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Electron pamnagnetlc resonance spectia of cobalt and copper complexes of 
etlianolamlnes Is studled at - I  10 and 25 "c . The g values an? determined. Tlie 
cwgnetlc susceptlbllllles of the cobalt, nlcltel and copper coniplexes am measured 
In tlie 4.2 - 293 "if teinpemlure range . The CuiJe - Weiss constant, 8 ,  values proved 
that M-M lnteractloiis appeared In the cobalt and copper complexes and dldn't 
appear in the nlclcel complexes . 

Introduction 

Metal etlianolatiilne coniplexes were the subject of many studles In the 
recent decade. The origin of these Invlstlgatlons arose malnly from the Importance of 
thelr technlcal appllcatlons In dlfferent fields""' . IN our laboratoty. extenslve 
studles on the structural chemistry of the ethanolamlns (I) and thelr complexes were 
reported('-le'. To glve more lnforniatlon and deeper spot llghb about the structure of 
tlie ethanolamlne complexes , the ESR spectra and the magnetic behavlour a t  
dlfferent temperatures are lnvestlgated .The ESR teclitilque has provlded detailed 
structural Information on a variety of Paratnagnetlc organic and tnorgatitc systems "**''. 
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902 MASOUD, HAFEZ, AND ALI 

R 1  -H: R2 - H Monoethanolamine (MEA) 

R l  -H: R 2  - Cll~Cl1201 I Dlethanolatnlne (DEA) 

RI  - CH2CH201.I: R2 - C112C112011 Trletlianolainine (TEA) 

Experimental 
Synthesis of ethanolamine complexes: 
The solld metal-ethanolamlne complexes were prepared by mlxlng the required 
weight of the metal salt, (Coil, Nil1 and Cull) dissolved In the least amount of water 
wlth the calculated amount of the llgand saturated with ethanol. The mixture was 
refluxed for about 5 minutes. The complexes were precipitated and flltered, then 
washed several tlmes with a mixture of EtOH-H20 solvent, then drled In a desiccator 
over anhydrous CaCIZ.The metal Ion contents were determined by the usual 

complexmetrlc tltratlon procedures(23). The halogen content was determlned 
tltratlon with a standard Hg(NO& solution uslng dlphenyl carbazone as 
Indlcator(24). The analytical data, colour and mp of the prepared complexes are 
collected In Table ( 1 )  .The X-band electron paramagnetlc resonance spectra were 
recorded with a retlectlon spectrometer operatlng at 8.7 aHz In a cyllndrlcal 
resonance cavity with 100 KHz modulatlon . The spectra of the complexes were 
measured In the 100-300 OK temperature range. The rnagnetlc tleld was controlled 
wlth a RADIOPAN JTM-4 1 digital NMR-magnetometer . The g values were determined 
by comparison with DPPH slgnal . The rnagnetlc susceptlbllltles of the powdered 
samples are measured In the 4.2-293 O K  temperature range. 
Results and discussion 
ESR - spectroscopy 

The structures of the cobalt complexes are given as follows : 
The prepared amino complexes are of tetra-and octahedral geometries ('" 
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ETHANOLAMINE COMPLEXES 

(% 
M 

23.3 
(23.3) 
24.9 

(25.0) 
19.8 

(19.8) 
12.6 

(12.7) 
21.1 

(21.1) 
16.5 

(1 6.6) 
25.8 

(25.9) 
23.4 

(23.3) 
17.0 

(17.2) 
18.5 

(1 8.6) 
27.3 

(27.4) 
24.6 

(24.7) 
19.8 

(19.8) 
14.6 

(14.6) 

903 

expected) 
CI 

28.0 
(28.1) 
30.1 

(30.2) 
23.9 

(23.9) 
15.0 

(15.3) 
25.3 

(25.4) 
19.9 

(20.0) 
31.2 

(3 1.3) 
28.1 

(28.2) 
20.6 

(20.9) 
22.4 

(22.5) 
30.5 

(30.6) 
27.5 

(27.6) 
22.2 

(22.2) 
16.4 

(16.4) 

Table (1): Analytical data, colour and m.p (“C) of metal ethanolamine complexes. 

Complex Colour 

Green 

Green 

Pale brown 

Violet 

Reddish brown 

Dark brown 

Pale green 

Pale green 

Pale green 

Pale green 

Bluish green 

Blue 

Pale green 

Pale green 

- 
m.pPC 

> 300 

190 

285 

265 

200 

260 

> 300 

> 300 

> 300 

> 300 

159 

171 

141 

162 
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MASOUD. HAFEZ, AND ALI 

b z - - b z  
( C 0 2 ~ 1 ~ C ~ l  R - cn2cHzOH ICO2cMI3Cl41 
Reddbh brown Dark brown 

It s e e m s  that all the  cobalt complexes a re  of octahedral geometry except the  
[Co(DEA)CI,l complex , whlch Is tetrahedral'"'. 

The ground s ta te  for Oh high spin Co" complexes Is 'T,g (f) with extenslve 
spin - spin coupling . In case of t h e  ICo(MEA),CI,I , [Co(TEA)Cl,.H,O) and 
[Co(TEA),CI2).2H,O Complexes , Figure (1) , with S - 3/2 and  3 orbital components 
In T , a total of 1 2  low-lying spin states result '*'' . At low temperature d u e  to  spin 
relaxation problems , only the  low-lying doublet  is populated giving a singlet peak 
from a n  effective S- 1/2 ("' . The E S R  spectrum of [Co,(TEA),Ci,) complex , Figure 
(1) , is of a n  Isotropic nature a t  room temperature and  of a n  anisotropic behaviour a t  

~ 110°C . This is in harmony with that t he  crystal field resonates at  the  three 
directions a t  room temperature giving the  Isotropic nature (*''. In the  case of the 
[Co,(TEA),CI,) complex , the  ESR spectra were studied a t  240 , 140  , 25 and -1 1 0  "C 
, Figure (1) . The behavlour In all is of Isotropic trend except that at 140  "C . Which Is 
an isotropic . This can  b e  explained In terms of thermal behaviour where a t  140°C, 
the  two chlorides of the  complex begin to dissociate with the  appearance of a n  
anisotropic nature . 

The difficulty to  detect  t he  room temperature ESR spectral pattern of the  
Td[Co(DEA)CI,] complex ,  Figure (1) , Is probably d u e  to relaxation time problems ("' 

However , t h e  ESR spectra of this complex at -1 1 0  "C, Figure (1) , with 
g-2.2239 , Indicated I t s  Isotropic nature . The ESR parameters for t he  cobalt 
complexes a re  collected in table (2) . However . all the prepared copper-complexes 
a re  of octahedral geometry with possible Cu-Cu. interaction as follows 12'' : 

R R  H 
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ETHANOLAMINE COMPLEXES 

.. . . , 1.\11 , . , ..... ! ..' 

2000 G 4000 

.....) 25' c -) -I Ill c _---) IJO" c: ._.-) 240" (1 

Figure (1)  : ESR spectra of the cobalt - etliniiiilaimine coiiiplexes . 
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ETHANOLAMINE COMPLEXES 907 

(CU(MEA)(HIO)CI~I . HzO 

(CU(TEA)(€IZO)CIZ] . HzO ICU(TEA)ZCIZ] 

.....) 25" c --) -IJII" c 

Figure (2) : ESR spectra of the cOpper - etltnnolnmine complexes. 

In Octahedral fleld , the Cu" Ion has ,Eg ground state . A large Jahn-Taller 
effect Is expected mahinlng observation of the ESR spectrum at  room temperature Is 
possible "61 . At both room temperature and -130 OC , the spectra of both the 
(Cu(MEA)(H,O)Ci,l . H,O and (Cu(MEA),CI,l complexes, Figure (2) , are of Isotropic 
nature . However , the spectra of the (Cu(TEA)(H,O)CI,) . H,O and (Cu(TEA),CI,) 
complexes , Figure (2) , are of an anisotropic behavlour . The difference may be due 
to the steric effect of the TEA molecules with the exlstance of a strong Cu-Cu 
Interaction In the copper TEA complexes '"' . 

Oeneraliy . the broadening of the ESR signals may occur due to spin lattlce 
relaxation results from the interaction of the paramagnetic Ions wlth the thermal 
vlbratlons of the lattice . Also , tile spin-spin lnteractlon results from the magnetlc 
fleld that originate I n  the neighbouring paramagnetic Ions resulted In slightly 
changlng In the total fleld a t  each ion and the energy levels might be shilted .The 
dlstrlbutlon of the energles results , can produce broadenlng of the signal '") . 
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908 MASOUD, HAFEZ, AND ALI 

1 5 

Figure (3) : Mngnetic susceptibilities -T relations of the etlianolaniine coniplexes . 
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ETHANOLAMINE COMPLEXES 909 

0 25 

0 1-J , 

5m 
0 5 0  

A 
I 

0 50 
[Ni(DEA)zCIII i' 

0 100 

20c 

0 50 

1 
[CII(TEA)ICI~I 

.S 

Figure (4) : VX, -T relations of the ethnnolnmine coniplexes . 
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910 MASOUD, HAFEZ, AND ALI 

Magnetlc behavlour at dlfferent temperatures 

paramagnetlcally diluted . Such trend Is based on Curie-Welss law 
System wltli very weak Interactions between the ma netlc centers are 

727) . 
C x H - -  

T-8 

- 

Where C and 8 are the Curie-Welss constants , T Is the absolute temperature 
and X Is tlie corrected molar magnetlc susceptlblllty . For magnetlcally diluted 
compounds , very small 8 values are expected lndlcatlng the monomerlc structure . 
If the magnetlc Interaction between the rnagnetlc center Is of lilgh appreciable 
magnitude , hlgli 9 values are obtained and the compounds are magnetically 
concentrated due to metal-metal Interaction between the two adjacent monomers . 
In general , the non-zero value of 8 may Indicate an Intermolecular lnteractlon 
operative In the solid complexes . 

The magrletlc susceptlblllty values of the cobalt complexes decrease wlth 
lncreaslng temperature , Figure (3) , probably due tlie retardation of the magnetlc 
moment arrangement . Tlie LIT relatlons gave stralght llnes . Tlie 8 values of the 

ICO(MEA)~CI~) , ICo(DEA)C12) and ICo(TEA)C12.(1120)l complexes are 5 , 8 and 8 O K  
respectively , to assign the exlstance of Co-Co Interaction In these complexes 
.However both the ICO~(TEA)~CI~) and ICo2(TEA),CI2 1 complexes are wlth the same 8 
value, 10 O K  , to reflect the dlmerlc nature of these cornpiexes ':6' i i i g l 1 ~ ~  (.I) . 
In the case of the nickel complexes the I-T relatlons gave stralght llnes with 9 - 
zero lndlcatlng the monomerlc nature of tliese complexes . The structure of these 
complexes were given as follows (25) : 

- 

*I 

X I  

Y -Im r2-y 
H' P J P - H  R R>ypp-H 
HJ\ / H  /q\ 

I I  n\ 7-r n\ r2-r 
/ ib- /N\ pp 

IT\ NI 

p i\K H20 a OH2 
HzO a O h  If\ // I \ / ' I  

p pi',, 012- oiz 
utz- a12 R - CHZCHZOH 

I N I ( M ~ ~ ( H z 0 ) 2 C I ~  INI(MCA)~CIZI (Nl(DEN2UzI INI(TEA)(H~O)ZC~ZJ 

However , the 8 values of tlie copper complexes are found to be 13OK for 
(CU(MEA)~CI,) and 25 O K  for (CU(TEA)~CI~) . Tlie high values of 8 Indicated strong Cu- 
Cu Inter action In harmony wlth the ESR data . The lilgh 6 value of tlie TEA complex 
compared to that of the MEA complex may be due to the sterlc effect of the TEA 
molecule , This Is In turn weakens the bonds between copper and TEA Itself 
resulting In a strong Cu-Cu lnteractlon, I'igiirc (4) . 
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