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Thermal Reaction of Nickel (II) Complexes Containing
N -Substituted Ethylenediamines in a Solid Phase.

Yoshinori ITHARA, Toshio NAKAYAMA,
Mayumi NOMURA, and Michiko BENYA

Abstract

Thermal reaction of the complexes, [Ni(H;0),(N-men or N-een).]X,, in the solid phase

were investigated, where N-men or N-een was N -methylethylenediamine or N -ethylethyle-

nediamine, respectively, and X was Cl, Br, I, or CIO,. It was found from the thermal analyses

and the changes in absorption spectra and magnetic susceptibilities under the thermal reactions

that all the complexes turned to the diacido complexes by thermal “deaquation-anation”

keeping original octahedral configuration, except for both the perchlorates of N-men and N-

een, which undergo transformation from octahedral to square planar structure by “deaqua-

tion” upon heating. The effects of N -substituent in the diamines and the anions on the above

reaction were discussed as compared with the other corresponding complexes containing N-

substituted ethylenediamines.
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1—1 N-men $${EDEEL
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kib= 6 KfPpnx s/ —NVEHRIC,
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Table 1. Analytical data of the starting complexes.

0,
Complexes 6)
H C N
. obsd.  7.37 2534 1974
[NiCly(N -men),] caled. 725 2536  20.16
. obsd. 634 1635 131
[Ni(H0)(N -men), ] Br, caled. 601 17.89 1391
. obsd. 486 1452 1148
[Ni(H;0)(N -men), ]I, caled. 487 1451 1128
] obsd. 547 1632 1261
[Ni(H,0),(N -men), J(CIO.), caled. 547 1631 1268
) obsd. 844 2799 1630
[Ni(H,0):(N-een),] Cl, caled. 825 2810 1638
. obsd. 644 2226 1313
[Ni(H;0)(N -een).] Br, caled. 655 2230  13.00
] obsd. 513 1847 1125
[Ni(H0)(N -een).] I, caled. 538 1831 1067
. obsd. 585 1940 1134
[Ni(H,0).(N -een),] (ClO,), caled. 601 2045 11.92

(TG) % & ric R ZEEHE (DSC) FEESH +
Totee STITEHEKE L THMENL 78
DR T CH, R TG—DSCrey—> %
WY, ZnFNo—FE LT, N-men n &
t#, N-een DL OBEEEZR 1IRL 72,
mEE L, TGETIZ, WOCUTHKIEETIZ
IIEAK 2 ENICHIGT 2 EBEA A 5 1,
ZEN%IL, EEOTEIIHET D 200C42B2 5
fHEE TS OEILLBEINL v, 72, B
SLAKBEBLICIRE LT DSC i3k & eIk —
IET S,

K223, INLDBKRIBICBIT2ERR

Welght Loss/ %

Fig. 1.

100

200

Temp./ %

Thermal analyses of [Ni(H;0),(N -men),:-

Br,(

Table 2. Thermogravimetric data of the complexes.

Complexes Weight Loss(%) Ending
obsd. caled. Temp.(°C)
[Ni(H,0),{N-men),]Br, 5.99 8.95 60
[Ni(H,0),(N -men),]1, 7.09 7.25 72
[Ni(H.0),(N -men),)(CIO,), 8.25 8.15 60
[Ni(H.0),(N -een); ]Cl, 9.94 10.54 92
[Ni(H,0),(N ~een),]Br, 8.35 8.36 94
[Ni(H,0):(N -een), ]I, 5.93 6.86 81
[Ni(H.0).(N -een), J(C1O,), 7.40 7.67 62

+~ pue
1~$ X /0025 K1D43IqIY

) and [Ni(Hzo)z(N‘een)z]Clz(_‘_)-
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~BLLTCLESBlICRENE LIS, Thsb
—HE DR RIFER E LT, BiRICBWT
L, BRICEHKERARTWHEICLSLD
EEZLND, EIHT, ZORKRIGDHEIE
T, #ENEIL, 2 ONBEERBIENESIL,
violet # & orange ~, HfMNHIETIE, T,
violet # & blue ~ ¢ &1k 72,

2—2 BFRARI b

N-men ORAGEEIZBITS, EBRAKEER
AIBORF AT P NVOBEOBRTFER 2 IR
L7z MEARTIE & L i2, EFRYMRA & THERIC
ST, 3ANDRIHELZEFT S &) NEEE
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LTw3, R(LEENEED, THERBET
b7z, INEE, orange ~\ LK b B BIERERIE
TiE, Bik#ICIE, TR MR WIRIEE A< 1
Aril), FEHBUEMBEERDERITREN
3 (X3).

N-een $itkTiz, Bk, Bl Kb
4, N-men Rk L ELELIR LN

logf(Rd)=1

1o 20 7 /10%cm-

Fig. 2. Electronic spectra of [Ni(H,0).(N-men).]-
Br, before heating ( ) and after
heating (——).

log f(Rd)=1

10 20 o
y/10%em-

Fig.3. Electronic spectra of [Ni(H.0),{N-men),]-
(C10,), before heating ( ) and after
heating (——).

log f(Rd)=|

o 20 y/10%cm™
Fig. 4. Electronic spectra of [Ni(H,O).(N -een).]-
Cl, before heating ( } and after
heating (——).

logf(Rd)=1

10 l 20 P/710%m-1
Fig. 5. Electronic spectra of [Ni(H,0).(N -een),]-
(Cl0,), before heating ( ) and after
heating (—-—).
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Table 3. Absorption maxima and magnetic moment of the complexes.

Complexes f}bsorpti(in Maxima® Hei®

(¥/10° cm) (BM.)
[NiBrz(N -men), ] (igg) (i;g) é;j) ;gi
[Nilo(N -men),)] &2:«_5;) 1123) (?73:;) 22(2)
[Ni(N -men),](C10,), (12.8) (izlz:;) (28.4) diaTﬁi
[NiCly(N -een), ] (32) (12732) é;i) 333
N e, e asn  eas s
[NIiL(N -een),] (132) (i;g) (221) gig
[Ni(N -een), ](CIO,). (12.8) é;g) (28.4) dian;%

a) Data of the starting complexes are in parentheses.
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mEatg, & LICRBMEIREDLS (k3),
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Fig. 6. Deaquation-anation (a) and deaquation (b)
reaction schemes.
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B RS2, anation % b %\, FERMMNEML
sk~ %L, T bbb, deaquation FIEH
ETLTWE LD Bbis, MK EH#EE
NTEESTEERLICT D, WTNRLETE
EE L vw—HFEzAE TS,

%523, 4E{T% -2 N-men, N-een g
o, FNFNOERMABRIGICBTsY
g —EbE &, b, HAN-Eif
IFVL YT IrOBEOEL, Bz L 12,

() THAEIZ, LG deaquation K
Wik 2L 0T, ERsERA T IR MEA $5K
ThbIED, HNLDER-TWE, Thbh
5, EHnT — #i3, deaqution MLz anation

FESLNT, ZOWMENT Y INE—ELD
HPRENTWLIEILT S, ZRLNEILE
W, PTIVELUHEA T OMEEICE
LREIZRZIT ST, 1313 30 Kcal/mol 2
D, SBEOELK 2 ENEFUEEOLERIG
ICIES 2L N ThHB, &£ Z AT, deaquation
RiG#% &= 8Kk 5 b, NN-dmen oix{ti
$#4k 713, deaquation-anation K is N 3HEICHE
L3 2 fE%, —F, N-een DBIEREEIETII,
FoOM1RDEEFL, »i)EENFALN
5, FELENTH LR, REEZTHT—
FTIIMETEY, SHOMFELZFE LT RS
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Table 4. Analytical data of the heated products.

Complexes H (‘Vé) N
[NiBr(N -men)] 196 1508
[NIL(Y -men)] w1t s
[Ni(N -men); (CIO: e arms 19w
[NICL(N <] oy
(NIBrV -cen] e on oiet 1419
[NIL(Y —een.] T i 196 1
[Ni(N -een), }(CI0,); e aa mu Do

Table 5. Enthalpy change of the reactions (kcal/mol).

X/NN N-men N-een NN -dmen® NN’ -deen® NNN’-tmen®
Cl 35.48 29.46 33.18

Br 32.11 35.23 28.35 31.15 337

I 29.41 31.22 (32.67) 34.61 30.83
NO, 35.29

ClO, (14.56) 34.31

NN -dmen= N ,N -dimethylethylenediamine
NN’-deen= N ,N’-diethylethylenediamine

NNN'-tmen= N ,N N’-trimethylethylenediamine
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N-men, N-een Ry &, BAEE T,
EEZLDAT Y > CER, N-BRZFL VT 3
DD BTTITERBD T vEKICBT
LEEFERIGOERZR6ICHEL 2, THD

A {3 deaquation-anation, B | deaquation &
BEBITLOTHY, THRUIHRSEEKE 2
CPTIVTHEDEFRNIRBETHE L 2R T
Wh, 2, ( )TERENTWDDIE, T2

Table 6. Classification of the reaction patterns.

NN/X Cl Br 1 NO; Cl10,
N-men A A B
N-een A A A B
NN’-dmen® A A A A (A)
NN -dmen? A A B A (B)
NN’-deen® A A A A A
NN -deen? A B

NNN’-tmen® A A A

NN’-dmen= N,N’-dimethylethylenediamine
NN -deen= N ,N -diethylethylenediamine
A or B means the occurrence of deaquation-anation or

deaquation, respectively.

THEEI ML 2, BN —-E7 v X
LOFERPLBHL2LDTH B,

BN, FRBMHEMSEEERL BV, C
-BBIFLOT ICBERNELEERLY),N
-ERIFL VT I UIRTIE, Y6, A
HERAREMND S T 7 THENERIEFSTH
N, Fi, BFERIEHOERIZENTL, Bk
OBEIC anation 245, AS A TORGHFER
FEHTE,

REnBR, A, BZRETHIERE L T,
DT I s ICHEA A L oEIRIC L B RR
WEZLNDH, HEA L cOWTE, FHU
T IVEROSE, 3O ar v {bos
THBLE, 443 F0NIVIRE, T7%
bbb, Eib iy K oIRIZ,
deaquation-anation FISAHEZ D Fwv 2 & ¢

bbb, —F, SHEOEAA Db, LA
RN H L Bbi, LorbA 4 2R
LRECBIEREA 4> TlE, BSIA7TORE
BIH % %> Twvvb, N-men, N-een DIFEH
L, FE, ZoO—REERICAKL T3 &
w2 b, $72, N-men, N-een &3, /&
B|THD, BERELHENNELILNTHE
&, MEEENHRI;FH, ET I 0ERIC
BWThH, AP A 7TORGEFCEREA ED -
vz 5,

L2 AT, 1 N-een D¥EiLHsEARD
DSC fifgic BT, BARENHED TG Lo
77 b—HT, NRLRB - I BRI ND,
ZOBBRIT, Mz, N-men Dik{t¥, N-een
DFRCHEEICLR LN, 2518, BiRicBY
TE T, BkERY, 7oz Es,

Table 7. DSC data of the second endothermic reaction.

Complexes Initiation AH

Temp. (C) (kcal/mol)
[NiCl,(N -men), ] 183 0.35
[Ni(H,0).(N -men),]1, 167 152
[Ni(H,O).(N -een),]Cl, 180 0.15
[Ni(H.O)(N ~een), ]I, 200 1.58
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N-men $EKZMBAL 2HEITBWTLHNS
na,

ZORBRIGDORBEE L = I -2
OMER, BTICETL, ZOEBEBRELZTRY
3, b¥rizrInt—EbE 4 ) REKIE
DBz O WTIE, trans—— cis BRELRG,
& 5 {3 dimerization SO HEM L &, BE
B ThBH, ZOHES, NI/ BEHREK
s AcALNE Z E, SLICKERY
12, Ak, R EIcBRRNING I L Y,
HIREWER I W2 5,
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