co(Hdmg)2(p-NHz-an)2]Cl 112 (=) 260 (+) 293 (+) 6.2-
5 [Co(Hdmg)2(p-Cl-an).]Cl 245 (<) 247 (+) 297 (+) 4.15
6  [Co(Hdng)2 (m-CHs-an)21C1 205 (=) 233 (+) 204 (+) 4.7
7 [Co(Hdmg) 2 (m-CH30-an)-]C1 237 (=) 245 (+) 295 (+) 4.2
8  [Co(tdmg)z(0~CHs0-an):]Cl 227 (<) 235 (+) 297 (+) 4.52
a) DTA-peak maximum temperature.
b) Minus and plus in parentheses show endothermic and exothermic chang,

respectively.
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Fig. 3-4 Electronic absorption spectra of the cobalt (M)

complexes and thermal decomposition product

(a): [Co (Hdmg) » (p-CHi~an)21C1 (b): [CoCl{(Hdmg).(p-CHs-an)],
(c): Thermal decomposition product of [Co{(Hdmg):(p-CHs~an)2]Cl
at 195°C, in 50% ethanol solution.
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Fig. 3-5 Infrared spectra of [Co(Hdmg):(p-CHs-an):]Cl
and its thermal decomposition products
CERPRRE ): Spectrum of [CoCl(Hdmg),{(p-CHs~an)]
Numericals under curves represent the heating
temperature (C).
— 36—



. B 3-5 AU [Co(Hdmg)2(p-ClHs-an)IC! DL BRIBETOHRNAR

RKANY P LDEILERURZ. 191CTHERBLBERWDANY } LW, ME
MOBEDOEThELEMITE HEBUTL 345, 1620, 1500 B kKU 800cm™ ' {1 iff
DIz NED p-BMBERESSEEbh 3RNTF2D N, bIFHRNELIRZ>
TW3, ¥ COBSPBEBRPOANRY b LW, AEMKU R [CoCl(Hdmg),-
(p-CHz-an)] EHEDANY PV (BHFO[GE) EE o< A—TH 32 L BED
chhk, BAMEBERISZELERIYE 265CE L RBE. SRNHBRBELI R
TW L 3500, 1600cm™! FHIEOHEPEN SAH T YXFAT VARV LI, 2
BEEUVUTLVWADDEHNXH S,

Q2) WBRGEFBRUNERI T DOEER

EHEHEE [(Co(idmg)aA2]X @ DTA BB BV T. B1REID>hHHAE
—J, TTRERRIICHMEATF A EHABEBEAFY X CORBRIOWKCED
HDTH3, TXDXR 3-2 LRB&LHW. ABEBRAAY X BEYMAAVT
H5BE. TORBE -V EER. HAOHMBLUTTHZ2 7V VEREKOREE
KE>TKRKELER->TW S,

B 3-6 . AERRAFY X BECYAI A THEBEEORBE—-IEEEH
BAUFOEEMEOBRERLEZDLTH 3,

BicR3&5. MU TFOEEMEOHMICE bR > THHAE - JEENHEHD
RETT 3. ChizUT. B4 X BEEYWI A REDKEVSL T Y
DEFEE. K3 URVEIOIR. BACL - ERCUHRUTFOERE L ORI
BBENEESAER IRV,

F 2. [Co(lidmg)oA1X S8 C. B EEMICEBMRIEERY [CoX(Hdmg).A]d
EE5X5EHEHESHAO DSC HIERITR k. TORERLE 3-4 UK,

NERAAY X BNOF YA F . FAVT7 B4 F Y. GHBAAD
MEic. EMEEAORBE - JRERELS. ZTOBRHBL/NEILIR>TW S,

UbU. HBR AT X DEBIZIVEIBERBAA VOBGOBATIRBL
T, VIR E LIRS IELRBEHILMRT S,

PBrokS. BREEHSSEHE [Co(Hdmg) A ]X OMAIR TR >h 3EMK IS TU.
TTHABEATY X OBBMICHIY. ChEBENOTLOLERFLHBUER



250

200

150

Temperature (°C)

100
4.0 4.5 5.0 5.5 6.0

Fig. 3-6 Relationship between endothermic peak at
first stage and basicity of aniline derivatives
shown by pKa data in Table 3-2

A: 1=an; 2=p-CHs-an; 4=p-NHz-an; 5=p-Cl-an;
8=m-Clls-an; T=m-CHi0-an; 8=0-CH{a0-an.

Table 3-3 DTA data for [Co(Hdmg)2A2]X complexes

at the first decomposition stage*’

Outer—sphere anion X

Base A cl- Be- I SCN- NO2-

an 217°C  209°C  202°C 1718°C 126C
p—CHs-an 194 225 200 183 135
pCzHs—an 233 196 215 187 132
p—Cl-an 245 227 187 182
n—CHi-an 225 217 199 142 137
p-CHs0~an 237 237 219 165
o-CHs0-an 227 237 197 157 145

a) DTA: Endothermic peak maximum temperature/°C.



Table 3-4 DSC data for [Co(Hdmg):42]X complexes

A an p—CH;~-an p—Ciljs-an

x*) (C) ®' AH/KJwol! (T) AH/kJmol"! () AH/kimol ?
cl 213 87.9 198 81.2 231 123.0
Br™ 209 88.7 225 101.3 214 91.6
I- 202 80.8 205 101.7 212 95.8
SCN- 178 77.4 189 92.1 192 83.3
N0z~ 126 43.9 137 59.8 132 60.7

a) Outer-sphere anion.

b) DSC peak maximum temperature.

Table 3-5 DTA data for nonelectrolyte complexes

Main decomposition stage

Complex I (c) o (c) m (°C)
[CoCl (Hdmg) 2 (an) ]-H:0 240 (+) ® 253 (+) 307 (+)
[CoC1 (Hdmg) 2 (p~CH3-an) ] 244 (+) 2684 (+) 300 (+)
[CoCl (Hdmg) 2 (p-C2Hs-an) ] 270 (+) 283 (+) 300 (+)
(Fe (Hdng) 2 (py) 2] 180 (+)

(Ni (Hdmg) 2] 325 (+) 385 (+)
[Cu(Hdmg) .] 220 (+) 335 (+)
[Co(Hdmg)3]-2.5H,0 275 (+) 345 (+)

a) DTA-peak maximum temperature.

b) Plus in parentheses shows exothermic chang,
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Fig. 3-7 DTA curves for [Co(Hdmg);{an).]Cl and the

complex containing solid NH.C1

Molar ratio (NH.Cl/complex)
(a)=0, (b)=0.75, (c)=1.40, (d)=4.60, (e)=10.0
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Fig. 3-8 DTG-DTA curves for [CoCl(Hdmg).(p-CHi-an)]
and the complex containing solid ammonium salt

(a) : [CoC1(Hdmg) 2 (p~CHa-an) ]
(b): [CoCl(Hdmg) 2 (p-CHa-an)] + NH.C1
(c):[CoCl(Hdmg) 2 (p-CH3-an)] + NH4SCN

Table 3-6 Endothermic peak for thermal reaction of
[CoCl(Hdmg) ;4] and solid ammonium salt

Ammonium salt
Base A NH«C1 NH.Br NH,I NH.SCN

an 232°C  236C  235C  160°C
p—CHi-an 262 243 240 165
p-CzHs-an 256 255 234 168
p-Cl-an 230 196 181 156
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Fig. 3-9 Molar ratio (aniline/diacetyl) of
the gases evolved

(a): [CoCl(Hdmg)z(an)], (b): [CoCl{(Hdmg):(an)] +

NH4C1, (c): [CoCl(Hdmg)z(an)] + NH4Br

Column: size, 3¢ X3m i.d.; paking, Silicon DC-550

20% Chromosorb WAW 80/100mesh; Column Temperature, 184°C;
Detector, FID; Flow rate of carrier, He gas 25ml/min.
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Fig. 3-10 Infrared spectra of [CoCl(Hdmg)2z{p~CHi-an)] containing
NH4C1 and its thermal decomposition products
(%) : Spectrum of H[CoCI.(Hdmg):]
Numericals on curves represent the heating
temperature ( °C).
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Fig. 3-11 Infrared spectra of [CoCl{Hdmg).(p-CHs-an)] containing

NH4SCN and its thermal decomposition product
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Fig. 3-12 Electronic spectra of the cobalt(I)

complexes and thermal decomposition product

(a): [Co(Hdmg)2(an).]JC1 (b): [CoCl(Hdmg)2z(an)]-H.0,
(c): Thermal reaction product of [CoCl(Hdmg):(an)] containing
NH.C1
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Table 3-7 Kinetic data for thermal reaction of [CoCl(Hdmg)2A] and

ammonium salt in solid state

Ea k (505K)

Base NH«X Rate equation kJmol~! log{&/s 1) s
an NHC1 [1-(1-e)?73]2 245 24.8 2.87%x107!
NHBr  [1-(1-a)'73]? 181(130) 17.8 1.20x10°?
p-CHa-an NH4.C1 a? 203(167) 20.0 1.01x10°2
NH4Br a? 131(151) 12.0 2.82x10° 2
p-CzHs-an  NH<Cl 1-(1- )3 143(100) 13.1 2.04x10°2
NH4Br 1-(1-a )3 149(113) 13.8 2.44x10°2
p-Cl-an NH4C1 1-(1-a ) 182(134) 17.7  7.50x10° 2
NH4Br a? 155(134) 14.8  5.86x10°2
p-Br-an NH4C1 1-(1- ) 117 10.0 7.91x10°3

NH.Br 1-(1-a) '3 135(113)  12.1 1.37x10°2

Ea: Activation energy, A: pre-exponential factor, k: Rate constant.

Values in parentheses are activation energies for thermal reaction,
[Co(Hdmg)2A2]X onao.—> [CoX(Hdmg),A] + AT, from Zsako et al.'®’
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Fig. 3-13 Rate plots for thermal reaction; [CoCl(Hdmg) 2~
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Fig. 3-14 Arrhenius plots for the thermal reaction;
[CoCl(Hdmg)zA] + NH,C1 = H[CoCl2(Hdmg).] + AT + NHs T

A=1: an, 2: p-CHs-an, 3: p-C Hs-an,
4: p-Cl-an, 5: p-Br-an.
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B VARYLAUNUERGTFOINLE () SEOEREBIT

4.1.1

EIFERBLVT, YAFALTYA XY A(ldug)2NL P (M) XS HT
2iTRV. ERESEUASIUVEERNESGCORRICOHERH I PIILRY, &
BB ICo(Hdmg) A IX DIFAWE. MBUFTHE37 2V FEXE A D1 HF
BABIEAAY X RE->TRBEIAZIHN. FEAHAEMOBRHEFTHIIAFLITY
AR VLR BEBRsh RV, —A. EERHESEE [CoCl(dme)A] OIES
. RBPHUELBRIAIER2RDR, o2, ZhaARkEt7>E LR
BUTHRAFTEITRL. BRRSERY E U T H[CoCl(Hdmg)] BEMKT S5
ERRVELR, Chold. AEBAAYSEROBBBRRERCAEEET 3
HEREZEZON B, EIA3T. anih () #BL—REBRTEET B 3 5.
THMERMFE2EISHEOHMUBELSENTH I3 LEhTEY. EBRHE
D [Co(Hdmg) A IX SR QEBARL Ao REUTFERRAE. FEARUFOFSI
kd&EvEZSHN 3B,

AXE. B18HTE. ChITHFEVT. BROBETHCBSLIIITFERUTFR
SURHEERAF VOMHEEH I MRTSLDIR. B 4-10 (1) . (2) &F
J Hobhen' BEAU FOEZEHE TS 3 Hobhpn® O2BHEOV A XV AR MHER 4L
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SH
CHi~ Cty O,

calcén’ N Chy N Hye o

L Lo o L

N AT g N N*ch,
HO OH HO OH
Fig. 4-1 H:bhen Hzbhpn

(1) (2)

a) H.bhen: N,N’-bis(2-hydoroxyimino-1-methylpropylidene)ethylenediamine,
b) Hpbhpn: N,N’-bis(2-hydoroxyimino-1-methylpropylidene)-1,3-propane-

diamine,



FEREEAVT. F9anLt (M) s$go8igeAs. [Co(Hbhen)AIC B&U

[Co(Hbhpn)AIX, DHMXTRINIRBBOF LRaNL L (H) #HK LR L.
{ARZ7oVIYBIUZOFERE. X BELLW AT Y. BILW A2 3V
AAVERT} DVT. ThoBEORJFEITRY. GHAOBRIBEEL K
BREHU k.

1.1.2 ¥ B
(DYASY LUNEEREGT R >V EE0a K

Utk y AREERGT:

Hobhen B &Y Hobhpn OBV A XV AL, XMEEOHEI RELU. €7 F
LEJARVAEIFLYYTIY (M 981) 530 1,3-7aNYY 73y
(Wi ITDEEEARLY )~ L THBERT 3R &k->THR. BohkE
BEEEKLY  —AhoHRHEUTHERUR. B8, ChoOVA+vall.
FARYBRE TR LEBURETS 30 BEFETTRBRACART 3.

anih () BHEOEM

[Co(Hbhen)A,IC1, &&k:

Fe@gani b (O) -PkFIPD 0.02mol & Hpybhen @ 0.02mol &% T ¥ J—
LEBFPU. ThRZ 72U FEREOD O.dnol 2MMA . CORGHBRICH 1K
MZERE2EUVRDOE. LY ) —LRXBDULRERANLNY T L ZKHAPDO.02mol
EHATHOLEIEIE. FRAEEDBARL 2. HEKEAIDK-Z 5 /-1 FE
BroBEREL. BRUR. BohkBRE. PEOK. 5 /-, 20T
—FALTHBEULROBRAEU L.

[Co(Hbhpn)A,1C1, $&4&:

[Co(Hbhen)A:ICI, U DIFEELABOEELLLY. FREOBEZRE L. C
DEALYEAOEDL. HNBEAF NSV B I VLYW A > O8EKE. 8
UITEZAHYILELAVEI LR E>THE R,

[CoCl.(Hbhen) 18K f& :

INy /R PEOFEVICHEUTRDEIRERU 2.

Hobhen @ 8.8mmol 2 &L 50ml ¥ ) — N @BHRZEANLY I L-Z KPP D



17.0mmol A CThIZEEBEaNLL (O) -EHXKFAWOD 8.4umol 2MEX 2o &
OEEBHBRRVIBAZERLBUIERACREOBESARB L. BESWE .
70CD 3.55 EB-T¥ /) - LBEDSITRo k. o kE&E. K. TV /—
Ve DVUTCI—FALTERBULOBAEU 2.

[CoXa(Hbhpn)] &4k (X: Cl 3 Wik Br)

[CoXo (Hbhpn)] & [CoCl,(Hbhen)] DAMAEZELEEAU K> RBELXL->THS
hie T4bB. Hbhpn®D 8.4mmol. FEEEINL F (O) ~WAFIYD 8.4mmol
BLUEIEILY L ZKHPD 1Tmmol 33V RIETY Y LO 34mmol O L
) LBREREERBILTICELLIVBEERKRELTH R,

BEgULanNLh (D SKFEOHEMABIUSHEREER 4-1 KRT,

Table 4-1 Analytical data for quadridentate ligands and cobalt(Il) complexes

Ligand C(% H(%) N(%) Ci(%) Co(2)
Hqbhen (CyoHsNO2) 53.02 825 24.72
(53.08) (8.02) (24.76)
Hzbhpn (CyH3N,0y) 54. 26 8 91 24. 23
(54. 98) (8.39) (23. 32)
Electrolyte complex
[Co(Hbhen),(an),]Cly! 48. 66 5.92 15. 37 12. 67 10. 53
(48.72) (5.76) (15. 49 (13.07) (10. 87)
[Co(Hbhen) (p-CHj-2a);]CL?» 50. 46 6. 48 14. 96 12.53 10. 33
(50. 62) (6.02) Q4. 67 (12 45) (10. 35)
(Co(Hbhen) (p-CyHs-an),]Cl,* 52.22 6. 87 14.51 11. 68 10. 11
(52.18) 6.57) (14.04) (11.18) (9-85)
{Co(Hbhen) (2-Cl-an),])Cl¢ 43.32 5.13 13.27 11.47 9. 62
(43.23) (4.78) (13.75) (11. 60) ( 9.64)
[Co(Hbhen) (p-OH-an),]Cl,¢ 46. 46 5. 83 14. 80 12. 33 10. 08
(46.09) (5. 63) (14- 66) a1z 37) (10. 28)
[Co(Hbhen) (p-CH,0-an),]Cl;" 48.05 6. 25 14. 42 11. 80
(47.93) (6. 03) (13.97) (11.79)
[Co(Hbhpn) (an),ICl, 51.30 6. 37 15. 00 12. 47
(49.74) (5-99) (15.13) (12. 95)
{Co(Hbhpn) (p-CHj-an);]Cly 50. 49 6. 49 14.14 11.59 10. 05
(51. 46) (6-39) (14. 40) (12 15) (10-11)
[Co(HbLhpn) (»-CyHs-an)2]Cly 51.76 6.79 13.43 11.59 9. 49
(53.03) (6. 76) 13.74) (11.59) ( 9.46)
[Co(HbLhpn) (p-Cl-an),)Cl, 44.27 5. 09 13. 41 10. 69 9. 82
(44. 25) (5.00) (13. 46) (11. 36) (9.44)
Nonclectrolyte complex
[CoCly(Hbhen)}-H;0 19. 28 15. 46
(19. 00) (15. 80)
[CoCl:(Hbhpn)) 35. 80 5. 45 14.70
(35. 81D (5.15) (15.18)
{CoBry(Hbhpn)]} 28.73 4. 41 12. 40
(28 80) (4. 36) (12 23)
The calculated values are indicated in parentheses.
a) an: Aniline. d) p-Cl-an: p-Chloroaniline.
b) p~CHj-an: p-Toluidine. e) p-OH-an: p-Aminophenol.

c) p-CzHs-an: p-Ethylaniline. f) p-CHi0-an: p-Anisidine.
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ERUEYAR VARV RaNLE () $#FOxELHE. F1ELEU
EELCE ok, BB, ANV FOSFIE. WF AA-845 BRIEFHRIHINBEES
Ao, £ NOFOOHRICUERBET AT- 117 MEMEHETHELHL R,

SEhoBIE. EIELAUIELHTITR S k2,

SERROUVURBAIREBYORETANY P LOWER L. B HES REH
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KEFANT PLOUERIEEE ESCA 750 B (X{HE Mg K 1253.6eV) % H
Wi,

4.1.3 & R & % R

(1) BUDOEFANI b A _
BMEOaN)L M (M) &4k [Co(Hbhen)(p-CHs-an)>1C1, 3 & U [Co(Hbhpn)-

(p-CHs-an).1Cl, ODBFAXY P L RHE 4-2 WRT,
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Fig. 4-2 Electronic absorption spectra of cobalt(Il)

complexes and quadridentate dioxime ligands

(a): [Co(Hbhen) (p-CHs-an)z]Cl,,

(b): [Co(Hbhpn) (p-CH3-an)2]Cl:,

(c): Hzbhen (N,N’-bis(2-hydroxyimino-1-
methylpropylidene)ethylenediamine),

(d): Hzbhpn (N,N’-bis(2-hydroxyimino-1-
pethylpropylidene)-1,3-propanediamine),

in 50% ethanol solution.



choaanip (M) EHEOANXY b L. [Co(Hdmg)(p-CHz-an)ICI EEH D X
RKIPMADELHBREYPULUTBY., THB»OEABFEFRRZBVTZ208BVE
PEsEH»oOL I, ChoOREFRERZEM»SIER. C-1. C-IBLUNK
PHREULEX 4-2 KT &,

Table 4-2 Absorption spectral data of dioximato cobalt(Il)

complexes in 50% aqueous ethanol solution®’

C-1 band C-I band M band

complex No.?’ Base
[Co(Hbhen)4,1Cl, 1 an 30.0(4. 18) 34.9(4.32) 39. 6(4. 35)
2 p-CHy-an 29.1(4.18) 34.4(4.30) 39.1(4.40)
3 p-CeHs-an 29. 4(4.20) 34.5(4.31) 39. 1(4. 40)
4  p-Cl-an 30.8(4.20) 34.5(4.31) 39.2(4.37)
5  p-OH-an 27.7(3.99) 34.3(4.21) 39.1(4. 41)
6  p-CH;0-an 28. 0(4.11) 34.1(4.25) 39.1(4.43)
[Co(Hbhpn)A2]Cl, 1 an 26.6(3.98) 34.0(3.77) 42.7(4.31)
2 p-CHj-an 25. 6(4.00) 33.8(3.75) 42.4(4.32)
3 p-CHs-an 25.5(4.02) 33.7(3.75) 42.0(4.33)
4  p-Cl-an 25.6(4.07) 34.0(3.80) 42 2(4.33)
[Co(Hdmg) 242]C1 1 an 28 4(4.11) 33.5(3.98) 40.0(4.31)
2 p-CHp-an 27.2(4.14) 33.6(3.91) 39.9(4. 35)
3 p-C.H;-an 27.0(4.10) 33.6(3.91) 40.0(4. 35)
4 p-Cl-an 28.1(4.15) 32.8(3.98) 39.6(4.32)
6  p-CHyO-an 25. 2(4.06) 33.3(3.92) 39.7(4. 34)
7 m-CHjy-an® 27.9(4.08) 33.5(3.98) 39.7(4.29)

a) Vavenumbers and loge (in parentheses) are given
in 10%¢cm™! and mol™ 'dm*cm™ !, respectively.
b) These number are referred in Fig. 4-3.

c) m-CHs-an: m-Toluidine.

[Co(Hbhen)A,1Cl, B LU [Co(Hbhpn)A,ICl, ORI R on 3 C- I WINH
OBAKMUEBWE. MBEUTFCTCH37 )V ENROBEICI>TAEL RIS, £
ORNUBE 7Y VEBMEOBRETEY (@) PUHUTHRT S &,
1-3 REZES>LBEEMR (HE a. ¢ ) BB, T2EB. 720U VFEHN
KOBEFHEMSKZVIIEREWE. LV EEHMILRS 3. COZEMS.
COC-1HN#HE. @GRUFI»PIFLOANLE () 4 FAAOBEFBEHICH
SLHDEFEXON B, BB, 3FBLENT [Co(Hdmg)AIC| SR OERL D,
BMU&S2BFK (BE b)) BHardh, @EALF->Co (M) \OBEBHRNFE
REXHhTVWAES, —H. C-IREHFR. 72V VFEXRGFORBBHBRRL. &
EACRAUNBIEHS 0. [Co(Hdmg) A.1CI SEHDIEE . FLHDCo (M) —F
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Fig. 4-3 Plots of the C-1 absorption band (¥ aax) for the
cobalt () complexes against Hammett’s o¢* value
——@ (a): [Co(Hbhen)A,]Cl:
~—A——& (b): [Co(Hdmg)24.]C1
—B—® (c): [Co(Hbhpn)Az]Cl,
Substituents of A (aniline derivatives)=1: H, 2: p-CH,,
3: p-CzHs, 4: p-Cl, 5: p-OH, 6: p-CH30, 7: m-CHs.

ARUFAOERGBHRPNFELRBEIL TS T,

728. [Co(libhen)A,ICl, SR W RS h 3 C-TNREF L. [Co(Hbhpn)A1Cl: &
KU [Co(Hdmg)oAICt AR OBAULNTZOBELRRILGL. LV GHEK
MIHELU TV S, COEEDS. 0
[Co(Hbhen)A, ICI, $&E P D FiF/

BRUFTHS Hbhen I K 20
@ Hbhpn B LU Hdmg IHNXT 8
BILShE <. BELTRETS e
5r¥xoh5.  Eh. &M % 60
D 10.0X10%cm ! {33 D WA H =

. FAREFOR-n " EBHICHE
SO EEDbLN B,

Endo. +=—— 4T ~—Exo.

100 200 300
(2) BERESEUBKOHBD W Temperature (°C)

EHHEKORAIITTHRONE Fig. 4-4 TG~DTA curves for the cobalt(Il)

N — complexes
REHREREHL-ACRT,
(a): [Co(Hbhen) (p-CHs-an).]Cl:
[CoCHbhen)(p-CHs-an). IC1. & (b): [Co(Hbhpn) (p-CHs-an)21C15



hotgs (HE a) . 1IBTCRBEBE—IBAH>H. TOE. ¥ 197 OEHHD
BEHON IS, CORBE. EEPSOp-F LAYV 15F (18.87) OB ICH

BUTWVW3. TOH. BHBRREHBEBL IR STHABTISRXABUTL L,

[Co(Hbhpn)(p-CH3-an).1Cl, 4 DIFEE (B b) . 2ISCREBRME—-I PR S
h. 2OB. 2¥2 37 oBESRHO 3. COREER. ARPOp-bL 1

VY24F (36.70) WHAHT B, T k.

COLEZGBOILEYBHIRERY &

LT3, CORBILAME. 250CHEE TURHIKXERLEEL. FORK.

HEOLRICEDR>T 2TBCREBIVEBE—-TIERUTART 3,

ChoBMEOD [Co(Hbhen)A,1C1; B LU [Co(Hbhpn)A IX, SEE D BT TH
ShEh#ERE2ER 43 REEDHR. BB, RPOFBER. TAHEIKRSh 3L

—JHBOEREERRU. (-) BRkEEr IR (+) URBERT,

Table 4-3 DTA data for electrolyte [Co(Hbhen)A2]Cl; and [Co(Hbhpn)Az]X:

Main decomposition stage

(a) [CO (then)Az]Clz

1¢:C)a L(°C) m¢°C)
[(Co(Hbhen) (an),]Cl, 178(-)% 190(+) 215~238(+)
[Co(Hbhen) (p-CH;s-an),])Cl, 187(—=) 203(+) 222~255(+)
(Co(Hbhen) (p~CyHs-an)o]Cl, 182(=) 190(+) 207~255(+)
{Co(Hbhen) (p-Cl-an),]Cl, 160(-) 175(+) 205~250(+)
{Co(Hbhen) (p-OH-an),]Cl, 190(—) 206(+) 217~250(+)
[Co(Hbhen) (p-CH;0-an);]Cl, 178(-) 187(+) 210~245(+)
Main decomposition stage
(v) [Co(Hbhpn)Az]X, Anion X cr-
p————— et ettt
1(C) 1 (C) 1¢C) n("C) 1(°C) L (C)
[Co(Hbhpn) (an).]X, 178(—) 279(+) 174(=) 293(+) 150(—) 215¢+)
{Co(Hbhpn) (p-CH,-an),]X, 215(—=) 273(+) 205(—) 297(+) 178(-) 288(+)
[Co(Hbhpn) (p-CyHs-an),]X, 203(—) 279(+) 193(—) 294(+) 133(=) 283(+)
[Co(Hbhpn) (p-Cl-an);]X, 188(—) 278(+) 170(-) 204(+) 117¢-) 222(+)

a) DTA-peak maximum temperature.

b) Minus and plus in parentheses show endothermic and exothermic change,

respectively.

£4-30@IWHR B XS, [ColHbhen)A, ICl, HH&EDIES. EB1BOBRISTH
hZ2WMBE—JEE2BORBE -V EDEEZENHETL. (1) RREFRT&LEOR
T2 ERBEELLY A A EOBRBRRENEI 25, BB FHER A MO R L

FORMREBEISZEEZEZI O S,

n

[Co(Hbhen)A:ICI, __, ¢ [CoCI(Hbhen)AICI} + A1

exo> decomposition product
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endo.

— decomposition product (2)

X0
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Fig. 4-5 Infrared spectra of [Co(Hbhen) (p~CHs~an).]Cl.
and its thermal decomposition products

Numerals under curves represent the heating temperature (°C)
[Co(libhen)(p-CHs-an),1C1, &£ OE4E (H 4-5) :
SHHEOPMBAKERD 1T5CTHREB/IBERWOANRY LTI, PHEHIO

SERDANI P LRZABSHE 1200cm BLU 810cm ' {FTIHHDO Tz L ED p-
EHMALCESSBRNF BHIDPRNELRS>TVWS, SRR EBEESR 195C
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Fig. 4-6 Infrared spectra of [Co(Hbhpn) (p~CHa-an)2]Cl.
and its thermal decomposition products

Numerals under curves represent the heating temperature(°C)
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D&EI. [Co(libhpn)(p-CH;z-an) 1Br, A OB REBRPYOEF AN PR
MELVR. TOEREE 4-7T WRT,
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Fig. 4-7 Electronic spectra of the cobalt(Ill) complexes
and thermal decompqsition product
(a): [Co(Hbhpn) (p-CHs~an):]Br,
(b): [CoBrz(Hbhpn)], {(c): Thermal decomposition
product of [Co(Hbhpn) (p-CHs-an).]}Br. at 227°C

in 50% ethanol solution
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Fig. 4-8 Cobalt 2p X-ray photoelectron spectra for thermal _
decomposition products of [Co(Hbhpn) (p-CH3-an).]Cl. complex
Tempperature(°C): (a); 250, (b); 280
% : Co(Il) shake up satellite features
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25.0X10%ca™ ! [FERHMEBEMTFDIS>ANL P AOEBFBHRERFENIDOH 5,
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D> RBVHENFEBIHOARLL, TdWR. TOANT PR, MREKU R
[CoBro(Hbhpn)] @ AN Y b b (HHEE b) L 2MBICRI—HULTW 3,

SVT. BARERYWFOINL OBILBERBIHIT I LDR. BYRE
WO Co 2p RBFANT PALRBEELUR. TORBRREHE 4-8 &FRT.

B0CTHREBHBERYWD Co 2p ANY ML (B a) ld. shake up W
SLYFSLPE—=J10 I RFLALEBDO NV, 2ThiiHUT. 2BEE
2 280CEURIES (158 b) . 2O aNL LAV EBEEOYFS 4 bE—
7 (FdsEl) BEBRRER TV 3, COEEH»S. [ColHbhpn)(p-CHz-an) ICI,
BEOBLSHLEBULT. 250CUTOERETHEI W I BSBERYPIOaINL I
3MATHY. THhULDOEE 280CTH. 2MICBITIh B LHEREL k2.

ZDE». [Co(Hbhpn)(p-CHsz-an),1Cl, B KU [Co(Hbhpn)(p-CH3;-an),1Br, @
BOMBETET IREILEGYO X KEWE . Eh¥Fh [CoCl(Hbhpn)] B
& U [CoBrp(libhpn)] OEIIHELLBEUTH S L OERDF S h e,

(DABEEI A VOER

TTCRENXEZ KD, [Co(hbhpndAIX, BB DE 1 ROBRISTH 3 R#L
—JR2HTFOMBUFWEZ2OABERAAZOLDEBRBIREICDD
THb, TEDEX 4-6 D (b)) CRA&LSI. RBE—-JOHNBEEWT. WK
NFTHE7Y VEBUROBBERLL > TRRBEEDRABERER A D BELRY
44, BItWA4 A Y. 3P4 A VOMEICEKLS RS, COBEORKREIHN
HEAAVEHMBUFEOBRBRIETH S D, NER A OREKSN (En) @
WL RBEW A A, Bt A Y. 2O AVOMER. BRREHE
CURFLARD'Y, Fh. AIRKERTIHIURLUFOERENLIORRBLEE
EBIRTEHMEIHh S,

c) M2 EME (Model 2035%) X BEIRBEBIL LY. X BRLCrkaBH L.
30kV, 20MADRHTHMEL L.

d) En'® = Cl: 1.24, Br: 1.51, 1 2.06
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TEBREO. BEO[CX (Hbhp)IBRIEERBE VU TER TR ERBEVEU
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B3ZERRVEUVR. £ COBFRRNIBRIEW. (2) ARFRT LD,
MEUFTHE57 Y VERBRO2FH _2O04BERBRA A JRE>TR»I L
1 BENCEBRTIWIRIETHE 2Bl sDIIU REY,

[Co(Hbhpn)A21X2 sndo. > [CoXo(Hbhpn)] + 2A1% 2
COEE. EERCBUTFROEEOBEI Y., #AOoBILENHRILRBEIN S &
Zioh%, EZC. ZOE28 T, [Co(Hbhpn)AIX, SEHK OB B 5 #b
LM EEESIHIZT 3 DI, Coats-Redfern O H K2V WL LB ->T ()R
ODERBRGOEEGBHBINEITRL. BERUFTHI37 Y EREOBHI &
Z2HUORELEMHOHBRODVTRIU k. {Hbhen & NN -EX (2-EF DO
FVYLI)I-AFATOEYFY) TFLIIVT7 IV, Hobhpn . NN -E X (
-t FOFXVAI)-I-AFATREYTFY) -1,3-TONYIT7IV,. ART7Z
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o2V TH]. FL-ARFEDTHRT.



Table 4-4 Analytical data of [Co(Hbhpn)A.]Xz complexes

[Co(Hbhpn)A;]1Cl,
Base
Cc(%) H(%) N
ane §1.04(49.74) 6.05(5.99) 14.85(15.13)

p-CHg-an®  51.77(51.46) 6.40(6.39) 14.33(14.40)
p-CaHy-an®  53.22(53.03) 6.74(6.76) 13.56(13.74)
m-CHy-an® 51.60(51.46) 6.44(6.39) 14.33(14.40)
p-Cl-ane 44.63(44.25) 4.97(5.00) 13.51(13.46)

[Co(Hbhpn)A21Br:
Basc
C(%) H(% N(%)
an 45. 06(42.88) 5. 14(5.16) 12. 96(13. 04)

p-CHjz-an 44.96(44.66) 5.48(5.55) 12.52(12.50)
p-CaHg-an 46. 35(46.30) 5.73(5.90) 11.99(12.00)
m-CHjs-an 45.00(44.66) 5.63(5.55) 12.50(12.50)

p-Cl-an 38.71(38.73) 4.18(4.38) 1L 7I(1L.78)
[Co(Hbhpn)Az]I.
Base
c(% H(%) N(%)

p-CHy-an  40.01(39.20) 4.78(4.87)  10.67(10.97)
p-CsHg-an  41.13(40.82)  5.16(5.20)  10.60(10.58)

Calculated values are indicated in parentheses.

a) an: Aniline. d) m-CHs-an: m-Toluidine.
b) p-CHi~an: p-Toluidine. e) p-Cl-an: p~Chloroaniline.
c) p-CzHs-an: p-Ethylaniline.

(2) MEHR® ROUVR WEHE

BERHRITE. 100Xy YaRTEURBBERED T~ KOV T. XY
ASEP(100m /min). BRAITOREFETHEL TC HBRESVLWTITR > k2.
The REKIE. BEER (W) REEZEHBEH (DSC-82308!) £ {F U 72 84 #
& (TAS 100B)) &Y. 2~lng OHBERBIEOVTa-7LIFT R EEYWE L
U. ERHTZARER00m1/0in). BHAIOCOREEREORKHTRD R, BB, M
BORIEWZE. In(FEI9.999%). Sn(HEI.9NDDEHRAKEH VL,

1.23 & R ¢ % %
(DEEE DS

IHTRNT & 3. [ColHbhpn)A X, A OBBITTUE. BMEE LR o T
2RAFOT7Y VEREB _OONBIRA AV L>TRPT LI BREMICER
&h [CoXo(Hbhpn)] BEMT 3, CORADRRIER I SCHRIDILDE. K
LBEWETZELEDR. 85 ITOREBEFEEORHT 16 WELITR - .
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Fig. 4-10 TG curves for [Co(Hbhpn)A2]Cl: complexes

A=1: an,

2: p-CHa-an, 3: p-CzHs-an 4. a-CHjy-an,
5: p-Cl-an.

Table 4-5 TG-DSC data of substituted aniline elimination-anation reaction of
the [Co(Hbhpn)Az]X2 complexes

Xa (Cr) dH (Be7) 4dH
P g o W GO e &
ghe loss (%). - Weight loss (%) -
Base Found Calcd,  ™ol™ Found Caled. ™0™
_an 442 35.7 33.7 1822 436 29.3 28.9 178+9
p-CH;-an 475 35.5 36.7 20638 470 30.2 319 203+7
p-CaHg-an 462 38.1 39.6 199+4 461 33.2 34.6 195+6
m-CHy-an 425 36.5 ) 36.7 - 1756 437 32.0 319 195+8
#-Cl-an 452 39.0 40.9 1915 451 33.8 35.8 1895
Mean value 191 192
a dH
)
Base (K Weight loss (%) (kJ.mol~")
Found Caled.
p-CHj-an 438 26.0 28.0 1894
p-CiHs-an 437 29.2 30.5 186 £7
Mean value 188

a) Outer-sphere anion.
b) DSC-peak maximum temperature.

T —HR. BARBRICBVLT. BRULEIERISBEEGURARLTS
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Th,. BRERIERCESBBLIFOLINE—ELBRDSH %,
AH=AHcgiss) + Allcsun) (3)

{AH: DSCHIEWX X > TRDELE. Aligiss) - BRMRIETE IS IINLE —

T, AlHsur) : 72U VERBORBE(CHY T IO YL E —F1L}
ZZTs Aoy B7 Y VHEBBOMBRAL BRREBOMTIIE LV EREL.
[Co(Hbhpn)A, IX, SEAD AN DEHEE7 2V OV HERED Al sy’ 2D OFEY
{# (65kjmol )& M. BELEDAHGiss) BRD B L 59~62kImol ' D@ENE
shiz,.

2B, BIBEWBLT. [ColHdmg)AIX S#HO(DROBEMRIS2® 2T QR
BEAHVRMELTWV S, 22T, [CoHdmg)oA )X EfE DV TH. RERU &
W AHGiss) BRD B &L 29~33kjmol ' DIEHBRF/ S0 k2,

[Co(Hdmg)2 Az IX -  [CoX(Hdmg), Al + A% (1)

TD& . [Co(Hbhen)A,1X, B kU [Co(Hdmeg) A IX SO TR E
DL NE—FE., BEELLWERRIh, MBEUTFTHE7 Y 0FN
19 F5R20% 0mol ' THILEXB NS, B, ThasanNi b (D
AT, THUERUFREUMANER TSI DM, AfY7IIVan
b () $BF0EE (G)R) O Yy )L E -1t (40.2kJmol" ') 28 2L X T.
9 10kjmol " VhXTWEERHS>TW S,

[Co(NH3)s1Cls = [CoCI1(NH3)sJCl, + NH3 t (5)

E R
TEXOMR 4-10 LR B &S5, [Co(Hbhpn)AICH, S DN MEAMIEEL. WK
MUFTHE372N VERUBORELELI D TRKESLER->TVW S, 22T, &8

e) 7Y VERAKOBME (mot™1) « EFESH (Kmol™!)
an; 10.5, 47.3, p-CHs-an; 17.3, 51.8, p-CoHs-an: 10, 53.1,
m-CHz-an; 7.1, 50.6, p-Cl-an; 21, 53.7. B, a7y >, pPILA4Y
oM. IERL->TRDLIE.
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hEW P SERILI R AF —(Ba). HERTFAERDEL, DVT. Ba BLU A
DEEBVT ArrheniusH{k=Aexp(-Ea/RTI} D S HEEY k 2HHULU R, &5
. BRI YL E—(AR* )iE. AW* = Ea-R-T OBRRAM S, T . &1L
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Fig. 4-12 Plots by the Coats-Redfern method for Fig. 4-13’ Plots by the Coats~Redfern method for
thermal reaction of [Co(Hbhen)A.]C1, thermal reaction of (Co(Hbhpn)A.]Br: and
[CO(thPﬂ)A:]Iz
A=1: an, 2: p-CH;-an, 3: p-CaHs-an 4: a-CHs-an,
$: p-Cl-an. -—@  [Co(Hbhpn)Az]Br2
~—h  [Co(Hbhpn)A2]I2

A=1: an, 2: p-CHs-an, 3: p-CaHs-an

5: p-Cl-an.

Table 4-6 Kinetic data of substituted aniline elimination-anation reaction of »

the [Co(Hibhen)Az]Xz complexes
(1) Kinetic data for [Co(Hbhpn)A2]Cl: complexes

E - k (450 K) dH*(450K) 4S* (450 K)
Base PKe (kpimotry 108 (AT T g mol™) (Jk~tmoih)
an 4.63 159%9 18.0+1.1 3.50x 10" 155+9 73+19
p-CHz-an 5. 08 18312 19.4+0.7 1.10x10"2 17942 1004
p-CeHs-an 5.03 187 %2 19.8+1.5 1.24x 102 183+2 107 +4
m-CHj-2a 4.73 154+2 17.4+0.2 3.27x10"2 150+2 614
p-Cl-an 4.15 176 +15 18.9+1.7 2.95%x10"¢ 172415 90+32
(2) Kinetic data for [Co(Hbhpn)A:]Br: complexes
E - k (450 K) 4dH* (450K) 48> (450 K)
Base (k]-mol-1y 1o (Als™) (s (kJemol ) (Jk~t-mol™t)
an 14910 16.7+1.3 2. 81x10™! 145+ 10 49421
p-CHj-an 182+4 18.9+0. 4 2.67x%x107? 178 x4 90+8
p-CaHg-an 188+5 20.1+0.6 1.90x 102 18445 113+11
m-CHj-an 188+6 21.2+0.4 2.71x107! 184+6 134+12
p-Cl-an 16147 17.0+0.8 2.05x10° 157 %7 5415
(3) Kinetic data for [Co(Hbhpn)A:]I; complexes
E - k (450 K) JH450K) 45X450 K)
B?se (kJ-m‘ol") log (A/s™%) (s™) (kJ-mol™?) Jk~temol™t)
p-CHj-an 155+3 17.4+0. 4 2.61x10°! 151 %4 6248
p-Calls-an 150 +6 17.440.9 6.69x 10 14647 61+13

Ea: Activation energy, A: Frequency factor, k: Rate constant,

AH*: Activation enthalpy, AS™: Activation entropy.

4: g~CHa-an,
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Table 5-1 Analytical data of the [Ni(acac).Az] complexes
Base C(%) H(%) N(%) Ni (%) Bere/BM

an*’ 59.55(59.63) 6.22(6.37) 6.29(6.32) 13.38(13.24) 3.26
p~CHs-an®’ 61.34(61.17) 6.80(6.84) 5.93(5.95) 12.21(12.46) 3.19
p-CzHs-an®’ 62.60(62.54) 7.10(7.27) 5.79(5.61) 11.76(11.67) 3.21
p—CH30-an®’ 57.40(57.28) 6.18(6.41) 5.79(5.57) 11.64(11.66) 3.23
0-CH30-an®’ 57.51(57.28) 6.30(6.41) 5.69(5.57) 11.88(11.668) 3.22
p-Cl-anf’ 51.72(51.60) 5.10(5.12) 5.50(5.47) 11.41(11.48) 3.19
m-Cl-an*’ 52.02(51.60) 5.05(5.12) 5.51(5.47) 11.39(11.46) 3.24
p-Br-an™’ 44.25(43.97) 4.23(4.36) 4.73(4.66) 9.74 (9.77) 3.22
NH; ¥ 41.25(41.28) 6.68(6.93) 9.30(9.63) 20.11(20.17) 3.19

The calculated values are indicated in parentheses.

a) an: Aniline, b) p~CHs-an: p-Toluidine, ¢) p-CzHs-an:

d) p-CHa0-an: p-Anisidine, e) o-CHs0-an: o-Anisidine,
f) p-Cl-an: p-Chloroaniline, g) m-Cl-an: m~Chloroaniline,

h) p-Br-an: p-Bromoaniline,

j) NHs: Ammonia

p-Ethylaniline,

Table 5-2 Analytical data of the [VO(acac);B] complexes

Base C(%) H(%) N(%) V(%)
py*’ 52.37(52.33) 5.45(5.57) 4.14(4.07) 14.38(14.80)
4-CHs-py!! 52.38(53.63) 5.74(5.92) 3.90(3.91) 13.90(14.22)
4-CoHs-py™’ 54.58(54.84) 6.14(6.24) 3.92(3.76) 13.33(13.68)
4-CN-py™’ 48.92(52.04) 4.76(4.92) 6.93(7.59) 13.50(13.79)
3-CN-py°’ 49.53(52.04) 4.72(4.92) 6.93(7.59) 13.50(13.79)
3-Br-py*®’ 41.96¢42.58) 4.09(4.29) 3.20(3.31) 11.95(12.04)
NH; 41.68(42.57) 5.96(6.07) 4.88(4.96) 17.83(18.04)

The calculated values are indicated in parentheses.

k) py: Pyridine, 1) 4-CHs-py: 4-Methylpyridine, m) 4-C;Hs-py: 4-Ethylpyridine,
n) 4-CN-py: 4-Cyanopyridine, o) 3-CN-py: 3-Cyanopyridine,

p) 3-Br-py: 3-Bromopyridine.
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Fig. 5-1 TG curves for [Ni(acac)z4:] complexes; heating rate 10°C/min.
A= 1: p-Cl-an, 2: p-Br-an, 3: p-CH30-an, 4: p-CHi-an,

5: p-CzHs-an, 8: an, 7: o-CH30-an.
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Fig. 5-2 TG curves for [Ni(acac).A2] complexes; heating rate 1°C/min.

A= 1: p-Cl-an, 2: p~Br-an, 3: p-CHi0-an, 4: p-CHi-an,
5: p~Cz2Hs-an, 6: an, 7: o0-CHi0-an.

Table 5~3 TG-DSC data of the [Ni{acac).A:] complexes

I stage II stage
AH(sus) (K)*) Veight loss AH:,  (K)*’ Veight loss AH:
Base kJmol~? (%) kJmol-! %) kJmol-?

p-CHs0-an  76.6 440 24.6(24.5)%’ 501 472 25.6(24.5) 13+4
p-CHs-an 69.1 438 22.6(22.7) 765 469 24.3(22.7) 524
p-CoHs-an 63" 423 24.5(24.3) 51%5 466 24.3(24.3) 44=%2

an 57.8 406 19.8(21.0) 62x1 473 21.2(21.0) 767
o-CH30-an  68* 426 23.9(24.5) 556 459 24.9(24.5) 52+4
p-Cl-an 74.7 465 24.3(24.9) 557 481 25.4(24.9) 36x6
p-Br-an 76.6 460 27.7(28.6) 707 499 30.2(28.6) 672
mn-Cl-an S6** 397 25.3(24.9) 22*5 444  26.3(24.9) 45+%4

a): DSC-peak maximum temperature. b):The calculated values are in parentheses.
AH(qun) : Enthalpies of sublimation for aniline derivatives.

*:AH¢sub) values determined by DSC measurement. **:Entalpy of vaporization.
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Fig. 5-3 TG( ) and DSC(- - - =) curves for [VO(acac):B] complexes;

heating rate 10°C/ain.

B= 1: py, 2: 4-CHi-py, 3: 4-CoHs-py, 4: NHi,
5: 3-CN-py, 6: 4-CN-py, 7: 3-Br-py.

Table 5-4 TG and DSC data of [VO(acac):B] complexes

pKa AH(auoy (K)*'  Veight loss(%¥) OH

Base kJmol™! Found Calcd. kJmol™?
Py 5.25 47.8 404 21.3 22.9 69.4
4-CHs-py 6.02 56.9 421 25.8 26.0 81.4
4-C.Hs-py 6.17 54.0** 425 29.0 28.8 73.2
4~CN-py 1.90 75.6* 399 26.6 28.2 65.5
3-CN-py 2.28 79.0* 391 27.1 28.2 68.2
3-Br-py 2.84 59.4* 402 36.5 37.3 74.7
NHa 9.26 29.0 370 5.8 6.0 51.3

a): DSC-peak maximum temperature.
AH(eus) : Enthalpy of sublimation for pyridine derivatives.
2:AH(aun) values determined by DSC measurement. **:Enthalpy of vaporization.
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Fig. 5-4 Plots for aniline elimination reaction at the first
stage according to the Coats-Redfern method;
[Ni(acac)z(an)2] enao— [Ni(acac)z(an)] + an?

n is the order of the reaction.
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Fig. 5-5 Plots for aniline elimination reaction at the first
stage according to the Coats-Redfern method;
[Ni(acac)zA2] endo. = [Ni(acac)z4] + AT
A=1: p-Cl-an, 2: p-Br-an, 3: p-CH3;0-an, 4: p-CHs-an,
S: p—-Cz2Hs-an, 6: an, 7: o-CHi0-an.
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Fig. 5~6 Plots for aniline elimination reaction at the second
stage according to the Coats-Redfern method;
[Ni(acac)24] endao—* [Ni(acac):]+ A?T
A=1: p-Cl-an, 2: p-Br-an, 3: p-CH30-an, 4: p-CHz-an,
S: p-C 2Hs-an, 6: an, 7: o-CHa0-an.
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Table 5-5 Kinetic data of aniline derivatives elimination reaction of
the [Ni(acac):42] complexes
(1) Kinetic data for the first stage; [Ni(acac)z4.] = [Ni(acac):A]+ A T

Ea log( 4/s7 1)  k(383K) AG*(383K)
Base pKa kJ-mol™! st kJmol™!

p-CH30-an 5.34 146 12 16.7%+0.9 5.86X10~* 126x2
p—CHs-an 5.08 154 # 2 18.5%1.5 3.09x10°* 119*3
p-CzHs-an 5.03 155 £14 18.4%1.7 1.76x10°* 1201
an 4.83 114 = 8 14.2%+0.8 4.09x10°* 109=%1
0~CH30~an 4.52 132 =10 16.6x1.4 3.85x10°%2  112*1
p-Cl-an 4.15 137 £ 7 15.2%0.6 3.55x10°* 126=%1
p-Br-an 3.86 147 = 8 16.3x1.1 2.12x10°*  127%0.3
n-Cl-an 3.46 137 £ 1 16.4%0.5 6.18x10"* 117%0.4

(2) Kinetic data for the second stage; [Ni(acac).A] - (Ni(acac)z] + AT

Ea log( A/s ')  k(435K) AG*(435K)
Base pKa kJ*mol~? s! kJmol™!?
p-CHa0-an 5.4 187 £ 4 19.8%0.5 2.43x10°%  137%2
p-CHi-an 5.08 159 + 3 17.2%0.4 1.26x10"2  130=1
p-CaHs-an 5.03 152 £ 3 16.1+0.4 7.24x10°%  132%1

an 4.63 139 £ 5 14.8+0.6 1.36x10-2  130=%0.2

0-CH30-an 4.52 146 £ 4 15.7+0.5 1.48x10°2 130x0.2
p-Cl-an 4.15 199 £12 21.4%x1.2 3.46x10°% 135+1
p-Br-an 3.86 164 = 6 16.7+0.7 1.23x10-3%  139%1
m-Cl-an 3.46 170 £10 18.5%1.1 1.13x10-2  131=1

Ea: Activation energy, A: Frequency factor, k:rate constant,

AG :Activation free energy.
_86_
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Fig. 5-7 Plots of substituted pyridine elimination reaction according
to the Coats-Redfern method for [VO(acac):B] complexes

B= 1: py, 2: 4-CHa-py, 3: 4-C.Hs-py, 4: 4-CN-py,

5: 3-CN-py, 6: 3-Br-py, 7:

NHs .

Table 5-6 Kinetic data of substituted pyridine elinination reaction of

[VO(acac):B] complexes

Ea log(A/s™')  AH*(400K) AS*(400K) AG*(400K)

Base kJmol ! kJmol™? JK 'mol™'  kJmol™!
Py 123+9  16.1%+1.2 120+9 5212 992
4-CHs-py 123+£10 15.3+1.4 11910 3715 1052
4-C.Hs-py 103+9  12.3%1.2 100£9 -20+10 108+0.2
4-CN-py 1134  13.9+0.6 1104 11+ 6 105+0.2
3-CN-py 119+0.6 14.9%+0.1 116%£0.3 29+0.4 104+0.4
3-Br-py 1267 16.2+1.1 123+7 547 101 £0.7
NHs 157+1 19.2%0.5 153+1 110+2 109+0.5

Ea: Activation energy, A: Frequency factor, AN* : Activation enthalpy,

AS* : Activation entoropy,

AG* : Activation free energy.
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[AgB2 INOs2 !V DB HT D W& K (b) : -A——A— for the second stage (AG*(43sx))
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L. HiBRpKaTHRUBDHEEEU.
AG* /pKa=a + B AHsyo/pKa (8”)
BEED Ay /pKalz 3t 3 AG* /pKaDBIRERD. B 5-9 KR U ko
ZTOER. 59 RARTLIWRAGC* 3830 BERUAGC* (4350 DVTHODFERKR
., FRREEBEERBRZD SNk,

ToW. ROZYUULHDIOD S LD, pka BEU AHsyy OEBT7 U Y
FUUEOLThEARXRRIT VR 7O ([Nidacac)a(NHs)1) Db
THRH U ko

[NiCacac)(NH3).] S DEBAMETUE. 7VET7O0280F B 1 RERICEH
T30, TOFERNERIXROEBVTH %.

Ea =90+ 9kJjmol" 1, log A=9.4%+1.2
AG* (3e3¢)=122kImol 1, AG* (435¢),=127kJmol !
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Fig. 5-9 Plots of AG*/pKa against AH(.uv)/pKa
for [Ni(acac)zAz] complexes
(a): " @——@— for the first stage (AG*(3aax))
(b) : —A——A— for the second stage (AG*®(43sx))
O and A values are calculated from linear line (a) and

(b), respectively.
A=1:p-Cl-an, 2:p-Br-an, 3:p-CH30-an, 4:p-CHs-an,
5:p-CzHs-an, 6:an, 7:0-CHi0-an.

CZC 77D pKa . 9.26. T2 AHeyo B 29kJmol™! 222 TCH B
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RHoN 3, ThoAG* /pkaD . B 5-9 ORDERETREU LEE (a)
BIU (DHhS>FRMEIh ZE (AFOOE: AG* (383> /pKa=10.0. AE: AG*
cassk) /pKa=13.3) L BB LS —HUTEH Y. [NiCacac)(NH3 ) ISEHE D # K E
HOFHBULHBAMBBATEZII EBbD o k.

[Vo(acac) Bl D L EH

[Vo(acac) Bl A ORI S. HEEOBBMBIIE T L ho. koI EN
REROEFHEHEERBIWIEELZON S, UDULRES. R 5-6 WRT &
SREEAEDAGCK T, 99~109kimo I 'OBEAIH V. YV UERUORBRENR
RoTHMFIT 3T LOEEENROIh RV, TS5, pka &8 8.26 D7 V%
ZT7EEDAGC* X, 109kJmol " 'TH Y. pka » 1.90~2.84 O/ REOTWHE I
» %4-CN-py, 3-CN-py, 3-Br-py$#& D AG* Off (105kJmol- ', 104kJmol 1,101
kJmol~!') LR UERFT.

EZAT. BBMEYVY UDNESEBEREGT AR, CYYVROHBEHEELR
S nHEEREERTILENS S, Miyokawa??’ 313 [Co(salen)B] &tk {
salen: N,N’-ethylenebis(salicylideneaminato) dianion} D3O E Y Y U FENX
HOBMBREWXBWVT. [Co(salen)(4-CN-py)] U D EHILI I LY — DS
DHEEL &> TKRESRSEBRALTL 3. AWMED [V0(acac).B] S OER
H. 4-CN-py 2. TOHBRHREDOEXT. NXFYT L (V) tOniESHENE
<. 3-CN-py. 3-Br-py 2MUTFETIHRULIIVLTEHRLEBIL I LT X dh 3 B8,
AGC* QEICIZD LI REREBR IRV,

Bicif e [Co(Hbhen)Az1Xe B XU [Ni(acac).A:] SO BT EME ». B
FOERBMHIMATRUFESOBNIERC I THERIN I EPSHML
T. [V0(acac):B] £ HOBREETHLE DV T. OROBARHELREL k.

BHEEKD AN v/pKa BEU AG* /pKak R¥. 5-10 KR U k.

TR, 5-10 @ (a) KRB &S, Alsyp/pka & AG* /pKal ORI L.
EEMEsERETh. [Vo(acac),8] S DZEED B) ARARLTSEZE2ED
Tz

ChoDERD S, MER. BABMEUTHL I KERE. van der Vaals 7
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Fig. 5-10 Plots {(a): ~@——@— ) of AG*/pKa against AH(suw)/pKa
and plots {(b): —&——=&— } of E’'/pKa against AH(suv,/pKa for
[VO(acac)2B] complexes
B =1: py, 2: 4-CHs-py, 3: 4-C,Hs-py, 4: 4-CN-py,
5: 3-CN-py, 6: 3-Br-py, 7: NHs.
[vo(acac) . BISk (A DB F ANY b 1L
£ 5-7 2. [V0o(acac),B] S QBEIARP AN PLOBEHRETT.
[VO(acac);BJDEBF AN AL THRDEHEBOBNHIE. %€ « 2B,. . B2
WAV H L. 2B, <« 2B, (10Dq) t@’?’%ﬁ'ﬁ'g%a“o_ Selbin?® s iI. BRDHEH
WhIieB T 3[V0(acac) JOANY P LEILEZHMEL. E1IRPNFOLNBEHE 2K
PHEEOE (012) POERCUTOBBROEMUENOFBMLUTVWS, F2T. 2
DD 2T R NAF— (Ejkjmol™ ') WCBU (X 5-TD 5 M) . St &L
2o
B CRONS E OHEIE. LETHERR2AGC ORBALAHEOMMEIIKH V.



Table 5-7 Refrectance spectra data of [VO(acac):B] in the solid state

Base band 1 band 2 D12 E’
(e t) (emt) (cm ') kJmol !

py 12890 17300 4410  52.7

py?*! (13000) (17390)  (4390)
4-Cls-py 13000 17240 4240  50.7
4-CoHs-py 12990 17180 4190  50.1
4-CN-py 12950 17060 4110  49.1
3-CN-py 13120 17180 4150  49.6
3-Br-py 13370 17270 3900  46.8

NHs 12630 17180 4550  55.4

E’: Values calculated from D,z values.
EYVYVFERAROERH L OHBBARBELEAERG ARV, ¥Z T 2D E°
OV Td, BE BOBMHHEOFTENEIhILHEML., TEDB). B8)OK
EEUEDE 9) BKU (9’) BEREU 2,

E* = apka + B AHsys (9
E/pKa = a + B AHs,s/pKa 9"
DWT. E/pkaB KU AlHsyp/pKa DERRD. ZOMKEER 5-10 KKRU k.
FOER. B 5-10 0 (b) WRB &SI E/pka & AHsuo/pka E ORI D EEE
@B T A ENhH ok,
DEDOFRUY. 2R -BUFHALLIRUTORBUHEADBTE TS ERRTD
DT TXOBXROBYUMLIRTEH0THS. . 2E-RuuFHAORKS
HOFMIE. B)BIUOXPHFLRRELRZIDOELERU 2.

5.4 % & ®

HEORETEHOHRBIEODLVTE]., ~HE. RUFOBTHEMHRZESWVWTL
WU @#RTh TS, UL d. [NiCacac)A2] s U [VO(acac),8]
HEORETEUHLREUTFOEEHOATHEU EE. [Ni(acac)(p-Cl-an): 1
[NiCacac)>(p-Br-an),] 72 & U2 [V0o(acac),(4-CN-py)]. [V0(acac),(3-CN-py)]
S#HEIHANBHREREXS. COHHRE. 2E-BUFROBEEBcBEME. nEGH
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F 2. [Vo(acac) Bl SEADEF ARV P LD OROREE B OBGGENIKD
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COEIRBHHHOVER. FO02E. BUTFOREYVIIHARISEHERE
Ao THEREIN., BFELVE@BIUOAN. ¢E-BiuTFHOESHOH LR
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AFAXWE. Cr(m), Cu(I), Co(l). Ni{IBLUVUV)DO R A DO TR IT
RO, #HOBEHCBYIBEEH/HLEOVT. TRABRA A VROV REREMUT
ODHHELOMENERFTUREREET LD 2HDOTH 5,

BI1ETR. FFEINMAMNYVIFBLIUETOFEREEL I OL () LOFHLR
SONEMHEMNE [Cr(HL);XCl; BIU 2O TRAEASNE [Cr(L):] D&KL,
ZTOoHAERLENE, EREREOBAINTE. B2 LR > TRETY
EEDPORET IY. FERALBORAU. BUF2ELoRHT IR
CRBHLAMBT S, COLHRE. /R BERBEROHMERELHTIELTK
ELRREZIELE2BDR.

E2BTCR. FARFLE#EHE {1:[CuCtu);ICI. 2:[Cutu),Cl1]. 3:Cu(tu)-
Cle1/2H20. 4:[Cu(tu)312504+Ho0. S5:Cu(tu)ONO. 6:[Ni(tu)aClo]. 7:[Fe(tu),-
Cla]v 8:[Mn(tudaClade 9:[Co(tu)sCl] (tu: FARE) } O#AHFEITRL,
EXZHHEED No.1~5 BB IUEBED No.6~9 koS BiBEOHES
HobpllUhk, FARFEBOBABHTTE. FARERTF V7 VB7VEZY
Ly J72VBTHRTEN. Cho0BRIBIBVWIhayRk#ALEBR-T
HITT 5. No.6~9 SR OBMHBIE. FARFHEBOB ARSI RBIICHEIT
U. BUFFARRIBRUTLEELYICITEILTICEBOM >R, —A.
No.1~4D8H (1) U ORLMTIE. RBRELR->THRIBERDE LU THIL
#H (1) BEBT S, Chid. REFFTEBUTES T SFARENELOR
MIZERDPRIIEREEI SN 120

EIETH. SUOBIREBIITHAERA A OEELRETIRDI.
UAXFLTYAFY L (Hodmg) D22 P (M) $EHEEEY L. ERHESEH®
[Co(Hdmg) A ]X BIUFEBMEMEK [CoX(Hdmg).A]l DA RITR - k.

ENHBUOREG. MRBGUFTH»527 ) VFHEREQNEABERIFOXNDED
ERMRLVBEBEELR>THEITU. REERPE U T [CoX(Hdmg)oAl MEMT
3, COMRIBWG. 72V VERBORBRFHREUROIVRABIE A OREN
REEINSI 2D R, —F. [CoX(Hdmg)Al BLUHUT A S (0) B&
Uzwirh (1) #ROKSER. BRRERL2ERABRBAA ISRV ED. &



BB T 5. ChoDERRZESOWT. #£ERHESEME [CoCl(Hdmg)A] 1238
E7VFE2DLBZ3VEEBIET7T VECTLRENUTRSTRITR REZ A,
FEMURBAA D RE>THBFTO7 Y VERU BRI O, BEILEY
{H[CoCIX(Hdmg).]1} BERIT HIERREVWELU L.

WAE, FI1HTR. VAFVIMAUEBRGFEaNLF (O) EOFRIRE
t {[Co(Hbhen)A,ICl, B LU [Co(Hbhpn)A,1X,} DEME. ChoOEMHMK
ODBMAWHERWL DV THENXR. {Hbhen: N,N'-EX (2-EFORY 43X /-1-X
FALTOEYFY) TFL IV T7I. Hbhpn! NN -EX (2-EFf R Y 43X )
A-XFALTREYFTY) -1,3-TONII T IV}

[Co(Hbhen)A,1Cl, SEHE DA T, WERAUTFELELLDA A EOBBRDK
ES<HBma sy, FHELF Hbhen NLBEMTRETHVED ICHEBBHIZ
NBILZZEBOPo R, —F [Co(Hbhpn)A, IX, U] ODOEE. (1) RWEFRT &
SRHMBMFTHA37 U VERBO2HFR_20NBEEIF D IL&L>T1E
BREHIh. BEO [CoX.(Hbhpn)] SERBERT EIIERRVELU 2,

[Co(Hbhpn)A21X2  enso. = [CoXp(Hbhpn)] + 2A1% (1
g2, () AORUFERRELEFERICBIT L. COBEOEK
tEHZ X ALY —(AC* )R, 72V VHFBEAOEREHOHRITITITHML THKX
3 % . [Co(Hibhpn)(p-chloroaniline),;]X, S DIZEE L. TOERMED o
ChEELVBRHEKERAC ERT I EBDD ok, CORRYRERLD
WTR. 72U VEREOREROEBICL S EHRB U .

EHEETR. EX(7EFALT7EIFI) 2ol (0) BEUEX (7EF
L7 b T b)) AFXIYNFYIL (V) OETMEEHE {[(Nilacac)A, ). [VO-
(acac),B]} PSDEEXEORBURIELEFXEANICEFT L. TOBERLCE SOV TH
HOBELEHERUFOBHIUELOBREZRLU . [(Ni(acac):A,] O
HETE. DRARTTEIORERQTHS7 Y VEREBRMELDLR ST
1 A FSO2BREHIERB T ZCE2BD R, £, [Vo(acac) Bl DIE & L.
BNRARFRTEIOIREEBITHIEY Y VEREORMBRIETHEI L 2HELD
fzo
[NiCacac)2A2] .nso.— [Ni(acac)Al + At

[NiCacac)2Al .n4,.— [NiCacac),]l + At (2)
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[vo(acac)2Bl ¢nao. — [VO(acac).] + B1? (3)
Zha2). ROBRISOFHILEBHIRILE — (AG* ) . EROETFH
SHICHHAMUTHART 0. BRBROVIERERROKREREOEENEHT S
BAEOAG* . ZOEEHPKOIDP S FRHEIZELIVRENIIREIREILR
EHh, Ch>OEEDS. BHROBZTTENHE. ERXOETHEHEBIUBBER
BLUBRERRLEOBHUBELC L TEBINZLEEZ. KARREU L.
AG* = apka + B Alsys (4)
AG* /pka= a + B Als,,/pKa @
(a. BRRRRICLI>TRESER. AH 3. BRBEEEXEBOR)
(DR, BEEEBIUBRS. BRHEB 7V VBIUVLEYY VERREKRE
KERZ7VE7{AmsEtk ([Niacac), (NH3)2], [VO(acac)(NH3)]) DiFE I
HBELTE. CORRIY. EE-BRUTHEEGORIERABAI LTS EHA
U .

UE. ARG BAORUFEETSEBEEHBORAITET I EEDI.
BOBEBRYMEREL. SBOHRROIVIMELEHIBY IRLEHLOM
EeHODODRIZCLE2ANELVLTITR - R2DDTH S5, AWRRTH OO A
Ril. eR-RUTHIOEENEEESTA53HEHL2RABTIROERNT - &
UTHERTHA3EDY TR, 2EBUELHVIMEREPERABMRERED
LEIEADBRKVICAMTEDOERIET 5.
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