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SUMMARY 

With the l igands 1,4-diformylbenzene bishydrazone (DFBH) and 1,4- 
d i a c e t y l  benzene bishydrazone (DABH) , t h e  metal acetates o f  Cd(I1) , Hg(I1) 
and Cu(I1) form complexes of the ty e M(CH3COO) (DFBH) o r  M(CH3COO)2(DABH). P The coord inat ion atom i s  probably N o f  the D F B ~  o r  DABH and the  s t ruc -  
tu res  are probably polymeric, s i x  coordinated w i t h  both b r idg ing  aceta- 
tes  and hydrazone l igands. With Zn(I1) and N i ( I 1 )  i f  the  r a t i o  i s  2 : l  
(excess o f  metal acetates), the  i s o l a t e d  complexes are s i m i l a r  t o  the 
complexes which have been mentioned above, bu t  i f  t h e  r a t i o  i s  1:2 
(excess o f  l igand) ,  the i s o l a t e d  products have the  formulae 
M(CH3COO) (OH) (DFBH) o r  M(CH3COO) (OH) (DABH). With rhodium(I1) acetate,new 
l igands C8H& ( s t a r t i n g  from DFBH) and CloH12N3 ( s t a r t i n g  from DABH) 
arose, and octa-hedral hydroxo complexes o f  these l igands have been i so -  
la ted.  F i n a l l y ,  w i t h  c o b a l t ( I 1 )  acetate, the  DFBH l igand  forms a complex 
of the  type CO(CH~COO)~(DFBH) which i s  probably s i x  coordinated. However 
w i t h  DABH i f  t h e  r a t i o  i s  2: 1 (excess o f  metal acetate),  a new azine 
l i g a n d  C H N2 i s  formed and the  i s o l a t e d  complex has the  type 
C O ( C H ~ C O ~ ~ ~ ~ ~ ~ ~ H ~ ~ N ~ ) ;  when the  r a t i o  i s  1:2 (excess o f  l i gand)  the  on ly  
i s o l a t e d  product i s  the  azine. 

Key words: Synthesis, Hydrazones, T rans i t i on  metal acetates, 
1,4-Diformylbenzene, 1,4-Diacetylbenzene, Complexes. 

INTRODUCTION 

Ligands w i t h  N-N bonds have been much studied i n  recent  years because 

o f  t h e i r  r e l a t i o n s h i p  t o  the problem o f  conversion o f  d in i t rogen  t o  
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ammonia o r  hydraz ine.  The i n t e r e s t  i n  t h e  s tudy  o f  hydrazones has been 

growing, due t o  t h e i r  use i n  b i o l o g i c a l  systems1, a n a l y t i c a l  chemis t r y  2 
- 

and i n  non l i nea r  o p t i c s  (NLO)'. I n  recen t  years  sys temat ic  i n v e s t i g a t i o n -  

o f  t h e  c o o r d i n a t i o n  chemis t r y  o f  b ishydrazones as c h e l a t i n g  agents have 

been c a r r i e d  o u t  and many complexes of t h e  bishydrazones o f  1,2-dicarbo- 

n y l  compounds have been ~ h a r a c t e r i z e d ~ ' ~ .  I n  ou r  e a r l i e r  paper6 we have 

repo r ted  t h e  p r e p a r a t i o n  o f  t h e  new l igands 1,4-di formyl  benzene b i shyd ra -  

zone (DFBH) and 1,4-diacet.ylbenzene bishydrazone (DABH) (F ig .  1 )  and t h e  

r e a c t i o n s  o f  these l i gands  w i t h  anhydrous t r a n s i t i o n  metal  (11) h a l i d e s  

and 

M = 

X = 

X = 

X = 

M = 

pseudohalides. 
1 2  

R,CfiN-NHz Abbrev. 

Figure 1 

We ob ta ined  and cha rac te r i zed  complexes o f  types MX2 (DFBH) where 

CO, N i ,  Mn, Zn o r  Cd, X = 'c1 and M = CO o r  Ni ,  X = SCN and M = Ni,  

Br; MX2(DFBH) where M = Co,Ni ,Zn,Cd o r  Hg, X = C1 and M = Ni  o r  Mn, 

Br; MX2(0ABH)2 where M = Co,Ni o r  Zn, X = C l  o r  B r  and M = CO o r  N i ,  

C1,Br o r  SCN and f i n a l l y  MX2(DABH)3 where M = CO, X = B r  o r  SCN and 

Ni, X = C1 o r  SCN and M = Zn, X = C l ,  B r  o r  SCN. 

We r e p o r t  here  t h e  p repa ra t i on  and t h e  s tudy  o f  complexes o f  DFBH and 

DABH w i t h  t r a n s i t i o n  meta l  (11) aceta tes  o f  t h e  t y p e  M(CH3C00)2.2H20 where 

M = Zn o r  Cd; M ( C H ~ C O O ) ~ . ~ H ~ O  where M = CO o r  N i ;  Rh(CH3C00)2.aq, 

Cu (CH3C00)2. H20 and Hg(CH3C00)2. 

EXPERIMENTAL 

The p repa ra t i on  o f  the' 1 igands 1,4-di formyl  benzene bishydrazone . * .  
(DFBH) and 1 , 4 - d i a ~ e t ~ l b e n z e n e  bishydrazone (DABH) as w e l l  as t h e i r  cha- 

6 r a c t e r i z a t i o n  was descr ibed p r e v i o u s l y  . Here we have f u r t h e r  c h a r a c t e r i -  

zed t h e  l i gands  by t h e i r  proton-decoupled 13c NMR spec t ra  i n  DMSO-d6. The 

l igand OFBH showed t h r e e  m a g n e t i c a l l y  d i f f e r e n t  types o f  carbon, g i v i n g  
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SUMMARY 

With the ligands 1,4-diformylbenzene bishydrazone ( D F B H )  and 1,4- 
diacetyl benzene bishydrazone (DABH) , the metal acetates of Cd(I1) , Hg(I1) 
and Cu(I1) form complexes of the ty  e M(CH3C00)2(DFBH) or M(CH3C00)2(DABH). P The coordination atom i s  probably N of the DFBH or DABH and the struc- 
tures are probably polymeric, s ix  coordinated with both bridging aceta- 
tes  and hydrazone ligands. With Zn(I1) and Ni(I1) i f  the ra t io  i s  2:l 
(excess of metal acetates) ,  the isolated complexes are similar to  the 
complexes which have been mentioned above, but i f  the ra t io  i s  1:2 
(excess of ligand), the isolated products have the formulae 
M(CH3COO) (OH) (DFBH) or M(CH3COO) (OH) (DABH). With rhodium(I1) acetate,new 
ligands C8H8N3 (s tar t ing  from DFBH) and C10H12N3 (start ing from DABH) 
arose, and octa-hedral hydroxo complexes of these ligands have been iso- 
lated. Finally, with cobalt(I1) acetate, the DFBH ligand forms a complex 
of the type CO(CH~COO)~(DFBH) which i s  probably six coordinated. However 
with DABH i f  the ra t io  i s  2:l (excess of metal aceta te) ,  a new azine 
ligand C H N2  i s  formed and the isolated complex has the type 
C O ( C H ~ C O ~ ~ ~ ~ ! ~ ~ H ~ ~ N ~ ) ;  when the r a t io  i s  1:2 (excess of ligand) the only 
isolated product I S  the azine. 

Key words: Synthesis, Hydrazones, Transition metal acetates, 
1,4-Diformyl benzene, 1,4-Diacetyl benzene, Complexes. 

INTRODUCTION 

Ligands with N-N bonds have been much studied in recent years because 

of the i r  relationship t o  the problem of donversion of dinitrogen t o  
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r i s e  to three peaks a t  6 = 129,4 pprn (unsubstituted benzene carbon atoms), 

6 = 139,4 pprn (substituted benzene carbon atoms) and 6 = 142,l pprn ( C  = 

N N H 2  carbon  atom^)^^^^^. The DABH showed four magnetically different ty- 

pes of carbon a t  6 = 15,3 pprn (CH3, carbon atoms), 6 = 142,4 pprn (substi-  

tuted benzene carbon atoms) and 6 = 146,O pprn ( C = N N H 2  carbon  atom^)^'^*^. 
The metal (11) acetate s a l t s  were purchased from FLUKA and were used 

without further purification. The preparation of complexes of DFBH and 

DABH was straightforward. The metal (11) s a l t  and the ligand (DFBH) were 

dissolved in h o t  absolute ethanol, the solutions mixed and the mixture 

allowed to stand for  several hours, for  complete precipitation. The mix- 

ture was f i l t e red  and the precipitate washed with hot ethanol and ether 

before being dried i n  vacuo. For the complexes of DABH the metal (11) 

s a l t  was dissolved in hot ethanol and the ligand dissolved in hot metha- 

nol (a better  solvent than ethanol for  th i s  ligand); the solutions were 

mixed and the mixture allowed t o  stand for  several hours. The mixture was 

f i l te red  and the precipitate washed with hot ethanol, hot methanol and 

ether before being dried i n  vacuo. All reactions were carried out using 

reaction ra t ios  of 2:l and 1:2 lmetal(I1) s a l t :  ligand}. The reactions 

between cobalt(I1) acetate and DABH,  rhodium(I1) acetate and DFBH. 9r DABH 

were carried o u t  under nitrogen atmosphere. The reaction of cobalt(I1) 

acetate with two moles of DABH yields only a yellow precipitate contain- 

ing no cobalt. Found: C %  75.30, H% 6.87, N% 17.20; C10N10N2 requires C% 

75.92, H% 6.37, N% 17.71. The isolated products were insoluble in common 

solvents; so i t  was impossible to  obtain an NMR spectrum. 

RESULTS AND DISCUSSION 

The complexes prepared in th i s  work are l i s t ed  in Tables 1 and 2 with 

the i r  analytical data, colours and magnetic moments. Some important i . r .  

bands in the complexes are l i s t ed  in Tables 3 and 4 and f inal ly  the elec- 

tronic spectra (diffuse-reflectance) of complexes are l i s ted  in Tables 5 

and 6. 

The complexes of DFBH (Table 1)  of formula M(CH3C00)2(DFBH) where 

M = Cd(II), Hg(II), Co(II), Cu(I1) a r i se  in the reactions of the acetate 

s a l t s  with ethanolic solutions of the ligand and. the i r  formu1ation.i~ in- 

dependent of the ra t io  of the reactants used. The i .r.  spectra (Table 3 )  
of the complexes are a l l  similar and clearly show the presence of the 

coordinated formyl hydrazone l i gand. The very smal l sh i f t s  i n v(NH2) modes 



TABLE 1: Complexes de r i ved  f rom 1,4-diformyl benzene bishydrazone (DFBH). A n a l y t i c a l  data(a) ,  co lou rs  and 
magnetic moments. 

Complex C H N Metal ueff (Bt4 20%) Colour 

14.27) Diam Ye1 low P 
11.65) Diam O l i v e  green Z 

16.52) 4.93 Yellow Ec 
f 

16.29) 1.92 O l i v e  green g 

~d ( C H ~ C O O ) ~ ( D F B H )  36.75 (36.70) 4.29 (4.11) 14.48 

H ~ ( C H ~ C O O ) ~ ( D F B H )  30.08 (29.97) 3.42 (3.35) 11.37 

CO(CH~COO)~ (DFBH) 42.36 (42.49) 4.67 (4.75) 16.69 

cu ( C H ~ C O O ) ~ ( D F B H )  41.80 (41.92) 4.53 (4.69) 16.12 

Zn(CH3C00)2(DFBH) 41.16 (41.70) 4.27 (4.66) 16.54 

( 

( 

( 
(16.21) Diam Ye1 low L 

Zn(CH3C00) (OH) (DFBH) 40.02 (39.56) 4.23 (4.65) 18.79 (18.45) D i  am Yellow 5 
Ni (CH3C00)2 (DFBH) 42.80 (42.52) 4.83 (4.76) 16.84 (16.53) Di am Ye1 low g 
Ni  (CH3C00) (OH)(DFBH) 42.54 (42.75) 5.20 (5.02) 19.73 (19.94) Diam Ye1 low g 
Rh(C8H8N3)(0H)3.1iH20 31.45 (3 i .08)  3.91 (3.91) 13.26 (14.59) 33.85 (33.31) Diam Yellow 5 "g 

0 

( a )  Theore t i ca l  values i n  parenthes is  



TABLE 2: Complexes d e r i v e d  f.rom 1 , 4 - d i a ~ e t ~ l b e n z e n e  b ishydrazone (DABH). A n a l y t i c a l  da ta (a ) ,  c o l o u r s  and 
magnet ic moments. 8 

E 
2 

Complex C H N Meta l  ueff (BM 20 '~)  Colour E 
Co(CH3COO)2(CloHloN2) 49.73 (50.16) 

CU(CH~COO)~ (DABH) 45.37 (45.22) 

Zn (CH3COO)2(DABH) 45.07 (45 .OO) 

Zn(CH3COO) (OH) (DABH) 43.12 (43.46) 

Ni  (CH3C00)2 (OABH) 45.97 (45.81) 

Ni  (CH3COO) (OH) (DABH) 46.63 (46.96) 

Rh(CloH12N,) (OH),.%O 34.97 (35.16) 

D i  am 

Diam 

4.97 

1.95 

Diam 

Diam 

D i  am 

Diam 

Di am 

Ye1 low 

01 i v e  green 

Ye1 low 

01 i v e  green 

Yel low 

Ye1 low 

Ye1 low 

Ye l low 

P ink  

( a )  T h e o r e t i c a l  va lues  i n  pa ren thes i s .  E! 
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TABLE 4: Diagnostic i.r. bands (cm-') in complexes derived from the bishydrazone of l,4-diacetylbenzehe (DABH) 3 
U 
ycc 

Complex vas(NH2) 'vs(NH2) b,(NH2) v(C=N) v(N-N) vas(COO-) vs(COO-) A(vas-vs) g 2: 

4 
DABH 3340 3190 1640 1585 1110 7 z 
C~(CH~COO)~(DABH) 3340 3210 1635 1595 1120 1545 1395 150 4 

;a 
HS(CH~COO)~(DABH) 3340 3200 1630 1590 1120 1545 1395 150 5 
cu (CH~COO)~(DABH) 3360 3170 1635 1590 1115 1545 1395 150 E 

Zn (CH3C0O), (DABH) 3340 3180 1660 1595 1140 1545 1400 145 ij 
Zn(CH3COO) (OH) (DABH) 3340 3210 1640 1595 1120 1545 1400 145 K 
Ni (CH3C00)2(DABH) 

3 
3400 3160 1640 1595 1115 1550 1400 150 F 

Ni (CH3COO) (OH) (DABH) 3340 3210 1620 1595 1120 1545 1400 145 n 9 

C O ( C H ~ C O O ) ~ ( C ~ ~ ~ ~ ~ ~ ~ )  1590 1115 1555 1395 160 3 
Rh(CloH12N3) (OH)3.!iH20 3330 3180 1625 1590 1120 5 E 
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suggests t h a t  these n i t r o g e n  atoms a r e  n o t  i n v o l v e d  i n  c o o r d i n a t i o n  t o  
1 t h e  meta l  atoms. We b e l i e v e  t h e r e f o r e  t h a t  b o t h  N atoms o f  t h e  l i g a n d  

a re  coo rd ina ted  t o  t h e  meta l  i ons .  T h i s  conc lus ion  i s  f u r t h e r  s u b s t a n t i -  

a ted  b y  t h e  smal l  upward s h i f t  o f  v(C=N) i n  t h e  complexes which i s  i n d i -  
1 c a t i v e  o f  c o o r d i n a t i o n  by N n i t r o g e n  a t o m s 1 0 ~ 1 1 ~ 1 2 ~ 1 3 .  The i.r. spec t ra  

i n  t h e  v(C00-) r e g i o n   a able 3) show a  s e p a r a t i o n  A between vas(~OO-)  

and vs(cOO-) i n  t h e  range 120-155 cm-l .  T h i s  i n d i c a t e s  that14315 t h e  

a c e t a t e  groups a r e  e i t h e r  i o n i c  o r  bonded t o  t h e  meta l  atoms i n  a  b r i d g -  

i n g  mode. The evidence f o r  t h e  s t r u c t u r e  around t h e  meta l  i o n s  comes 

f rom t h e  e l e c t r o n i c  spec t ra  (Tab le  5)  and magnet ic  moment o f  t h e  c o b a l t  

(11) complex. These c l e a r l y  e s t a b l i s h  a  s i x  f o l d  c o o r d i n a t i o n  around t h e  

c o b a l t ( I 1 ) .  We thus  b e l i e v e  these M(CH3C00)2(DFBH) complexes t o  be p o l y -  

m e r i c  and s i x  coo rd ina ted  w i t h  b o t h  b r i d g i n g  ace ta tes  and hydrazone li- 

gands, w i t h  a  p o s s i b l e  s t r u c t u r e  i n d i c a t e d  below (F ig .  2 ) .  

Fig 2 

However i t  i s  a  l i t t l e  s u r p r i s i n g  t h a t  t h e  magnet ic moment o f  t h e  

coppe r ( I 1 )  complex shows i t  t o  be m a g n e t i c a l l y  d i l u t e .  Low tempera ture  
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magnetic measurements would c lar i fy  the occurrence of antiferromagnetic 

interactions. The electronic spectrum shows a broad band a t  14000 cm-', 

typical of Jahn-Teller distorted copper(I1) complexes. The same results  

were obtained with Zn(I1) and Ni(I1) acetates i f  the reacting r a t io  was 

2:1. When an excess of ligand i s  used in the reactions with Zn(I1) and 

Ni (11) acetates,  the products have the formula M(CH3COO) (OH) ( D F B H ) .  

Surprisingly the nickel(I1) complex i s  diamagnetic; unfortunately our 

electronic spectrum of th is  complex f a i l s  to show absorption below the 
1 r ising charge transferabsorption a t  20000 cm- . The excess of ligand in 

these reactions must extract  a proton from the hydrated metal acetates 

t o  give the hydroxide species. In the case of rhodium(I1) acetate the ad- 

dit ion of DFBH e i ther  with rhodium(I1) acetate or the ligand in excess, 

results  in the fission of b o t h  acetate bridges and the Rh-Rh metal bond 

with the formation of a rhodi um(II1 j hydroxide complex (Tab1 e 1). The 

formula of the complex indicates the formation of a new ligand of empiri- 

cal formula C8H8N3. We believe that  t h i s  ligand i s  the monoazine (Figure 

3) formed by the reaction: 

> C = N-NH + H2N-N = C < + 2~0'' - > C = N-N = C < + 2c03+ + 2NH; 
2 

+ 
The NH; species reacts w i t h  H ,  from the solvent ( E ~ O H ) ,  to form NH3'as 

shown in the overall equation: 

2 { >  C = N-NH } + 2 ~ 0 ~ '  + 2tii - > C = N - N  = C < N + 2c03+ +2NH3. 2 

Figure 3 

As we shall see with tfie acetylhydrazone ligand, the bis-azine arises 

in the redox reaction of the hydrazone with cobalt(I1).  The produced NH3 

was detected by adding drops of Nessler's reagent to the reaction f i l t r a -  

te a f t e r  the removal of complex (immediate formation of a black precipi- 
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t a t e ) 1 6 .  The proposea p roduc t i on  o f  ammonia as i n  t h e  above equat ion  

accounts f o r  t h e  b a s i c i t y  o f  t h e  s o l u t i o n  and t h e  occur rence o f  hydrox ide 
17 group on t h e  meta l .  The ammonium a c e t a t e  produced i s  s o l u b l e  i n  e thano l  . 

Complexes o f  DABH orepared (Tab le  2 )  f r om C d ( I I ) ,  Hg( I1)  and Cu( I1)  

have t h e  formulae M(CH3C00)2(DABH) i r r e s p e c t i v e  o f  whether t h e  r e a c t i o n  

r a t i o s  o f  2 : l  o r  1:2 (meta l  sa1 t : l i gand )  were used. They show t h e  same 

spec t roscop i c  and magnet ic p r o p e r t i e s  as M(CH3C00)2(DFBA) complexes, as 

i n d i c a t e d  i n  Tables 2,4 and 6. We thus  b e l i e v e  t h a t  these complexes have 

t h e  same s t r u c t u r e s  as those o f  DFBA. I n  con t ras t ,  complexes o f  DABH p re -  

pared f rom Zn ( I1 )  and Ni  (11)  have been i s o l a t e d  hav ing t h e  fo rmulae 

M(CH3COOj2(DABH) and M(CH3COO) (OH) (DABH) u s i n g  r e a c t i o n  r a t i o s  o f  2: 1 and 

1:2 r e s p e c t i v e l y .  The r e a c t i o n  o f  c o b a i t ( I 1 )  a c e t a t e  w i t h  DABH i s  t h e  

most i n t e r e s t i n g  however. The complex i s o l a t e d  under a  n i t r o g e n  atmosphe- 

re ,  when c o b a l t  i s  i n  excess, has t h e  fo rmula  C O ( C H ~ C O O ) ~ ( C ~ ~ H ~ ~ N ~ ) .  Th i s  

new l i g a n d  shows no v(N-H) (Tab le  4) i n  t h e  i .r. spectrum o f  t h e  CO com- 

p l e x  and i s  appa ren t l y  t h e  b i s -az ine  l i g a n d  ( F i g .  4 ) .  

Figure 4 

We thus b e l i e v e  o x i d a t i o n  o f  t h e  c o b a l t ( I 1 )  t o  c o b a l t ( I I 1 )  occurs and 

t h e  c o b a l t ( I I 1 )  spec ies  formed (probab ly  an amminej i s  washed o u t  f r om 

t h e  c o b a l t ( 1 I j  a z i n e  complex w i t h  e thano l .  The e l e c t r o n i c  spectrum o f  t h e  

complex can be ass igned t o  a  pseudo-octahedral  s te reochemis t r y  (Tab le  6); 
4  4  some s p l i t t i n g  o f  T  ( P )  l e v e l  i n t o  4~ a c i d  A  l e v e l s  be ing observed. 
l g 9  29 

The l a r g e r  e f f e c t i v e  r a d i u s  o f  c o b a l t ( 1 1 ) ' ~  and t h e  f a c t  t h a t  Co( I1)  i s  

i n  excess, a r e  probab le  f a c t o r s  f a v o u r i n g  t h e  p r e c i p i t a t i o n  o f  a  c o b a l t  

(11) complex w i t h  t h e  c y c l i c  l i g a n d .  I f  t h e  r e a c t i o n  r a t i o  i s  1:2 ( i .e .  

excess o f  l i g a n d )  t h e  o n l y  i s o l a t e d  product  has t h e  e m p i r i c a l  fo rmula  

C10H10N2, c o n f i r m i n g  t h a t  t h e  C o ( I I 1 )  which i s  produced d u r i n g  t h e  rea-  

c t i o n  does n o t  f o rm  a  complex w i t h  t h i s  l i g a n d .  Another exp lana t i on ,  i n  

which t h e  c y l i s a t i o n  r e a c t i o n  l ead ing  t o  t h e  fo rma t i on  o f  t h e  b i s - a z i n e  

(F ig .  4) i s  t h a t  proposed by M.I .  Casey e t  a l l 9 ,  t h e  mechanism p o s s i b l y  
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proceeds via the metal-ion catalysed transamination (amine exchange) rou- 

t e  (Scheme 1). Similar transamination reactions leading to the formation 

of macrocyclic Schiff-bases complexes have been reported by Nelson e t  
20 a1 . 

Both nickel (11) complexes (Tables 1,2) are diamagnetic and so may be 

square planar. Such complexes of nickel(I1) typically have a single band 

I n  the 18000-25000 cm-i regionz1; however we find lower energy bands 

(Table 6 )  which are more typical of tetragonal nickel (11) complexes and 

hence our assignments in the TabTes. I t  is possible therefore tha t  there 

i s  sufficient  dispari ty between the  positions in  the spectrochemical se- 

r i e s  of the ligands C H ~ C O O -  and DFBH, D A B H ' ~  tha t  the square planar 

complex i s  insufficiently perturbed by the  weak tetragonal f i e ld  t o  cause 

unpairing of the electrons. 

Finally, with Rh(I1) irrespective of the  reaction ra t io ,  the formula 

of the isolated complex is  R ~ ( c ~ ~ H ~ ~ N ~ )  (DH)3.3&$0. Again th i s  complex 

ar ises  from an oxidation-reduction reaction; Rh(I1) i s  oxidized to  Rh(II1) 

and DABH i s  reduced t o  a bis-azine. 

" > b u n h o ~ e ~  E v h o s ~ ~  YBpa<ovhv nou npotpxovra~ an6 1,4-O~cpopyuho- KaL 1,4- 
~ L ~ K E ~ U ~ O ~ E V < ~ ~ L O ,  P E  O E L K ~  hha-ca O T O L X E ~ W V  yeramhoew~" . 

2tqv epyaoia autfi nsp~vp6cpera~ q oCv8soq KaL q yehtrq ouynh6~wv ev6- 
ocwv twv O < L K ~ V  ah6rwv Cd(II) ,  Hg(II), Cu(II), Zn(II), Ni(II) ,  Rh(1I) KaL 
Co(1I) ye t q v  u6paT6vq tou 1 , 4 - 6 ~ ~ o p ~ u h o ~ ~ v ~ o h i o u  ( D F B H )  KaL r q v  u6paT6vq 
xou 1 , 4 - 6 ~ a ~ ~ ~ u h o ~ ~ v < o h i o u  (DABH). Ta npoC6vra swv avr~6phoswv aurhv, &l- 
vaL 6uvar6v va Karatavobv ~ S L S  napa~hrw ~ a r q y o p i e ~ :  
- Kard r q v  avri6paoq rwv u6paTovhv ye O E L K ~  6hara Cd(IIj ,  Hg(I1) Kat 
Cu (11) oxqyatl<ovra~ E V ~ O E L C  TOU T ~ O U  M ( C H  COO) (DFBH) KaL M(CH3C00j2 
(DABH).  H 60yti rwv evtjoewv aurhv e i v a ~  yhhdv oKgaE6pLKfi ~ O A U ~ E P ~ C , ~ ~  
ykpupec O ~ L K &  a v ~ 6  t a  KaL u6pa<6vec, ~ v t j  ro n~Bav6 ixrouo ouv6koewc ~ i v a ~  Y TO NI rqc oy660~ N -NH2 twv u6pa<ovhv. 
- M E  t a  ~ 6 v t a  Zn(I1 j KaL Ni (111, ehv q avahovia avr~6p6oswc e i v a ~  2:l 
inepiooe~a O E , L K ~ V  ahdrwv), r a  npoE6vsa nou anouovh8q~av &ouv roue tbnouc 
M(CH3C00)2(DFBh) fi M(CH3~00)2(DABH) ye 60pti o~rae6p~~t i -nohu~&pi l ,  P E  vb@u- 
pet O < L K ~  ~ 6 v r a  KaL u6pa<6v&c. A V  6ywc q avahovia e i v a ~  1:2 (nepiooe~a 
uno~atacrc6-cq), ra npoC6vra nou anoyovh8q~av txouv rouC rfinou~ M(CH3COO) 
(OH) (DFBH) fi M(CH3COO)(OH) (DABH) . 
- O L  ~ V T L ~ ~ ~ ~ E L C  U E  TO O < L K ~  Rh(I1) o6qvofiv o& obv0eoq vbwv uno~araorarhv, 
C8H8N KaL CloH12N3, a p ~ i < o v r a ~  an6 DFBH KaL DABH avr ioro~xa.  H 60yfi rwv 
ouynh~~wv rwv vtwv aurhv unoaaraorashv e i v a ~  u6po<o-o~raE6p~~fi .  
- Tkhoc y c  O ~ L K ~  Co(I1) npo~bnrouv 6 ~ a c p o p e r ~ ~ h  npol%vra, avhhova !-I& rq 
~ p q o ~ y o n o ~ o u ~ t v q  u6pa<6vq KaL r q v  avahovia rwv avt~6paorqpiwv. 
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ABSTRACT 

The present work is refering to the dielectric behaviour of solid materials. 
These materials are consisted of two phases with different electrical and 
dielectrical behaviour. As result of the above , the material behaviour is different 
from the behaviour of its two phases. 
A variety of theories have been proposed in order to interpret this behaviour, 
especially in case of static electric field with conducted and non-conducted two 
phases. Maxwell-Wagner-Sillars (M.W.S.) theory is the most.common. In case of 
an alternating electric field the works of Debye, Cole-Cole and others , offer a 
more satisfactory solution as compared to the solutions which are given in the 
case of static electric field. 

Keywords : Interfacial Polarization. 

INTRODUCTION 

The interfacial polarization characterizes the chemical or physical 

heterogeneous solids.This polarization brought about, when mobile charge carriers 

migrating under the influence of the. external applied field, become trapped- 

localized at the interface which exist between the two phases of solid. The 
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polarization is related to the charge carriers mobility, and so can exists in 

systems of low conductivity. The above are presented in Figure 1. 
Each one of the two phases of solid is characterized by its magnitudes, such as 

conductivity a , permittivity E , and thickness d.(Fig.2a). 

FIGURE 1. Polarization by trapping at the interface of migrating charge carriers. 

FIGURE 2a. Typical M-W-S system. 

FIGURE 2b. Equivalent circuit of M-W-S system. 

The solid phases may have different geometries and shapes. Could be 

spheres,ellipses,rods or parallel sheets. In the most cases there is not an obvious 

distinction between the two phases, therefore the interfacial boundary is vague. 
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The behaviour of a two phases system is depended on  the different geometries 

of the disposal phase. 

conducting 
sheets 5 conducting 

0 0 0 0 spheres 

conducting 

ellipsoids 

C 

conducting 

cylinders 

FIGURE 3. Disposal phase geometries 

These geometries , which appeared a t  crystal solids and a t  amorphous or 

semicrystal polymers , called mesomorphic phases. (l). This is the reason , why 

interfacial polarization (or Maxwell-Wagner-Sillars polarization) is so  essential for 

the study of those systems conductivity. 

FIGURE 4. Spherical phases of boutadiene in a linear (ABA) block CO-polymer 

[so% PS) 
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FIGURE 5. Phases, of parallel sheets in linear (ABA) block CO-polymer (40% PS) 

a.vertical section b.plane section 

A variety of theories have been developed in order the phenomenon to  be 

explained. This phenomenon is known as Maxwell-Wagner-Sillars phenomenon. 

In practice, apart from a few specialized situations, there is not a quantitative 
comparison of theoretical and experimental data. The initially formulated M.W.S. 

theory , according to many theories ,which are mentioned in this work, is 
regarding now rather simplified because it ignores significant parameters, which 
are essential for the complete interpretation of the phenomenon and for those 
systems magnitudes calculation. 

DIELECTRIC PROPERTIES OF TWO PHASES SOLIDS. 
a. Dielectric behaviour o f  non-conducted phases in static electric field. 

In two phases systems occured a permittivity increment , mainly a t  low 
frequencies. 

The simplest model , which have been studied by (M.W.S.) , consider the solid as 

an ensemble of isotropic ellipsoids (2974) (Fig.&) of permittivity EZ and volume 

fraction v2.These ellipsoids are embedded in a matrix of permittivity •’1. 

By concidering that both phases heve zero conductivity and the relation between 

E;! and EI is ~ p q  ,then the permitivity of the system is described by the 
following equation: 
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where y, (i=a,b,c) are the angles which defined the orientation of the ellipsoid 

axes (a,b,c) relative to the applied electric field. Ai is the depolarization ratio of 
the constituent ellipsoids along the i-axis. Ai is defined by: 

abc as 
A, =-  2 112 2 (S + a2)[(s + a2)(s + b2)(s + C )] 

where s is the positive root of the equation: 

where u is a point outside the ellipsoid (~21a~+~2lb2+z21c2)=1. 
The coefficient Aa , has a value of unity for lamellae, 113 for spheres and tends 

to be zero for long thin rods. 

Similar relations are available for Ab and Ac. 
The orientation of the geometrics axes relative to the applied electric field'leads 

to simple analytical relations for the system conductivity: 

1. The a-axis oriented parallel to the applied electris field: 

2.   he a-axis oriented perpendicular to the electric field: 

3. Random orientation of ellipsoids relative to the field: 

cos2ya =  COS^^^ = cos2yC = 113 
Systems with the a-axis parallel to the electric field, which's one phase is an 
esemble of rods give larger permittivity than systems of spheres and random 

ellipsoids. 

In general, systems consisting of rods, give larger permittivity than systems with 
perpendicular orientation of ellipsoids or sheets. 
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Equation (1) which gives the permittivity of a complex system, is valid when the 

volume fraction is low, therefore v2>0,2. When the volume fraction of the 

dispersed phase become higher , the electrostatic interactions in the domain of 

charge carriers become significant, thus the relation which describes the system 

permittivity is modified: 

1. Bruggeman (5) : 

Formulae (3) and (4) have different origins: 

Bruggeman used a model of regularly arranged spherical particles,and Bottcher 

derived his equation by discussion of the electric field inside a spherical particle. 

Both formulae give approximately the same results, although their forms are  

different. 

3) Looyenga (5) gives a more general formulae for heterogeneous mixtures, which 

can apply t o  any geometry, because of its independence from the particle's 

shape: 

b Dielectric behaviour of cinducted phases in constant  polarization. 

M-W-S, by regarding a t  the following step that the conductivity of the two 

phase exists, and 02x9 give a relationship for the direct current permittivity E,, 

which appears only a real part (23.4). 
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TABLE I. Theories which have been developed in order M-W-S phenomenon to be 
explained. 
a. Relations for low volume fraction dispersion v2 < 0.2 , X1 < 1, where 1 is the 

thickness of the layer and X the inverse of the Debye shielding radius. 

Morphology Reference E (eq.11 , so (eq.6) , T (eq.7) 

Ellipsoids Sillars (3) All Aa : cos2y,=l, cos2yb=cos2y,=~ 
(a-axis parallel) 

Ellipsoids Sillars (3) OsAb~0.5 : c ~ s ~ ~ ~ = l ,  cos2ya=cos2y& 
(a-axis perpendicular) 

Ellipsoids Fricke (11) All Ai : cos2yi=1/3 
(random) 

b. Relations for concentrated dispersions for every value of v2 and Xk1: all v2<XI<1 

Morphology Reference E (eq.1) Eo T 

3 1 &J- - -1 = 
0 -  0  

Spheres Bruggemad5) on 3 nnt nirron 

Spheres Looyenga(5) eq.5 
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TABLE I. Theories which have been developed in order M-W-S 
phenomenon to be explained. 

c. Modification of the relations in presence of space charge 
layer v2<0.05 : all XI. Reference : Trukhan(8). 

Morphology: Spheres 



TABLE I. Theories whkh have been developed in order M-W-•̃  phenomenon to be explained. 
d. Relations for systems with surface conductivities. 

Morphology References E EO T 

Spheres  onski ski(^) h the MWS relations of table Ia o2 is replaced by a2+hs2/a c9 (F) 
(radius a) 

Ellipsoids O'K~nski(~) In MWS relations of table la a2 is replaced by a2+Kihs where K,=aZ/b e (F) 
(a,b=c) ~ ~ = K , = o ~ / n b  

(radius a) ~ ~ s ~ ~ , = l , c o s ~ y ~ = c o s ~ ~ , = O  

Ellipsoids Takasima(l3) Eq.1: all Ai E, + 9e2a' a2vl 
8ekTb[l + v112 

(a-axis parallel) ~ ~ ~ ~ ~ ~ = ~ , c o s ~ ~ ~ = c o s ~ ~ , = ~  

Ellipsoids Takasima(13) Eq.1: all Ai 

(random) C O S ~ ~ , = I / ~  
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where ~k is the permittivity of free space. According to the equivalent circuit of 

Figure 2b the change over from one to the other condition takes place 

exponentially with a time constant T. 

c. Dielectric behaviour of conducted phase in an alternating electric field. 

Debye studied the influence of the electric field frequency on the dielectric 

behaviour. 
Debye proved that, when a alternating elecrric field E(t) applied to a dielectric 

the following equations are valid: 

WT 
E"= ( E ,  - Em)---- 

1 + O ~ T '  
(10) 

where E* is the complex permittivity of the system. If 6 is the angle between the 

electric field Eo and electric displacement Do then the permottivity E* of the 

system may be described in terms of a complex dielectric constant. 
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E' and &"are defined: 

Friction causes dielectric loss, which expressed by &".The tangement of 6 angle , 
called losses tangment , is given : tan6= E"/ E.' 

Tan6 expresses the amount of energy which alternated to heat per period, to 
the stored amount of energy in the dielectric.It is an "adsorption conductivity" of 

dielectric. G, is value of permittivity for optical frequencies and called oprical 

permittivity.Thi constant is characterised only from real term. 

In optical frequencies the orientation of dipols prevent from the internal friction 
of medium. As it mentioned before E, is the static permittivity which is 

characterized from real term too. In this case the molecular electric dipole 
moments are parallel to the electric field, o is the circular frequency of the 

applied field, T is a characteristic constant which called relaxation time of dipols. 

T is defined as the requisite time to become the polaritation the l/e of the initial 
value when the external field was removed. 

According to Debye theory the above equations are valid also in an axial 

isotropic phase disposal. 
The inferences from those equations are: 
a. E' is depended on E, and EW . 
b. For high and low frequencies , E" vs o presents a maximum value at a 

characteristic frequency , oo when the following equation is valid: 

Equation (12) gives the relaxation time. 

Equations (9) and (10) are expressed in Figure 6. 
The experimental data often posses this same type of logarithmic symmetry but 
with the important differences that the frequency range of dispersion is broader 

and the adsorption smaller in maximum value. 

According to cole-cole(6) more representative diagrams. are those which have E' 

and &"as axis. 
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p--- -- I-o!W 

FIGURE 6. Real and imaginary parts of the dielectric constant plotted against 

frequency.The solid curves are for the Debye equation, and dashed curves 

indicate the type of behaviour frequently found experimentally. 

This representation is a semicircle with its center on the real (E? axis and 
intercepts at E~ and E~ on this axis. 

E , + E , Z  1 
(E - ------ ) + (E) = [-(E, - E,)]~ (Curve 1, Fig.7) 

2 2 

In general cases the diagram es vs e" is a circle arc and its center doesn't lie on 

the real axis (7). 
In this case is valid (6): 

E * -E, 
Cole-Cole : ------ = 

1 
(13) (curve 3) 

E,, - E, 1 + ( i m ~ ) ' - ~  

where a is a constant and E' the complex permittivity €*=E'-is:' 

E * -Em 
Cole-Davidson : ----- = 

1 
(14) (curve 2) 

E, - E, (1 + ~ w T ) ~  

The Havriliak-Negami relation combinates these two: 
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E * -E, - Havriliak-Negami : ----- - 1 

E. - E ,  [l + ( ~ o T ) ~ - ~ ] ~  (15) 

where 6 is constant. 

S* 

FIGURE 7. Diagram of real and imaginary permittivity. 
1. Ideal Debye relaxation 2. Cole-Davinson skewed-arc relaxation. 3.Cole-Cole 

symmetric relaxation with semicircle centredepressed from CO to C. 

The maximum value of adsorption depends on the different geometries of 

dispersed phases. (Fig.8). 

FIGURE 8. Dependence tan6 on phase geometry. 
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From Fig.8 it is clear that the dielectric dispertion and the maximum value of 

tan6 are increased as the particles' shape changes from sheet to cylinder. 
In the simplest M-W-S models the interfacial polarization is assumed to arise 
from charges located on an infinitely thin layer surrounding the dispersed phase.1n 

practice , the layer may have a finite thickness (1) of the order of the Dedye- 
shielding-radius which is defined: 

where ~k is the permittivity of free space , n is the charge carrier density, e is 

the charge on an electron, ~2 is the dielectric constant of material two (Fig2a), k 
the Boltzmann constant and T the absolute temperature. 
According to Trukhan(8) M-W-S polarization depends wholly on the 

accumulation of charges on the boundary surfaces and completely ignores the 

space charge. That happens for high concentrations of charge carriers in the 

system or, more accurately when the Debye shielding radius is sufficiently small 
compared with the size of the system. In a lamellar system he did not made the 

assumption that the field layer is uniform and that charges were presented only 
\ 

on the interfaces (as M-W-S assumed ) he gave the following equation for the 
conductivity of the layer: 

where n+, n- are the charge carrier concentrations of both signs, u+,u- are the 

charge carrier mobilities,~ is the distance along axis and t is the time. 

Thus the conductivity is a not a constant but it is a function of X and is no 

longer a characteristic of the material only,but also depends from the charge 

carriers mobilities and the frequency of its oscillations. 
In case that the disposal phase is homogeneous spheres,the terms which express 
the behaviour of the system are presented a t  the Table I ,where I is the 

diameter or the thichness of interfacial layer. 
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d. Influence of t h e  surface conductivity 

The diffuse region between the two phases has different properties from either 
of pure phases. The conductivity (9) o, is much hogher than the pure phases 

conductivities q,q. (Fii.9) 

FIGURE 9. Variation of surface conductivity at the interface. 

There are  two models which explain the properties of such a system. 
'Both involve the surface conductivity,which in the first is independent of 

frequency and in the second exhibits a frequency dependence. In the first case 

the surface conductivity is given by: 

where ni is the charge carrier density a t  the surface , n, is the mobility of the 

charge qi. 

In the more general (9) case , carriers will not necessarily be restricted t o  a 

surface,but may be transported through the bulk media aswell. Furhter more,their 
concentrations will be functions of position with respect to  the surface.When the 

region of conductivity variation is thin compared t o  the diniesions of the particles 

the local conductivity a t  each point may be regarded a s  the sum of a bulk value. 

Then the surface conductivity may be written a s  the sum of h, defined above, 
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and h,, the contribution to be evaluated from the excess conductivity due to the 

ion atrnosphere.The relaxation behaviour is obtained by replacing 02 in the 
simple model by (02+khs) , where k is depended on both the shape and size of 
the dispersed phase. 
Espesstally for spheres of radius a, k,=2/a, while for long thin rods (a>>b=c) the 

*constant has three terms k,=2/a, kb=k,=4/nb. The other theory assumes that 
the surface conductivity depends on the field frequency because the strong 

electrostatic interaction between the charge carriers motion the relaxation time 

is reduced and the dielectric constant is increased by (1+2xns/n) where n, is the 
charge carrier density in the interface , and n is the bulk charge carrier density 
and X the inverse of the Debye shielding radius.Relations of the above theories 

are shown in Table 1 (10). 

MWS POLARIZATION IN POLYMERS. 

Polymer systems which have been studied , appear interfacial polarization. Solid 
polymers have high absorption , e>100 a t  frequencies lower than 1Hz and a t  

enviroment temperature. 
The problem which arises while solid polymers are studied, is that there are not 
systems with obvious distinctioned phases. It is also difficult for solid polymers 
their morphology to be defined. 

In general , permittivity increment in those systems is higher than the-increment 

which can be calculated according to M-W-S theory. For ellipsoid disposal phase 
there is a more quantitative comparison of theoretical and experimental data. 

MEZEnIcOANEIAMH PlOAQEH ZTEPEQN 

IIEPIAHYH 
ZTnv epyaoia a u ~ h  yive~ai pehd~n Tnc 61nh~KTplKh~ ounp~plcpoph~ u h ~ ~ t j v  a e  

arepeci KCIT~OTCIO~.'FCI u h ~ ~ a  a u ~ 6  anorehoirv~a~ an6 660 cphoelc (nep10~83 nou 

napowl6~ouv 6 l a ~ ~ ~ T l ~ h  n h ~ ~ ~ p l ~ h - 6 l n h ~ ~ ~ p l ~ h  ~ ~ p n ~ p l c p ~ p h .  Ano~dheopa 

au~od  eiva~ n oupnepicpoph TOU uhl~od va 61cpdpe1 an6 a u ~ h  ~ o v  cphoecbv,~ou. 

r la  Tnv avripe~tjrnon TOU np06hhpa~oc ~ U T O ~ )  ~ X O U V  a v a n ~ u ~ a e i  616qopec 
8~opiec,Kupio~ oTnV nepinTCd0n TOU ( ~ T ~ T I K O ~  ~ ~ E K T P I K O ~  ~ E S ~ O U  pE a ~ h y l p & ~  h 
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pn aychy~pe~ TIC 860 q d o & ~ ~ . n l o  yvoa~hn  &iva~ n 8&opia ~ o v  Maxwell-Wagner- 
Sillars. 
x ~ n v  n ~ p i n ~ w a n  TOU evahhao6p~vou nh~KTplK06 nediou 01 epyaoie~ ~ w v  Debye, 

Cole-Cole K a l  6hhov, Gihuv apK~T6 ~ a h l i  hdon oTo np66hnpa oe o6y~plon p& 
TIC A ~ E I ~  nou 8ivovTal omv nepin~oon TOU O T ~ T I K O ~  ~ ~ E K T P I K O ~  ne8iou. 
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SUMMARY 

New nickel, copper and zinc complexes of diethylenetriamine(dien) di- 
thiocarbamate (dtc) of the types Cu(diendtcHC1 ), NiCl (diendtcHC1) and 
Zn(diendt~HC1)~ ( ~ ~ ~ ~ ~ ~ C = H ~ N C H ~ C H ~ ~ H ~ C H ~ C H ~ N H C S ~ )  and of triethylenetetra- 
mine(trien)bisdtc wit the general formula trienbisdtcM(trienbisdtc= 
- S ~ C H N C H ~ C H ~ ~ H ~ C H ~ C H ~  1 H2CH2CH2NHCSF; M=Ni ,Cu ,Zn) , have been prepared by 
the reaction of the respective dithiocarbamate zwitterions with metal 
salts. The dien and trien zwitterions were isolated by the reaction of 
dien and trien with carbon disulphide, The dien zwitterion reaction with 
aromatic aldehydes gave Schiff bases. The l igands and their complexes ha- 
ve been characterized and studied by eleniental analysis, IR and UV - Vis 
spectroscopy as well as by conductivity and magnetic susceptibility mea- 
surements, 

The fungitoxicity of selected ligands and complexes against fungi 
Camarosporiwn DaZmatica i S discussed. 

Key words : Copper(I), Copper(II), Nickel(I1) and Zinc(I1) complexes, Di- 
thiocarbamates of Dien and Trien, IR, UV-Vis studies, Polyamines, 

INTRODUCTION 

The complexing ability of dithiocarbamates derived from primary and 
1 7  secondary monoamines and diamines has received considerable attention . 

Conversely the synthesis or complexing behaviour of dithiocarbamates, de- 

rived from p01 yamines, have scarce1 y been studied8; 

We report here on the synthesis of dithiocarbamates coupled to ' die- 

thylenetriamine(diendtc) and triethylenetetramine(trienbisdtc) , the con- 
densation reaction of diendtc with various aldehydes, the complexation 
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w i t h  several t r a n s i t i o n  metals and the  f u n g i t o x i c i t y  o f  a  selected num- 

ber o f  l igands, t h e i r  S c h i f f  bases and complexes, 

EXPERIMENTAL 

i. Reagents and Techniques 

A l l  chemicals were reagent grade, used w i thou t  p u r i f i c a t i o n ,  Elemen- 

t a l  analyses were c a r r i e d  ou t  w i t h  a Perkin-Elmer 240 Elemental Analyser, 

The metal concentrat ions were determined by vo lumetr ic  t i t r a t i o n ,  a f t e r  

t r e a t i n g  the complexes w i t h  a 1: l  mix ture o f  n i t r i c  and su lphur ic  acids 

and ch lo r ine  by Volhard's method, 

The IR spectra were recorded i n  the  reg ion 4000-200 cm-' w i t h  a 

Perkin-Elmer 467 Spectrophotometer w i t h  KBr discs, 

The e l e c t r o n i c  spectra were measured w i t h  a Perkin-Elmer H i t a c h i  200 

spectrophotometer i n  the 200-800 nm region. Conduct iv i ty  measurements 

were c a r r i e d  out  w i t h  an I n d u s t r i a l  Instrument, Inc, Model RC 216 B2 

Conduct iv i ty  bridge, 

Magnetic s u s c e p t i b i l i t y  measurements were c a r r i e d  out  by the Faraday 

method a t  room temperature, using Hg CO(SCN)~ as the  ca l ib ran t ,  

ii. Synthesis  o f  Zigaads 

3 3 Diethy lenetr iamine (10 cm , 0,1 mol) d isso lved i n  methanol (50 cm ) 

was added dropwise t o  a s o l u t i o n  o f  carbon d isu lph ide (6 cm3, 0.1 m01 ) i n  
3 methanol (150 cm ) a t  -5'~. The mixture was s t i r r e d  f o r  2  h and the 

whi te  s o l i d  d iendtc was separated by f i l t r a t i o n ,  washed w i t h  methanol and 

e ther  and d r i e d  under vacuum, 

Tr ie thy lenetet ramine (14,6 cm3, 0,l m01 ) d issolved i n  methanol (50 
3 3 cm ) was added dropwise t o  a s o l u t i o n  o f  carbon d isu lph ide (12 cm , 0,2 

3 mol) i n  methanol (200 cm ) a t  -5'~. The reac t ion  mixture was s t i r r e d  f o r  

2 h and the  whi te  s o l i d  t r i e n b i s d t c  was separated by f i l t r a t i o n ,  washed 

w i t h  methanol and ether  and d r i e d  under vacuum, 
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The d i e n d t c  S c h i f f  bases have been prepared as f o l l o w s  : Benzaldehy- 

de, s u b s t i t u t e d  benzaldehydes o r  p y r i d i n e - 2  - aldehyde (10 mmol) was 
3 added dropwise t o  a  s o l u t i o n  o f  d i e n d t c  (10 mmol) i n  water  (50 cm ), The 

m i x t u r e  was s t i r r e d  f o r  1  h. F i l t r a t i o n  gave a  s o l i d  which was washed 

w i t h  water,  methanol and e t h e r  and d r i e d  under vacuum, Tab le  I l i s t s  t h e  

a n a l y t i c a l  r e s u l t s ,  y i e l d s  and o t h e r  p h y s i c a l  da ta  f o r  t h e  prepared 

compounds, 

iii. Synthesis of CompZexes 

3 To a  suspension o f  d i e n d t c  (20 mmol) i n  methanol (20 cm ), a  s o l u t i -  

on o f  n i c k e l  (11) c h l o r i d e  hexahydrate (copper(11) c h l o r i d e  d i h y d r a t e  o r  
3 z i n c ( I 1 )  c h l o r i d e  (10 mm01 )) i n  methanol (20 cm ) was added and t h e  mix- 

t u r e  was s t i r r e d  a t  room temperature. A f t e r  1  h  t h e  m i x t u r e  was f i l t e -  

red,  t h e  s o l i d s  ob ta ined  washed w i t h  methanol and e t h e r  and d r i e d  under 

vacuum. Only f rom t h e  n i c k e l  s o l u t i o n ,  a  green s o l i d  p r e c i p i t a t e d f r o m  

t h e  f i l t r a t e  when e t h e r  was s l o w l y  added. The s o l i d  was i s o l a t e d  by f i l -  

t r a t i o n  and d r i e d  under vacuum, 

3 To a  suspension o f  t r i e n b i s d t c  (1Ommol) i n  methanol (30 cm ), t h e  

f o l l o w i n g  amounts were added : ( i )  S o l u t i o n  o f  sodium hyd rox ide  (0,8 g, 
3 20 mmol) i n  water  (20 cm ), ( i i )  I n  t h e  r e s p e c t i v e  s o l u t i o n  o f  t r i e n  - 

b i s d t c  sodium s a l t ,  a s o l u t i o n  o f  n i c k e l  (11) c h l o r i d e  hexahydrate (cop- 

p e r ( I 1 )  c h l o r i d e  d i h y d r a t e  o r  z i n c  c h l o r i d e  (10 mmol)) i n  methanol (20 
3 cm ), A f t e r  1 h, t h e  s o l i d  was f i l t e r e d  and washed w i t h  water, methanol 

and e t h e r  and d r i e d  under vacuum, 

The a n a l y t i c a l  da ta  and some phys i ca l  p r o p e r t i e s  f o r  t h e  li- 

gands and complexes a r e  g i v e n  i n  Tab le  I, 

RESULTS AND DISCUSSION 

The d i t h i oca rbamate  l i gands ,  d i e n d t c  and t r i e n b i s d t c  have been ob- 

t a i n e d  a t  low temperature w i t h  good y i e l d s  f r om t h e  d i r e c t  r e a c t i o n s  o f  

CS2 w i t h  d i e n  and t r i e n  r e s p e c t i v e l y ,  

(React ions 1-2) 
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React ion  1 

H2NCH2CH2NHCH2CH2NHCH2CH2NH2+2CS2 + - S ~ C N H C H ~ C H ~ ~ H ~ C H ~ C H ~ ~ H ~ C ~ H ~ N H C S ~  

( t r i e n b i s d t c )  

React ion 2 

For bo th  products,  t h e  elemental  a n a l y s i s  r e s u l t s  agree w i t h t h e  pro- 

posed fo rmu la t i ons .  Fu r the r  suppor t  f o r  t h e  t e n t a t i v e  formulae i s  g i ven  

by  t h e  behav iour  o f  t h e  compounds towards NaOH and by t h e i r  i n f r a r e d  

spect ra ,  T i t r a t i o n  o f  d i end tc  and t r i e n b i s d t c  w i t h  NaOH i n d i c a t e s  t h e  

presence o f  one and two a c i d i c  groups, r e s p e c t i v e l y .  The i r  spect ra  o f  

bo th  compounds show bands i n  t h e  2530 and 2700 cm-' r e g i o n  p o i n t i n g  t o  

z w i t e r r i o n i c  na tu re  o f  t h e  r e a c t i o n  product,  I n  t h e  case o f  d iendtc ,  a  

p r imary  amine group has been e s t a b l i s h e d  through i t s  behaviour w i t h  r e -  

spec t  t o  aldehydes, Thus t h e  r e a c t i o n  o f  d i end tc  w i t h  benzaldehyde o r  

, i t s  d e r i v a t i v e s ,  r e a d i l y  a f f o r d e d  S c h i f f  bases, S i m i l a r  behaviour was 

observed w i t h  pyr id inoa ldehyde,  

n+ 
CH=N KNHCS; 

+ H,O 
X -+m + H,N NH, NHCS; 

+ H20 
Where X = H, o-Cl, m-Cl, p-C1 , o-NO2, m-NO2, p-NOp- 

The compounds ob ta ined  f rom these r e a c t i o n s  and t h e i r  p r o p e r t i e s  a r e  

a l s o  l i s t e d  i n  Tab le  I ,  

The d i th iocarbamate l i g a n d  d iend tc  r e a c t s  r e a d i l y  w i t h  z i n c ( I 1 ) .  

n i c k e l  (11) and copper ( I1 )  s a l t s ,  t o  g i v e  c o o r d i n a t i o n  compounds o f  t h e  

t y p e  Z n ( d i e n d t ~ H C l ) ~ ,  NiCl(diendtcHC1) and Cu(diendtcHCl) ,  The same com- 

p lexes were prepared by  t h e  r e a c t i o n  o f  S c h i f f  bases w i t h  metal s a l t s .  

T h i s  i s  probab ly  due t o  t h e  h y d r o l y s i s  o f  t h e  l i g a n d s  d u r i n g  t h e i r  com- 
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plexation reaction. The acidic medium, required for the hydrolysis of the 
Schiff bases, is provided by the HC1 released during the preparation pro- 

cedure and may follow an analogous mechanism proposed by Hine et al? as 

indicated below: 

In contrast, the trienbisdtc ligand did not react directly with the 
metal salts, However, the reaction of the sodium salt of the same ligand 
with the metal salts gave polymeric forms of the type trienbisdtcNa(trien 
bisdtcM),trienbisdtcNa, The polymeric nature of these products is evident 

from the broad bands in the IR spectra, the C,H,N and metal analyses, as 
i; well as by their insolubility in water and .in common organic solvents, 

The IR spectra data of the ligands and their metal coordination com- 
pounds are presented in Table 11, A strong broad band in the 2580-2700 

-1 cm region of the ligands spectrum is assigned to the - 1 ~ ~  group7y10, 
indicating the formation of dien and trien dithiocarbamate zwitterions, 

The thiureide band1' at ca 1500 cm-' shifts to lower wave numbers on 
coordination, Further evidence for the metal chelation are the weak to 

medium intensity bands at 375-390 cm-', assigned to ~(M-s)'~'~~. The 950- 
12-14 1000 cm-' region is associated with the C-S stretching frequency . 

The appearance of only one band in this region, indicates a symmetric bi- 



Table 11. IR and UV-Vis Spectra Data o f  the  Ligands and t h e  Complexes 

Compound 

I 

I I 

I 1 1  

IV 

v 
V I 

v1 I 

v111 

I X 

X 

X I 

XI1 

XI11 

XIV 

xv  
XVI 

1 

I n f r a r e d  Data (cm-') 

v ( f i ~ ~ )  v(C=N) v(-) v(-) v(M-S 

D i a =  Diamagnetic 

E l e c t r o n i c  Spectra Data , A_ nx , ( loga)  

Band I Band I1  Band 111 Band IV Band V Band V1 
( n m )  

H2•‹ 

DMF 

DMF 

DMF 

DMF 

DMF 

DMF 

DMF 

DMSO 

H20 

DMSO 

NUJO 

NUJO 

NUJO 

NUJOI 

NUJO 
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den ta te  bonding o f  t h e  d t c  l i gands ,  The ir spec t ra  o f  n i c k e l  and copper 

compounds show o n l y  one band i n  t h i s  r e g i o n  which s t r o n g l y  suppor ts  b i -  

den ta te  d t c  coo rd ina t i on ,  I n  t h e  case o f  t h e  z i n c  complexes, t h e  broa- 

dening o f  t h i s  band i s  assoc ia ted  w i t h  t h e  b i d e n t a t e  -asymmetr icai  coor-  

d i n a t i o n  of  t h e  d t c  l igands15,  I n  t h e  ir spectrum o f  NiCl(diendtcHC1) 

complex t h e  band a t  320 cm-' i s  due t o  v (N i -C l ) .  F i n a l l y  t h e  s t rong  band 

i n  t h e  1640-1650 cm-' r e g i o n  i s  a t t r i b u t e d  t o  v(C=N), con f i rm ing  t h e  
18-19 fo rma t i on  o f  d i e n d t c  S c h i f f  bases 

The e l e c t r o n i c  spec t ra  o f  t h e  l i g a n d s  and complexes, l i s t e d  i n  Tab le  

11, show abso rp t i on  bands a t  h i g h  energy va lues due t o  t h e  chromophore 

group - N C S ~ ~ ~ . ,  These bands a r e  denoted as bands I and 11. Band I a t  ca 

300 nm i s  ass igned t o  a  charqe t r a n s f e r  t r a n s i t i o n  i n  t h e  l i g a n d  o f  t h e  

nX+rr t y p e  l o c a t e d  a t  SLZCLZS g r o ~ p ~ ~ - * ~ ~  Band I 1  may be due t o  an e- 

l e c t r o n i c  t r a n s i t i o n  TP + n  l o c a t e d  a t  t h e  su lphu r  atom24y250 Fo r  some 

compounds band I i s  l a c k i n g  suggest ing  t h e  b i d e n t a t e  d t c  coo rd ina t i on ,  

w h i l e  f o r  some o t h e r s  compounds i t  appears as shou lder  suggest ing  asy-  

m e t r i c  b i d e n t a t e  l i g a n d .  Band I 1  was n o t  observed i n  casexv, probab ly  

because i t  i s  over lapped by s t r o n g  charge t r a n s f e r  bands, I n  t h e  UV-Vis 

spec t ra  o f  d i e n d t c  and t r i e n b i s d t c  n i c k e l  compounds, band I i s  absent, 

w h i l e  bands 11, I11 and I V  a t  ca 325, 390 and 435 nm can be assigned 

e i t h e r  t o  a  charge t r a n s f e r  o r  t o  d-d t r a n s i t i o n s ,  The l a s t  two bands as 

w e l l  as t h e  band a t  630 nm which i s  a l s o  of l ow  i n t e n s i t y  i n d i c a t e  a  

square p l a n a r  arrangement25'260 The "ff va lues o f  t h e  n i c k e l  (11) com- 

pounds a r e  i n  t h e  0,75-1,50 BM range, The non-zero U va lues do n o t  
e f  f 

suppor t  a  t e t r a g o n a l  geometry f o r  t h e  N i ( I 1 )  complexes, They a r e  not,ho- 

wever, i n  a  range t o  j u s t i f y  any o t h e r  geometry (e,g, t e t r a h e d r a l ,  oc ta -  

hed ra l ) ,  On t h e  o t h e r  hand, a  s i n g l e t - t r i p l e t  e q u i l i b r i u m  f o r  a  pseudo- 

square p lana r  complex may be p u t  forward, According t o  t h e  above UV-Vis 

and magnet ic da ta  i t  i s  t e n t a n t i v e l y  proposed t h a t  t h e  n i c k e l  compounds 

have approx imate ly  a  square p l a n a r  geometry, The va lue  o f  molar  conduc- 
1 2  tance o f  t h e  s o l u b l e  d iend tcN i  compound i n  water  (280 ohm- cm m o l - l )  i n -  

d i c a t e s  t h r e e  i o n s  p e r  molecule, suggest ing  a  p l a u s i b l e  d i m e r i z a t i o n  o f  

t h e  f o l l o w i n g  type: 
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The electronic spectrum of diendtccu complex in DMSO solution, bands 

I1 at 359 nm and I11 at 437 nm can be assigned to a charge transfer 

transition. The absence of any band in the visible region, as well as 
the diamagnetic character of the complex, show that the Cu oxidation 
state is + l .  The insolubility of the product in common organic solvents 

is probably an indication that the structure is polymeric and could be 
tentatively written as, 

The electronic spectrum of trienbisdtccu compound (in nujol mulls) 

shows broad absorption bands at 415, 520 and 610 nm, which could be te- 

ntativel y assigned to d-d transitions, The low magnetic moment (0.98 BM) 

indicates either inter or intramolecular magnetic exhange interactions 27 

In the electronic spectra of the Zn(diendt~HC1)~ and trienbisdtczn com- 

plexes the presence of band I confirms the asymmetric bidentate bonding 

of the ligands15 as inferred from the ir spectra of the coordination 

compounds, 
The fungitoxicity of selected ligands and their metal compfexes 

against Carnarosporiwn DamaZtica using a culture media Potato Dextrose 

Agar was studied. Preliminary results show that the fungitoxicity of so- 
me of the studied ligands and compounds, is slightly higher than tbe 

best known fungicide zinc dimethyldi th iocarbamate. The diendtc ligands 

or their coordination compounds are more active than the trienbisdtc 

species and its polymeric complexes. As far as the diendtc lignad and 

its Schiff bases fungitoxicity i s  concerned, the latter are significant- 

ly more active. However, the bases with the chlorosubstituted aromatic 

rings appear to be more active than their nitro- or substituted 2-pyri- 

dine counterparts. Interestigl y, the soluble nickel (11) compound of di- 

endtc with the chloro-substituted Schiff bases showed comparable beha- 

viour. 

!3!L?!ll!& 
NEA t EIPA AIOEIOWPBAMIAIKnN ENQt EQN THI AIAIOYI\ENOTPIAMINHI ,THt TPIAIOY- 
AENOTETPAMINHI K A I  TON TYMI1AOKRN TOY1 

Nka ~ L ~ E L O K ~ P B ~ ~ L ~ L K ~  ufipnho~a TOU V L K E ~ ~ O U ,  TOU xah~ofi KaL rou $&U- 

6apvbpou TUC 5 ~ a ~ 8 u h w o r p ~ a p i v q ~  (D1 EN) KaL ~ q q  ~ P L ~ L ~ U ~ E V O ~ E ~ P ~ ~  ivnc 

(TRIEN) kxouv napao~~uaore i an6 rqv avri6paoq rwv avr h o ~ x w v  ~ L ~ E L O K ~ P -  

B ~ ~ L ~ L K ~ v  EUOTEPLKL~ ah6rwv TWV noAuap~vI;)v U& CxAara uar6hhwv. Tn 6~02~0- 
~apBap L ~ L K ~  E U ~ T E P L K ~  6hata rqc 6 ~a~Buhevozpt.ap i v q  KaL r q ~  rp~a~8uhevo- 



Table I. Analytical data and some physical properties of the new diendtc, trienbisdtc ligands and their complexes. 

Compound C% H% N% M% 

Found (Calculated) Colour M.P. ('C 

white 111-113 

white 95-97 

white 105-107 

white 108-110 

yellowish 118-121 

yellowish 109-112 

yellowish 109-111 

yellowish 102-104 

green 

green god 

brown 7ed 

white 1 ~ 3 ~  

white 115-7 

green 220d 

brown 1 4 5 ~  

white 18bd 

Solubilit! 

HzO 

NaOH,DMF 

NaOH ,DMF 

NaOH ,DMF 

NaOH,DMF 

NaOH ,DMF 

NaOH ,DMF 

NaOH,DMF 

H20 ,CH30H 

DMSO 

DMSO 

DMSO 

NaOH 

Insoluble 

Insoluble 

Insoluble 

a Soluble Insoluble Decomposition 
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r s rpay  evqc kxouv anoyovw0st an6 rqv avtlbpnoq rwv au ~ v 6 v  y& ~ L ~ E L ~ v ~ ~ C I K ~ .  

To 6 L &  L O K ~ P B ~ J J  L ~ L K ~  6ha t  rnc DIEN us a p w u a r ~ ~ k c  a h 6 & 0 6 & ~  66wos B6os LC 

TOU 

Ta l igands  KaL r a  o6unAo~a nou n a p a o ~ s u 6 o ~ q ~ a v  kxouv x a p a ~ r q p ~ o r s L  KaL 

ysAsrq0aC p& ~ T O L X E L ~ K ~ ~  av6Auot1, LPaovatoo~on~Kkc y ~ 0 6 6 o u c  ( IR,  UV-Vis) 

~ a e 6 c  KaL yE ~ V W V L ~ O ~ E ~ P L K ~ C  KaL y a v v q t ~ ~ k c  ys rp f ioe~c .  Tkhoq, o& TI~OKCI- .  

T U ~ K T L K ~  0 ~ 6 6 ~ 0 ,  p&hE~fi8rIK& K U L  o u b q ~ ~ k r a ~  tl ~ ~ U K ~ T O K T ~ V O ~  6p6oq ~ E ~ L K G V  
an6 t a  n a p a o ~ ~ u a o 0 k v r a  l igands KaL ofiunAo~a. 
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SUMMARY 

The chemical and mineralogical characteristics of seven mud and peloid samples from 
thermal spring areas of Greece (Krinides, Lisbori, Lagadas, Thermi, Kyllini and Preveza), as 
well as from the area of Pikrolimni, were determined in order to evaluate their use for 
therapeutic applications. The samples were so selected to represent deposits that either 
currently used or can be used for these purposes. Pikrolimni and Thermi samples had a pH of 
9.8 and 8.4, respectively, which suggest their potential as beautifying muds. The high 
montmorillonite content of Lisbori and Thermi samples is also indicative of their effective 
application. Preveza and Kyllini samples exhibited poor mud characteristics due to their low 
content of clay minerals and high content of silica. If Krinides and Lagadas deposits are to be 
exploited commercially they should be beneficiated with the intent to increase their clay 
mineral content. The study of the well-known mud from Boario and the beautifying mud 
Argilla Solare, both from Italy, substantiate the fact that the desirable mud characteristics are 
a high amount of clay minerals and low amount of free silica, feldspar and carbonates. 

Key words: Mud, Peloid, Clay Minerals. 

INTRODUCTION 

Muds have been used empirically, nonetheless effectively, since the antiquity. However, it 

was not until 1931 that the International Society of Medical Hydrology established certain 

criteria for mud's classification and their corresponding therapeutic practices. Recent 

classification schemes1 divide muds into three main categories, namely, sapropelic, peat and 

spring mineral (clay) muds, on the basis of their origin and physico-chemical characteristics. ' 
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The properties, that make mud a prized therapeutic material different from a simple hot 

poultice, are acquired after a slow and complex "maturation" process2. The process involves 
long periods (months or even years) of contact of a specific clay (called peloid henceforth) 

with thermal mineral water in special basins. During the contact the solid clayey component 

of the mud is mixed with the liquid phase3 and is progressively enriched with organic 

surbstances. The latter are produced through the profuse development of different kind of 

algae in the maturation basins. These algae, by their metabolic activities and products, modify 

the physico-chemical characteristics of the peloid until mature mud is formed4 and also 

enrich i t  with vitamins, biostimulins and antibiotic~l9$~, that add to the mud 

pharmacodynamic properties. Other mud characteristics, such as, water retentivity, heat 

adsorption and its retention, plasticity and viscosity2, are also very important with respect to 

its therapeutic power. 

Chemical analysis of muds allows interpretations of their origin and maturation and helps 

in their classification. I t  also allows the qualitative and quantitative identification of the 

components influencing mud's physico-chemical properties, such as the liquid phase and its 

dissolved salts and the solid phase with its organic and inorganic constituents. Chemical 
analysis also assists in evaluating the suitability of a certain peloid to produce a mud after 

maturation. 

In many European and other countries modern pelotherapeutic units are operating under 
strict medical supervision and have been proven to be effective in many diseases697. Their 

muds have been characterised and used locally or exported to other countries among which is 

Greece. Very expensive muds are imported in Greece, although vast deposits, that can be 

commercially exploited, exist. 

In this work the chemical and mineralogicat characteristics of Greek spring mineral muds 

and peloids were determined and their de?osits were surveyed, in order to be evaluated for 

potential use in therapeutic applications. 

MATERIALS AND METHODS 

Forty mud and peloid samples in total were collected, during summer 1990, from selected 

locations (Fig. 1) where: a) muds are widely used (Krinides, Kavala prefecture, 15 samples, 

Pikrolimni , Kilkis prefecture, 4 samples), 6) muds exist but are not commercially exploited 

(Lisbori 6 samples and Thermi 4 samples of Lesbos island, Kyllini, Helia prefecture, 2 samples, 

Preveza, Preveza prefecture , 2 samples), and c) muds were used in the past (Lagadas, 
Thessaloniki prefecture, 4 samples). The results reported in the following Tables represent the 

analysis of one sample considered representative of each location. Samples of various 

imported beautifying muds, such as "Black Mud" from the Dead Sea, Israel, "Argilla Solare" 

from Italy, as well as matured mud from "Boario Therme" of Italy, were also examined for 

comparative purposes. 



CHARACTERISTICS OF GREEK MUDS AND PELOIDS 

FIG. 

The water content of mud anu peloid samples was determined by drying them a t  70 OC for 

48 h and the ash content by heating a t  850 'C for 4 h. Organic carbon was determined by a 

Leco Element Analyser, model CHN 800 and the results were converted to organic matter by 

multiplying the carbon percentage by the factor 1.724~. Water soluble salts of muds and 

peloids were determined after extraction with distilled water (1:5), caicium and magnesium 

carbonates and some iron compounds after dissolution with 2N HC1 acid and elemental 

analysis of the residue (aluminosilicates) was performed after HF-HCI0,-H,SO, digestion. 

Carbonates were also determined volurnetrically. Cations were determined by AAS, using a 

Perkin Elmer 503 instrument, and anions by anion chromatographyg, using a Wescan 

215/110/01 instrument. Cation Exchange Capacity (C.E.C) was measured according to the 

procedure outlined by Alexiades and ~acksonlO. Amorphous SiOz was determined after its 

selective dissolution with 0.5N boiling iVaOHIO. The mineralogical composition of mud and 

peloid samples was determined by means of a Rigaku Geigerfkex X-ray diffractometer (XRD) 

and a Rigaku Thermoflex TG-DT Analyser. The presence of montmorillonite in the samples 

was verified by XRD after sample saturation with ethyleneglycol. 
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TABLE 1. Water soluble cations and anions of mature muds 

Krinides Pikro- Lisbori Thermi Kyllini Black Boario Argilla 

limni . mud Solare 

Ions d k g  

Cl- 1.80 63.6 2.70 6.90 0.95 50.4 2.95 0.06 

HCO; 0.38 10.2 0.25 0.22 2.19 19.5 0.52 1.35 

SO,2. 0.48 32.5 9.60 0.55 1.40 7.1 3.28 1.30 

NO, 0.00 1.4 0.02 0.00 0.09 1.1 0.32 0.30 

CO,z- 0.00 ' 9.1 0.00 0.00 0.00 2.7 0.00 1.14 

Sum 4.22 185.2 18.60 12.40 6.60 125.8 11.40 6.36 

RESULTS AND DISCUSSION 

Water soluble salts contribute to the therapeutic properties of muds through their 

gbsorption by the human skin. Soluble salts differentiation or accumulation occurs in muds 

during the maturation process and there for in Table 1, only the water soluble cations and 

anions of mature muds are presented. 

The percentage of calcium and magnesium carbonates are presented in Table 2. These 

carbonates have an adverse effect on mud's plasticity and it is therefore preferable their 

content to be less than 10% by weightll. The HCI acid treatment dissolves also various iron 

compounds, such as oxides, oxy-hydroxides and sulphides. In Table 2, dissolved iron is reported 

as Fe203 Sulphides, particularly iron sulphide, in muds originate through the action of 

hydrogen sulphide on iron oxides. Hydrogen sulphide in muds is produced during the 

anaerobic decomposition of the organic matter or the reduction of sulphates. It may also 

originate from the thermal mineral water. Iron sulphide gives its characteristic black colour to 

the mud. When its concentration is lower than 0.1% wlw the mud is grey (Pikrolimni, Boario), 

whereas a t  higher concentrations i t  becomes black1 (Krinides, Lisbori, Kyllini). Iron sulphide is 

considered an important mud component because it releases sulphide ions upon the action of 

the skin's acidic substances, which are absorbed by the skin12 curing dermatological diseases 

and also various forms of arthritis because of its angiohemodynamic action. 
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TABLE 1. Water soluble cations and anions of mature muds 

Krinides Pikro- Lisbori Thermi Kyllini Black Boario Argilla 

limni mud Solare 

Sum 4.22 185.2 18.60 12.40 6.60 125.8 11.40 6.36 

RESULTS AND DISCUSSION 

Water soluble salts contribute to the therapeutic properties of muds through their 

absorption by the human skin. Soluble salts differentiation or accumulation occurs in muds 

during the maturation process and there for in Table 1, only the water soluble cations and 

anions of mature muds are presented. 

The percentage of calcium and magnesium carbonates are presented in Table 2. These 

carbonates have an adverse effect on mud's plasticity and it is therefore preferable their 

content t o  be less than 10% by weightll. The HCI acid treatment dissolves also various irbn 

compounds, such as oxides, oxy-hydroxides and sulphides. In Table 2, dissolved iron is reported 

as Fe203 Sulphides, particularly iron sulphide, in muds originate through the action of 

hydjogen sulphide on iron oxides. Hydrogen sulphide in muds is produced during the 

anaerobic decomposition of the organic matter or the reduction of sulphates. It may also 

originate from the thermal mineral water. Iron sulphide gives its characteristic black colour to 

the mud. When its concentration is lower than 0.1% w/w the mud is grey (Pikrolimni, Boario), 

whereas a t  higher concentrations i t  becomes black1 (Krinides, Lisbori, Kyllini). Iron sulphide is 

considered an important mud component because it releases sulphide ions upon the action of 

the skin's acidic substances, which are absorbed by the skin12 curing dermatological diseases 

and also various forms of arthritis because of its angiohemodynamic action. 
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TABLE 2. Hydrochloric acid soluble constituents of the various muds and peloids 

CaC03 MgC03 Fe203 Sum 

Origin % wlw 

Krinides 3.1 0.4 0.7 4.2 

Pikrolimni 9.2 3.5 1.8 14.5 

L~sbori 4.7 0.7 1.6 7.0 

Thermi 26.1 0.7 0.3 27.1 

Lagadas 1.6 0.8 0.8 3.2 

Preveza 3.5 0.4 0.7 4.6 

Kyllini 17.1 1.0 0.6 18.7 

Black mud 51.4 5.4 0.5 57.3 

Boario 10.3 1.1 1.5 12.9 

Argilla Solare 1.1 0.5 0.9 2.5 

The main constituents (organic matter, ash and water) and physicochemical characteristics 

(pH, C.E.C.) of muds and peloids are presented in Table 3. For the investigation of the 

pharmacodynamic and other properties of the muds further studies concerning the chemical 

composition of their organic matter are needed. Chemical analysis of aluminosilic~tes is 

presented in Table 4, and their semiquantitative mineralogical analysis is shown in Table 5. 

Krinides 

The natural mud of Krinides was formed by the existing thermal (29 'C) spring. I t  was 

traditionally considered to be beautifying mud and effective for musculosceletal and 

dermatological diseases. I t  is used during the summer months for group mud baths, while 

during the winter months it is naturally regenerated. 

The fifteen samples studied, in addition to the mud itself, were collected within an area of 

300m radius from the mud bath. The samples were taken a t  a depth of 3m, since a previous 

geophysical survey13 showed that approximately a t  such depths clay minerals and earthly 

peats coexist. Chemical analyses revealed no significant variations in the composition of the 

samples. They contained, like the mud, 2-4 glkg soluble ions (4.22 glkg, Table l), less than 10% 
WIW carbonates (3.5% wlw, Table 2), and 80-85% wlw aluminosilicates (82.6 wlw, Table 4). The 

percentage of water soluble ions of mud is considered very low, with Na+ and Cl- (possibly in 

the form NaCl) being the prevalent ions (Table l), while Ca2+ and HC03- found to be the main 

ions of the peloid samples studied (data not given). Hydrochloric acid soluble constituents are 

mainly CaC03 (Table 2). The dominant minerals of Krinides mud, as well as of other samples 

in this area, are feldspar and quartz (Table 5). The C.E.C. (15 meqIlOOg, Table 3) of the mud is 
similar to the well known muds from "Boario" and "Argilla Solare" and can be attributed to the 
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TABLE3. Main constituents and physico-chemical characteristics of the various muds and 

peloids 

Organic Ash Water 

matter content content* 

Origin % w/w PH C.E.C. 

Krinides 6.5 85.9 50 7.8 15 

Pikrolimni 2.5 87.1 45 9.8 8 

Lisbori 1.8 90.5 48 7.7 26 

Thermi 0.5 82.2 45 8.4 19 

Lagadas 1.2 92.7 7.5 12 

Preveza 5.3 875 7.8 3 

Kyllini 5.5 83.8 49 7.8 4 

Black mud 1.6 72.1 40 8.5 2 

Boario 1.8 88.2 50 7.5 10 

Argilla Solare 0.9 89.8 10.2 18 

* Water content of muds in their natural state. 

presence of montmorillonite and organic matter as well. The organic matter content of the 

mud was 6.5% wlw (Table l), which is the highest value among the studied samples and is also 

considerably different from the samples of the same area. This fact, as mentioned in the 

Introduction, is rather due to the enrichment of the mud with organic matter during the 

maturation process, which in this specific case lasts many years. The determined organic 

matter content of the other samples from the area ranged between 1.5-5% wlw, a percentage 

which is considered essential not only for the function of the complex biological processes5, 

but for the increase in water permeability of the clays14 as well. 

Pikrolimni lake covers an area of about 4x106 m2 and its perimeter is about 6,600m. It is 

mainly being fed by surface waters and thus the water covered area varies according to the 

climatic conditions. During the summer months, when evaporation is intense, large deposits of 

mud appear around its perimeter. They are traditionally used for the cure of dermatological 

diseases. Four samples of this mud, collected from 4 different places in an area of about 5x105 

m2 between the villages of Pikrolimni and Xilokeratea, were studied. The composition of the 

samples was the same and not considerably different from the composition of the various 

samples studied from the same area in the past15. The amount of water soluble salts, 

calculated from Table 1, consisted mainly of NaCl(105 glkg), NaHC03 (14 glkg), Na2C03 (16 

g/kg) and Na2SQ4 (47 glkg). The high pH of the mud (Table 3) is due to NaHCQ3 and Na,CO,, 
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TABLE 4. Chemical analysis of the aluminosilicates residue of the various muds and peloids 

Na,O K,O CaO MgO A1203 Fe203 Si02 Sum 

Origin % wlw 

Krinides 0.9 2.8 0.3 0.8 14.8 2.7 60.3 82.6 

Pikrolimni 2.2 2.5 0.3 1.6 16.3 4.4 35.6 62.9 

Lisbori 2.3 3.0 1.3 1.3 16.0 4.1 56.1 84.1 

Thermi 1.0 1.4 0.6 0.8 11.1 4.1 46.7 65.7 

Lagadas 2.5 2.9 1.1 1.7 17.7 4.8 58.2 88.9 

Preveza 0.9 1.7 0.3 1.4 9.9 3.7 66.2 84.1 

Kyllini 1.2 1.1 1.1 0.8 7.8 1.8 58.6 72.4 

Black mud 0.9 0.9 1.6 0.4 5.3 2.0 17.1 28.1 

Boario 0.5 1.6 1.1 1.6 16.6 5.2 52.8 79.4 

Argilla Solare 1.4 3.2 0.2 4.2 16.9 6.5 54.5 86.9 

while Na2S04 are responsible for the bitter taste of the lake water and also the lake's name 

"Pikrolimni". The amount of soluble salts was 185.2 glkg (Table l), meaning that the water 

phase (45% wlw) is almost salt saturated. The soluble salts content of mud ranged between 150- 

200 glkg, with NaCl (80-120 glkg) being the main component, the alkaline earth carbonates 

content (12.7% wlw, Table 2) ranged between 8-13% w/w and that of aluminosilicates content 

(62.9% wlw, Table 4) ranged between 60-70% wlw. Micas and feldspar were the dominant 

minerals accompanied by montmorillonite and kaolinite in lower quantities (Table 5). Organic 

&tter content (2.5% wlw, Table 3) ranged between 2-3% wlw, and its origin is probably from 

the decomposition of the lake geenfinch15, such as Chlorococcum Sp., Coniochloris Sp., etc. 

This mud because of its contact with the lake's water, which contains significant amount 

of trace elements, was found to have one order of magnitude higher concentration of 

biological active components, such as As (140 mglkg), B (650 mglkg) and Bromine (210 mglkg), 

than the other samples studied. Also, because of the way of its formation the mud of 

Pikrolimni has a very fine texture (100%&3vm, 97%<44wm and 50%6pm). 

Lisbori 

In Lisbori, of Lesbos island, located north-east of St John's thermal mineral spring a deposit 

of black mud was reported16. It was found on a depth of 5-20m within a radius of at  least 200 

m. From this area 6 mud samples were collected. The water soluble ions (18.6 glkg) were 

presumably consist of CaS04 (8 glkg) and NaCl (5 glkg) as was calculated from the data of 

Table 1. Alkaline earth carbonates (5.4% wlw, Table 2) ranged between 5-10% wlw. The 

dominant mineral in the mud was montmorillonite, which accounts for the mud's good 

plasticity and high C.E.C. (26 meqIlOOg, Table 5). 
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TABLE 5. Semi-quantitative mineralogical analysis of thevarious muds and peloids 

Origin Mt Chl Mi K1 Fd Qtz Clc Other 

Krinides + + + +++ +-!+ + 
Pikrolimni + +++ + tt + ++ 
Lisbori +++ + + ++ ++ + 
Thermi ++ U + U + t t +  

Lagadas + + tt- + fK ++ 
Preveza + U + + ++++ + 
Kyllini + + + ++++U + 
Black mud -!- + + ++++-l++ 

+ ft- + Boario + U -H- + 
Argilla Solare H + + - H + + +  + 
Abbreviations:Mt=montmorillonite, Chl=chlorite, Mi=micas, Kl=kaolinite, Fd=feldspars, 

Qtz=quartz, Clc=calcite. 

Each + represents =10% wlw. 

Thermi 

Thermal mineral spring of Thermi in Lesbos results from the crossing of a group of faults 

having a S-N direction and of a fault having an E-W direction. These faults caused a graben in 

the area which was covered by unconsolidated sediments. In these sediments mud deposits 

were formed, a t  a depth of 5-20m and in a radius of about 150m around the springlb. The 

chemical analyses of the 4 mud samples collected, showed that the water soluble salts were of 

sea origin (Table 1). Also, they had relatively good plasticity, in spite of their high carbonates 

percentage (26.8% w/w, Table 2). This fac t  should be attributed to  the nature of the dominant 

mineral, which is montmorillonite (Table 5). The greatest part (10% w/w) of the free Si02 of 

the mud was amorphous as was in the mud of Lisbori (12% wlw), while amorphous SiOz in all 

other mud and peloid samples studied, ranged between 1-3% wlw (data not given in Tables). 

Organic matter (0.5% wlw, Table 3) was the lowest among all studied samples. 

Lagadas 

From an area away from Lagada spa, where a mud sanatorium existed in the past, 4 peloid 

samples were collected from a depth of 1 m and 3 m. The samples showed a percentage of 

carbonates (2.4% wlw, Table 2) and organic matter (1.2% wlw, Table 3), comparatively lower to  

the other samples examined. The dominant minerals were feldspars, micas and quartz, 

accompanied by montmorillonite, chlorite and kaolinite in lower quantities (Table 5). The 

C.E.C. of the samples ranged between 10-15 meqI100g (12 meq/lOOg, Table 3). 
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Pre veza 

Around the mineral water spring of Preveza, a t  a depth of 0.5 m and with thickness lower 

than 1 m there is a soil layer rich in seaweed. From this layer, two peloid samples were 

collected. The samples had a high organic matter content (5.3% wlw, Table 3), but contained 

small quantities of water soluble salts (data not given), meaning that they are not influenced 

by the nearby sea. Their carbonate content was also low (3.9% wlw, Table 2). The principal 

mineral was quartz (Table 5) accompanied by small amounts of micas, chlorite, kaolinite and 

feldspars, to which the low C.E.C. (3 ~eq l100g ,  Table 3) is attributed. Except all the above 

mentioned poor chem~cal characteristics, the peloid of Preveza is located in the vicinity of an 

inhabited area, so its use is doubtful. 

Kyllini 

At the area of Kyllini spa there are small surface deposits of black mud (holes of 1 m 

diameter). Two mud samples were collected for a first estimation of the minerals present. 

Quartz and calcite (Table 5) were the dominant minerals in the mud, a fact  that explains its 

.ow C.E.C. ( 4  meqIIOOg, Table 3). In any case the results can not be judged conclusive and 

further examination of the existing deposits is needed. 

Beautifying m uds 

Muds are difficult to rehydrate once they have been dried5. This means that  it is not easy 

for the powder of "Argilla Solare" to form mud when mixed with water. It is possible that its 

beautifying action is mainly due to the high p ~ 1 7 ,  a physico-chemical characteristic to  which 

the beautifying action of the "Black M u d  may be attributed." Black M u d  was dominated by 

alkaline earth carbonates (56.8% wlw, Table 2), while its aiuminosilicates content (28.1% wlw, 

Table 4)  was the lower among the samples analysed. However, in spite the high carbonates 

content and the low C.E.C., "Black M u d  shows relatively good plasticity probably because of 

its very small particle size. Muds from Pikrolimni and Thermi possess also high pH and thus 

they could be used for beautifying purposes. 

Boario 

The mud of Boario is used a t  a temperature of 46 'C for the curing of muscuIoskeletal 

diseases. The two main characteristics of the "Boario" and "Argilla Solare" muds, related to 

their well known therapeutic properties, are their high clay mineral and low quartz, feldspar 

and carbonates content (Table 5). 

In conclusion, since most of the Greek peloids studied contained small amount of clay 

minerals, the first step towards their use as muds should be their beneficiation in the direction 

of increasing their clay minerals content. 
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SUMMARY 

The physicochemical parameters NO3-, NO;?-, NH4+, F; Mg, Mn, Cu, Pb, total 
hardness, conductivity, pH and total solids of drinking water from the distribution system 
of three cities (loannina, Preveza, Leucada) in Epirus-Greece were examined during a 
Year. 

In general, NQ-, NQ- and NH4+ concentrations were lower than the maximum 
admissible limits. 
Fluoride was found to be in slgniflcant amounts (410.600, 510-620, 500-650 pgil), 
sufficient for dental protection, while manganese existed in higher concentrations (40- 
77, 40-80, 45-80 pgn) than the desirable Ilmlts, whlch was also observed for the copper 
content of loannina's drinking water (30.16Q pgil). 
The drinklng water of all three dtles was hard and Leucada's, an Island, too hard, whlch 
also cxmntaind higher magnesium concentrations (26.4-43.2 mgA . 3 Total solids were found to be in high concentrations (96-301, 95. -470, 2Q3-886 mgn). 

Key words: water control, physicochemical quality, elements. 

INTRODUCTION 

The quality of drinking water is critical for public health. Physicochemical along with 

microbiological parameters determine its suitability for drinking, while the concentration 

of some constituents, such as fluoride, is significant for good hygiene'92. 

The purpose of this study Is to monitor, during a year, physico-chemical parameters 
(NOS', NQ', NH4+, P, Mg, Mn, Cu, Pb, total hardness, conductivity, pH and total solids) 

of drinking water in the area of West Greece. 

EXPERIMENTAL 

The samples were collected from the distribution systems of three cities of 
W.Greece (loannlna, Preveza, Leucada) in plastic or glass bottles and were stored and 
preserved according to the APHA3,4. 



184 I. KAGALOY, I. ROUSSIS AND V. KATSOUGIANNOPOYLOS 

The determination of NQ', NQ', and NH4+, was performed by the chromotropic 

diazotization and Nessler's method respectively 3,4. The spadn's method was used for 
the determination of F-4. The metals were determined by atomic absorption 
spedrophotometry using a Perkin Elmer model 560 AAS. Total hardness was measured 
by EDTA titration and total solids by drying at lW-IWC%4. Conductivity and pH were 

measured using a conductivity instrument and a pH -meter re~pectively~.~. 

RESULTS AND DISCUSSION 

The descriptive values of the examined parameters are presented on the Tables 

I,II,III, and in Figures 1,2,3. 

TABLE l: Descriptive values of the examined parameters for loannina's drinking water. 
.................................................... ----------.--------"--.....----------------------..-.---------- 
n-30 NOS- N02' NH4+ F' Total Mg Condu- Mn Cu Total pH 

mgn mgR mgR UgR hard- mgR ctivity ~ g n  p6)R solids 

ness 

m€ib US mgn 
CaC03 

.-------.------------s..-....---.---..---.-.---..-.-s--......-..m..-----.-------.--....----.--.-.-------...-----..-. 

X 5.79 0.005 0.011 553.3 195.9 4.03 357.2 63.06 70.33 176.2 7.32 

S 0.m 0 . W  0.014 36.04 15.7 2.22 28.77 11.47 24.42 59.1 0.14 

median 5.72 0.005 0.006 550.0 191.5 8.30 358.5 65.00 90.00 180.5 7.30 

min 5.28 0 . W  0.000 410.0 172.0 2.30 318.0 40.00 30.00 96.0 7.10 

max 8.36 0.013 0.060 600.0 228.0 9.60 458.0 77.00 160.00 301.0 7.80 
-------------------------------------------------------------------------------------------------------- 

The values of NOf, NO;r; and NH4+, of all three cities were lower than the upper 

IimRs2. In some cases, In the ilberature, higher values of these nitrogenous indexes have 

been rep0rted5~6%7. 
Fluoride was found to be in significant amounts lower than the lower recommended 

limitsj12. So it could be assumed that the fluoride level is sufficient for dental 
protection . 

The total hardness of drinking water from loannina and Preveza belong to the hard 

category while the drinking water of Leucada was too hard. This may be due to the fact 
that the city of Leucada and its wells are on an island while the wells of loannina and 

Preveza are in the inland. In agreement with the above, conductivity values of 
Leucada's water were much higher than those of loannina's and Preveza's. 
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Magnesium level in the drinking water of loannina and Preveza were lower than 
guide level valuelp. The high values of Mg in the Lwcada's drinking water may be due 

to the migration from the sea water. In every case Leucada's values of Mg were lower 
than the maximum admissible concentrationslz. 

TABLE II: Descriptive values of the examined parameters for Preveza's drinking water. 

mgn mgn mgn ugn hard- mgR ctivlty pgn pgn solids 
ness 

m ~ f i  PS mgn 
CaC03 

.................................................................................................................... 
X 5.58 0.005 0.016 573.6 219.2 12.30 371.0 68.5 31.81 266.3 7.44 
S 0.98 0.002 0.027 32.15 21.79 4.88 21.27 9.24 9.58 104.1 0.09 

median 5.28 0.006 0.002 580.0 213.5 13.25 373.0 71.50 30.00 256.5 7.47 

mln 4.40 0 . m  0.000 510.0 190.0 6.00 323.0 40.00 10.00 95.5 7.20 
max 9.24 O.M39 0.10 620.0 268.0 19.80' 418.0 80.00 50.00 470.0 7.60 

TABLE Ill: Descriptive values of the examined parameters for Leucada's drinking 
water. 

*---..---------..---.-..----.-----..----.--------.--.-----.-.--.---.-.--...-.--..-.----.-.....--..----...----.-.-- 
X 4.45 8.W 0.026 534.1 354.33 31.50 974.3 72.42 29.16 531.37.41 

S 1.08. 0 . m  0.047 44.6 50.98 3.24 65.05 7.18 8.53 236.4 0.12 
inedian4.18 O.D06 0 . m  520.0 361.00 31.00 970.0 72.50 30.00 389.6 7.40 

min 2.64 0 . m  0.000 500.0 225.00 26.40 901.0 45.00 20.00 203.0 3.20 
rnax 7.04 0.016 0.967 630.0 415.00 43.201214.0 80.00 40.00 886.0 7.61 
-----------------------------------------------------------.-*---*-------------------------------.----- 

In all examined samples manganese was found to be higher than the desirable limits 
but much lower than the upper Iimlt'Z. In Ilterature, manganese values have been 

reported, in a wide region, to be lower and higher than these reported herell. 
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Preveza's and Leucada's drinking water contain copper in concentrations lower 
than the desirable limit while loannina's contain copper in concentrations higher than 
the desirable limit and lower than the maximum admissible IimiW. A possible 
explanation to this could be the fact that part of the distribution system of the dty of 
loannina consists of copper pipes. Copper concentrations in drinking water higher and 
lower than those reported here have been reportedl2. 

FIG.1. Histograms of N03; N0.5 NH4+ values, of the examined drinking waters. 

In all cases Pb was in concentrations lower than the tentative limit for leadl12. 
Values have not been reported for lead since, in all examined samples, it was in 
concentrations lower than the limit of instrument's sensitivity. 

Total solids, generally, were found to be in high concentrations, which indicates no 
application of a filtration step before the entrance of water in the distribution systems. 

In all cases pH was found to be in the neutral region, as expected. 
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FiG.2. Histograms of F, Cu, Mn values, of the examined drinking waters. 

FIG. 3. Histograms of Mg, total hardness, tot& solMs values of the examined drinking 
waters. 
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in conciusion, it can be said that the drinking water of all three ches was of a good 

quality, since the examined parameters were generally below the E.G. directive 

standards. It is noticeable the high values of total hardness and magnesium in 
Leucada's drinking water. The somehow high concentration of copper in loannina's 

rtrmkng water may give some indications for the repladng of the old parts of the 

distribution system. 

TW v&phv Twv BIKTI~W ubpeuqq T~I(;W n5,hE~v T Q ~  Hn&ipou ( Idwlva ,  llpOP@, 

40-80,45-8@g/l), u~rVv5~epeq arro TO en tBup~~6 mirrebo. To i61o i a ~ u e  y a  TIC TIC(& TOU 

Ta V&@ nou g & r a q K a v  q ~ a v  oKjVlpCI, evO T Q ~  n5,Mq q q  A ~ u ~ d d a q  n o w  ol<)ypO. TO 

onoio crriatlq nrpteixe u+tlh5,'repsq ouy~&vrpGwetq payvr)uiou (26, 443,2mg/I). 

Ta ouvohr~d crreped :CITav oe q u a v n ~ C q  ~uy~&v~pGwerq(9&301,95,5-470,2~-886mg/l). 
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L& X -+;* 

-L +-a*- ss - .. $9 g- $&+ Macedonia For 4,000 years* steeped in the history of Greece 

~ristotle, the hltor of Alexander the 

Great, was born in Stagira in Macedonia. 

in 384 BC. Together with Plato, he is 

regarded as one of the greatest 

philosophers the world has known. 
Aristotle &as a true academic, concerned 

with Physics, Astronomy, Rhetoric. 

' Literature, Political Science and History. 
His teachings laid the foundation for 

modern scientific thought 

Thessaloniki, the heart of Macedonia, is a 

modern city with 1,000,000 inhabitants. 

It is strategically located at the crbsroads 

of Europe with Asia. Having spread the 

Word at Phiiippi, the Apostle Paul 

continued his teachings in Thessaloniki. 

Its important monuments from antiquity and 

byzantium up to the present, provide 
testimony to the role that the city has played 

as the second capital of Hellenism. 

Alexander was born m 356 BC m Pella, 

Macedou~a, estabhshed by h ~ s  father 

Ph111p 11, as the centre of Hellen~sm 

Nurhlred on the thoughts of h ~ s  tutor, 
Aristotle, he rose to fame as a brlll~ant 

mlhtary leader He mfluenced the course 

of h~story, r~ghtfully earnmg h ~ s  t~tle as 

Alexander the Great In 335 BC he became 
Commander in Chief of all the Greeks. 

By the time of his death in 323 BC he had 

created an enormous em&?, stretching 

from the shores of the Adriatic to India, and 
from the Caucasus Mountains to Egypt. He 

spread the Greek spirit far aria wide among 

nations who worshipped him as a god. 

This statue of Aphrodite came to light 
during archaeological digs at the ancient , 

sacred city of Dion. Dion, at the foot of 

Mt Olympus, was the most important 

spiritual site for the Northern Greeks, 
playing the same role in their lives as that 

of the oracle at Delphi. 

This 16 pointed star of Vergina was 

uncovered during the archaeological 

excavations at Vergina. This symbol of the 
Greek Macedonian Dynasty decorated the 

golden tomb of Philip 11. The Star of 

Vergina, extracted from the soil of 

Macedonia, has since become the symbol 
of Hellenism. 

4 . W  years:* Post-Mycenaean ceramic relics found in Assiros and Mycenaean 
sword? foundin Grevena dare back 4WOyears. evidence of Macedonia's roie at 

- the vonex of Greek hisrory, Even in mytholoxy Macedon; mythical hunder of the , 

Macedonian race, B rhe son of Aeolos (yod of rhe winds). Throughout the years 
Macedonia contributed to the tbuntain of knowledge of rhe Ancienr Greeks. In the 
5rh cenruv BC Demokritos, father of Atomic Theory, lived and worked in Avdira 
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