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ANALYSIS OF HARD AND SOFT GREEK CHEESES PRODUCED I N  EPIROS. 

M. G. KONTOMINAS, I .G. ROUSSIS and I .  CHRONEOS 

Department of Chemistry, University o f  Ioannina, Ioannina 45110,Greece. 

(Received A p r i l  17, 1986) 

SUMMARY 

Resul ts  are repor ted  on the ana lys is  o f  eleven d i f f e r e n t  v a r i e t i e s  
o f  Greek cheeses produced i n  t he  reg ion  o f  Epiros.  Cheeses were analyzed 
f o r  % f a t ,  % p ro te in ,  % moisture,  macro elements (potassium, sodium, 
calcium, magnesium, phosphorus) as we1 l as t race  elements (copper, i r o n  
and z i nc ) .  

Var ia t ions  i n  values o f  moisture,  f a t  and p r o t e i n  were genera l l y  
small w i t h  the  except ion o f  those o f  moisture and f a t  f o r  Feta,Myzithra 
and Metsovel la cheeses. Values o f  the  above determinat ions are  i n  ac- 
cordance w i t h  t he  l i t e r a t u r e ,  w i t h  the  except ion o f  those f o r  Kaseri 
cheese. 

Values f o r  Na and Ca showed s i g n i f i c a n t  va r i a t i ons .  Values f o r  K we- 
r e  gene ra l l y  lower wh i l e  Mg and P values were i n  agreement w i t h  those 
publ ished.  

Values f o r  Cu, Fe, Zn gene ra l l y  d i f f e r e d  from respect ive  publ ished 
values wh i l e  those f o r  Fe and Zn showed s i g n i f i c a n t  va r i a t i ons .  

Present r e s u l t s  s t ress  the  need f o r  s tandard iza t ion  o f  several  chee- 
ses analysed. 

Key words: Cheese ana lys is ,  f a t ,  moisture, p ro te in ,  elements. 

INTRODUCTION 

Cheese i s  t he  most important  d a i r y  product  and i s  being produced i n  

several hundreds o f  v a r i e t i e s  today. Approximately 15% o f  the  wor ld  p ro-  

duc t ion  o f  m i l k  i s  being used i n  cheese making. I n  1979 wor ld  p roduct ion  

o f  cheese reached 10,483,000 tons, p roduc t ion  o f  cheese i n  t he  E.E.C. 

reached 3,256,000 tons, and product ion  o f  cheese i n  Greece reached 

165,000 tons1. 

I n  Greece the  l a r g e s t  amount o f  cheese produced comes from goa t ' s  

and sheep's m i l k .  I n  1980, 78% o f  sheep's m i l k  went i n t o  cheese making 

and gave 97,929 tons o f  cheese, 67% o f  goa t ' s  m i l k  gave 41,407 tons o f  

cheese and the 26% o f  cow's m i l k  gave 20,800 tons o f  cheese. During t he  
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same year Greece imported 12,342 tons of cheese and exported 1,687 tons? 

Greece holds the  f i r s t  place in  cheese consumption per capi ta  (approx. 

17 Kg,!year) in  the  world, w i t h  France holding second place by a s l i g h t  

margin, 

A large portion of the cheeses being produced in  Greece comes from 

small, low capacity,  family owned plants  (approximately 200, only in  

Epiros) which do not have modern f a c i l i t i e s  o r  qua l i ty  control inspection 

and therefore  constantly face product standardization problems and occa- 

s iona l ly  even public health r e l a t ed  problems. 

The l i t e r a t u r e  contains several repor ts  on the composition of chee- 

s e ~ ~ - ~ .  

This paper i n  which eleven d i f f e ren t  cheese v a r i e t i e s  of Epiros were 

analyzed, has the objective t o  supply information on the  composition of 

various Greek cheeses of Epiros, towards both a more e f fec t ive  qua l i ty  

control ,  and a be t t e r  standardization of cheese products in r e l a t ton  t o  

the  export of Greek cheeses t o  countries of the  E . E . C .  

EXPERIMENTAL 

The cheeses analyzed, were donated by the  "DODONI" p lan t ,  the  Tosit% 

foundation and various local manufacturers. All cheeses were produced 

between February and June 1984, t o  account f o r  possible var ia t ions  i n t h e  

composition of milk from which they were made, and were a l l  r ipe  a t  the 

time of analys ls .  Samples were col lec ted  from various par ts  of the  chee- 

se  body using a cheese sampling knife and a l l  were mixed t o  give the 

f ina l  sample. 

In a l l  samples, moisture, f a t ,  protein and the  elements: potassium, 

sodium, calcium, magnesium, phosphorus, copper, i ron  and zinc were dete- 

rmined. All samples were kept away from metal containers and spatulas  t o  

avoid iron and zinc contamination. 

Duplicate -3 sample- analys ls  was carr ied  out f o r  each type of chee- 

se.  Classical methods of analys is  were used t o  determine moisture, f a t  
8 and protein . 

Fat and protein were ca lcula ted  on a "as i s "  bas is .  Sodlum and po- 
9 tassium were determined flame photometrically using a Coleman Model 21  

flame photometer by the  following procedure: After wet digestion using 

d i l u t e  n i t r i c  acid the  sodium and potassium content was measured flame 
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photometrically. 

The r e s t  of the metals were determined by atomic absorption spectro- 
9 photometry using a Perktn Elmer model 560 A.A.S. by the following proce- 

dure: After wet digestion using concentrated su l fu r ic  and n i t r i c  acid 

the resictue was dissolved in d i l u t e  acid.  The solution was spra- 

yed in to  the flame of the A.A.S. instrument and the absorption of the  

metal was measured a t  the appropriate wavelenght. 
9 Phosphorus was determined spectrophotometrically using a Hitachi 

model 102 spectrophotometer by the following procedure: After wet dige- 

s t ion using concentrated su l fu r ic  acid and concentrated n i t r i c  acid ,  du- 

ring which a l l  the phosphorus i s  converted t o  orthophosphorlc acid ,  the 

phosphorus content was measured colorimetrically a f t e r  reaction with 

ammonium molybdate and hydrazine in acid solution. 

RESULTS AND DrSCUSSION 

In order t o  compare present data w i t h  t ha t  in the l i t e r a t u r e  i t  i s  

important t o  s t a t e  the source of the mSlk used f o r  the production of 

each cheese var ie ty ,  as well a s  the type of each cheese produced t o  

enable comparison t o  well known foreign cheeses. This information i s  g i -  

ven in  Table I .  

The cheese samples were of di f ferent  production period and dif ferent  

supplier.  Intercomparison of data is  therefore d i f f i c u l t .  Comparison of 
present data of cheeses t o  t h a t  of the same type of foreign cheeses i s  

a lso  d i f f i c u l t  due t o  d i f fe ren t  milk sources and d i f fe ren t  cheese manu- 

facturing practices.  

Despite the above problems comparison was attempted both f o r  standar- 

dization purposes of domestic cheeses as  well as the establishment of a 

relationship between domestfc and foreign cheeses of the same type. 

Results f o r  moisture, f a t  and protein are  given i n  Table 11. 

Graviera, Kefalograviera and Metsovella cheeses a re  discussed together 

since they are s imilar .  The values f o r  Graviera and Kefalograviera gene- 

r a l l y  agree with those i n  the ~ l t e r a t u r e ~ ' ~ .  Metsovella i s  c l ea r ly  a do- 

mestic cheese and references f o r  comparison are not available.  This 

cheese showed a re la t ive ly  large variation in moisture and f a t  content 

a problem t h a t  should be overcome. All three  of the above cheeses as 
2 compared t o  the Gruyere var ie ty  show a higher moisture and lower protein 



TABLE I : Cheese V a r i e t i e s  Analysed, t h e i r  M i l k  Source and T.vpes o f  I n t e r n a t i o n a l  Cheese 
t o  which they a re  S i m i l a r .  

- 
Cheese v a r i e t y  Source o f  m i l k  TYPe 

Grav ie ra  (hard )  ewe's + p o s s i b l y  cow's Gruyere 

Ke fa lograv le ra  (hard )  e w e l s + p o s s i b l y  cow's Gruyere 

Metsovel l a* (hard )  cow' S Gruyere 

K e f a l o t y r i  (ha rd )  ewe's + p o s s i b l y  cow's Romano 

V l a c h o t y r i *  (ha rd )  COW' S Romano 

Pas to re l  l a* (hard )  cow's Parmesan 

"Dodoni t ypeU*(hard )  ewe's + cow's T i l s i t ,  B r i c k  

Kaser i  (ha rd )  ewe's + p o s s i b l y  cowts Provolone 

Metsovone* (Rard+smoked) cow's Parenica (Pasta F i  l l a t a )  

Feta ( s o f t  - i n  b r i n e )  ewe's + p o s s i b l y  cow's Domiat i  

Myzi t h r a  (whey cheese) whey o f  ha rd  cheeses+O-l0 % m i l k  R i c o t t a  

* Trade names 



TABLE 11: Moisture, Fat and Protein Content of Cheese Varieties Analyzed (g/100g product, on "as i s"  bas is ) .  

Cheese var ie ty  % Moisture % Fat % Protein 

Ave. Range Ave. Range Ave. Range 9 
n m 
X 

Gravtera 

Kefalograviera 

Kefalotyrt 

"DODONI" type 

V1 ahotyri  

Pas tore1 l a 

Metsovella 

Metsovone 

Kaseri 

Feta 

Myzi th ra  

* Errors given a re  standard d e v i a t ~ o n  of the  mean f o r  n=3 (n=pairs of samples analyzed) 
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content while f a t  content i s  of the same level. 

Kefalotyri shows a somewhat higher moisture and protein content as 
2 compared to l i t e ra ture  data while no references are available for  Vla- 

chotyri which i s  also a local cheese similar to Kefalotyri. Both cheeses, 
2 as compared to  the Romano variety show a s l ight ly higher moisture and 

f a t  content b u t  a lower protein content. 

There are also no references for  Pastorella which i s  a local cheese. 

As compared to parmesan2 i t  shows a somewhat higher moisture and f a t  
content but a lower protein content. 

The "Dodoni type" cheese (special variety) as compared to the simi- 

l a r  cheese ~ r a v i e r a ~  shows a somewhat higher moisture and lower protein 

content, while in relation to  the Brick type shows a somewhat lower moi- 

sture and higher protein content. 

Kaseri values for  moisture and f a t  were higher and lower respective- 

ly  t o  those in the l i terature2.  Values for  the Metsovone variety are in 

accordance with other references2. This cheese variety i s  very similar 
2 in composition to  the also smoked Parenica variety . 

Feta values for  moisture and f a t  generally agree with "published data. 

Protein values are however lower than respective ones in the l i t e ra tu-  

re2y7.  I t  also shows lower protein content as compared t o  the Domiatt 
2 

type - 
Feta values for  moisture, f a t  and protein show a relatively large 

variation which can possibly be attributed to  i t s  different suppliers 

(cheese plants).  

Myzithra showed large variations in moisture and f a t  content, high 

f a t  and low protein content as compared to the l i t e r a t ~ r e ~ ' ~ .  In rela- 
2 tion to  Ricotta i t s  moisture content i s  approximately the same while 

i t s  f a t  i s  significantly higher and i t s  protein lower. 

Variations in moisture and f a t  content of Myzithra can be explained 

by the additton /or not of milk or cream to  the whey (raw material for  

Myzi thra production). 

f t  can be generally -observed that for  several of the cheeses analy- 
zed, protein content was lower while moisture content was higher than 

expected. These variations s t ress  the need for better standardization 

practices. 

Results for Na,Ca, Mg and P are given in Table 111. 



TABLE I I I :  Hacro-element Content of Cheese Varieties Analyzed (mg/100g product, on "as is" bas is ) .  

Cheese var ie ty  Na K 

Ave. Range Ave. Range 

Graviera 506.8 + 168.9* 260.3 - 742.5 58.5 + 21.2 31.2 - 87.4 

Kefalograviera 861.2 + 111.5 656.6 - 988.2 43.9 + 15.3 28.1 - 62.7 

Kefalotyri 982.3 + 201.4 627.8 -1350.2 54.8 + 10.8 36.9 - 67.9 

"DODONI" type 502.1 + 142.8 363.0 - 749.6 54.4 + 8.5 38.9 - 63.9 

V1 ahotyrl  1147.4 + 138.3 944.7 -1350.0 52.4 + 2.5 49.5 - 55.2 

Pastore l la  800.0 + 90.5 690.0 - 909.9 37.1 + 0.8 36.0 - 38.2 

Metsovella 774.8 + 115.2 609.5 - 940.0 72.9 + 12.1 56.9 - 88.8 

Metsovone 904 .5+  2.7 900.5 - 908.5 52.2 + 0.21 52.0 - 52.5 

Kaseri 357.5 2 82.7 243.4 - 471.5 40.3 + 10.5 27.0 - 53.6 

Fe t h  690.6 + 171.6 482.3 -1041.0 38.6 + 11.8 17.9 - 51.4 

Myzi thra 107.8 + 55.4 50.4 - 208.6 71.7 + 25.2 33.0 - 94.9 

* Errors gfven a re  the standard deviatlon of the mean fo r  n=3 (n=pairs  of samples analyzed) 



TABLE I I I  (contld):Macro-element Content of Cheese Var ie t ies  Analyzed (rng/100g product,on"as is" bas is )  

Cheese var ie ty  

Graviera 

Kefalogravf era 

Kefalotyri 

"DODONI" type 

Vlahotyri 

Pastorel l a  

Metsovel l a 

Metsovone 

Kaseri 

Feta 

Myzi th ra  

Ave. Range Ave. Range Ave. Range 

*Errors given a re  the  standard deviation of the man f o r  n=3 (n=pairs of samples analyzed) 
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It i s  dangerous t o  a t tempt  comparison o f  Na c o n t e n t  va lues because t h e  

amount o f  NaCl be ing  used v a r i e s  s i g n i f i c a n t l y  f rom ba tch  t o  ba tch  due 

t o  l a c k  o f  method o f  s t a n d a r d i z a t i o n .  T h i s  i s  suppor ted by v a r i a t i o n s  i n  

Na va lues between cheeses o f  t h e  same var ' iety (excep t  Metsovone). 

Na c o n t e n t  i s  g e n e r a l l y  lower  i n  cheeses analyzed compared t o  t h e  l i t e r a -  

tu re217  i n d i c a t i v e  o f  a  consumer p re fe rence  t o  l e s s  s a l t e d  cheeses. 

Values f o r  Ca a l s o  vary,  depending on t h e  amount o f  CaC12 be ing  used 

i n  cheese p roduc t ion .  

Values f o r  K a r e  g e n e r a l l y  lower  than  those mentioned i n  t h e  l i t e r a -  
6  t u r e  and can be a t t r i b u t e d  t o  t h e  f o l l o w i n g  two reasons a) t o  t h e  d i f f e -  

r e n t  method o f  a n a l y s i s ,  f lame photometry vs. a tomic a b s o r p t i o n  b )  t o  pos- 

s i b l e  use o f  potass ium sorbate (a l lowed p r e s e r v a t i v e )  which can be r e -  

spons ib le  f o r  change i n  K con ten t .  

Values f o r  Mg and P  a r e  i n  genera l  agreement w i t h  those i n  t h e  l i t e -  
6  r a t u r e  . 

Resu l t s  f o r  Cu, Fe and Zn a r e  g i v e n  i n  Table I V .  

Values g e n e r a l l y  d i f f e r  than those i n  t h e  l i t e r a t u r e 6 .  Zn and Fe va lues 

a r e  g e n e r a l l y  lower  than p u b l i s h e d  values6 showing i n  many cases s i g n i -  
6 

f i c a n t  v a r i a t i o n s .  Cu va lues a r e  h i g h e r  than those  i n  t h e  l i t e r a t u r e  , 
b u t  show no s i g n i f i c a n t  v a r i a t i o n s .  

The above can be a t t r i b u t e d  t o  t h e  v a r i e t y  o f  m i l k  sources used i n  

cheese p roduc t ion ,  t o  t h e  d i f f e r e n c e s  i n  cheese p r o d u c t i o n  methods as 

w e l l  as t o  d i f f e r e n c e s  i n  animal feeds. 

It i s  concluded t h a t  p resen t  da ta  comprise a  v a l u a b l e  r e f e r e n c e  

source f o r  n u t r i t i o n  aware consumers, as w e l l  as f o r  cheese manufacturers 

i n  t h e i r  e f f o r t  t o  achieve a  b e t t e r  q u a l i t y  p r o d u c t  th rough  s tandard iza -  

t i o n ,  i n  v iew o f  l a r g e  Greek cheese e x p o r t s  t o  c o u n t r i e s  on t h e  European 

Economic Community. 

ANAAYZH 2KAHPQN K A I  MAAAKQN TYPIQN ?H2 HnEIPOY 

Zrqv Epvaoia aur f i  n a p o u o ~ a < o v r a ~  -ca ano-csh~apara a v a A u u n ~  8 v r s ~ a  ~ O L -  

K L A L ~ V  EAAIIVLKOV r u p ~ h v  TUC ~ E P L O X ~ ~ S  H ~ ~ i p o u .  2 r a  ~ u p ~ a  n p o a b ~ o p i u r q ~ a v  

.TO Ainoc, OL  ~ P ~ E ~ V E S ,  II uvpaaia, r a  vaKpo a - c o ~ x ~ i a  ( K ~ ~ L O ,  V&TPLO, 

a o p i a r ~ o ,  p a v v l i o ~ o  KaL cpwo(p6po~) ~ a e h <  KaL r a  LXVOUTOLXE i a  ( X U A K ~ C ,  0 i -  



TABLE I V :  Trace Element Content o f  Cheese V a r i e t i e s  Analyzed (ug/lOOg product ,  onUas i s "  b a s i s )  

Cheese v a r i e t y  Cu Fe Zn 

Ave. Range Ave. Range Ave. Range 

Grav ie ra  669.2 + 85.3* 542.1 - 796.2 2209.9 + 670.1 1453.0 -3656.9 3892.6 + 912.1 2053.0-5095.5 

Kefa lograv ie ra  539.2 + 6.8  528.8 - 549.5 2956.9 + 320.3 2413.5 -3449.8 3175.1 + 614.0 1842.8-3860.6 

K e f a l o t y r i  626.1 + 86.1 495.5 - 756.8 2665.5 + 440.6 1984.0 -3522.5 3526.1 + 753.8 1984.7-4530.5 

"DODONI"  t ype  540.5 + 71.1 426.9 - 653.8 2914.8 + 581.8 1835.7 -3679.8 3251.4 + 605.2 1993.6-4063.6 

V1 a h o t y r i  472.0 + 117.6 295.3 - 648.7 2046.5 + 382.0 1338.7 -2754.4 3785.1 + 30.5 3702.4-3867.8 

Pasto re l  l a  571.6 + 58.8 488.3 - 654.9 2893.4 + 336.8 2451.5 -3535.2 3656.9 + 62.2 3446.0-3867.8 

Metsove l la  696.7 + 33.6 641.9 - 751.6 2071.8 + 222.3 1763.7 -2379.9 3742.1 + 61.8 3652.7-3831.5 

Metsovone 746.5 + 72.0 650.0 - 842.9 2350.4 + 68.7 2290.8 -2410.0 4655.8 + 313.7 4155.0-5156.7 

Kaser i  532.5 + 79.5 414.5 - 650.5 1920.2 + 631.7 926.3 -2914.1 2987.5 + 608.7 1971.8-4003.3 

Feta 439.3 + 84.9  325.2 - 553.4 2648.4 + 752.2 1202.3 -4085.3 1894.0 + 642.6 1450.7-2244.1 

M y z f t h r a  398.3 + 67.2 293.9 - 502.8 3288.2 + 293.4 2705.8 -3870.5 1189.4 + 382.0 450.0-1687.6 

*Er ro rs  g i v e n  a r e  t h e  s tandard d e v i a t i o n  o f  t h e  mean f o r  n=3 ( n = p a i r s  o f  samples analyzed)  
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6npoc KUL ~ ~ u 6 a p v u p o c ) .  

O L  ~ L ~ K U ~ U V ~ E L ~  a r ~ c  r ~ p b c  r q $  uypaoiac, Ainouc KaL npwreivbv 4rav 

V E V L K ~ S  V L K P ~ S  NE & < a i p ~ u q  E K C ~ V E ~  r q q  uypaaiac KaL r o u  Ainouc yLa r q  

Ukra, r n  MuMBpa KaL r q  M~raoBbAAa. O L  E U ~ E ~ E ~ U E ~  r ~ p k q  B p i a ~ o v r a ~  a& 

oupmwvia PE E K E ~ V E ~  r q $  B~BA~oypamCac !.I& ~ E a i p ~ a q  FKELVWV yLa r o  Kaoa ip~ .  

O L  r ~ v k c  TOU Na KaL Ca napouoiaoav a q v a v r ~ ~ i c  ~ L ~ K U ~ U V U E L ~ .  OL  r ~ p b c  

r o u  K f i rav y e v ~ ~ b c  xavqA6rspsc ,~vb  OL  r ~ p b c  TOU Mg KaL P drav  napanhtj- 

ULEC E K E ~ V W V  r q c  B~BA~oypac? iac .  

O L  T L U ~ ~  IOU CU, Fe, Zn napouaiaaav 6 ~ a s o p k c  m o  EKE i v e ~  r q c  BLBALO- 

ypa(niac, ~ v b  OL r ~ p k c  VLa r o v  Fe KaL Zn napouaiauav o q p a v ~ ~ ~ k c  6 ~ a ~ u u a v -  

UELC,. 

Ta anoreAbapara r q c  napoboac ~ p v a a i a c  ~ v ~ o x f i o u v  r n v  a n o h  r q c  a v a v ~ q c  

runonoiqoqc rwv E A A ~ v L K ~ v  TUPLOV nou avaAfi0n~av. 
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INTRODUCTION 

The problem of the environmental pollution with mercury and its determination in low 
concentration in a variety of samples has been discussed in a number of papers1-5. The 
mercury content in waters has been determined by means of different methods: polarogra- 
phy, photometry, colorimetry, emission-spectroscopy, atomic-absorption and neutron-acti- 
vation. 

In the present paper the results from the study on the possibility to determine the mer- 
cury in water and sediment samples from the river Strimon are discussed. Two different 
methods are used: direct atomic emission spectroscopy (AES) and determination after pre- 
concentration on PbS. 

EXPERIMENTAL 

Apparatus and reagents 

1. 1.1 standard mercury solution (Hoppcin Williams Ltd). 
2. Conc. HN03, p.a., (Merck) 
3. 0.1 M Na2S solution, prepared by dissolution of Na2S p.a. (Reachirn, USSR). 
4. 0.1 M Pb(CH3C00)2 solution, prepared by dissolution of Pb(CH3C00)2, p.a. 

(Tchervena svezda, Bulgaria). 
5. Iron chamber electrodes-fig 2. 
6. Mercury evaporation system-fig 3. 
7. Atomic emission spectrograph PGS2 (Car1 Zeiss, Iena, DDR).' 
8. ORWO WU-3- photographic plates. 
9. R-09 developer. 

i3. Zeis D-4 rapid micrometer. 

Scmp ling 

Water and sediments were sampled from the river Strimon in the territory of Bulgaria 
(four points) and Greece (four points) as it is shown in fig 1. The sampling stations B-l and 
B-3 are located at industrial areas, while B-2, B-4, G l ,  G 2 ,  G 3  and G-4 are not located 
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FIG. 1 : Map showing the sar/rpZing s tat ions  along Strimon River. 

nearby any industrial center; however, the sampling stations G-2 and G 3  are at places, 
where two tributary rivers flowing through industrial areas join the river Strimon. The sam- 
ples have been collected every two months for two years 1984 and 1985. 

0.5-1 1 water samples were taken in polyethylene bottles. In order t o  decrease adsor- 
ption on the walls, the samples were acidified with HN03 to pH=l in the moment of sam- 

pling. Before analysis the samples were filtered using 0.45pm cellulose nitrate filters. 
Sediment samples were taken just below the water layer in polyethylene bottles as well. 

In the laboratory they were dried to  60-80•‹C. 

IsoZation and prewncentration o f  mercury from the water sampZes 

Coprecipitation with PbS has been used to isolate and preconcentrate the mercury from 
the water samples. For this purpose simultaneously lOml Pb(CH3COO)2 and l Oml Na2S 
were added. Under these conditions 0.2-0.5g of PbS residue was formed, which included al- 
so the water impurities. It was heated to  boiling point, the clear solution was discarded and 
dried to  80•‹C. Then it was again quantitatively transferred to the iron chamber electrode 
and the AES measurement was carried out. 
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FIG. 2: Iron c h b e r  e l e c t m d e s :  1 -bdy ,  2-ckmber, 3-carbon e l e c t m d e ,  
4-carbm counter electrode.  

ImZat ion  and premncentration o f  mercury from the  sediment samples 

Certain quantity of the sediment sample (1-5g) was placed into a vessel-fig 2, and was 
heated at 450-500'~. The mercury vapours were carried with a stream of air and retained 
quantitatively on PbS. The exact conditions of the experiment have been studied ear- 
lier6-8. PbS then was transferred to an iron chamber electrode and AES analysis has been 
performed. 

Direct d e t e ~ m i n a t w n  o f  mercury i n  sediment sampZes 

In all sediment samples the possibility for direct AES determination has been checked. 
0.2-0.4g of the sediment sample was put into the iron chamber electrode which was closed 
with a carbon elxtrode. Experimentally was proved that the procedure used8 for the 
mercury determination in soils may be used for sediment samples as well. The optimised 
conditions were: current intensity of the arc-12A, slitwidth-0.025mm, 102 S exposition ti- 
me, registration of the spectrum on ORWO WU-2 plates, 5min development time with 
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FIG. 3:  System for evcporation o f  mercury from sediment sampZes and 
i t s  c o n c e n s r ~ t w n  on PbS: 1-furnace, 2-vei-.seZ w i t  h sample, 
3-glass tube, 4-coZwnn, containing the mrbent PbS, 5-U shaped 
vessel,  wntaining s l u t i o n  o f  KT and Q controZZing the stream 
o f  a i r  and the wmpZeteness o f  t k  ppocess. 

R-09 developer and measurement of the 243.6nm line of mercury. The calibration curve 
(fig. 4.b) was obtained by analysis of soil samples containing known quantities of mercury. 

FIG. 4: Calibration curve: a. standard swnpZes o f  PbS, b. standard so i l  

sample S. 
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The AES determination of mercury in the PbS is performed under the same conditions 
as the direct determination, described in V. The calibration curve (fig. 4.a) was obtained by 
measuring standard PbS samples containing known quantities of mercury. 

tit. su2 ts and Discussion 

The results of the analysis are presented in Table I. In the Table the average values, n=5, 
taken throughout the whole experimental time, can be seen. It was noticed, that there was 
no seasonal variation of the mercury content in all of the sampling stations. 

The limit of determination for the direct atomic emission spectroscopy was 0.8pg/g, 
with relative standard deviation QRSD) 6%. 

The limit of determination after preconcentration of mercury on PbS was O.1pg of mer- 
cury, preconcentrated on 0.2-0.4g of lead sulphide, with RSD 8%. 

TABLE I: Mercury content in water and sediment samples from the river Strimon. 

. 
Content of Mercury 

Sampling in water (pgll) in sediment (pg/g) 
place After preconcentration Direct AES After Preconcentration 

B*-l 0.4 1.5 1.4 

B-2 0.5 1 .8 2.0 

B-3 0.3 1.1 0.9 

B-4 0.2 2.2 2.0 

G* *- l 0.5 2.7 3.0 

G-2 0.1 0.7 0.8 

G- 3 0.3 1.8 1.5 

G-4 0.2 1.3 1.5 

B* sampling stations in Bulgaria 
G*" sampling stations in Greece 

CONCLUSIONS 

1. The possibility for AES determination of mercury in water as well as in sediment sam- 
ples from the river Strimon after preconcentration on PbS was experimentally proved; the 
direct determination of mercury in sediment samples is feasible too. 

2. For the first time the mercury concentration in water and sediment samples from the 
river Strimon has been determined. 



148 

DETERMINATION OF MERCURY IN SUREACE WATER AND SEDIMENT BY ATOMIC EMISSION SPECTROSCOPY 

SUMMARY 

Tile determination of mcrcury in surface water and sediment samples has been studied 
using atomic emission &xxtroscopy (AES). The determination was carried out after pre- 
concentration of mercury on lead sulphide formed by the reaction between Pb(CH3C00)2 
and NaTS - addcd simultaneously into the sample solution. In the sediment samples the di- 
rect detemlinxtion of mercuyr was feasible too. 

The lim~t of determination was 0.8pglg for the derect AES and with RSD 6%, while for 
tlic ~ncrcury preconcentrated on PbS was 0.1 pg per 0.2-0.4g of PbS, with RSD 8%. 

Keywords: Determination of mercury, Atomic emission spectroscopy, Preconcentration on 
lead sulphide, Surface water, Sediment. 

llpoo6ropropo$ rou uijpapyupou oe ~rncpavs~a~a liijara Kat tcjpara ps a r o p r ~ j  cpa- 
oparoo~onia s~nopnrjq (AES). 

0 npoo6roproyo~ npayparonorj8q~e psra ano npoouy~i.vrpworl rou uijpapyupou oe 
9 ~ ~ 0 ~ x 0  poAuP6o nou o x q p a r i o 8 q ~ ~  ~ a r a  rqv avriijpaoq psra<u Pb(CH3COO)2 Kar 
Na2S ~ a r a  rqv rauroj(povq npooerj~q rouq oro 6taAupa rou 6~iyparoq. Era ~<rjpara q 
an~u8siaq pdrpqoq rou u6papyDpou j rav ~n ioqq  Buvarrj. 

To opro npoobtoptopo0 j rav 0,8pg/g yta rqv ansu8eiaq AES Kat p& RSD 6%, svcir yta 
rov u6papyupo nou six& npoouy~svrpw8~i  os PbS j rav 0,Ipg ava 0,2-0,4 PbS, p& RSD 
8%. 

npooijtopio8q~s o u6papyupoq oa 66ara Kat r<rjpara rou norapou Erpupcbva rooo as 
EAAqvt~dq ooo KaL as Bouhyapt~&q nsptoxdq Kat ~ E V  naparqprj8q~av oqyavrt~&$ 6racpo- 

P ~ S .  
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INTRODUCTION 

There e x i s t  a number o f  r e p o r t s  on t h e  mass s p e c t r a  o f  va r ious  types 

o f  mono-Schiff b a s e s l a y *  and on t h e i r  v e r s a t i l e  use f o r  t h e  s y n t h e s i s  o f  

2 g r e a t  v a r i e t y  o f  h e t e r o c y c l  i c  compounds3. However, b i s -Sch i  ff bases havle 

rece ived  no a t t e n t i o n .  

The p resen t  s t u d y  was conducted as a p a r t  o f  a ma jo r  i n v e s t i g a t i o n  on 

b i s - S c h i f f  bases as photochemical p recursors  t o  i m p o r t a n t  he te rocyc les .  

RESULTS AND DISCUSS1 OM 

A c o n s i s t e n t  f ragmenta t ion  p a t t e r n  i s  observed i n  t h e  mass s p e c t r a  o f  

a l l  t h e  compounds 1-16 (Scheme 1). I n  a l l  cases s c i s s i o n  o f  t h e  molecule 

occurs by  a process which i n v o l v e s  cleavage o f  t h e  c e n t r a l  carbon-carbon 

bond. T h i s  produces two s i m i l a r  fragments e i t h e r  o f  which may c a r r y  t h e  

charge. I n  a d d i t i o n  t o  these fragments t h a t  a r e  t h e  base peak i n  a1 l cases 1 
prominent  peaks a t  m/z values corresponding t o  t h e  mo lecu la r  i o n s  o f  t h e  

t i t l e  compounds were observed. The r e l a t i v e  i n t e n s i t i e s  o f  t h e  mo lecu la r  

i o n  peaks v a r i e d  w i t h  t h e  presence o f  s u b s t i t u e n t s .  



SCHEME 1 : Bis-Schiff bases 1-16. 

The main fragmentation pathways of the  bis-Schiff bases 1-10 are  de- 

l ineated  i n  Scheme 2 by the  representa t ive  example of 8. I t s  mass spec- 

trum i s  given in  Figure 1. 

The fragmentation pattern shown i n  Scheme 2 i s  general f o r  the b is -  

Schiff  bases s tudied,  and the  data for  the  compounds 1-10 a re  summarized 

in  Table I .  The fragment a in Scheme 2 a r i s e s  from the  c leavageofcentra l  

C-C bond while the  a l t e rna t ive  breaking of the  C-N bonds produces frag- 

ments b and c. Further decomposition of a leads t o  ions m/z 105, 119, 

145 and 131. The ions a t  m/z 105 and 119 a re  confirmed by the  presence of 

metastables a t  m/z 75.51 and 96.99 respectively,  while the fragments a t  

m/z 145 and 131 could be assigned the azi r ine-s t ructures  f and g by com- 

pa-i son of t h e i r  fragmentation fea tures  w i t h  those reported f o r  t h i s  r ing  

system4-6 

In addit ion t o  these peaks, the  fragmentation pattern of t h i s  c l a s s  

of compounds i s  characterized by appearance of a prominent peak a t  m/z 
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1; + 11' , corresponding t o  the Schiff base h. This fragment h i s  a t t r i -  

buted t o  a hydrogen t rans fe r  t h a t  takes place pr ior  t o  decomposition. Sub- 

sequently, loss  of a hydrogen from h could be an a l t e rna t ive  pathway fo r  

the formation of a .  Further fragmentation of h i s  consistent with reported 

datala and lends support t o  the proposed s t ructure .  

The fragmentation of 11-16 follows the same pattern fo r  as in 1-10. 

Scheme 3 i l l u s t r a t e s  the fragmentation pattern fo r  11-16 by the represen- 

tat'ive example of 15, while i t s  mass spectrum i s  shown i n  Figure 2 .  The 

data f o r  the compounds , i n  t h i s  se r i es  are sumnarized in Table 11. The ab- 

sence of methylene groups in the bis-Schiff bases of a-diketones 11-16 

simplifies t h e i r  mass spectra.  Furthermore i t  could be sa id  t h a t  they be- 

have essenti  a1 l y  leke t h e i r  ketonic precursors, a-diketones, t h a t  are 
lb fragmented predominatly between the carbonyl groups t o  give acylium ions . 

r 

SCHEME 2.: Fragmentation pattern of  8. 



TABLE I : Frajment ions in the mass spectra of bis-Schiff 
bases 1-10 

Compound 

155(15) ,  136.02*[210--1691, 56(10)  

a Numbers i n  pa ren theses  i nd icade  % r e l a t i v e  abundances 

Numbers i n  b r a c k e t s  i n d i c a t e  me tas t ab le  t r a n s i t i o n s  

' The va lues  of t h e  ion  frmagmmts r e f e r  t o  35~1 and 7 9 ~ r  
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FIG. 1 : Mass spectrum o f  8 

FIG. 2 :&ss spectrum o f  2 5 .  



SCHEME 3 : Fragmentation pattern of 1 5 .  

TABLE I 1  : Fragment i o n s  i n  t h e  mass s p e c t r a  o f  b i s - S c h i f f  
bases 11-16. 

P- 

( ompound 

11 236(45Ia M', 118(100) ,  77 (55) ,  50.24*[118--1171b, 41[15) 

12 264(40) M', 132(100!, 9 1 ( 6 0 ) ,  62.73*[132-911, 41 (15 j  

13' 304(21) M', 152(100) ,  111(29) ,  8 1 . 0 5 * ~ 5 2 - 1 1 ~ .  41(15)  

14 360(14) M', 180(100) ,  77 (27) ,  3 2 . 9 3 * ~ 8 0 - 7 g  

15 388(5)  M', 194(100) ,  103(10) ,  91 (75) ,  77 (15) ,  42.68* 
[l94 -911 

16' 428(3) H', 214(100) ,  103(16) ,  111(25) ,  77 (10) ,  57.57* 

[214-1111 - 
a Number; i n  parerrthcsez i n d i c a t e  ';. r c l a t i v e  aludance: 

L IJumbers i n  brackctr ,  i n t i i co t c  rnctil:;t.hlc t r a n s i t i o n s  
3.5 

C The v a l u e s  o i  t h e  :or, fra[:rncntr, refer t o  C 1  



MASS SPECTRA OF BIS-SCHIFF BASES 

EXPERIMENTAL 

M.p.s. were obtained on a hot stage apparatus and a re  uncorrected.The 

mass spectra were run a t  70 eV on a RMU-6L Hitachi-Perkin-Elmer s ingle  foe 

cusing mass spectrometer using the d i rec t  inser t ion probe of the samples. 

I .r. spectra were recorded on a Perkin-Elmer 297 spectrophotometer. N .m.r. 

kpectra were taken on a Varian Associates A-60A instrument with tetrame+. 

thylsilane as an in ternal  standard. Elemental analyses were performed on 

a Perkin-Elmer 240 B Analyser. 

Preparation of N, N -bis- (4-substituted benzizidene- or ethylidene-) ethy Ze- 

wdiamine 2-20  

They were synthesized i n  the usual manner by reaction of the appropri- 

a t e  aldehyde or  ketone w i t h  ethylenediamine in  alkohol i n  a 2 : l  molar ra- 

t io .  Purification was accomplished by recrystal  l i za t ion  from a1 kohol . The 

bis-Schiff bases 1-7 have been reported The analytical  and 

spectral  data of the compounds 8-10 are  shown i n  Table 111. 

TABLE I11 : Analytical and spectra l  data of the compounds 8-10 and 13 

Compound Yield M.~.'c 

( X 7  
Found (%)  Iil 'H NMR ( C D C 1 3 )  
(Required) ~ ,~~(nujol)cm-'  611 

C H N 
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P r e p a r a t i o n  of bis- (4-substituted-phy Zimino-) d i a c e t y  L o r  b e n z i  Z 11-1 6 

They were prepared by r e a c t i o n  o f  t h e  a p p r o p r i a t e  a-d iketone w i t h  t h e  

p roper  amine i n  a l k o h o l  i n  a 12 mo la r  r a t i o  and r e c r y s t a l l i z e d  f rom a l k o -  

h o l .  They have been r e p o r t e d  p r e v i o u s l y  1•‹-" except  t h e  compound 13 f o r  

which a n a l y t i c a l  and s p e c t r a l  da ta  a re  shovn i n  Table 111. 

SUMMARY 

The e lec t ron- impac t  mass s p e c t r a  o f  some b i s - S c h i f f  bases a r e  repor ted .  
Thei,r c h a r a c t e r i s t i c  p a t t e r n  i n v o l v e s  s c i s s i o n  o f  t h e  molecule i n t o  two 
fragments b y  cleavage of t h e  c e n t r a l  carbon-carbon bond. The presence o f  
t h e  mo lecu la r  i o n  i s  prominent  i n  a l l  cases. 

Z-crlv cpyaala aurr j  u ~ h e r r j v r a ~  r a  cpClopa~a ua<Ov q h e ~ t p o v ~ ~ o i r  i o v ~ o ~ o i r  
~EPLK(;IV B&UEWV TOU S c h i f f .  X a p a ~ r q p ~ u r ~ ~ 6  E ~ V ~ L  10 L ~ V  nou n p 0 ~ 6 n r E L  an6 
8pabor1 TOU K E V T P L K O ~ ~  ~ o u o i r  C-C TOU popIou, KaL a n o r ~ h e i  r q v  P a o i ~ r ?  ~ o p u -  
wfi ~ae(;Is K a i  OL c v a h h a ~ t i ~ d ~  0 p a u o ~ a r o n o ~ r j o e i ~ .  
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SHOR T PAPER 

M O N O H A L O G E N B E N Z O Y L H Y D R A Z O N E  I V .  SYNTHESE UND UNTERSUCHUNGEN 

VON R h ( I I 1 ) - K O M P L E X E N  M I T  M O N O H A L O G E N B E N Z O Y L H Y D R A Z O N E N  DES 

2-FURALDEHYDS, 2-THIOPHENALDEHYDS UND 2-PYRROLALDEHYDS ALS 

LIGANDEN 

I.A. TOSSIDIS, C.A. BOLOS und P.N. ASLANIDIS 

Sek t ion  Chemie, Fachbereich AZZgemeine und Anorganische Chemie, Ar i s t o t e -  
Zes-Universi tat ,  Thes sa lon i k i ,  P. 0. B. 135,  GR-54006 ThessaZoniki.  

(Received A p r i l  10, 1987) 

Eine neue Reihe von Rh(II1)-Komplexen m i t  Benzoyl - und Chlorobenzoyl -  
hydrazonen des 2-Furaldehyds (FBH bzw. FClBH), 2-Thiophenaldehyds (TBH 
bzw. TClBH) und 2-Pyrro la ldehyds (PBH bzw. PClBH) a l s  Liganden wurde her -  
g e s t e l l t  und un te rsuch t .  Auf der  Basis  spek t roskop ischer  Untersuchungen 
( IR,  UV-Vis) sowie Messungen der  magnetischen S u s z e p t i b i l i t a t ,  de r  mola- 
ren  L e i t f a h i g k e i t e n  und DTA/TG w i r d  f u r  d i e  ion ischen  Komplexe d i e  ve r -  
z e h r t  ok taedr i sche  S t r u k t u r  vorgeschlagen. 

Key words:Rhodium complexes, monohalogenbenzoylhydrazones, 2- fura ldehyde,  
2-pyrro la ldehyde,  2-thiophenaldehyde, syn thes is ,  DTA/TG a n a l y s i s .  

EINLEITUNG 

Bedingt  durch i h r e  p r a k t i s c h e  Bedeutung, h a t  d i e  Chemie des Rhodiums 

i n  den l e t z t e n  Jahrzehnten besondere Aufmerksamkeit e r fah ren .  B r e i t e  An- 

wendung f i n d e n  d i e  Komplexe des R h ( I I 1 )  i n  der  ~ a t a j y s e ' ,  s i n d  aber  auch 

von besonderem I n t e r e s s e  f u r  Fragen der  b ioanorganischen Chemie da s i c h  

d iese,  b e k a n n t l i c h ,  durch e i n e  zum T e i l  grose b a k t e r i z i d e  und z y t o s t a t i -  

sche Wirkung a u s z e i ~ h n e n ~ - ~ .  Unter  diesem Gesichtspunkt  und i n  Fortsetzung 

unserer  ~ r b e i t e n ~ - l O  uber  das Koord ina t ionsverha l  t e n  halogensubst i  t u i e r t e r  

Benzoylhydrazone beschre iben w i r  i n  der  vo r l i egenden  A r b e i t  d i e  Synthese 

und Untersuchung d e r  Eigenschaf ten e i n i g e r  Rh( I 1 1  )-Komplexe m i t  Benzoyl- 

hydrazonen des Typs I a l s  Liganden. 
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Diese Spezies haben sich als recht gute Liganden fur eine Reihe von 

Ubergangsmetallionen, u.5. fur Nickel(II), Kobalt(II),Kupfer(II),Zink(II) 

und Titan(1V) erwiesen. Nach den *bisher vor1 iegenden Ergebnissen bilden 

diese polyfuiktionellen Liganden sowohl aus der Keto- als auch aus der 

Enolform heraus Komplexe verschiedentl icher Zusammensetzung (1 : 1 bzw. 

1 :2), wobei in der Regel unter Koordinierung des Carbonyl sauerstoffatoms 

und des Azometh ins t i cks to f fa toms  Funfringchelate entstehen. Das zweite 

5tickstoffatom ist ebenso wie das Heteroatom des Funfringes (O,S,N) nicht 

an der Koordination beteiligt. Beide zeigen auch keinen wesentlichen Ein- 

flus auf die Koordinationseigenschaften der Hydrazone. Gleiches giltauch 

fur daschloratom; seine Lage im Benzolring beeinflust lediglich die Aus- 

beute der Umsetzungen. Diese steigt in allen Fallen erwartungsgemas in- 

nerhalb der Reihe o-, m-, p-Stellung des Substituenten. 

EXPERIMENTELLES 

Die Herstellung der Benzoyl- und Chlorbenzoylhydrazone erfolgt nach 
den i n  der Literatur ''-I4 beschriebenen Methoden. die Schwingungsspektren 

-1 . der Komplexe werden an KBr-Presl ingen im Bereich 4000-250 cm mit einem 

Spektrometer 467 der Firma Perkin-Elmer aufgenommen. Elektronenabsorpti- 

onsspektren werden mit Hilfe eines UV/Vis-Spektrometers 200 (Perkin - El- 
mer-Hitachi) registriert. Die molaren Leitfahigkeiten werden in lom3 M 
methanolischen Losungen mit Hilfe einer Leitfahigkeitsbrucke Modell RC 

216 B2 der Firma Industrial Instruments Inc., die magnetischen Momente in 

der ublichen Weise nach Gouybestimmt.Llie DTA/TG-Diagramme werden mit ei- 

ner Thermowaage Linseis L 81-82 bei Ca. 750 Torr und einer Aufheizgesch- 

windigkeit von loOc/min aufgenommen. Zur Reinigungskontrolle werden die 
CHN-Analysen mit einem Perkin-Elmer 240 Analyzer durchgefuhrt; die Erge- 

bnisse (zusammen mit der Angabe von Ausbeuten und molaren Leitfahigkei- 

ten) sind in Tab. I zusammengefast. 
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Synthese der Komplexe 

Zur P r a p a r a t i o n  der  Komplexe w i r d  zu e i n e r  Losung von RhC13.3H20 i n  

wenig Methanol d i e  methanol ische Losung der  aquimolaren Menge des L igan-  

den langsam z u g e t r o p f t  und b e i  50-60•‹c etwa 2  Stunden g e r u h r t ,  wobei d i e  

Komplexe i n  Form f a r b i g e r  Fes tkorper  f a l l e n .  D i e  F a l l u n g  kann durch Zu- 

gabe von wenig D i e t h y l e t h e r  v e r v o l l s t a n d i g t  werden. Die Produkte werden 

anschl iesend durch F i l t r a t i o n  i s o l i e r t  und i m  Vakuum getrocknet .  

ERGEBNISSE UND DISKUSSION 

D ie  Umsetzung der  Hydrazone m i t  RhC13.3H20 i n  methanol ischer  Losung 

im M o l v e r h a l t n i s s  1 : l  l i e f e r t  schon nach k u r z e r  Z e i t  i n  guten Ausbeuten 

l u f t s t a b i l e  f a r b i g e  Fes tkorper  der  Zusammensetzung RhC13(L) .2H20. Diese 

s i n d  b i s  2 7 0 ' ~  unschmelzbar (oberhalb d i e s e r  Temperatur tr i t t  i n  a l l e n  

F a l l e n  Zersetzung e i n ) ,  u n l o s l i c h  i n  Wasser und wenig l o s l i c h  i n  den ub- 

l i c h e n  organischen Losungsmi t te ln .  

Einen e r s t e n  Hinweis a u f  d i e  S t r u k t u r  der  Komplexe l i e f e r t  d i e  Mes- 

sung i h r e r  magnetischen Momente. D ie  Verbindungen erweisen s i c h  a l s  d i a -  
6 magnetisch, e i n  Befund, der  im F a l l e  des vor l i egenden  ~ h ~ + - ~ o n s  ( d  ) , f u r  

e i n e  ok taedr i sche  Anordnung der  Liganden s p r i c h t  (Low-Spin-Konf igurat ion 
6 t ). Im E ink lang  dami t  ze igen d i e  Werte der  molaren L e i t f a h i g k e i t  me- 
2  9  

thano l  i s c h e r  Losungen der  Komplexe (Tab. I )  das Vorhandensein von E l e k t r o  

l y t e n  des Typs 1 : l  an I6  und legen dami t  d i e  Formul ierung 

/RhCI2(L)  ( ~ ~ 0 ) ~ l C l  nahe" 

Schwingungsspektren 

In Tab. I 1  s i n d  d i e  Banden e i n i g e r  c h a r a k t e r i s t i s c h e r  Gruppen angege- 

ben. Im fo lgenden werden d i e s e  ausgewahlten Schwingungsbanden kurz  d i -  

s k u t i e r t .  D ie Absorpt ionen d e r  u b r i g e n  Gruppen l i e g e n  i n  den e rwar te ten  

Bereichen und s i n d  f u r  d i e  S t r u k t u r a u f k l a r u n g  der  Komplexe weniger cha- 

r a k t e r i s t i s c h .  

D ie  sehr  s t a r k e  Bande der  Hydrazone im Bere ich  1670-1650 cm -1 9,15 
Y 

welche der  Valenzschwingung der  Carbonylgruppe v(C0) oder der  Amidbande I 

zugeordnet werden kann 15317-21 ,  e r s c h e i n t  i n  den Komplexen i n f o l g e  d e r  

K o o r d i n a t i o n  d i e s e r  Gruppe um 25-60 Cm-' zu t i s f e r e n  Frequenzen verscho- 

ben. E ine ebenso s t a r k e  Koordinationsverschiebung i n  g l e i c h e r  Richtung 

e r f a h r t  d i e  im Bere ich  1625-1570 Cm-' l i egende  Bande der  Aminocarbev- 
22-25 schwingunq v(C=N) . 

Die  (N-N)-Valenzschwingung, d i e  i n  den f r e i e n  Liganden im Bere ich  um 
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900 cm-1 liegt~, ist in den Komplexen um 10-55 Cm-' zu hoheren Wellenzah- 

len (960-910 Cm-') verschoben25y26. Diese koordinationsbedingte Verstar- 

kung der N-N-Bindung deutet im Zusammenhang mit der Lage der (C=O) - Va- 

r$$ELLE 11 .Characteristi sche IR-Banden der Rh (111 )-Komplexe (KBr-Presl inge, 

in cm-I 1. 

Verb. v(C=O) v(C=N) v(N-N) v(Rh-N) v(Rh-0) v(Rh-Cl) 

lenzschwingungsbande auf eine stark ausgepragte Ladungsdelokalisation im 

System O Z C - N H  =' N der Chelatkomplexe hin. 

Die (Rh-N)-, (Rh-0)- und (Rh-Cl)-Valenzschwingungen 27-29 erscheinen in 

den IR-Spektren aller Komplexe als relativ schwache Banden bei 610-585 

Cm-', 440-410 Cm-' bzw 335-320 Cm-'. Die recht starke Bande bei 3420 cmU1 

wird schlieslich der v(0-H)-Schwingung des koordinierten Wassermolekuls 

zugeordnet. 

EZektronenabsorptionsspektren 

Die Daten der Elektronenabsorptionsspektren der Komplexe sind in Tab. 

111 zusammengefast. Die UV/Vis-Absorptionsspektren 'der Liganden sind durch 

zwei 'ntensive Banden im Bereich 230-273 und304-331 nm gekennzeichnet, 

die als n+n*- und n+n*-Ubergange in den Gruppen C=N bzw. C=O zu interpre- 

tieren sind20y30y31. In den Spektren der Komplexe sind die Maxima dieser 

Banden im Vergleich zu den Banden der freien Liganden stets zu hoheren 

Frequenzen (um 5-35 nm fur die erste und um 10-36 nm fur die zweite Bande) 

verschoben. Diese Tatsache bekraftigt die Annahme einer Koordinat.i~n,~uber 
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das A z o m e t h i n s t i c k s t o f f  - und das Carbonyl - s a u e r s t o f f  - ~ t o m 3 * .  D ie  UV/Vi s- 

Absorp t ionsspek t ren  der  Komplexe von PBH und PClBH weisen s c h l i e s l i c h  

TREELLE 111. E l e k t r o n i s c h e  Spektren der  R h ( I I 1  )-Komplexe b e i  2 5 ' ~  ( i n  
Methanol ).  

Verbindung Absorpt ionsbanden i n  nm ( l a g  E )  

r e c h t  i n t e n s i v e  Charge-Transfer-Banden im Bere ich  490-536 nm au f .  DieenE- 

sprechenden Banden analoger  Rh(1 I I)-Kompl exe werden von e i n i g e n  Auto- 

r e n  1 33y34  (d-d)-Ubergangen des Typs ' A ~ ~  l ~ l g  und A -- 'T zugeord- 
19 29 

ne t ,  was jedoch im F a l l e  d e r  von uns untersuchten Komplexe a u f  Grund der  

I n t e n s i t a t e n  n i c h t  z u t r e f e n  kann. 

DTA /TG-Messungen 

Die Daten d e r  DTA/TG-Messungen d r e i e r  r e p r a s e n t a t i v e r  Komplexe ( IV ,  

V111 und X I I )  s i n d  i n  Abb. 1,2 und 3 angegeben. Wie daraus zu entnehmen 

i s t ,  l a u f t  d i e  Zersetzung d e r  Komplexe i n  d r e i  bzw. v i e r  S tu fen  ab. I n  

der  e r s t e n  S t u f e  zwischen 40-150 '~  werden i n  a l l e n  F a l l e n  zwei Wassermo- 

l e k u l e  abgebaut. I n  d e r  zwei ten und d r i t t e n  S t u f e  zwischen 2 1 0 - 4 0 0 ~ ~  wer- 

den d i e  beiden organischen Gruppen C7H5C1 und C5H40 bzw. C5H4S bzw.C5H5N 

abgegeben. Beim Komplex X I 1  i s t  d e r  ge t renn te  Abgang d i e s e r  zwei Gruppen 

e i n d e u t i g  erkennbar und zwar w i r d  z u e r s t  d i e  C7H5C1- und darau f  fo lgend  

d i e  C H N-Gruppe abgespal ten.  Im F a l l e  des Komplexes V111 w i r d  d i e s e r  5 5 
Befund sogar durch d i e  zwei dazugehorigen endothermen Peaks b e l e g t .  I n  

der  l e t z t e n  e b e n f a l l s  s t a r k  endothermen S t u f e  zwischen 335-550'~ e n t -  

weichen d r e i  Cl-Atome; c h a r a k t e r i s t i s c h  h i e r f u r  s i n d  d r e i  au fe inander -  
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folgende Peaks (510, 515, 520%) im DTA-Diagramm von IV-Der Ruckstandent- 

spricht in allen Fallen der Formel {R~oN~}~). 

100 200 300 400 500 600 

Temperatur O C  

Abb. 111 Thermoabbau von RhC13(PpC1BH) (H20)2 

Die stufenweise thermische Zersetzung der drei untersuchten Komplexe 

last sich durch einfache Einzelreaktionen wiedergeben, was am Beispiel 
des Zerfalls von XI1 demonstriert sei: 

1. Stufe : (C1C6H4CONHN=C~C4H4N)RhC13(H20)2 

L (C1 C6H4CONHN=CHC4H4R)RhC1 3+2H20 
2. Stufe : (C1 C6H4CONHN=CHC4H4N)RhC1 

aj Formale Schreibweise 
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1 
4. S t u f e  : ~ R ~ o N ~ c ~ ~ /  - b h ~ ~ ~ ]  + 3C1 

C 

V e r g l e i c h t  man d i e  I R -  und UV/Vis-spektroskopischen Daten der  vonuns 
3 0 

un te rsuch ten  Komplexe m i t  den entsprechenden Daten analoger  Komplexe , 
so kann man auch h i e r  d i e  B e t e i l i g u n g  der  Azomethin- und der  Carbonyl- 

Gruppe d e r  Hydrazone an der  Komplexbi ldung a l s  g e s i c h e r t  ansehen. Wie 

aus der  L i t e r a t u r  bekannt i ~ t ~ ~ , b i l d e t  R h ( I I 1 )  m i t  zweizahnigen Liganden 

ok taedr i sche  Komplexe des Typs I RhC12L(H20)2/C1. Im F a l l e  der  von uns 

un te rsuch te rn  Koinplexe w i r d  d i e  Annahme e i n e r  v e r z e h r t  ok taedr i schen  

S t r u k t u r  z u s a t z l i c h  durch d i e  Ergebnisse d e r  Messungen der  magnetischen 

Suszep t ib i  1  i t a t  b e k r a f t i g t .  Welche der  p r i n z i p i e l l  mogl ichen S t r u k t u r i -  

someren (Abb. 4, a-d) bevorzugt  r e a l i s i e r t  w i rd ,  i s t  aus den b i s h e r  vo r -  

l i egenden  Daten n i c h t  zu erkennen. 

Abb. I V  MDgl i c h e  S t ruk tu r i somere  d e r  I R ~ C I ~ L ( H ~ O ) ~  I - Komplexe 

Aufgrund d ieses S t r u k t u r v o r s c h l a g s  wurde man zwar e i n e  Au fspa l tung  

der  d r e i  chemisch u n t e r s c h i e d l i c h e n  Cl-Atome b e i  de r  TG-Analyse d e r  Kom- 

p l e x e  i n  verschiedenen Stufen erwar ten,  was jedoch vom Experiment n i c h t  

b e s t a t i g t  w i rd .  Das anders lau tende  e x p e r i m e n t e l l e  Ergebniss f i n d e t  e i n e  

mogl iche Erk la rung  i n  der  Annahme, das das Cl - Ion,  nach der  H20-Abspal- 

tung,  w a h r s c h e i n l i c h  u n t e r  g l e i c h z e i t i g e r  Umwandlung der  S t r u k t u r ,  Koor- 

d i n a t i v  an das Z e n t r a l l a t o m  gebunden w i rd .  We i te rh in  konnen, sowohl d i e  

Tatsache das 0  und N B e s t a n d t e i l e  des Ruckstands d e r  chemischen Zerse t -  

zung a l l e r  untersuchten Komplexe i s t ,  a l s  auch d i e  j e w e i l i g e n  Z e r f a l l s -  

Muster,  a l s  w e i t e r e  I n d i z i e n  f u r  d i e  Koord ina t ion  der  Liganden uber  das 

Carbony lsauers to f f -  und das Azomethinstickstoff-Atom ge l ten .  Aus den 
T G - ~ a t e n  geh t  s c h l i e s l i c h  hervor ,  das d i e  Rh-Cl Bindung thermisch l a b i r e r  

i s t  a l s  d i e  Rh-0 und Rh-N-Bindung, zumindest u n t e r  den Bedingungen des 

Experiments. 
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TABELLE I V .  DTA/TG-Daten f u r  e i n i g e  Rhodium( 11) - Komplexe. 01 m 

Verbindung 
DTA-Ergebnisse TG-Ergebnisse 

Stufe Temperatur-Peak(0C) Temperatur- Massen- Abgespal t e -  Berechn. D- W 

Endotherm(-) bereich(OC) v e r l u s t  ( % )  t e s  Fragment Masse ( % )  & 

L 

Ruckst. >525 28.5 RhON2 29.76 o I 
D 
r 
0 
G, 

RhC13(TpC1BH)(H20)2 a 50-1 30 7.0 2H20 7.06 m m 

C3 
Ruckst. 570(- )  >550 30.2 RhON2 28.80 30 N 

0 
Z 

RhC13(PpC1BH)(H20)2 a 40( - )  40-120 6.9 2H20 7.30 m z 

Ruckst. >430 29.5 RhON2 29.82 
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SUMMARY 

MONOHALOGENOBENZOYLHYDRAZONES I V .  SYNTHESIS AND STUDY OF Rh( I 1  I )  COMPLE- 

XES WITH MONOCHLOROBENZOYLHYDRAZONES OFZ-FURALDEHYDE, P-THIOPHENALDEHY- 

DE AND 2-PYRROLALDEHYDE AS LIGANDS. 

A new s e r i e s  of R h ( I I 1 )  complexes w i t h  benzoyl and ch lorobenzoyl  hy- 
drazones o f  2-furaldehyde (FBH and FC1 BH) , 2-thiophenaldehyde (TBH and 
TClBH) and 2 -py r ro la ldehyde  (PBH and PClBH) have been syn thes ized  and s t u -  
d ied .  Accord ing t o  t h e  s p e c t r a l  ( IR, UV-Vis) data, magnetic and conduc t i -  
v i t y  measurements and DTA/TG thermal  s t u d i e s  t h e  d i s t o r t e d  oc tahedra l  geo- 
metry  has been proposed. 

MONOAAO~ONOBENZOYAOYAPAZONEI I V .  IYNOEIH KAI MEAETH ZYMnAOKQN ENQIEQN TOY 

Rh ( I  I I ) ME YllOKATAITATEt MONOXAQPOBENZOYAOYAPAZONEI TH' 2-OOYPAAAEYAHI, 

2-OEIOOAI~.IAAAEYAHI KAI 2-IlY PPOAAAEYAHI . 
I r n v  napo6oa ~ p v a o i a  n ~ p ~ y p & v ~ - c a t  r~ o6v9Eon KaL n y e h i r n  6 d 1 6 ~ ~ a  vtwv 

0upnhbKwV E V ~ U & ~ V  r o u  Rh ( I I I ) V &  s~v<oUho- Kai, U O V O X ~ ~ P O - ~ E V < O U A O U ~ ~ ~ S ~ -  
V E ~  ~ n c  2-voupah6~U6nc (FBH KaL FClBH), r n c  2 - 9 s ~ o ~ a ~ v a A 6 ~ U 6 r 1 c  (TBH KaL 
TClBH) KaL r n c  2-nuppoAah6~d6nc (PBH KaL PClBH) wc uno~araor&-cec. H napa- 
O K E U ~ ~  TWV U U U ~ A O K W V  aurOv ~vhoswv,  O L  ono icc  ~ i v a ~  6hec t v x p w v ~ c  ( K ~ T P L V E S  
Ewe K E P U U ~ ~ U ~ ~ E C )  y i v E t a ~  pE avhIL<n ~ E ~ U V O ~ L K ~ V  O ~ a h u ~ & r w v  RhC13 K u L  

rnc  a v r  i o r o ~ x n c  u6pa<bvnc OE p o p ~ a ~ f i  avahovia 1 : 1. H ~ T O L X E L ~ K ~ ~  av&Auon 
rwv n a p a o ~ ~ u a o 9 t v r w v  oupnhb~wv a v r ~ o s o ~ x ~ i  o r o  V E V L K ~  tUno RhCl L ( H ~ O )  
An6 p ~ r p f i o ~ ~ q  r n c  p o p ~ a ~ f i c  a v w ~ ~ v 6 r n ~ a c  o u p n ~ p a i v o u p ~  b r ~  n p b ~ & i ! r a ~  6 l a  
~AEKTPOAU~EC TOU T ~ O U  1 :I. EE6hhou -CO VEVOVOS 6 ~ 1  ~ l v a ~  6 ~ a u a v v q r ~ ~ b  EI- 
vaL i v a  o r o ~ x ~ i o  unap<nc O K T U E ~ P L K ~ ~ C  o u p p ~ r p i a c  t$ , HE xaprlho6 Spin ~ A E K -  
r p o v r ~ h  6rapbpwion r o u  r w r p r n o d  rdv roc  ~ h 3 + .  H ~ E ~ E T Q  rwv vaophrwv i .r. 
KaL u v - v i s  r o v  p ~ h ~ r o d ~ ~ v w v  oupnhb~wv o 6 q v ~ i  o t o  oupntpaopa OTL  O L  unoKa- 
Taor&r&c E i v a ~  6 L ~ O V T L K O ~  o u v a p p o < b p ~ v o ~  p 6 0 ~  TOU K U P ~ O V U ~ L K O ~  O < U V ~ V O U  
Kat. r a u  ar6pou r o u  a<O-cou rnc a < w p ~ 9 ~ v ~ ~ f i e  o ~ 6 6 a c ,  EVO o a p ~ 9 ~ 6 c  ouvappo- 
v f ~ c  ESL oupnhnphvera~ PE 660 p b p ~ a  66aroc KaL 660 hops xhwpiou. 'ELOL Ku-  
r a h f i v o u ~ ~  o r o  o u ~ n t p a o ~ a  6 1  L r a  n a p a o ~ ~ u a o 9 t v - c a  o 6 p n h o ~ a  E i v a  L K U T L O V L K ~ ,  
O K T ~ E ~ P L K ~  TOU r6noulRhC1 L(H O )  I +  CI-, nhnv 6pwc r a  unbpxovra nELpauarL- 
~b 6 ~ 6 o p E v a  6 ~ v  EnLrpknou6 rn6 EgaKpLsfi ~ L ~ K P L O ~  p&ra<U TWV 6 u v a ~ h v  ~ o o -  
~ E P O V  ( I x .  I V ) .  Enioqc an6 r n  ~ E P ~ L K ~  avhhuon DTA/TG ~ P O K ~ ~ T E L  OTL o t o  np6- 
LO orh6t.o a n o o n h v r a ~  600 p 6 p ~ a  66aroc, a ~ o h o u ~ s i  n anbonaon r w v  660 opva- 
VLKOV 0 ~ 6 6 ~ ~  (C H5C1 KaL C H X, bnou X=S,O,NH) KaL o r o  r ~ h E u r a i o  a r 6 6 ~ o  a- 
n o o r r h v r a ~  r a  r p t a  hops X A ~ ~ ~ O L I ,  ~ v h  ~ E V E L  wc u n b h ~ ~ p ~ l a  (RhON ) . Tihoc 
6 ~ a n ~ o r U v ~ ~ a ~  6 r ~  o 6 ~ 0 ~ 6 ~  Rh-C1 ~ i v a ~  ~ E ~ U L K ~  aota9korepoc &V 6~ouOv 
Rh-0 K u L  Rh-Cl, T O U ~ ~ X L O T O V  unb r L c  U U V ~ ~ ~ K E C  TOU ~ ~ E L D & ~ ~ T o ~ .  
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SUMMARY 

The aim o f  t h i s  paper i s  t o  examine t h e  e f f e c t i v e n e s s  o f  t h e  a p p l i c a -  
t i o n  as f i x i n g  agents o f  e leven l ( 3 ) - a 1  kyl-4-amino-5-phenyl-pyrimidinium 
b,vomides ( c a t i o n i c  s u r f a c t a n t s )  t o  f i v e  d i r e c t  dyes on c o t t o n  f i b r e s ,  as 
w e l l  as, t o  compare these c a t i o n i c s  w i t h  a conven t iona l  one (Levogen) 
which i s  a l r e a d y  used commerc ia l ly  f o r  s i m i l a r  purposes. 

The e v a l u a t i o n  o f  t h e  f i x i n g  was measured by t h e  wet fas tness  t e s t s .  
Some o f  t h e  p y r i m i d i n i u m  c a t i o n i c s  a re  b e l i e v e d  t o  be o f  g r e a t  i n t e r e s t ,  
because they  improve f i x i n g  o f  some o f  t h e  most d i f f i c u l t  dyes as a r e  red, 
b l u e  and orange. T h i s  f i x a t i o n  was sometimes a lmost  e x c e l l e n t ,  even w i t h  
low c o n c e n t r a t i o n  o f  t h e  c a t i o n i c s  (1, 2 % ) .  

Key words : C a t i o n i c  s u r f a c t a n t s ,  l ( 3 ) - a 1  kyl-4-amino-5-phenyl-pyriniidinium 
bromides, f i x i n g  agents, dyeing o f  c o t t o n  f i b r e s ,  d i r e c t  dyes. 

INTRODUCTION 

The c a t i o n i c  s u r f a c t a n t s  a r e  w i d e l y  used as f i x i n g  agents i n  f i b r e s  

dyed w i t h  d i r e ~ t l - ~  o r  r e a c t i v e  dyes6. 

R. Schet ter l  uses as f i x i n g  agents f o r  c o t t o n  f i b r e s  dyed w i t h  d i r e c t  

dyes, among o thers ,  Levogen FWN and Sol idogen FFL, which a r e  b e l i e v e d  t o  

be qua te rnary  c a t i o n i c  s u r f a c t a n t s ,  i n  4% 0.w.f. depth o f  shade, whereas 

J.A.Rippon7 uses G ly tac  A 100 and Levogen RS as f i b r e  r e a c t i v e  qua te rnary  

ammonium compounds i n  4 and 6% 0.w.f. depth o f  shades. 

C a t i o n i c  p y r i m i d i n i u m  s u r f a c t a n t s  a r e  n o t  known never the less  as f i x -  

i n g  agents. The o n l y  known p y r i m i d i n i u m  compounds i n  t h a t  f i e l d ,  a r e  rea-  

c t i v e  qua te rnary   compound^^-^^ which a r e  used as p re t rea tment  agents on 

t h e  c e l l u l o s i c  f i b r e s .  

That f a c t  encouraged us t o  use t h e  c a t i o n i c  s u r f a c t a n t s  l ( 3 ) - a l k y l - 4 -  

amino-5-phenyl - p y r i m i d i  n i  um bromi des L1l, l2 as a f t e r t r e a t m e n t  agents. The 
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proposed ca t ionics  a re  eas i ly  synthesized with high yieldsl1,l2 from not 

expensive raw mater ia ls .  

These pyrimidinium cat ionics  were examined as  f ix ing agents on dyed. 

cotton f ab r i c s  with f ive  d i r e c t  dyes in the  same depth of shade (3% 0.w.f.). 

The dyeinds were a f t e r t r ea ted  with d i f f e ren t  concentrations (0.4, 1, 

2, 4% 0.w.f. of weight f i b r e )  of a l l  the  above ca t ion ics ,  using the exh- 

aus t  method. 

The f ix ing r e s u l t  of the  ca t ionics  was evaluated from the  wet f a s t -  

ness of the  a f t e r t r e a t e d  dyeings1y7~ 13. 

These pyrimidinium cat ionics  have shown a sa t i s f ac to ry  ef fec t iveness  

in IS0 nr 2, whereas in the  perspi ra t ion  fas tness  have sometimes shownal- 

most excel l e n t  r e s u l t s .  

EXPERIMENTAL 

Fabrics 

Greek bleached cotton fabr ics  commercially avai lable  were used. For 

a l l  the  water fas tness  t e s t s  the  undyed fab r i c s  were cotton and wool, , 

both commercially avai lable  too. The f ab r i c s  were well washed with soap ' 

and rinsed before any use. 

Dyestuffs 

The following d i r e c t  dyes of Ciba Geigy were used in the  t r i a l s  

l )  Solophenyl Rouge 3BL-C.I. Direct Red 80. 
2) Solophenyl Br i l l  Blue BL-C.I. Direct Blue 106. 
3 )  Solophenyl Orange TGL-C.I. Direct Orange 34. 
4) Solophenyl Gris NGL-C.I. Direct Black 113. 
5)  Solophenyl Br i l l an t  Green 2GL-C.I. Direct Green 65. 

Fixing agents 

Levogen FWN was used in 4% 0.w.f. depth of shade. The ca t ion ic  sur- 
fac tan t s  l ( a - k )  were used in 0.4, 1 ,  2 and 4% 0.w.f. depth of shades. 

Dyeing process 

The samples were dyed in a dyeing machine John Jeff reys  Ltd Rochdale 
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Bambury, t o  t h e  same depth o f  khade (3% 0.w.f.) w i t h  a l l  t h e  above d i r e c t  

dyes. L i q u o r  r a t i o  2 0 : l .  The temperature o f  t h e  dyeing ba th  was g radua l l y  

r a i s e d  f rom 50 t o  100•‹C i n  0.5h d u r i n g  which 20 g / l  g lauber  s a l t  was ad- 

ded and then  t h e  temperature h e l d  a t  100•‹C f o r  l h. A f t e r  dyeing, t h e  f a -  

b r i c s  were tho rough ly  r i n c e d  w i t h  c o l d  t a p  water  and d r i e d  a t  room tempe- 

r a t u r e .  

Aftertreatment of Dyed Fabrics 

The dyed f a b r i c s  were a f t e r t r e a t e d  w i t h  t h e  s o l u t i o n s  o f  t h e  above 

c a t i o n i c s  l ( a - k )  a t  L i q u i d  R a t i o  (LR) 4 0 :  1, pH 6, i n  t h e  p rev ious  dye 

machine over  45•‹C f o r  0.5h. The samples were then  squeezed and d r i e d  a t  

room temperature. The f a b r i c s  dyed w i t h  red,  b l u e  and orange were a f t e r -  

t r e a t e d  w i t h  Levogen FWN i n  4% 0.w.f. depht o f  shade. 

B leed ing  d u r i n g  t h i s  a f t e r t r e a t m e n t 1 4  was measured spectrophotometr i -  

c a l l y  u s i n g  a  Spec t ron ic  20 Bausch & Lomb spectrophotometer a t  h max 520, 

590, 419, 590 and 640nm f o r  t h e  dyes rouge 3BL, b l u e  BL, orange TGL,gris 

NGL and green 2GL r e s p e c t i v e l y .  

Dye Fastness tests 

Washing fas tness  was determined accord ing  t o  IS0  n r  2  and p e r s p i r a -  

t i o n  fas tness  accord ing  t o  DRAFT PROPOSAL f o r  IS0  RECOMMENDATION. The r e -  

s u l t s  o f  fas tness  a r e  summarized i n  Tables I - I11 f o r  t h e  dyes red,  b l u e  

and orange r e s p e c t i v e l l y .  For  t h e  p e r s p i r a t i o n  t e s t s  s i x  c a t i o n i c s ,  l c - l h ,  

were used as r e p r e s e n t a t i v e s .  

RESULTS 

Bleeding 

I n  t h e  a f t e r t r e a t m e n t  t r i a l s  b leed ing  was f o r  t h e  dyes orange red,and 

b lue,  i n  t h e  absence o f  agent ( b l a n k )  0.0036, 0.0104 and 0.0015% respec t i -  

ve ly .  I n  c o n c e n t r a t i o n  0.4% o f  a l l  t h e  c a t i o n i c s  f o r  t h e  sames dyes was0- 

0.002, 0-0.002 and 0-0.0015% r e s p e c t i v e l y ,  whereas i n  concen t ra t ions  1 -4% 

was always 0%. 

For  t h e  dyes green and g rey  i n  t h e  absence o f  agent b l e e d i n g  was 

0.0022 and 0.0011% r e s p e c t i v e l y ,  whereas i n  c o n c e n t r a t i o n s  1 - 4 % o f  a l l  t h e  

c a t i o n i c s  was always 0%. 

Wet fastness tests 

The score o f  c o t t o n  s t a i n i n g  i n  t h e  IS0  t e s t  f o r  t h e  t h r e e  dyes red, 



TABLE I : Fastness t o  Washing and P e r s p i r a t i o n  o f  dyeings ( w i t h  Solophenyl Rouge 3BL) a f t e r t r e a t e d  w i t h  several 

concen t ra t ions  o f  t h e  c a t i o n i c s  l (a -~ ) ( ISO n r  2, C=Co lour  Change and S = C o t t o n  S t a i n i n g ) .  

Amount 

0 f 

agent 

Z 0.w.f. 

0  

034 
1 

2  

4  

None l a  l b  l c  I d  l e  -- 
I SO P e r s p i r a t i o n  IS0 IS0 IS0 P e r s p i r a t i o n  IS0 P e r s p i r a t i o n  IS0 P e r s p i r a t i o n  

pH5,5 p H 8  pH5,5  p H 8  pH 5,5 pH 8  pH 5,5 pH 8  

: S  C  S  C S C S C S C S  C S  C S C S  C S C  S C S  C S C  S  

l f  1 g  l h  li 1.j l k  
--p 

I SO P e r s p i r a t i o n  IS0 P e r s p i r a t i o n  IS0 P e r s p i r a t i o n  IS0 IS0 IS0 

pH5,5 p H 8  pH5,5 p H 8  pH5,5 p H 8  

C S  C S  C S C S  C  S  C  S C S  C  S  C  S C S C S C S  
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TABLE I11 : Fastness t o  Washing and P e r s p i r a t i o n  o f  dyeing ( w i t h  Solophenyl Orange TGL) a f t e r t r e a t e d  w i t h  se- a V 
P 

v e r a l  c o n c e n t r a t i o n s  o f  t h e  c a t i o n i c s  l ( a - k )  ( IS0  n r  2 ,  C  = Colour  Change and S  = Co t ton  S t a i n i n g ) .  
V) 

Amount 

0 f 

agent  

%o.w.f.  

0  

pH 5,5 pH 8 pH 5,5 pH 8 pH 5,5 pH 8 

c s c s c s  C S C S C S  C S C S C S  C  S  C S  C S  

4  

None l a  l b  l c  l d l e  - -  
IS0 P e r s p i r a t i o n  IS0 IS0 IS0 P e r s p i r a t i o n  IS0  P e r s p i r a t i o n  IS0  P e r s p i r a t i o n  

pH 5,5 pH 8 pH 5,5 pH 8 pH 5,5 pH 8 pH 5,5 pH 8 

C S C S C S  C S  C S  C S C S C S  C S C S C S  C S C S C S  

4 1 - 2 4  1 4  1 

m 
W 

3 
D U 
0 c 
X 

o m 

L 5 
0 D 
0 
C r- 
0 C 

4 3  4 3  4 3 4 4 - 5 4 4 - 5  4 3 4 5 4 5  4 2 - 3 4 5 4 5  
- 
C 

l f l g  l h  l i Ij lk 

IS0 P e r s p i r a t i o n  IS0  P e r s p i r a t i o n  IS0 P e r s p i r a t i o n  IS0 I SO I SO 

m 
m 
r- 

7 
I 
m 
W 
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b l u e  and orange showed a  s a t i s f a c t o r y  improvement f o r  a l l  t h e  c a t i o n i c s  

(Tables 1-111). 

For t h e  dyes green and grey t h e  c o t t o n  s t a i n i n g  o f  t h e  b l a n k  was 2-3 

amd 3-4 r e s p e c t i v e l y ,  whereas .for a l l  t h e  c o n c e n t r a t i o n s  o f  a l l  t h e  c a t i o -  

n i c ~  was 2-3 and 4-5 r e s p e c t i v e l y .  

I n  t h e  p e r s p i r a t i o n  t e s t s  t h e  c o t t o n  s t a i n i n g  o f  t h e  b l a n k  was f o r  

t h e  green and g rey  4-5 and 5  r e s p e c t i v e l y .  The score o f  c o t t o n  s t a i n i n g  

f o r  a l l  t h e  c a t i o n i c s  i n  concen t ra t ions  0.4-4% was f rom 4-5 t o  5  f o r  t h e  

dye green, whereas f o r  t h e  dye g rey  i n  t h e  same c o n c e n t r a t i o n s  was f rom 

4  t o  5. 

Concerning t h e  wool s t a i n i n g ,  o n l y  t h e  dyes b l u e  and r e d  showed a  

score d i f f e r e n t  than  5, t h a t  i s  i n  c o n c e n t r a t i o n s  0.4-2% o f  a l l  t h e  ca- 

t ' ion ics t h e  score was 4-5 f o r  bo th  dyes and b o t h  pH, whereas t h e  respe- 

c t i v e  b lanks  were 3-4 and 4-5. 

DISCUSSION 

The p y r i m i d i n i u m  c a t i o n i c s  were e f f e c t i v e  as f i x i n g  agents i n  c o t t o n  

f a b r i c s  dyed w i t h  d i r e c t  dyes. T h i s  can be e x p l a i n e d  as f o l l o w s  : 

The p y r i m i d i n i u m  c a t i o n  r e a c t s  w i t h  t h e  dye fo rming  i o n i c  bonds w i t h  

t h e  a n i o n i c  s u l f o n i c  groups accord ing  t o  t h e  equa t ion  : 

1 

F i r s t l y ,  t h i s  compound 1 n e u t r a l i z e s  t h e  s o l u b i l i s i n g  e f f e c t  o f  t h e  

s u l f o n i c  groups o f  t h e  dye making i t  l e s s  water  s o l u b l e  and so l e s s  eas i -  

l y  washed ou t .  Secondly, i t  inc reases  t h e  p h y s i c a l  s i z e  o f  t h e  dye mole- 

cu le ,  so t h a t  i t  becomes t rapped  i n  t h e  i n t e r n a l  s t r u c t u r e 6 .  We cons ider  

t h a t  t h e  phenyl group o f  t h e  p y r i m i d i n e  r i n g  o f  t h e ' i  r e i n f o r c e s  t h a t  se- 

cond e f f e c t ,  by i n c r e a s i n g  more t h e  s i z e  o f  the  dye molecule, compared 

w i t h  t h e  s i z e s  o f  t h e  qua te rnary  ammonium s a l t s  o r  p y r i d i n i u m  s a l t s  which 

a r e  m o s t l y  used as conven t iona l  c a t i o n i c s .  

Besides, t h e  conven t iona l  c a t i o n i c s  have been used many t imes t o  g i -  

ve a n t i  b a c t e r i a l  t e x t i l e  f i n i  shes15. The examined pyrimidinium ca t ion ic  su r -  

f a c t a n t s  have a l s o  shown these a n t i  b a c t e r i a l  p r o p e r t i e s l 1 ~  l2 w i t h  more e f -  
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fective the compounds with 12-15 carbon atoms in the long chain, that  i s  

the compounds le - l f .  

The effectiveness of the pyrimidinium cationics in IS0 nr 2 was s i -  

milar to  that  usually obtained with the conventional ones, whereas in per- 

spiration fastness the results were sometimes excellent. 

Table IV shows the lowest concentrations o f t h e  cationics, which the 

best scores (4-5 and 5) are obtained with, in the perspiration t e s t s  (op- 

timum concentrations). I t  i s  visible that  for  the dye red the cationics 

If- lh gave the best scores a t  concentrations 2, 4 and 4% respectively, 

for the dye blue the cationics Id-lh'gave the best scores a t  concentra-a 

tions 4, 2 ,  1,  2 and 1% respectively, whereas for  the dye orange, the ca- 

t i o n i c ~  lc-lh a t  4, 1, 1, 1, 2 and 1% respectively. 

TABLE i V  : Optimum concentrations of the aftertreatment agents for  per- 

spiration fastness. 

Aftertreatment 

agent 

:oncentrations of the agents (%o.w.f. 

Rouge Blue Orange 

Table V shows the scores of the perspiration fastness t e s t s  of some 

conventional cationics, in comparison with some pyrimidinium ones in con- 

centrations 4% 0.w.f. for the dyes red, blue and orange. 

I t  i s  visible than in the same concentration 4% 0.w.f. some of the 

pyrimidinium cationics have shown better scores, compared with the con- 

ventional ones. 
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TABLE V : The scores o f  p e r s p i r a t i o n  fas tness  t e s t s  o f  some convent ional  

c a t i o n i c s  i n  comparison w i t h  some p y r i m i d i n i u m  ones ( i n  con- 

c e n t r a t i o n s  4% o f  t h e  agent) f o r  t h e  dyes red,  b l u e  and orange. 

)yes Levogen FWN (a) Levogen FWN (b) Levogen RS (c) Pyrimidinium Cationics 

pH pH pH P H 
5,5 8 5,5 8 5,5 8 5,5 8 

S S S S S S S S 

- 

( a )  : Our t r i a l s ,  Solophenyl Rouge 3BL, Solophenyl b r i l l  B lue BL, Solo-  
phonely Orange TCL. 

(b )  : Sche t te r l  Benzoscharlach 4BS, S i r i u s l  i c h t o r a n g e  3GLD. 

( c )  : Rippon7 C . I .  D i r e c t  Red 84, C . I .  D i r e c t  B lue 78, C.I. D i r e c t  Oran- 
ge 34. 

> ~ o n 6 c  a u ~ t k  -cqc ~ p v a a i a c  c i v a ~  va u ~ h c i x 0 ~ i  q  B ~ h ~ i w u r l  nou npo- 

~ a h o d v  i v T & ~ a  K ~ T L O V L K ~  ~ a a & v ~ p y h  ~ ( ~ ) - ~ ~ K u ~ o - ~ - ~ ~ L v o - ~ - Q ~ L v u ~ o - ~ u ~ L ~ L v o  

B p w u i 6 ~ a  a ~ q  o ~ s p i w a q  TWV xpwub~wv U& PavBa~&pb ucp6aua~;a. Ta u c p 6 u ~ a ~ a  

B~QTQKCXV v& 5 ~ L ~ Q O ~ E T L K ~  a n s u 0 s i a ~  x p h u a ~ a  KaL l . ~ & ~ a ~ a ~ & p y b o T q ~ a v  v &  Ta 

n ~ 6  nbvw ~ a o ~ v s p y 6 .  H i 6 ~ a  u ~ ~ a ~ a ~ c p v a o i a  ~ Y L V E  KaL v& i v a  U U V B ~ T L K ~  Ka- 

T L O V L K ~  T ~ U E V E P V ~ ,  10 Levogen FWN nou x p q a ~ u o n o ~ ~ i ~ a ~  rj6q we o ~ a p a w ~ ~ ~ 6  

a-co ~ u n 6 p ~ o .  

To a n o ~ i h s a u a  ( 4  o Ba8v6c) T~IC u ~ s p i w o q c  TOU x p h u a ~ o c  ~ E T P ~ I ~ ~ I K E  

p& ~ O K L M ~ C  ~ V T O X ~ ~ C  U& uypkc; ~a-c&pyaai&c.  M E ~ L K ~  an6 Ta ~ U ~ L ~ L ~ L V L K ~  Ka- 

T L O V L K ~  ~ a o & v & p y b ,  nou ESET~UT~IK~V napouu~6Souv &v6~acpipov, v ~ a ~ i  B ~ h - c ~ h -  

vouv  qv a v ~ o x i  UTLC u v p i c  K ~ T E P Y ~ U ~ E C  TWV p a v P a ~ ~ p h v  Bavuivwv v& ~ 6 n o ~ a  

" 6 b a ~ o h a "  xphuam, 6nwc & i v a ~  TO K ~ K K L V O ,  TO ynh i ,  TO nop-co~ahhi .  H m&- 

piwoq TOU x p b v a ~ o c  GTUV yLa a u ~ b  Ta -cao&v&py6 a x ~ 6 6 v  ~ i h e ~ a ,  a ~ 6 u q  KaL 

a& ~ L K P ~ S  ~ U Y K E V T P ~ U E L S  TOUS ( l % ,  2 % ) .  
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SUMMARY 

New Complexes of Zn(ll), Pb(l1) and Ni(l1) with the o-, m-, p-hydroxydithioben- 
zoato and 2,4-dihydroxydithiobenzoato ligands have been prepared and charac- 
terized. The bonding properties and stereochemistries of these compounds are 
discussed in relation to their spectroscopic data (i.r. and UV-Vis). Moreover, the 
ability of the MS4 chromophores to form adducts with pyridine has been also in- 
vestigated. 

Kev Words: Dithiobenzoato complexes. EHMO-SCCC calculations. Pyridine 
adiucts.  

INTRODUCTION 

It is well known that dithiocarb !S, RCSS- (R = alkyl o r  aryl) b ~ehave as li- 

gands in a similarway to that of other gem-disulfide ligands, such as dithiocarba- 

mates, xanthates and dithiophosphates which have been studied extensively so 

far1. However, their coordination compounds with bivalent and trivalent transition 

metal ions exhibited, in many cases, peculiar geometric, electronic and reactivity 

properties non-innocent to those of the other members in the series of the coor- 

dination compounds of the gem-disulfide ligands. Even, for dithiocarboxylates 

with different organic groups awide range of ~ h ~ s i c a l ~ - ~  , spectra1516 and chemi- 

cal properties7-g has been observed. Therefore, any investication of new coordi- 

nation compounds of the dithiocarboxylato ligands involving a variety of organic 

substituents would be of potential interest pro- viding means to understand their  

peculiar chemistry. Along this line we report on, in the present paper, our results 

concerning the synthesis and study of the spectral and bonding properties of 
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twelve new o-, m-, p-hydroxy and 2,4-dihydroxy-substituted dithiobenzoato 

complexes of the bivalent metal ions, Zn(ll), Pb(ll) and Ni(ll) . The ability of these 

complexes to form adducts with pyridine is also dis- cussed. 

EXPERIMENTAL 

Ph y s i c a l  Measuremen t s  

I rspectra were recorded in the 4000-250 cm-' region on  a Perkin-Elmer 467 

spectrophotometer using KBr pellets or  Nujol mulls. Electronic spectra were ob- 

tained on  a Cary 17DX spectro- photometer using methanol and pyridine solu- 

tions. Conductivity measurements were carried out  on  a WTW conductivity meter 

using 10-3 solutions in DMF. Molecular weights were determined in chloroform 

solution using a Perkin-Elmer Model 115 molecular weight apparatus. Magnetic 

susceptibility measurements in solid state were done by the Faraday technique 

using H ~ [ C O ( S C N ) ~ ]  as a calibrant. Melting points were determined with a Biichi 

apparatus and are uncorrected. The elemental analysis of carbon, nitrogen and 

hydrogen was performed on  a Perkin-Elmer 2408 Elemental Analyzer. Zinc, lead 

and nickel were determined according to published methods1 O 

S t a r t i n g  M a t e r i a l  

All solvents were of reagent grade and were used without further purification 

in synthetic work. The sodium salts of o-hydroxy- dithiobenzoic acid, [o- 

OH,dtbNa], m-hydroxydithiobenzoic acid, [m- OH,dtbNa], and p-hydroxy- 

dithiobenzoic acid, [p-OH,dtbNa], were prepared from the appropriate hydroxy- 

substituted benzaldeydes and ammonium disulfide according to the method de- 

scribed by Bost and coworkersl l. The 2,4-dihydroxydithiobenzoic acid, [2,4- 

(OH)2,dtbH], was synthesized from resorcinol and carbon disulfide in sodium hy- 

droxide aqueus solution12 

Prepara  t i o n  of t h e  c o m p l e x e s  

The bis(hydroxy-substituted dithiobenzoato) zinc(ll), lead(ll) and nickel(l1) 

complexes were prepared according to the following synthetic root: To a solution 

containing 1.0 mmol of the metal salt [(CH3C00)2Zn.2H20, (CH3C00)2Pb.3H20 

or NiCI2.6H20] in 30ml of water and 5ml of glacial acetic acid, an alkaline aqueus 

solution containing 2.0 mmol of  the sodium salt of the apropriate dithioacid was 

added slowly under continuous magnetic stirring. The solid products were filtered 

qff ,  washed several times with water and dried in vacuum over P 2 0 5  Recrystalli- 
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sation was carried out  by dissolving the solids in acetone, filtering and reprecipi- 

tating with water. The yield in this procedure were about 95%. 

TABLE I: Analytical Dataa, Melting ~ o i n t s ( ' ~ ) ~  and Molecular Weights for  the 

New Complexes. 

Compound M.P. %C %H %MC M.W. 

a Figures in parentheses are the calculated values. d = decomposition. C M = 

Zn, Pb o r  Ni. 
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RESULTS AND DISCUSSION 

The hydroxy-substituted dithiobenzoato ligands readily form diamagnetic, 

non-electrolyte compounds with the bivalent metal ions Zn(ll), Pb(ll) and Ni(ll) cor- 

responding to the general formula MIIL~. All new compounds can be prepared in 

almost quantitative yield by the reaction of the corresponding simple metal salts 

with the sodium salts of the appropriate dithio acids at room temperature. An al- 

ternative synthetic root for  the Ni(ll) complexes based on the rnetathetical reac- 

t ion: 

in alcoholic medium can be also used. 

The twelve new compounds under investication are listed in TABLE I along 

with some of their physical properties (melting points, elemental analysis and 

molecular weights). All compounds were isolated as microcrystalline solids, or- 

ange in colour for the Zn(ll) and Pb(ll) complexes and blue-violet for  the Ni(ll) 

complexes, insoluble i n  water, bu t  soluble in strong alkaline aqueus solutions 

and in most of the common organic solvents. They are stable in the atmosphere 

either in the solid state o r  in solution. Molecular weight determinations in chloro- 

form solutions showed the rnonomeric nature of all complexes and therefore the 

formula M I I L ~  represents correctly not  only the stoichiometric composition, but 

also the true molecular complexicity of the compouns in solutions of non-coordi- 

nated solvents. 

To have an insight on  the bonding mode of the hydroxysubstituted dithioben- 

zoato ligands and the stereochemistry of the new compounds, their IR and elec- 

tronic spectral data were analysed carefully. The results are discushed in the 

following sections. 

I n f r a r e d  S p e c t r a  

The most relevant vibrational frequencies (cm-') of the new compounds along 

with their assignments are shown in TABLE II. All other absorption bands present 

in the \R spectra of the  complexes were easily identif ied to aryl group vibrations 

by comparison with the spectra of substituted benzenes13 o r  phenols14. These 

bands will not be discussed further, for they do not provide any significant infor- 

mation about the coordination mode of the ligands. 
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TABLE II: The most Relevant IR Frequencies (cm-l)  of the  Investigated 

Compounds and their  Assigments (KBr discs)a. 

Compound v(0H) ~ ( s ~ c L A ~ ) ~  v ( C z 0 )  vas(CSS) vs(CSS) v(M=LS)~ 

a vs = very strong, S = strong, m = medium, W = weak, br  = broad. p r  = aryl. C M' 

=.Zn, Pb o r  Ni. 

The broad absorption band occuring in the 3350-3410 cm-' region of the 

spectra was assigned to the v(0H) stetching vibration of the hydroxyl sub- 

stituents. This band is shifted tdwards lower frequencies relative to the- corre- 

sponding band of the free pheno~s14 as aconsequence of the electron withdraw- 

ing capacity of the CSS- moiety of the ligands. Moreover, the v(0H) band of the 

M ( ~ - o H , d t b ) ~  and M(2,4-(OH)2,dtb)2 complexes was found at lower frequencies 

than the corresponding bands of all other complexes under investigation, sug- 

gesting the existence of intramolecular hydrogen bonds in these complexes. 

The posit ions of the bands due to v(SpC=Ar) (1250-1300cm-~)  and v(C=O) 

(1 220-1 250cm- l )  stretching vibrations15-I strongly call for  an extensive n-elec- 

tron density delocalization over the entire nuclear framework of the molecules. 

Such an electron density delocalization results in a partial double bond character 

for  both C x A r  and C=O bonds. In fact, the C z A r  partial b ~ n d ~ c h a r a c t e r  has 

been verified by an X-ray structure determination of the Ni(dtb)2 complex2. 

Of special importance in determining the bonding mode of the ligands are the 

bands due to the va,(CSS) and vS(CSS) stetching vibrations of the'coordinated 
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CSS moiety. According to a well esta- blished cr i ter ionlg based on  the magni- 

tude of D =[vas(CSS)- vS(CSS)] (D = 200-500cm-l for unidentate and 30-80 cm- l  

for  bidentate dithio-ligands20) there is no doubt that all ligands in the new com- 

plexes act in a bidentate fashion (D = 20-50 cm- l ) .  Thus, for the Zn(1l) and Pb(ll) 

central atoms with dlO-electronic configuration one would expect tetrahedral ge- 
ometries for  the MS4 chromophores, whereas for  Ni(l1) with de-electronic configu- 

ration square planar ones. Actually these geometries have been determined by X- 

ray crystallography for  both Zn(l1) and Ni(ll) dithiobenzoato ~ o m ~ l e x e s ~ ~ ~ ~ .  

However, X-ray structure determinations o n  Pb(ll) complexes with sulfur contain- 

ing chelate ~ i g a n d s ~ ~ ? ~ ~  showed that these complexes adopt the square pyrami- 

dal structure instead of the  tetrahedral one. Therefore, there is no  reason to ex- 

clude the square pyramidal structure of the new Pb(ll) dithio-complexes as well. 

E l e c f r o n i c  Spec t ra  

The electronic spectral bands for  the ZnS4 and PbS4 chromophores listed, in 

Table Ill repeat rather regularly the spectral pattern characterizing the free 

dithiobenzoato ligands5. The band at c.a. 40 kK was attributed to the intraligand 

benzenoid transitions, whereas that at c.a. 3 4  kK may be due to an 

"intramolecular charge transfer" between the aryl and the CSS group, according 

to the model proposed by  ~ a ~ a k u r a ~ ~ ~ ~ ~ .  Alternatively, such a transition in- 

volves molecular orbitals localized o n  the phenyl  and CSS moieties respectively. 

The band around 20 kK, which appears as a shoulder of low intensity was at- 

tr ibuted to  an L(n') t L(n) transition located on  the thiocarbonyl group. Finally, 

the  remaining band near 28 kK not observed in the spectra of the free ligands 

could be  undoubtely assigned to an L(n*) t M(d) charge transfer band. 
The electronic transitions of the NiS4 chromophores studied along with 

theirassignments are listed in Table IV. Due to the complicated nature of the 

spectra - a number of overlapping intense bands in the ultraviolet and visible 

region - all assignments were made o n  the basis of a series of EHMO-SCCC 

molecular orbital calculations o n  the Ni(l1) complexes26. According to  these 

calculations the bands existing in the region 31-43 kK of the spectra are 

attributed to intraligand transitions of the L(n*) t L(n) type. These bands are 

similar to those found in the spectra of the Zn(1l) and Pb(ll) chromophores. The 

rest part of the spectrais characterized by the existense of two band envelopes. 

The first one occuring in the region of 26-30 kK is composed from a strong band 

accompanied by a shoulder of lower intensity. This band envelope includes all 

charge transfer transitions - - of the L(n*) t M(d) nature and is similar to that 
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recorded in the spectra of the corresponding d1•‹ chromophores as well of 

analogous d8 MS4 ~ h r o m o p h o r e s 5 . ~ .  The second band envelope consisting of a 

strong band at c.a. 19.0 kK and one or two shoulders of lower intensity exist in 

the spectraof all square planard8 MS4 chromophores5~6, but  is absent from the 

spectraof the d10 MS4 chromophores. Obviously this band envelope includes all 

charge transfer bands of the M(d ) tL (n )  nature in accordance with the results of 

the  EHMO-SCCC c a ~ c u l a t i o n s ~ ~ .  Finally, the posit ion and low intensity of the 

band at c.a. 13 kK is consistent with its assignment to a Blg t Ag ligand f ield 

excitation in a ligand field of D2h symmetry. 

TABLE Ill: Electronic Spectral Data of the New Zn(ll) and Pb(ll) Complexes in 

MeOHa . 

Compound L (n t ) tL (n )  ~ ( n * ) t l ( n )  ~ ( n * ) t ~ ( d )  ~ ( n * ) t n ( ~ )  

' a  vlkK(logemol), sh = shoulder 

All other expected ligand field transitions for a quadratic MS4 chromophore 

could not  be observed in the spectra, for they are obscured by the more intense 

CT and intraligand bands. However, for the Ni(m-OH,dtb)2 and Ni(p-OH,dtb):! 

complexes the observed shoulders at 15.4 and 16.3 kK respectively, can be at- 

tr ibuted to the second ligand field transition of the l ~ l g  t l ~ g  type. These elec- 

tronic transitions pre- dicted also by the EHMO-SCCC c a ~ c u l a t i o n s ~ ~  correspond 

to  absorption bands of unexpectedly high intensity for ligand field transitions. 

However, this is not surprising considerig the posit ion of these bands very close 
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to that of the  more intence CT bands and therefore an "intensity borrowing mech- 

anism" provides means for  their enhanced intensity. 

T.ABLE IV: Electronic Spectral Data of the New Ni(ll) Complexesa. 

MeOH so lu t i ons  

13.1 (1.99) 13.1 (2.72) 

15.4sh(3.04) 

18.0sh(4.07) 16.9sh(3.79) 

19.2 (4.09) 18.4 (3.79) 

22.6 (3.76) 21.4sh(3.64) 

27.2 (4.23) 26.8sh(4.29) 

30.6 (4.45) 29.9 (4.46) 

34.8sh(3.97) 34.0 (4.27) 

42.9sh(3.96) 41.7 (4.20) 

P y r i d i n e  so lu t i ons  

8.9sh(0.78) 9.3sh(1.18) 

10.5sh(1.09) 10.7 (1.46) 

a  ~ l k K ( l o g & ~ ~ l ) ,  sh = shoulder 

The spectra of all new complexes were also recorded in pyridine solutions. 

Only for  the Ni(ll) complexes significant differences have been observed, sug- 

gesting a change of the nature of the NiS4 chromophore in the pyridine donor 

solvent. Such a change could be  attributed to adduct formation between the NiS4 

chromophore and the pyridine donor molecules. A carefull analysis of the  ligand 

f ield part of the electronic spectra strongly call for  the formation of 1:2 adducts 

assumed to contain trans-[NiS4N2] chromophores, since they are f i t ted well to 

the spectra of pseudo-octahedral high-spin Ni(ll) c o m ~ e x e s * ~ .  The spectral data 

for  the adducts along with their assignments based on  pseudo-octahedral 

[NiS4N2] chromophores of D4h symmetry28 are also listed in Table IV. 

REFERENCES 

1. Coucouvanis, D.: Prog. Inorg .  C h e m . ,  11, 233 (1970); ibid. 2 6 ,  301. (1979). 
2. Bonamico M., Dessy, G., Fares, V. and Scaramuzza L., J. C h e m .  Soc . ,  

D a l t o n  Trans . ,  2250 (1975). 
3. Bonamico, M., Dessy, G. and Fares, V., C h e m .  Cornmun., 1106 (1'963). 



DITHIOBENZOATO COMPLEXES 187 

Piovesana, O., Bellito, C., Flamini, A. and Zanazzi, P.F.: Inorg. Ch em.,  1 8 ,  
2258 (1 979). 
Furlani, C. and Luciani, M.L. , Inorg. C h e m . ,  7, 1586 (1968). 
Furlani, C., Flamini, A., Sgamellotti, A., Bellito, C. and Piovesana, O., 1. 
C h e m .  Soc., D a l t o n  Trans.,  2404 (1973). 
Fackler Jr., J.P. and Coucouvanis, D., 1. A m .  C h e m .  Soc., 8 9 ,  1745 (1 967). 
Fackler Jr., J.P., Coucouvanis, D., Fetchin, J.A. and Seidel, W.C., 1. A m .  
C h e m .  Soc., 9 0 ,  2784 (1968). 
Fackler Jr., J.P., Fetchin, J.A. and Smith, J.A., l. A m .  C h e m .  Soc., 9 2 ,  2910 
(1 970). 
Vogel, A., " Q u a n t i f a t i v e  I n o r g a n i c A n a l y s i s " ,  Longmans, London (1961). 
Bost, R.W. and Shealy, O.L.J. A m .  C h e m .  Soc., 7 3 ,  25 (1951). 
Jones, J.I., Kynaston, W. and Hales, J.L., l. C h e m .  Soc., 614 (1957). 
Mross, W.D. and Zundel, G., Spectrochim.  A c t a ,  2 6 A ,  1097 (1970); ib id . ,  
2 6 A ,  1109 (1970). 
Swrewsbury, A., Spectroch i m .  A c t a ,  1 6 ,  1294 ( 1  960). 
Burke, J.M. and Fackler Jr., J.P., Inorg. Ch em. ,  1 1 ,  3000 (1 972). 
Maltese, M., 1. C h e m .  Soc., D a l t o n  Trans.,  2664 (1972). 
Coltup, N.B., Daly, L.H. and Wiberly, S.E., "Introduct ion t o  Infrared and 
R a m a n  Spectroscopy ", Academic Press (1 964). 
Nakanishi, K., "Infrared Absorp t ion  Spectroscopy ", Holden Day (1962). 
Deacon, G.B.and Phillips, R.J., Coord. C h e m .  Rev. ,  3 3 ,  227 (1980). 
Tsipis, C.A., Sigalas, M.P. and Hadjikostas, C.C., Z. Anorg. A l l g .  Chem. ,  
SOS, 53 ( 1  983). 
Bonamico, M., 1. Ch em.  Soc., D a l t o n  Trans.,  2515 (1972). 
Iwasaki, H. and Hagihara, H., Acta C r y s t a l . ,  B 2 8 ,  507 (1972). 
Hagihara, H. and Yamashita, S., Acta C r y s t a l . ,  2 1 ,  350 (1954). 
Nagakura, S. and Tanaka, J., 1. C h e m .  Phys . ,  2 2 ,  236 (1954). 
Nagakura, S., 1. C h e m .  Ph ys. ,  2 3 ,  1441 (1955). 
Sigalas, M.P. and Tsipis, C.A., Inorg. Ch em. ,  2 5 ,  1875 (1 986). 
Sgamelloti, A., Porta, P. and Gevrone, E., Ric .  Sc. C h i m . ,  3 8 ,  1-24 (1968). 
Lever, A.B.P., Coord. C h e m .  Rev . ,  3 ,  119 (1968). 



Chimika Chronika, New Series, 17, 1~89-l98 (1988) 

S Y N T H E S ~ S  A N D  STUDY OF METAL COMPLEXES OF N,N-DIALKYL(DI A N D  

T R I I M E T H Y L E N E - D I T H I O C A R B A M A T O  LIGANDS 

P.KARAGIANNIDIS, ST.PAPASTEFANOU, G.MANOUSSAKIS and G.KAPSOMENOS 

Department 3f Chemistry, P.0.B.135, Aristotelian University of ThessaZo- 
niki, Thessaloniki 54006, Greece. 

(Received February 18,1986) 

SUMMARY 

Sixteen new complexes of Ni(II), Co(II), Zn(I1) and Cd(I1) with N,N- 
dimethyldirnethylene-, N,N-diethyldimethylene-, N,N-dimethyltrimethylene- 
and N,N-diethyltrimethylene-dithiocarbamato ligands have been prepared. 
Elemental analyses, IR, UV-Vis spectra and magnetic measurements were 
used to characterize the complexes. Based on these information plausible 
structures are proposed. Calcdlations by the MNDO method have been per- 
formed on a representative ligand in an attempt to understand the bond- 
ing capacity of all four molecules. 

Key words : Dialkyldimethylene dithiocarbamic acid, dialkyltrimethylene 
dithiocarbamic acid, metal dithiocarbamato complexes, synthesis,study, 
MNDO method calculation. 

INTRODUCTION 

Due to a well known fungicide activity various dithiocarbamate l i -  

gands and their complexes with transitjon metals and main group elements 

have received considerable attention over the last few years 11-41. As 

our interest on this group of molecules continues, we report here the 

preparation and characterization by physical methods of a new series of 

sixteen complexes of Ni(II), Co(II), Zn(I1) and Cd(I1) with N,N-dialkyl- 

(di- and t r i -)methylene-dithiocarbamato anions. The general formula of 

the l igand is R ~ N ( c H ~ ) ~ N H c S ~ ,  where R=CH3, C2H5 and .n=2,3. The fol lowing 

abbreviaticns will be used for the four ligands: 
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All these compounds have s imi lar  l i ga t ion  behaviour. To study t h e i r  

mode of coordination,  the ligand Me2tdtc, has been examined by the  MNDO 

method. 

EXPERIMENTAL 

Physical Measurements 

The H ,  C and N analyses were performed on a Perkin-Elmer 240 Elemen- 

t a l  Analyzer. The metal determinations were carr ied  o u t  volumetricallyby 

pub1 ished methods 15 1 .  Infrared spectra were recorded a s  KBr d i scs  o r  

Nujol mulls on a Perkin-Elmer 467 spectrometer in the region 4000 - 250 

cm-'. UV-Visible cpectra were obtained by a Carry 17 DX and a Perkin-El- 

mer-Hitachi 200 spectrophotomet~r.  Magnetic s u s c e p t i b i l i t i e s  measure- 

metns a t  room temperature (25 '~ )  used the  Faraday technique with 

H ~ ~ C O ( S C N ' ) ~ /  a s  ca l ib ra to r .  Diamagnetic correc t ions  were using Pascal's 

constants.  

Theore-bical caZcuZation 

The reported computation has been performed by using the  MNDOC 161 

system of programs implemented on an IBM 4381 computer. The parameters 

used f o r  su l fu r  a r e  those presented by Dewar and McKee 171. An improved 

s e t  was recently proposed by Dewar and Reynolds 181, but t h i s  i s  p a r t i -  

cu la r ly  important in case of compounds with SS bonds o r  molecules with 

the  S atom in higher valence s t a t e s ,  where d functions a r e ,  probably,ne- 

cessary in the  basis s e t  and will  n o t  be adopted here. 

Preparation of  the  Complexes 

F i r s t  the  f r e e  ac ids  R ~ ~ ~ H ( c H ~ ) ~ N H c ~ ~  (R=Me, E t  and n=2,3) were pre- 

pared by reaction of stoichiometric amounts of CS2 and the  appropriate 

amine, both dissolved in e the r ,  a t  room temperature 191. Then sodium 

s a l t s  of the  anions R ~ N ( C H ~ ) , N H C S ~  were prepared, as usually,  by reac- 

t i on  of the  f r e e  ac ids  with sodium hydroxide in ethanol/water solut ion.  

Finally the  complexes were obtained from t h i s  solution by addit ion of 

hydrated metal chlorides in stoichiometric quan t i t i e s ,  a f t e r  s t i r r i n g f o r  

a period of 2 hours. The p rec ip i t a t e s  were washed with water, ethanol and 

e ther  and dried.  

RESULTS A N D  DISCUSSION 

Complete elemental analyses and physical cha rac te r i s t i c s  of the  new 



TABLE I. A n a l y t i c a l  Data found ( c a l c )  % and some p h y s i c a l  p r o p e r t i e s  o f  t h e  complexes 

Compound C H N S M M.P. Colour  

green 

green 

green 

green 

green 

dark  green 

dark  green 

dark green 

w h i t e  

w h i t e  

w h i t e  

w h i t e  

whi te-ye1 low 

whi te-ye1 low 

w h i t e  

whi te-ye1 low 
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complexes a re  given in  TPiBLE I. The Ri(fI) comp'texes a r e  green,diamagne- 

t i c  s o l i d s ,  s t ab le  in the  a i r  and soluble in common organic solvents l i -  

ke chloroform, dichloromethane and ethanol . The Co(I1) complexes a re  dark 

green paramagnetic substances, soluble in chloroform. The Zn ( I  I )  and 

Cd(I1) a r e  ye1 1owish.and white respectively diamagnetic amorphous inso- 

luble  so l ids .  I t  should be noted t h a t  a l l  attempts t o  prepare complexes 

of Zn(I1) in a d i f f e r e n t  than 1: l  s toichiometric analogy have f a i l e d .  

In order t o  have a preliminary idea concerning the  s t ruc tu re  of the  

new complexes, i t  seems in t e res t ing  to  est imate,  by means of theore t ica l  

ca lcula t ions ,  the bonding capaci t ies  in each donor atom of the  f r e e  l i -  

gand anions. T h u s ,  we t r i e d  t o  determine the  s i t e s  responsible f o r  the  

ligand bonding e f f e c t s  in terms of the  atomic charges derived from the  

MNDO density matrix by means of Mulliken's population analys is ,  and the  

atomic const i tu t ion in the  f r o n t i e r  molecular o r b i t a l s  (FMOs) of the  

l igands. 

The reported MO ca lcula t ions  have been performed by using the  SCF- 

LCAO-MO method in the  framework of the  MNDO approximation 1101. Some a t -  

tempts have a l so  been made t o  derive the  per t inent  parameters by means 

of o ther  semi-empirical methods, but these were not so successful ,  so we 

shal l  here repor t  on the  aforementioned r e s u l t s  only. The i n i t i a l  geo- 

metries,  taken from c rys ta l log ra f i c  data f o r  the  f r e e  acid 141 ,have been 

optimized f o r  the  corresponding anion by means of the  Davidon-Fletcher- 

Powell algorithm included in the  program. The f i n a l  geometries a re  pre- 

sented in TABLE 11, along with some bond lengths of the  f r e e a c i d ,  which 

have been modified during the  optimization procedure. The di f ference  in 

length,  between the  two bonds S ( l  )-C(2)=1.618 8 and C(2)-S(3)=1.605 8 
implies t h a t  they a r e  not equivalent,  with, a s  a r e s u l t ,  the  s p l i t t i n g  

of the  IR C-S band in two components. The C(2)-N(4) d is tance ,  1.395 8, 
makes evident the  double-bond character  of t h i s  bond. One should a l sono-  

t i c e  the  reduction in the length of bonds due t o  the  negative charge of 

the  molecule. F inal ly  mention has t o  be made t h a t  the  geometrical data 

derived from t h i s  optimization show the  general trends of ttqe MNDO me- 

thod with the  c h a r a c t e r i s t i c  underestimation of bond lengths a l so  noted 

elsewhere I 1 1 I . 
The Figure 1 gives the  atomic numbering scheme and the  net  atomic 

charges. I t  i s  a l s o  evident from t h i s  Figure t h a t  the  s i t e s  of nucleophi- 

l i c  a t t ack  a r e  the  two su l fu r  atoms with t h e i r  s l i g h t l y  inequivalent ne t  
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TABLE 11. Optimized bond lengths (in A) and angles (in degrees) of the 
ligand Me2tdtc (in brackets are quoted some bond lengths of 
the free acid). 

s(I)-c(2) 1.618 11.7271 " S(l )-C(2)-S(3) 125.9 

C(2)-S(3) 1 .605 1 i.699) S(3)-C(2)-N(4) 121.2 

C(2)-N(4) 1.395 C(2)-N(4)-C(5) 127.5 

N(4)-C(5) 1.464 N(4)-C(5)-C(6) 107.5 

C(5)-C(6) 1.521 C(5)-C(6)-C(7) 116.5 

C(6)-C(7) 1.508 C(6)-C(7)-N(8) 115.8 

C(7)-N(8) 1.574 C(7)-N(8)-C(9) 120.9 

N(8)-C(9> 1.480 11.4831 C(7)-N(8)-C(10) 120.9 

C(9)-C(10) 1.480 11.503/ C(2)-N(4)-H(I1) 116.3 

atomic charges. 

FIG. 1 : Atomic numbering scheme and MNDO atomic charges of the  MeZtdtc 
Zigand. 

The energies and atomic constitution of the frontier MOs are presen- 

ted in TABLE 111. We noticethat the two sulfur atoms participate heavily 

in the HOMO eigenvector and its two neighbours in the occupied space,whe- 

reas the unoccupied NNLUMO (3rd in ascending order) extends over the whoi 

le dithiocarbamate region of the anion. 

Keeping these computational results in mind, we tried to establish 

the bonding of the new complexes by spectroscopic methods and magnetic 

susceptibility measurements. 

The infrared spectra of the ligands and the new complexes (TABLE IV) 

,show medium -broad bands in the region 3160-3200 cm-' assigned to the 

v(N-H) stretching vibration 1121. The strong bands appearing in the re- 
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TABLE 111. Eigenvalues ( i n  a.u.1 and atomic c o n s t i t u t i o n  ( % )  i n  t h e  e i -  
genvectors o f  t h e  f r o n t i e r  MOs o f  t h e  l i g a n d  Me2tdtc. 

MO-type Eigenvalue E i  genvector  c o n s t i t u t i o n  ( % )  

S(1) C(2) S(3) N(3)  Me2NH(CH2)3 

NNLUMO 5.3329 12.40 65.17 13.04 7.96 1.43 

NLUMO 5.1227 

LUMO 3.7418 

HOMO -4.0569 

NHOMO -4.1062 

NNHOMO -4.6744 43.25 0.00 48.38 4.92 3.45 

g i o n  1505-1520 cm-' a r e  due t o  t h e  s t r e t c h i n g  o f  t h e  C-N bond 113-151 . I n  

t h e  case o f  t h e  N i ( I 1 )  complexes t h i s  band i s  ~ h i f t e d  t o  h i g h e r  f requen-  

c i e s  (1575-1590 cm-') showing a  cons iderab le  double bond c h a r a c t e r  which 

suggests a  b i d e n t a t e  l i n k a g e  o f  t h e  d i th iocarbamato  group. T h i s  evidence 

i s  f u r t h e r  'supported by  t h e  s t r e t c h i n g  v i b r a t i o n  o f  t h e  C-S bond (965- 

1020 cm-'). Genera l ly ,  t h e  s t r e t c h i n g  v i b r a t i o n s  o f  t h e  C-N and C-S bonds 

a r e  l i t t l e  a f f e c t e d  by t h e  n a t u r e  o f  t h e  c e n t r a l  atom i n  t h e  complexes. 

An e x c e p t i o n  occurs, however, i n  t h e  case o f  t h e  N i  (11 )  compounds due, 

presumably, t o  t h e i r  square p l a n a r  s te reochemis t ry  1141. N o t i c e  t h a t  t h e  

IR  spec t ra  o f  t h e  l i g a n d s  and t h e i r  complexes remain unper turbed when we 

change t h e  R group o r  t h e  number o f  methylene groups. F i n a l l y ,  t h e  metal- 

l i g a n d  bonding modes o f  t h e  complexes appear i n  t h e  usual  range (300-400 

cm-') 1161. 

The e l e c t r o n i c  spec t ra  o f  t h e  sodium s a l t s  o f  t h e  anions i n  aqueous 

s o l u t i o n s  e x h i b i t  a  f i r s t  i n t e n s e  UV band a t  ca.40kK (logemax=4.5) and 

35kK (logemax=4.1) and a  second very  weak f o r b i d d e n  band a t  ca. 30kK 

(logamax=2.0) (TABLE V). Sol i d  s t a t e  spec t ra  e x h i b i t  a l s o  s i m i l a r  UV 

bands. These have been a t t r i b u t e d  t o  i n t r a l i g a n d  e x c i t a t i o n s .  For  t h e  

N i  (11)  complexes i n  c h l o r o f o r m  s o l u t i o n  an a d d i t i o n a l  band appear ing a t  

ca. 26kK has been ass igned t o  a  charge t r a n s f e r  t r a n s i t i o n  117-21 1 .  An 

i n t e n s e  band a t  ca. 23kK has been ass igned t o  an a l lowed L-tM charge tran- 

s f e r  t r a n s i t i o n .  Another weak band s t a r t s  a t  ca. 16kK w i t h  a  dx2-y2+dxy 

e l e c t r o n i c  t r a n s i t i o n  1191 and f i n i s h e s  a t  ca. 20kK w i t h  a  shou lder  due 

t o  a  dz2+dxy t r a n s i t i o n .  The remain ing p a r i t y  and sp in - fo rb idden  d+d 

t r a n s i t i o n s  s t a y  p r a c t i c a l l y  unobserved. The absence o f  any band i n  t h e  

range 10-15kK i s  a  s t r o n g  ev idence a g a i n s t  t h e  e x i s t e n c e  o f  an octahedral 
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TABLE IV. Infrared Bands of the Ligands and t h e i r  Complexes ( i n  cm-l) 

Compound 

Me2ddtc 

Ni l ~ e ~ d d t c  1 

CO / ~ e ~ d d t c  I 

Zn I ~ e ~ d d t c  I 

Cd I ~ e ~ d d t c  I 
Et2ddtc 

Vibrational assignments 
v(N-H) v(C-N) v(C-S) v(CSS) v(M-S) 
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TABLE V. E l e c t r o n i c  s p e c t r a  o f  t h e  L igands  and t h e i r  complexes ( i n  k K ) .  

Compound Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 

Me2ddtc 40.32 29.85 
35.33 

o r  t e t r a h e d r a l  a r rangement  1181 . T h i s  c o n c l u s i o n  i s  f u r t h e r  s u p p o r t e d  by 

t h e  magne t i c  measurements. A l l  t h e  N i ( I 1 )  complexes r e p o r t e d  a r e  diamag- 



N  ,N-DIALKYL (D1 AND TRI )METHYLENE-DITHIOCARBAMATO COMPLEXES 197 

n e t i c  i n d i c a t i n g  a  s p i n  s i n g l e t  ground s t a t e  c h a r a c t e r i s t i c  o f  a  square 

p l a n a r  N i ( I 1 )  s t r u c t u r e .  The band a t  ca. 16kK i s  then a t t r i b u t e d  t o  t h e  
1 1  w e l l  known ( Alg+ B ) t r a n s i t i o n  o f  square p l a n a r  complexes /22 ,23 / .  

1 g  
Adopt ing t h e  va lue ~ ~ = 8 0 c m - l  124 1 ( ~ ~ = 1 0 ~ ~ = 8 0 0 c m - ' )  f o r  t h e  S l a t e r -  

Condon i n t e r e l e c t r o n i c  r e p u l s i o n  parameters t h e  exper imenta l  A value o f  

N i ( I 1 )  complexes i s  found a t  18.6kK. T h i s  va lue  i s  i n  agreement w i t h  t h e  

p o s i t i o n  o f  these l i g a n d s  i n  t h e  spect rochemical  s e r i e s .  

I d e n t i c a l  a b s o r p t i o n  spec t ra  f o r  t h e  N i ( I 1 )  complexes were ob ta ined  

i n  a  number o f  so lven ts ,  such as p y r i d i n e  and a c e t o n i t r i l e ,  which i s  an 

expected f e a t u r e  i n  p l a n a r  NiS4 chromophores and i n d i c a t e s  t h a t  a x i a l  

s o l v e n t  pe i - tu rba t ions  a r e  o f  m inor  impor tance so t h a t  t h e  symmetry r e -  

mains unchanged. 

The a b s o r p t i o n  spec t ra  o f  t h e  Co( I1)  complexes p resen t  t h e  same 

bands. I n  t h e  v i s i b l e  r e g i o n  o f  t h e  spectrum t h e  va lues a r e  q u i t e  s i m i -  

l a r  t o  those f o r  t h e  N i ( I 1 )  p l a n a r  complexes. Th is  f a c t  i n  un ison w i t h  

t h e  magnetic measurements (peff=2.20-3.07 B.M. i n  q u i t e  t h e  same rangeas  

r e p o r t e d  i n  (251 ) suggests t h a t  t h e  Co( I1 )  complexes a r e  a l s o  o f  square 

p l a n a r  geometry. 

As expected, q u i t e  s i m i l a r  e l e c t r o n i c  spec t ra  a r e  e x h i b i t e d  by t h e  

complexes o f  t h e  d I 0  meta l  ions.  The p o s i t i o n  o f  t h e  n+nx t r a n s i t i o n  i s  

p r a c t i c a l l y  unchanged whereas t h e  most s i g n i f i c a n t  changes occur  i n  t h e  

u l t r a v i o l e t  reg ion .  

One cannot say more f o r  t h e  Zn( I1 )  and Cd( I1)  complexes. As p r e v i o u -  

s l y  noted, they  a r e  q u i t e  i n s o l u b l e  so o n l y  t h e i r  s p e c t r a  i n  t h e  s o l i d  

s t a t e  c o u l d  be s tud ied .  One can c l e a r l y  d i s t i n g u i s h  one charge t r a n s f e r  

band i n  t h e  Cd( I1 )  case, s i m i l a r  t o  t h e  f i r s t  CT band d iscussed e a r l i e r .  

Th is  band i s  absent i n  t h e  Z n ( I 1 )  case. 

flEPIAHUJH : I~v~Eo~ KaL p&Akrq rwv p & r a h h ~ ~ & v  oupnh6~wv twv N,N-6~ah~uAo 

T6pnho~a TWV p&r&4Awv N i  (11). , C o ( I I ) ,  Cd( I1 )  KaL Z n ( I 1 )  D& r a  N,N- 
6  ~ a A ~ u h a ~ 8 u A s v o -  Ka L N, N-6 LUAKUAOT~ LUE~UAEVO-~LBE LOKUP~UU ~ 6  L K  ~ U ~ U O K E U ~ -  
T o v r a ~  ~ a r d r  r q v  a v r S p a o q  os U ~ ~ T O ~ A K O O A L K &  6 ~ a A b y a t a  rwv ~ h w p ~ o ~ ~ w v  aA6- 
rwv rwv ~a-c&AAwv D& r a  a v r i o r o ~ x a  ~ L ~ E L O K ~ P ~ ~ ~ L ~ L K ~  bAaru r o u  va-cpiou. 

H  raurono inoq  rwv svhoswv KaL q  601.14 r o u e  ~ V L V E  an6 r q  o roLxsLowrpb-  
~ f i  rout av&Auorl KaL r a  6s6opdva r q c  r p a o p a r o o ~ o m ~ 4 c  r o u c  usAErrlc KaL ano 



198 P.KARAGIANNIDIS,S.PAPASTEFANOU,G.MANQUSSAKIS and G.KAPSOMENOS 

R E F E R E N C E S  

1 .  Manoussakis, G .  and Bolos, C . A . ,  Inorg. Chim. Acta, 108, 215(1985) .  
2. Papastefanou, S t . ,  Karagiannidis, P .  and Manoussakis7 . ,  Chim. Chron 

flew Series ,  15, 115(1986) .  
3. Kavounis, C.A. ,  Kokkou ,  S . C . ,  Rentzeperis, P . J . ,  Karagiannidis, P, ,  

Acta Cryst . ,  m, 2954(1980) ; E, 2686(1982). 
4. Schramrn, V . ,  Kokkou, S . C .  and Karagiannidis, P . ,  Acta Cryst., m, 149 

(1984) .  
5. ~ e r c k ;  E . ,  "Complexometric Essay Methods with T i t r ip lez" ,  3rd ed., 

Darmstadt. 
6 .  Q C P E  program 438, Indiana Univers i ty ,  Bloomington, Indiana. 
7. Dewar, M . J . S .  and  McKee, M.L.. , J .  Comput. Chem., 4, 84(1983) .  
8. Dewar, M.3.S and  Reynolds, C . H . ,  J .  Comut. Chem.. L, 140(19861. 
9.  Muft i ,  M .  and Hager, G . ,  Arzneim. Forsch., 18, 1205(1968) .  

10. Dewar, N . J . S . ,  T h i e l ,  W . ,  J .  Am. Chem. Soc., 99, 4899:4907(1977). 
11. Kapsomenos, G.S .  a n d  Akrivos, P . D . ,  Can. J .  Chem., 6G,2835(1388). 
12. Kendal l , D .  N. , "AppZied ~ n f r a r e d  Spectroscopy ", Chapman and Ha1 l 

L t d . ,  London (1966) ,  p.210. 
13. Pre t i ,  C. a n d  Tos i ,  G . ,  J .  Chem. Soc., DaZton Trans., 685(2976) .  
14. Coucouvanis, D . ,  Progress i n  Inorg. Chem., J.  Lippard ed., W i k y , ~ . Y  

11,  233(1970);  2, 300(1979). 
15. Cotton, F.A. and M C  Cleverty,  G.A. ,  Inorg. Chzm., 3, 1398(1964). 
16. Marcotrigiano, G . ,  Pellakani, G.C.  and Preti .  C . ,  J .  Inorg. Nucl. 

Chem., 36, 3709 ( 1974). 
17. Jensen, K.A. ,  Dahl , Q . M . ,  Nielsen, P . H .  and  Borch, G . ,  Acta Chem. 

Scand., 26, 2241 (1973) .  
18. Furlani, C . ,  Cervone, E. a n d  Camassei, D . ,  Inorg. Chem., L, 265 

(1968) .  
19. Dingle, R . ,  Inorg. Chem., 10, 1141 (1971) .  
20. Jorgensen, C . K . ,  J .  Inorg. Nucl. Chem., a, 1571(1962). 
21. Cave11 , K . J . ,  Magee, R . J .  and H i l l ,  J . O . ,  J .  Inorg. Nucl. Chem., 

41, 1281(1979). 
22. Shupack, S . I . ,  B i l l i g ,  E . ,  Clark, R .J .H . ,  Williams, R .  and Gray, H. 

B . ,  J .  Am. Chem. Soc., 86, 4594(1964). 
23. Lever, A.B.P., Inorganic Electronic Spectroscopy, 2nd ed., Elsevier 

(1984) .  
24. Fenske, R . F . ,  Martin, D.S. and Ruedenberg, K . ,  Inorg. Chem., 1, 441 

(1 962).  
25. Kent Baref ie ld ,  E . ,  Bush, D.H. a n d  Nelson, S.M.,  Quart. Rev., 22, 

457(1968) .  



To n e p ~ o 6 ~ ~ b  X ~ ~ L K ~ I  X p o v ~ ~ b - N 6 a  ~ E L P &  ~ P X L O E  n p b o ~ a r a  r q v  e n a v 6 ~ 6 0 o f i  

r o u  K ~ L  n p o ~ ~ ~ u i v o u  v a  o u v & X L a r & i  q  a n p b o ~ o n r q  6 ~ 6 0 a t j  T O U  KaL n a p b h -  

AqAa v a  E T I L ~ L W X ~ E ~  q ~ O L O I L K ~ ~  B & h T i ~ U t j  ~ o u , n a p a ~ a A e i o r e  v a  a v a v e w a e -  

r &  r q  o u v 6 p o u t j  a a c , v a  e v v p a ~ e i r e  o u v 6 p o p q r C c  KaL v a  a n o a r e i A e r e  E p v a -  

o i & c  E p s u v q r ~ ~ o f i  n e p ~ ~ x o u 6 v o u  n p o c  6 q y o o i s u a n .  

R E N E W  O F S U B S C R I P T I O N  

T h e  e d i t i o n  o f  t h e  J o u r n a l  C h i m i k a  C h r o n i k a ,  New S e r i e s ,  a f t e r  a  

l o n g  b r e a k  r e s t a r t e d  w i t h  t h e  i s s u e  No 4 1 9 8 7 .  I t  i s  p l a n n e d  t o  

p u b l i s h  f o u r  i s s u e s  f o r  1 9 8 8 , f o u r  i s s u e s  f o r  1 9 8 9  a n d  f o u r  i s s u e s  

f o r  1 9 9 0  i n  o r d e r  t o  n o r m a l i z e  i t s  p u b l i s h i n g .  

T h e  s u b s c r i p t i o n  r a t e  i s  $ 2 8  f o r  t h e  p r e v i o u s  y e a r s  a n d  $ 4 2  f o r  

1 9 9 0 .  


