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nYPPOAIZIAINIKA AAKAAOEIAH TOY @YTOY ONOSMA HETEROPHYLLA 

Key words : Onosma heterophy ZZa, Boraginaceae, P y r r o l  i z i  d i  ne a1 k a l  o i  ds  , 
H e l i o t r i d i n e ,  l-Methylenepyrrolizidine, GC/MS. 

Z t a  n h a i o i a  ~ v b c  npoyp6uparoc En i  roe  p ~ h t r q c  6Laqopwv ~KxuhLolJarWv 

a~16 qura TqS O L K O V ~ V E L ~ C  Boraginaceae, ~ ~ A ~ r f i o a ~ l e  Ta X ~ ~ P L K ~  O U O T U T L K ~  TOU 

1 qurob Onosfiu heterophy ZZa . H Onosma heterophy ZZa (Boraginaceael ~ i v a i  

h a  nohusr ic  qurb p& bha r a  popqohoy i~a  X U ~ U K T ~ P L O T L K ~ ,  bnwc n~pLvp6qov- 

r a i  o r q  6 i ~ O v r j  ~ i ~ h L o y p a q i a ~ ,  TO onoio a v s u p i o ~ ~ r a ~  ozq BahKavLKfi k p o b -  

vquo. 

t r L c  pi<&c TUV ( ~ u r h v  O ~ L ~ ~ ~ V W V  YEV(;IV TrlC O L K O V ~ V E L ~ G  B ~ r a ~ i n a c e a e  a- 

navrobv, E K T ~ ~  TOV bhhwv, L~OESEVUAO-vaq%a<apiv&c KaL ~ U P P O ~ L < L ~ L V L K ~  ah- 
3 Kahoe~6q . 

L ~ L ~ T ~ T E C  ~ i v a i  q ~ n o u h w r ~ ~ t j  6paoq, r q v  onoia ~pqav ibouv  r a  ~ h a ~ h 6 t l  EKXU-  

hioua-ca p ~ < h v  150 rouA6x~orov  Q U T L K ~ V  E L ~ ~ V  nou av f i~ouv  o r a  v tvq  Litho- 

s p e m m ,  Echiurn, Onosma, Anchusa KaL CynogZossuk, TQC O L K O V ~ V E L ~ ~  Boragi- 

naceae, o-ca onoia anavrobv ~ o o e ~ ~ v u h o - v a q 0 a b a p i ~ ~ ~ .  

Ta T I U ~ ~ O ~ ~ < L ~ L V L K ~  aAKaho~L6fi anavrobv rboo K r p ~ r o t a y ~ i c  B6oeic boo 

Kai  wc N - O ~ E ~ ~ L U  aurhv oe ~ U T L K U  ~ i 6 q  nou Q V ~ ~ K O U V  OE Biaqopa ykvn TWV O L -  

KOVEVE L ~ V  Boraginaceae, Compositae KaL ~ e g u m i n o s a e ~ .  Ta ~ U P P O ~ L < L ~ L V L K ~  

aA~ahoe~6 f i  rwv O L K O V E V E L ~ V  Compositae KaL Legwflinosae Ka%& KaL E K E ~ V U  PE- 

P L K ~ V  V E V ~ V  rot, 0 L K O V ~ V E  Lac Boraginaceae (He Ziotropim, Cynog Zossum KUL 



Echiwn) an~rkheoav a v t i ~ ~ i v e v o  E K ~ E T ~ I . I ~ V W V  veherhv. AvriBara, r a  ahKah0- 

.&i6fi rwv vevhv Anchusa, Lithospermwn KaL Onosma (Bomginaceae) kxouv vs- 
AerqBei & h & x ~ o r a ? - ~ ~  ~ U ~ ~ O A L ~ L ~ L V L K ~  aAKah0~16tl txouv aveup&B&l enioqc, 

K &&v&vfi auorarL~6,  08 E E E L ~ L K E U ~ ~ V Q  6pvava T W L K ~ V  o p v a v i o ~ h v ~ ~  K&& 
12 KaL or0 V ~ A L  6Lacpopwv ~ O ~ L T E L ~ V  Tt lc  Avepi~fic. 

~ U P P O ~ L T L ~ L V L K ~  aA~ahoe~6fi PE a~bpeoro 1,2-6cu6po- fi l-u6poSup&BuAo- 

oborqva e i v a ~  T O ~ L K ~  orov av8pwno Kai oTa Tha. 0 BaBubc roEi~6rqrac &Sap- 

t h a ~  enioqc Kai an6 6hAa 601.11~6 ~ a p a ~ r q p i o r ~ ~ 6  aurhv TWV E V ~ O E W V ? ~  Ta 

a~6peora  ~ U P P O A L S L ~ L V L K ~  a h ~ a h o ~ ~ 6 f i  ~ucpavCTouv via pevaAq n o ~ ~ i h i a  PLO- 
~ O V L K ~ V  ~ P ~ O E W V  ( ~ ~ ~ ~ u T o T o < L K ~ ~ ,  T ~ V E U ~ O V O T O < L K ~ ~ ,  a ~ v o h u r i ~ f i ,  U V T L ~ L T W T L K ~ ~ ,  

rcparov6vo , p~tahha2~oy6vo ~ a i  ~ap~ ivoy6vo)  I3-l8 . Eo~kpec tqc qhiorpi6i- 

vqc KaL rqc perpove~ivqc &pcpavi<ouv ~ V T L K ~ P K L V L K ~ ~  6p&9 KaL quiouv0e- 
20 

T L K O ~  E U T ~ P E C  r q q  qAiotp~6ivqc 1 0 n i ~ f i  a v a ~ o @ q r i ~ f i  &vkpv& La. 

AnOTEAEtMATA KAI t Y Z H T H t H  

H v & h k r q  vac &vronioBq~& ora aA~ahoei6fi rwv piThv, 6~60vkvou 6 r ~  q 

~aravovfi rwv aA~ahoei6k  ora 6~6cpopa pkpq rov cputhv (plT&c, cptjAAa, avBq) 
n o o o u ~ d  ynop~ i  va ~ O L K ~ A E L ,  n o i o r ~ ~ b  6pw(; n a p o u o i b ~ ~ ~  ouvfi0wc ehbx~orsc 

6~acpoponoifioe~c. 

01 plT&c TOU Q U T O ~  UPXLK& E K X U ~ ~ ~ ~ ~ ~ K U V  ME K - ~ 2 6 ~ 1 0  ( Y L Q  TQV U ~ O D U K P U V -  

oq rwv h~n6cpihwv ~ U O ~ ~ T L K ~ V  rwv p~Shv) Kai orq ouvkxeia v &  u~Bav6Aq. To 

~ E B U V O A L K ~  e~xtjhioua unoBhfi8qK~ oE 6C0 <&~wpiortc  6 ~ a 6 i ~ a o C e ~ :  ( a )  otqv 

~ A a o o i ~ f i  6 i a B ~ ~ a o i a  anovovdme~ ah~ahoa~6hv KaL ( B )  orq 6 i a 6 ~ ~ a o i a  ava- 

ywvfiq N-oE~i6iwv. Ta KAaovara rwv 660 aurhv 6 ~ a 6 ~ ~ a o ~ h v  ouy~piBq~av v& 
TLC av6huoqP1 an6 r q v  onoia npok~u$& 6 r i  eixav ~ O L O T L K &  r q v  i6ia  otjoraoq. 

H an66ooq rou K A ~ ~ ~ . J u T o c  6~drspqc 6 ~ a 6 i ~ a o i a c  qrav urrep6~nAaoia roe 
nphrqc via ~ E P L K ~ C  ~qAi6ec. ~ 

A K O ~ O ~ ~ T J U E  GC-MS avahuoq rou, ~hbouaroc rwv aA~ahoe~6hv. E U K P L V ~  @a- 
ovara uaThv ~AficpBqoav v6vo oe 660 napinrLmic KaL i r ~ ~  tehLKh 6 i e u ~ p ~ v i -  

o8q~av  01 60pic ~ 6 v 0  660 q u o r a r ~ ~ h v  rou ~A&ovaroc. H uehkrq IOU rp6nou 

Bpauovarono~qo&k roue ora cpaopara vaThy vac o6fiyqoe va nporelvouv~ via 

r a  6Co aurd a u o r a r ~ ~ d  T L ~  6ovC~ rqC qA~orp~6ivqc  ( 0  r q ~  E ~ L U E P O ~ ~ C  otov 

C-7 ~ & T ~ o v & K ~ v ~ c ,  I )  Kai rqc 1 - ~ E ~ U A & V O - ~ U ~ ~ O A L < L ~ ~ V ~ ~  11).  
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0 rp6noc 0pauauarono~tjoswg rou  ~ v 6 ~  o u o r a r ~ ~ o C  o r o  qhoua uaGw TOU 

o u ~ q w v s i  an6Aura ye r o v  rp6no 8 p a u o y a r o n o ~ t j o s ~  a u 8 ~ v r ~ ~ o C  6~ iy1 .1aroc  ~ A L -  

o r p ~ 6 i v q c ? ~  n p d y u a r ~ ,  o ro  @4aaua uaTOv rou  o u o - c a r ~ ~ o l j  aurolS (ELK .  1) , E K - C ~ C  

an6 TO u o p ~ a ~ 6  ~ 6 v  M" 155, &uqav i<ov ra~  KaL r a  B a o ~ ~ t j g  oquaoiac 0pah~ua-  

r b  m / z  137 (M+'-18),  111 KaL 106 ~ a 0 h c  KaL r a  x a p a ~ r q p ~ o r ~ ~ h  vLa r a  nup- 

~ O A L < L ~ L V L K ~  a A ~ a A o ~ ~ 6 f i  0palSoua~a m/z 94 KaL 80 (ox.1) .  

n p i n ~ ~  va r o v ~ o 0 ~ i  TO v ~ y o v 6 c  6 r ~  O L  ~ U P ~ O A L < L ~ L V L K ~ ~  B U ~ E L C  onaviwc 

anavroOv ora  qurd un6 E A E W E P ~  (utj ~ o r ~ p o n o ~ q u i v q )  uopqi, EVO ouvq0iora- 
2  3 

r a  a n a v r o h  un6 uopqrj ~ o r i p w v  LIE o p ~ o u i v a  o@a (VEKLKU o t i a ) .  

2 ro  qaoua ua<hv rou 6AAou o u o r a r ~ ~ o C  ( E L K .  2 )  &ur$avi<&ra~ r o  uopLaK6 

r6v M" 123 ~ a 0 k  KaL r a  Baor ~ t j e  oqvaoiac 0pallopara m / z  83 LM+:( C H ~ = C = C H ~ ) J  

KaL 94. K a r 6 n ~ v  auroO n p o r ~ i v e r a ~  yLa r o  o u o r a r ~ ~ 6  aur6 q  601.14 r q c  l-U&- 

0uA~vo-nuppoA~T~6 lvqc  ( 11) , q  onoia ~ X E L  anouovu0~ i  an6 10 qur6 CrotaZa- 

r i a  a ~ m ~ r o i d e s ? ~  r q c  0 L K O V ~ V E L U C  Leguminosae. 

EIK. 1 : adapa pa56v ~ v d s  o u o ~ a ~ ~ u o 6  ( ~ A L o T ~ L ~ ~ v ~ s )  TOU u h d q ~ a ~ o s  TWV 

a h w a h o ~ ~ 6 J v ,  ~ w v  p ~ g d v  T ~ S  Gnosma heterophyZZa. 



EIK. 2 : @&ua pa56v rqs l - u ~ 8 u h ~ v o - ~ u p p o h c ~ ~ 6 i v ~ s  (ouara~~nod rou n h d -  
opa~os rwv aXnaho~~6dv rwv p~tdv ~11s Onosma heterophyZZa). 



~ E i r a o q  rwv av8bwv rou  KaL d r o i  a n 0 6 ~ i x 8 q ~ ~  6 1 ~  n p 6 ~ ~ ~ r a i  v i a  r o  ~ i 6 0 c  

heterophy ZZa, r o u  vbvour Onosma, t qc  O L K O Y ~ V E L U C  ~ o r a ~ i n a c e a e  ( XPWvOUWLJL- 

~ 6 c  api8p6c 2q=26, t1=13). 

Axoudvwon T O V  w h d o p a r o s  rwv a h x a h o ~ ~ 6 J v  

1009 K O V L O ~ O L ~ ~ ~ V W V  p i<hv rou  cpusod Onosma heterophyZZa ~ ~ x u h i < o v r a L  

E E ~ V T ~ ~ T L K ~  v& K - E E ~ V L O  UE O U U K E U ~ ~  Soxhlet, v i a  TQV ~ ~ O I . ~ ~ K ~ U V U ~  TWV h ~ n 6 -  

~ ~ L A W V  UUOTUTLK~V I W V  P L < ~ V  ( i o o ~ ~ ~ ~ ~ h 0 - ~ a c p 8 a < a p i v b v ~  h ~ n ~ 6 i w v  Ka i  6hhwv 

ov66wv ouoi9v).  

A~oAou8Ei E K X ~ A L O ~  TWV P L < ~ V  v& v~8avbhq ~ n i  24 hpac orqv i 6 ~ a  ou- 

U K E U ~ .  M ~ r a  r q v  anov6~puvoq r o u  B ~ a h b r q  un6 ~ h a t r w u b v q  n i ~ o n ,  hau8avov- 

rat. 24,l g  i E h B o u ~  u n o h ~  i w a r o c  O K O ~ E L V O U  xpBuaro~  ( n p o ~ a r a p ~ r i ~ 6  ve8avo- 

h i ~ 6  ~ K x 6 h L . 0 ~ ~ ) .  

r i a  r q v  avavwyfi twv N-oE~i6 iwv IOU v ivvaroc  rwv a A ~ a h o ~ i 6 9 v ,  oE KW- 

V L K ~ ~  ( ~ l d h q  ( ~ ~ P O V T Q L  109 ~ P O K C I T U P K T L K O ~  l J~8avohL~o f i  E X K U ~ ~ U ~ J U T O C ,  n p 0 0 ~ i -  

8 s v r a ~  100ml B~ahdvaroc 2N 8 e i ~ ~ o f i  O E ~ O C  K ~ ~ W C  KaL 0,5g U K ~ V ~ ~ C  $~u6apyd- 

pou KaL r o  u i yva  a v a 6 ~ d ~ r a ~  v a y v q r ~ ~ d  ~ n i  8 W ~ E C  UE 8 ~ p u o ~ p a o i a  Bwvatiou. 

A~ohou8e i  6 ~ t j 0 ~ 0 ~  KaL To 6 E ~ v o  B~ t jBq l~a  & K X U ~ ~ < E T C I L  UE X A W P O ~ ~ ~ P V L O  (yLa 

r q v  anovd~puvoq 6hhwv ouvunapx6vrwv o u o r a r ~ ~ h v )  . 
To napanhvw ~ E L V O  6~ t j 8qva  E E O U B E T E ~ ~ V E T ~ L  WE 6~6huva  a p v w v i a ~  ( ~ 6 8 -  

viorl  SOU pH orqv llEpi0xfi 9-10) KUL o rq  o u v b x ~ ~ a  EKXU~~<EIQL PE X~WPO@P- 

PLO. H ~ A w p o q ~ o p v ~ ~ t j  o r ~ B 6 6 a  S q p a i v s r a ~  !.I& U V U ~ P O  ~ E L L K ~  V&TPLO KaL r t h o ~  

a n o v a ~ p b v s r a ~  o  B~ahbrqc  un6 ~AarrwvCvq nieoq, on6-c~ A a ~ B a v o v r a ~  0,2g ~ i -  

rp ivou  u n o h s i ~ ~ a r o ~  (Kh6oua a h ~ a A o e ~ 6 h v ) .  

T I p a n a r a p n ~ ~ n i  a v d h u o n  r o u  w X d o u a ~ o s  ~ w v  a h n a h o ~ ~ 6 J v  

To Kh60pCI rwv a h ~ a h o ~ ~ 6 h v  uno86hh~ra i  a& n p o ~ a r a p ~ r ~ ~ t j  TLC avahuoq 

( C ~ O L D E C  n h 6 ~ ~ r  Merck ndxouc 0.2mm, WE K i  esel  gel  60F254) , DE uvp6 ava- 

nrdEewc O E V < ~ ~ L O / O < L K ~  a~8uh&orbpa/B~a~8uAapivq (70/20/10). 

A~ohou0s i  $ E K U O ~ ~ C  v i6c  x~wvarovpacp~~ t j c  TIhd~ac v& TO a v r ~ 6 p a o r t i p ~ o  

Dragendorff ( V E V L K ~  a v t ~ 6 p a o r t j p ~ o  a h ~ a h o ~ ~ 6 4 v )  KaL v ~ b c  ahhqc ME 10 ~wBo- 

A E U K O X P U ~ L K ~  a v r ~ 6 p a o r r j p ~ o  ( ~ ~ 6 1 ~ 6  yLa ~ U P P O ~ L < L ~ L V L K ~  a A ~ a h o & ~ 6 f i ) ,  r a  

onoia n a p a o ~ ~ u & < o v r a ~  ~ a r b  r a  ~ v w o r & ? ~  ME TO avr~6paorf ipt.o Dragendorf f 

~pqJav i<ov ra~  u r q  xpwvarovpacp~~tj n h b ~ a  nopro~aAhbpu8peC ~ t l h i 6 E c  ( t v 6 ~ ~ E q  

napouoiac y iyvatoc  a h ~ a A o s ~ 6 h v ) ,  ~ v h  I.IE r o  L W ~ O ~ E U K O X P U O L K ~  avri6paostj- 

PLO ~vcpavi<ovrai  ~ q h i 6 ~ c  Kacpt KaL vn t<  xphuaroc ( ~ v ~ E L E I ~  napouoiac v i v -  

varoc a h ~ a A o ~ ~ 6 h v  VE T I U P P O ~ L < L ~ L V L K ~ ~  60vfi). 
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GC-MS avdhuuq TOU u h d u p a ~ o s  ~ w v  a h u a X o ~ ~ 6 u h  

To ~ h 6 o ~ a  twv a h ~ a h o ~ ~ 6 h v  a p x ~ ~ d  u n o f i h h h ~ r a ~  o~ GLC av6huon KaL 6 ~ a -  

x w p i < & r a ~  o r a  ~ n i  i.~kpouc o u o r a r ~ ~ a  sou. I t n  u u v k x ~ ~ a  UE ouv6uao1.~kvq GC-MS 

avdhuon h a ~ f i d v o v m ~  r a  &oi.Iara pa<Ov rwv €ni vbpouc o u o r a r ~ ~ h v  r o u  KhdU~a* 

toe.  

OL O U V ~ ~ ~ K E C  TnC GC-MS avahboewc ~ i v a ~  O L  ~ K ~ ~ O U @ E C :  T P L X O E L ~ ~ ~ ~  ~ ~ f i h n  

(30m) PE SE-54. f lpoypawar ~ o u k v q  8 ~ p p o ~ p a o i a  orfihnc 150-300' (5O/mi n)  .at- 
pov a6pt.o t j h ~ o  (20ml/min). 0 ~ p u o ~ p a o C a  ~Opou  E ~ X B U E ~ C  6 ~ i y 1 . ~ a t o c  250'. A- 

V L X V E U T ~ ~ ~  MS (Var ian  MAT 311A). EvkpyELa 6topnc n A ~ ~ r p o v C w v  70eV. 

E u x a p ~ o r o 1 5 ~ ~  Bep1.16 r o v  K .  r .  flauAi6n (AbKsopa r o u  Epyaornpiou Iuornpa- 
T L K ~ ~ S  B O T ~ V L K ~ ~ C  KaL Ousoy~wypaviac, r o u  Tvtjvaroc B~ohoy iac ,  rnc  Ixohfic @E- 
TLKOV En~ornpOv rou A.fl.0.) yLa r n  ouhhoyfi KaL rauronoinon r o u  Q U T L K O ~  U- 
ALKOU.  Enionc, EUX~PL~TOI~I~. IE 0 ~ p p d  TOV Prof .  Dr. H. Teppner ( I n s t i t u t  f u r  
Systematische Botani  k der Uni ve rs i  t a t  Graz, Aus t r i a )  yLa r n  X P ~ I . J O U ~ I . J L K ~ ~  
EEbraon sou Q U T L K O ~ ~  U A L K O ~ .  

I r n v  epyaoia aurtj ~ ~ A e r d r a L  so K h d ~ ~ a  swv ~ U P P O A L < L ~ L V L K O V  ahKah0EL- 
66v, r o  onoCo AauPClvera~ an6 TLC pit& TOU cpur015 Onosma heterophyZZa,tnC 
O L K O ~ ~ V E L ~ C  Boraginaceae. ME ouv6uaopkvq GC-MS avdhuon ~ L E U K ~ L V ~ C ~ @ ~ K ~ V  O L  
6 0 ~ b c  6150 ~ U P ~ O ~ L < L ~ L V L K ~ V  ~ A K ~ A O E L ~ L I V ,  rnC n h ~ o r p ~ 6 i v n c  KaL rnc  l - i . IE8~- 
h ~ v o - n u p p o h ~ < ~ 6 C v n ~ .  

SUMMARY 

PYRROLIZIDINE ALKALOIDS OF THE PLANT ONOSMA HETEROPHYLLA 

ANTONIOS S. MELLI DIS and VASSILIOS P. PAPAGEORGIOU 

Laboratory of Organic Chemistry, Department o f  Chemica l Endneerfng, 
CoZZege of Engineering, University o f  Thessaloniki, ThessaZonfki 54006, 
Greece. 

The a l k a l o i d  f rac t i on ,  i s o l a t e d  from the roo ts  of the  p l a n t  Onosma 
heterophyZZa ( f am i l y  ~ o r a ~ i n a c e a e )  , i s  s tud ied  i n  t h i s  paper. The s t r u c -  
tu res  o f  two p y r r o l i z i d i n e  a l k a l o i s  (he1 i t r C d i n e  and l -me thy lenepy r ro l i z i -  
d ine) were i d e n t i f i e d  by GC/MS . 
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THE c d 2 +  AND z n 2 +  DISCHARGE AT THE DROPPING MERCURY ELECTRODE 
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vers i ty  of  Z'hessaZoniki, 54006 ThessaZoniki, Greece. 

(Recei ved November 24,1986) 

SUMMARY 

The i n h i b i t o r y  a c t i o n  o f  benzyl-triphenyl-phosphonium c a t i o n s  on t h e  
r e d u c t i o n  o f  cd2+ and zn2+ a t  t h e  d r o p p i n s  mercury e l e c t r o d e  i s  s t u d i e d  
b y  means o f  p o l a r o g r a p h i c  i - E and i - t measurements. T h i s  s t u d y i s c a r -  
r i e d  o u t  a t  l i m i t i n g  c u r r e n t  p o t e n t i a l s ,  where t h e  e f f e c t  o f  t h e  v a r i a -  
t i o n  o f  t h e  p o t e n t i a l  on t h e  k i n e t i c s  o f  t h e  cdr f  and Zn2+ d i s c h a r g e  
i s  n e g l i g i b l e .  Formal and s t a n d a r d  r a t e  c o n s t a n t s  a r e  de te rmined  i n  t h e  
presence o f  benzy l  -tri phenyl  -phosphoni um c a t i o n s  and i t  i s  found t h a t  a  
l o g a r i t h m i c  r e l a t i o n  e x i s t s  between t h e  r a t e  c o n s t a n t  and t h e  degree o f  
t h e  s u r f a c e  coverage. T h i s  means t h a t  t h e  s t r o n g  i n h i b i t o r y  a c t i o n  o f  ben- 
zyl-triphenyl-phosphonium c a t i o n s  canno t  be a t t r i b u t e d  t o  a  s i m p l e  b l o c k -  
i ng e f f e c t .  I t  i s  concluded t h a t  i n t e r a c t i o n s ,  m a i n l y  e l e c t r o s t a t i c ,  be- 
tween s u r f a c t a n t  c a t i o n s  and t h e  a c t i v a t e d  complex p a r t i c l e s  predominant-  
l y  d e f i n e  t h e  mechanism o f  t h e  i n h i b i t o r y  a c t i o n .  

Key words: I n h i b i t i o n ,  phosphoni um cations,cadmium and z i n c  d ischarge .  

INTRODUCTION 

The q u a n t i t a t i v e  s t u d y  o f  t h e  i n h i b i t i o n  o f  s i m p l e  e l e c t r o d e  r e a c t i -  

ons i n  t h e  presence o f  v a r i o u s  s u r f a c e  a c t i v e i o n i c  and n o n - i o n i c  substan-  

ces i s  a  s u b j e c t  which a t t r a c t s  t h e  a t t e n t i o n  o f  many i n v e s t i g a t o r s  from 

t h e  e a r l y  50's up t o  n o w l y 2 .  I n  these  frames, research  i s  m a i n l y  focused  

on t h e  e l u c i d a t i o n  o f  t h e  mechanism o f  t h e  e l e c t r o d e  r e a c t i o n  i t s e l f  as 

well as on t h e  mechanism o f  i n h i b i t o r y  a c t i o n  f r o m  t h e  exper imenta l  and 

a l s o  t h e  t h e o r e t i c a l  p o i n t  o f  v iew.  

A l a r g e  number o f  non- ion i  c  i n h i  b i  has been examined systema- 

t i c a l l y .  On t h e  o t h e r  hand, t h e  s t u d y  o f  i o n i c  s u r f a c t a n t s ,  e s p e c i a l l y  o f  

t h e  p o s i t i v e l y  charged ones, i s  much l e s s  e x t e n s i v e  a l t h o u q h  i t  i s  known 



t h a t  the  f i lm formation of these substances6-8 presents  i n t e r e s t i n g  cha- 

r a c t e r i s t i c s  which a re  usually r e f l ec ted  t o  t h e i r  i nh ib i to ry  ac t ion .  

The study of the  inh ib i t ion  behaviour of quarternary phosphonium ca- 

t i o n s ,  the  f i lm  formation of which i s  accompanied by r eo r i en ta t ion  and 

c r y s t a l l i z a t i o n  e f f e c t s ,  was i n i t i a t e d  by Ddrfler  e t  a18. Later ,  i n  a 

work from our laboratory9 we s tudied the  adsorption of benzyl-tr iphenyl-  

phosphoni um ca t ions  , ( B Z P ~ ~ P ) ' ,  a t  t he  dropping mercury e l ec t rode ,  ( D M E )  , 
and t o  q u a l i t a t i v e  level  we examined the  inh ib i to ry  ac t ion of t h i s  sub- 

s tance  on the  reduction of  a s e r i e s  of organic compounds. However,these 

works do not c o n s t i t u t e  a systematic study of the  inh ib i t ion  behaviour 

of phosphonium ca t ions ,  thus not allowing a sound determination of t h e i r  

i nh ib i t ion  mechanism. In the  present  work we attempt such a q u a n t i t a t i v e  

study f o r  the influence of the  adsorption of ( B Z P ~ ~ P ) '  ca t ions  on the  k i -  

ne t i c s  of Cd2+ and Zn2+ reduction a t  the  D M E .  This i s  achieved by deter -  

mining the  dependence of the  formal r a t e  constants  on the  e lec t rode po- 
t e n t i a l ,  the  degree of the  surface  coverage and the  bulk concentration 

of (Bzph3p)+ ca t ions .  

In the  course of t h i s  s tudy, the  formal standard po ten t i a l s  of the  e -  

l ec t rode  r eac t ions  a re  determined, the  standard r a t e  constants and the  

charge t r a n s f e r  coe f f i c i en t s  a s  well a s  the  r a t e  constant  of the  react ion 

on the  uncovered pa r t  of the  e lec t rode a re  est imated and f i n a l l y  the  pro- 

per equation which corresponds t o  the  i n h i b i t i o n  mechanism i s  se l ec ted .  

A t  a  preliminary level  , a s e r i e s  of  adsorption c h a r a c t e r i s t i c s ,  such as  

the  coverage vs.  potent ia l  dependence, the  maximum surface  concentration 

and the  area per  adsorbed ( B Z P ~ ~ P ) '  c a t i o n ,  a r e  a l s o  determined. 

EXPERIMENTAL 

The k i n e t i c  parameters of cd2' and zn2+ discharge were determined by 

d.c.polarography measurements of the  polarographic cu r ren t  aga ins t  poten- 

t i a l  and time a t  t he  DME. Adsorption c h a r a c t e r i s t i c s  of the  ( B Z P ~ ~ P ) '  ca- 

t i ons  were determined by tensametric measurements. For these  measurements 

Radiometer " P o l a r i t e r  PO-4" and Metrohm"Po1arecord E-506" systems were 

used i n  connection to  a Houston Inst."Omnigraphic 2000" X-Y recorder .  

The so lu t ions  were deaereted by a stream of pu r i f i ed  nitrogen and 

they were kept a t  constant  25 + 0.05OC tempetature. The c h a r a c t e r i s t i c s  

of the  DME were 2.121 mg-S-' (flow r a t e )  and a drop time of 5 S a t  a r e -  

s e r v o i r  height of 40 cm. The water and mercury were used a f t e r  double 



d i s t i l l a t i o n .  KNO, (Merck,puriss p.a .)  , C d ( ~ 0 ~ ) ~  (Merck,puriss p.a .) and 

Zn(N03)2 (Merck,puriss p .a . )  were used without f u r t h e r  puri f ica t ion,whi le  

BzPh3PC1 (Aldrich, 99%) was once r ec rys ta l l  i  zed from water-methanol mix- 

tu res  and afterwards dr ied  a t  150•‹C. 

All po ten t i a l s  were measured aga ins t  a  l a rge  area calomel e l ec t rode  

sa tu ra t ed  with KC1. 

RESULTS A N D  DISCUSSION 

A d s o r p t i o n  c h a r a c t e r i s t i c s  o.f ( B Z P ~ ~ P ) '  c a t i o n s  

The e l ec t rode  coverage aga ins t  potent ia l  curves of  0 .2  M KN03in the  

presence of BzPh,PCl add i t ions ,  obtained from tensametric measurements, 

a r e  provided i n  f igu re  1. 

FIG.l: Dependence o f  s u r f a c e  c o v e r a g e  o f  t h e  DME a g a i n s t  t h e  e l e c t r o d e  
p o t e n t i a l  f o r  t h e  f o l l o w i n g  BzPh3PCl a d d i t i o n s  i n  mM: 110.08, 210.09, 3 )  
0 .10,  410.125,  510.15, 610.20 i n  0 . 2  M K N 0 3  aqueous  s o l u t i o n s .  

For a  concentration of  BzPh3PC1 equal t o  2 ~ 1 0 - ~  M ,  l  imi t i n g  covera- 

ge i s  obtained and f o r  t h i s  reason higher concentrations a r e  not incor-  

porated i n  f igu re  1. From t h i s  f i g u r e ,  the  potent ia l  of maximum adsorp- 

t i on  of ( B Z P ~ , P ) +  ca t ions  i n  aqueous so lu t ions  i s  found a t  Emax = -1.10 

V/SCE. The smooth shape of the  8 vs .  E curves i s  an evidence f o r  the  ab- 

sence of any rearrangements, v i z .  condensation o r  r eo r i en ta t ion , in  the  

adsorption l aye r  of ( ~ z ~ h ~ ~ ) + c a t i o n s .  The adsorption equil ibrium of the- 
se  ca t ions  i s  control led  by di f fus ion as i t  i s  evidenced by the  l i n e a r  

dependence of the  time required f o r  the  at tainment of sa tu ra t ion  cover- 

age,  ts , on the  inverse square of  the  bulk concentra t ion,  l / c 2 ,  of 

BzPh3PCI, shown i n  f igu re  2 .  This ' i s  i n  agreement to  the  equation of Ko- 

ry  t a  10 
rs ts = 1.82x1O6- D c2 (1)  



FIG.2: Dependence of the time required for saturation coverage on the  i n -  
verse square of BzPh3PCl concentration, for cd2+ ( a )  and Zn2+ (bj reduction. 
Electrode potent ials  i n  V/SCE provided on the f igure.  Base solution:aque- 
ous 0 .2  M KN03. 

From equation ( l ) ,  the  important adsorption parameters,rs and  SOrg., 

the  saturation surface concentration and the area occupied by each adsor- 

bed (Bzph3P)+ particle ,can be obtained. For t h i s  calculat ion,  the  value 

o f  d i f f u s i o n  c o e f f i  cient,D, o f  ( B Z P ~ , P ) +  equal t o  5 ~ 1 0 - ~  cm2.s-l ,derived 

polarographica.lly, i s  used. The value o f  rs thus obtained i s  equal t o  

(2.56?0.02)~10-'  m01 .cmm2 leading - by means o f  the  re lat ion SOrg. = 

~ O ~ ~ I V - ' ~ ~ - ' ,  where N i s  the  Avogadro number - t o  sOrg.= 0.64?0.01 nm2 

per adsorbed (Bzph3P)+ particle a t  saturation. 

InfZuence of ( B Z P ~ ~ P ~ '  adsorption on the  k ine t i c s  of  Cd2+ and Zn2+ d i s -  

charge 

The electrochemical rate  constants o f  cd2+ and zn2+ discharge i n  the  

presence o f  adsorbed (Bzph3P)+ were obtained from d.c.polarographic cur- 

rent-v01 tage and  current-time measurements provided i n  f igures 3 and 4 .  

Polarographic i - t curves o f  c d 2 +  and zn2+ i n  the  presence o f  BzPh3PC1 

addition were recorded over a wide range o f  potent ials ,  fron -0.80 t o  

-1.50 V / S C E ,  corresponding t o  the  l imi t ing  d i f f u s i o n  current o f  the  re- 

spective uninhibited reactions: 

and only some o f  them are provided i n  figure 4 .  
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F I G .  3: Polarographic c u r v e s  o f  c d 2 f  ( a )  and 2n2+ ( h )  r e d u c t i o n  i n  t h e  pre- 
sence o f  t h e  fo l lowing  BzPh3PCl c o n c e n t r a t i o n s  i n  mM: 11 0.00, 21 0.065, 31 
0.08, 410.09, 510.10, 6)0.125,  710. 15, 810.20, 9j0.30.  Base s o l u t i o n :  a- 
queous 0 .2  M K N O j .  

ZOO 

F I G .  4 : Polarographic c u r r e n t - t i m e  curves  f o r  t h e  cd2+(a1 and z n 2 f  ( h )  r e -  
d u c t i o n  a t  a s tandard e l e c t r o d e  p o t e n t i a l  E = -1.2 V/SCE, i n  t h e  presence 
of t h e  foZZming BzPh3PCl a d d i t i o n s  i n  mM:11,0.00, 210.065, 310.08, 4)O. 09, 
510.10, 6)0.125, 710.15, 810.20, 910.30. Base soZution:aqueous 0.2 M Km3. 



For the ca lcu la t ion  of the  electrochemical r a t e  constants the  method 

of ~ou teck j ' '  was used. For t h i s  purpose, the  following equations were 

used: 

and 

In equations (4 )  and ( 5 ) ,  it and id a r e  the  instantaneous a t  time t 
11 and d i f fus ion  l imi t ing  cu r ren t s ,  @ ( X )  i s  a tabula ted  function of X , DO 

and D;; a r e  the  d i f fus ion  coe f f i c i en t s  of the oxidized and reduced form of  

the  depo la r i ze r ,  n i s  the  number of  e l ec t rons  involved i n  the  e l ec -  

trode r eac t ion ,  P i s  t he  standard e lec t rode potent ia l  of  the  react ions  

(2) and ( 3 ) .  
f 

In equation (5 ) ,k  i s  the  formal r a t e  constant  of the  react ion which f 
i s  expressed by 

where k, and a a r e  the  standard r a t e  constant  and the  charge t r a n s f e r  co- 

e f f i c i e n t  respect ively .  

The standard po ten t i a l s  of the  e lec t rode react ions  (2)  and (3) were 

determined by a method suggested by Tamamushi and ~anaka' '  and they were 

found equal to :  P (cd2+)  = - 0.603 V/SCE and P (Zn2+) = - 1.032 V/SCE. 
f f 

Equations (4)  and (5 )  a r e  much s impl i f ied  by the  assumption,which i s  

f requent ly  encountered i n  l i t e r a t u r e ,  t h a t  D~ = DR. The values of the  

d i f fus ion coe f f i c i en t s  of Cd2+ and Zn2+ were found polarographi cal l y  e-  

qual t o  6 . 8 7 ~ 1 0 - ~  and 6 . 3 2 ~ 1 0 - ~  cm2-S-' respect ively .  Using these  values 

and i - t da ta ,  we ca lcu la t ed  the  dependence of log kf aga ins t  log c by 

means of equations (4)  and (5 )  f o r  the  various -systems used, some of  

which a r e  provided i n  f i g u r e  5 ,  a t  0 values g rea te r  than 0.7. 

The slopes of  f i g u r e  5 reveal a s t rong concentration dependence of  

the  r a t e  constants .  Accordinq t o  Lipkowski and ~ a l u s l  t h i s  i s  typica l  

of deposit ion type e l ec t rode  react ions  which i s  the  case of react ions  (2 )  

and ( 3 ) .  The s lopes  of log kf - l o g c  p l o t s  combined with the  equation1: 

log kf = - (r*/ri  ) log c + const  ( 7 )  
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log c - 
FIG.5: Dependence o f  t h e  Zogarithm o f  t h e  fomaZ r a t e  c o n s t a n t  o f  t h e  r e -  
d u c t i o n  OF c d 2 + f a )  and 2n2+(b)  o n  t h e  logar i thm o f  BzPh3PCZ c o n c e n t r a t i o n  
a t  E = -1.2 V/SCE. Base s o l u t i o n :  aqueous 0 . 2  M KN03. 

where r9 and r i  are the number of solvent molecules replaced on the elec- 

trode surface for  the adsorption of a part icle  of the activated ' complex 

and the surfactant respectively, are used to obtain information about the 

s ize  ra t io  r*/ri. These calculations have shown that  the slopes of the 

log k f  - log c plots are generally equal to 1.50+0.02, a value typical 

for  deposition reactions ( > 1.00). which i s  in reasonable agreement with 

FIG.6: Dependence o f  Zog k o n  (E - p )  o f  t h e  r e d u c t i o n  o f  cd2+ f a )  and 
z n 2 + f b )  i n  t h e  fo t towing  dPh3PCt add&ions i n  mM: 1 ) U .  08, 210.09, 3)0.10,  
410.125, 5)0.25,  610.20, 710.30. Base so lu t ion:aqueous  0 . 2  M m 0 3 .  



13 l i t e r a t u r e  data . 
From the  p lo t s  of  f igu re  5 we derived the  p l o t  of  log k, agains t  

J 
(E - E?) a t  various BzPh3PC1 concentra t ions ,  some of  which a r e  shown i n  f 
f igu re  6.  The f a i r  l i n e a r i t y  of  these  p l o t s ,  combined w i t h  equation ( 6 ) ,  

enables the ,determinat ion of the  standard r a t e  constant,k, and the  t r ans -  

f e r  c o e f f i c i e n t , a ,  of  react ions  (2) and (3) in  the  presence of  adsorbed 
-(Bzph3P)+ cat ions .  The values obtained a r e  l i s t e d  i n  the  following t ab le .  

TABLE I .  Standard r a t e  constants and charge t r a n s f e r  coefficients of re-  
ac t ions  (2)  and (3) i n  the  presence of  adsorbed ( B Z P ~ ~ P ) '  ca t ions .  

The values of ks and a, l i s t e d  in  t a b l e  I ,  genera l ly  correspond t o  

surface  coverage 0.7<0<1. I t  i s  seen t h a t  a t  high ( B z ~ h , ~ ) + c o v e r a g e s  the- 

s e  values a re  very low. These low values correspond t o  c e r t a i n  areas  of 

the  polarographic cu r ren t s  which a re  almost independent of  potent ia l  .This 

i s  c l a s s i f i e d  i n  the  l  i  t e r a t u r e 2  as the  Loskharev effect .  

BzPh3PC1 
concentration 

(MM) 

The weak concentration dependence of the  t r a n s f e r  c o e f f i c i e n t  o f f e r s  

a s a f e  evidence14 t h a t  the  inh ib i t ion  mechanism does not change within 

the  range of  coverage val ues from 0.70 t o  1.00. 

The most important p a r t  of a work dealing with the  e f f e c t  of  surface  

ac t ive  substances on electrochemical k ine t i c s  i s  the  determination:a) of 

the  mechanism of  the  e lec t rode react ion and b) of the  inh ib i t ion  mecanism. 

For the  former, the  works of Lipkowski and coworkers15 have evident ly  

shown t h a t  react ion (2 )  i s  of  a two s t e p  mechanism with Cdf a s  interme- 

d i a t e  product. The same can be a l so  presumed f o r  react ion ( 3 ) .  The l a t -  

t e r  i s  a problem s i m i l a r  t o  the  se l ec t ion  of the  appropr ia te  adsorption 

isotherm. 

Cd2+ + 2e - Cd(Hg) 
. 

k; 105(cm-S- ')  a 

zn2' + 2e - Zn(Hg) 

k,.105(cm.s-1) a 
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The determinat ion  o f  t h e  i n h i b i t i o n  mechanism i s  achieved by t he  se- 

l e c t i o n  o f  the  proper desc r i b i ng  t he  dependence o f  t he  r a t e  

constant ,  kf,e, on e lec t rode  coverage 0 which, f o r  t he  case o f  (BzPh3P)+ 

ca t ions ,  i s  a non- l inear  one. This i s  a sa fe  evidence t h a t  b l ock ing  e f f e c t  

p lays  o n l y  a secondary r o l e  i n  t he  i n h i b i t i o n  mechanism. The non - l i nea r  

dependence o f  k  on coverage shows t h a t  t he  adsorp t ion  o f  (BzPh3P)+ca- 
f J  0 

t i o n s  a f f e c t s  the  a c t i v a t i o n  energy o f  t he  e lec t rode  r e a c t i o n  and t h e  i n -  

h i b i t i o n  mechanism i s  governed by t he  i n t e r a c t i o n s  between the  a c t i v a t e d  

complex and the  s u r f a c t a n t  p a r t i c l e s .  

For t he  case o f  cd2+ and Zn2+ discharge, kf, 0 
was found t o  be r e l a t e d  

t o  e lec t rode  coverage by t he  expression:  

The l i n e a r i t y  o f  t he  p l o t s  o f  f i g u r e  7: 

I 
050 1.DD 850 110 

logn-a1  - log 11-81 - 
FIG.7: Dependence o f  the  logarithm o f  the formal r a t e  constant o f  the  re-  
duction of ~ d ~ + f a l  and zn2+(b) on the  logarithm o f  I1 - 8) i n  the  pres- 
ence o f  BzPh3PCZ a t  the following potent ials  i n  V/SCE:l)-0.80, 2)-1.00, 
31-1.20, 4)-1..30, S)-7.41). Base solution:aqueous 0.2 M kWO3. 

enables t he  c a l c u l a t i o n  o f  the  k and b ,  t he  formal r a t e  cons tan t  on t he  
f 3  0 

free sur face  and the  i n t e r a c t i o n  parameter respec t i ve l y .  The values o f  the-  

se two parameters a r e  l i s t e d  i n  t a b l e  11. 

Attempts t o  ass ign  a phys i ca l  meaning t o  parameter b were made by 

sathyanarayana3 and L i  pkowski l 'l3. However, t he  values of b determined 

by us, do n o t  agree w i t h  these views. 

The s lope b of l o g k  - l o g  ( 1  - 8) p l o t s  cannot be c o r r e l a t e d  t o  
f ,  8 

t he  s i z e  r a t i o  determined by equat ion  (7 )  o r ,  i n  o t h e r  words, t he  equal- 

i t y  r* = b i s  n o t  confirmed. However, t he  p o s i t i v e  values o f  b ,  accord- 

i n g  t o  Sathyanarayana, can by considered as represent ing  r e p u l s i v e  i n t e r -  
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TABLE 11. Formal r a t e  constants a t  the  f r e e  surface and interact ion para- 
meter i n  the presence of adsorbed ( ~ z P h , p ) +  cat ions  

I I 

actions between the  depolarizer and the inh ib i to r ,  especia l ly  when b-va- 

lues  a r e  greater  then unity. In any way, the extent  of the inhibi tory ac- 

t ion of  (BzPh3p)+ cat ions  must mainly a t t r ibu ted  t o  such a repulsive in-  

teract ion which decelera tes  the  approach of depol a r i  zer p a r t i c l e s  t o  the  

reaction plane. Only such strong interact ions  of  e l e c t r o s t a t i c  character 

can j u s t i f y  the small values of k and k obtained in  the  present 
fY0 

work. 

Of course, a c rys ta l l  i za t ion  overvol tage must a l so  have some contr i -  

bution due t o  the removal of the reaction plane from the e lect rode surfa-  

ce when 8 + 1, which f u r t h e r  enhances the  inhibi tory act ion of ( B Z P ~ , P ) +  

cat ions .  
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EHMO calculations have been used in the analysis of the bonding in the 
four-coordinate [C~(en)~]2+ and [Cu(bipyam),]2+ complexes and in a serles of 
complexes ranging from [C~(en)~]z+ (Dzh) to [Cu(en)#+ (D2d). The absence of a 
[C~(en)~]2+ complex exhibiting an elongated-tetrahedral configuration is well 
understood in terms of both the calculated sum of one-electron energy diagram 
and the net charges of Cu and N atoms of the series of complexes. Moreover, 
the tendency of the square-planar [Cu(en),]2+ complex to increase its coordina- 
tion capacity by adding two more ligands in the axial positions and sub- 
quently producing a tetragonally distorted octahedral one is discussed. The 
broad and intense absorption band envelopes in the visible region of both 
[C~(en)~]z+ and [C~(bipyam)~]Z- complexes should be attributed to MLCT tran- 
sitions. Furthermore, no out-of-plane rr-interaction between Cu and llgand n 
orbitals occur in the ground states of these two complexes. F~nally, the agree 
ment between their calculated and experimental g,, and A,, values IS remarkably 
good. 

Key words: Copper(l1) polyamine complexes, EHMO calculations, electronic 
structure, electronic spectral data, EPR parameters; stereochemical study. 

In the last years the number of attempts to interpret by quantum chemical 
calculations all the properties depending on the electronic structure of the corn 

plexes has steadily increased.'-5 In this connection the treatment of the cova- 
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lence properties of mononuclear Cu(l1) complexes by EPR studfes,6-g according 
to the criteria established by Maki and McGarvey was of interest.10 Recently, 
our attention has focused on fully understanding the electronic properties of a 
series of new copper(l1) polyamine complexeslll12 exhibiting five- and six-co- 
ordinate geometries in the framework of the structural pathway established for 
them.13 In order to expand the knowledge in this area, as well as to investigate 
the cause of the non existence of [C~(en)~]2+ complex, exhibiting an elongated- 

tetrahedral configuration, EHMO calculations were performed on both [Cu- 
(en)2]2+ and [C~(bipyam)~](CIO& complexes (en = ethylenediamine, bipyam = 

2,2'-bi pyridylamine), and in a series of complexes ranging from [Cu (en)2]2+ 
(D2h) to [Cu(en).$+ (D2d). The two [Cu(en)d2+ and [Cu(bipyam)J2+ complexes of 

known structure were selected because they are representative examples in 
the CuN4 structural pathway; still their electronic and EPR spectra have not 

been interpreted thoroughly, so far. Consequently, the results of our attempts 
for a better understanding of the electronic and EPR spectral data available for 
these two compounds are presented in this paper. We also provide further evi- 
dencel4 of the tetrahedral distortion of a square-coplanar CuN4 chromophore ill 
[Cu(enf2]2+ and [Cu(bipyam)d2+, despite their cystallographic descriptions.15 

EXPERIMENTAL 

Computational Details 

Calculations were carried out in the framework of the extended Hiickel 
LCAO-MO method,lG-18 with off-diagonal matrix elements given by the expres- 
sion of Wolfsberg-Helmholz.19 For the reasons described previously,l2 option €l 

of the FORTICON-8 program was used.20 To have reasonable diagonal matrix 
elements that allow for a good fit between experimental and theoretical ligand 
field transitions of the compounds, the appropriate Hdd for copper and K values 
were determined12 following a series of calculations (Hdd = -12.64 eV and K * 
1.75 for all complexes). The values of all other diagonal matrix elements Hii, far 

carbon, nitrogen, and hydrogen, along with their orbital exponents, were those 
given in the literat~re.12~16-18$20 The basis set of valence AO's for Cu consisted 
of 3d, 4s and 4p, with the last two being single Slater-type orbitals, whereas ttle 
3d functions were considered as contracted linear combinations of two Slater- 
type functions. The exponents of the two d AO's were taken as 5.95 and 2.30 



with corresponding relative weights of 8.5933 and 0.5744. f he  4s and 4p ex- 

ponents for Cu were taken as 2.05 and 1.325, respectively. 

FIG. 1. Structures of the complexes used for the calculations along with the 
coordinate systems. 

The X-ray crystal data for the compounds studied were taken from the liter- 

at~re.15~21 However, all the fractional atomic coordinatesls of the [Cu(bipy- 
am)2]2+ were checked by using the BONDLA crystallographic program of the 

XRAY-76 system,22 and the coordinates of the N(3), C(5), C(9) and H(N(2)) 
atoms were redetermined by using the BONDAT program of the aforesaid sys- 
tem. A schematic representation of the two complexes, along with the coordi- 
nate system used are given in Fig. 1. Complexes [C~(en)~]2+ and [Cu(bipy- 

am)2] (C!04), possess square-planar (D2h) and tetrahedrally distorted square- 
planar (approximately C2,,) stereochemistries, respectively. The CS,, symmetry 

is preferred for the latter compound as it better reflects the molecular symme- 
ty.14 Finally, the two en moieties of the former compound were rotated in oppo- 

site directions, around the x-axis, to get an elongated tetragonal distortion of a 
tetrahedral configuration (DPdj around the Cu(1l) ion. 

RESULTS AND DISCUSSION 

Electronic Structure of Complexes 

The calculated ground-state one-electron energies, charge distributions, 

and partial wave analyses for the valence molecular orbitals associated with 
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both the central atom and ligand valence AO's of the complexes under investi- 
gation are summarized in Tables I and 11. 

TABLE I. Valence molecular orbitals of the square-planar (D2,,) [C~(en)~]*+ 
complex. 

Energy Charge distributionb (%) Basis functionsc 
Levela (eV) 

Cu 4N 4C 8H(N) 8H(C) Cu N4 

a The highest occupied level is 5blg. b~ercentage of the MO's total population located on the 
indicated atoms. CThe basis functions appear in decreasing order. 

The occupied valence molecular orbitals of the compounds have energies in 
the range -33.34 to -9.94 eV. Moreover, there is an efficient mixing of metal and 
ligand orbitals for all complexes studied. However, in each case the SOMO 
(single occupied molecular orbital) corresponded to the expected ground state 
according to the symmetry of the complex. The electronic ground state of the 
square-planar (D2,,) [C~(en)~]*+ complex is ...( 3b2g)2(2b3g)2(7ag)2(8ag)2(5b1g)1 = 
2Blg. The in-plane o bonding of the complex results mainly from the bonding 
4blg and the antibonding 5blg MO's having 35% and 55% metal dxY character, 
respectively. Furthermore, the LUMO (2blU) is mainly localized on the 4pz A 0  of 

the copper atom. The form of the LUMO accounts well for the great tendency of 
the complex to add two more ligands in the axial positions affording the more 



COPPER(1I) POLYAMINE COMPLEXES 89 

stable tetragonally distorted octahedral complexes.!2 Finally, the corresponding 
filled d orbitals 8ag (d,2), 7ag (dxn-,;l), 2b3g (dyz), and 3b2g Idxz) have almost 

pure metal d character with less than 3Ol0 ligand character. Most of these pre- 

dominantly metal d orbitals contain linear combinations of d functions allowed 

by symmetry. 

TABLE II. Valence molecular orbitals of the tetrahedraily distorted square-pla- 
nar (C2") [C~(bipyam)~]2+ complex. 

Level a 

29b2 
26b; 
45a, 
44a ; 
1 7b2 
34a, 
33a, 
1 3bl 
1 6b2 
32a1 
6a2 
1 2b1 
30a, 
2a1 
1 b2 
1 bl 

Energy 
W) 

40.539 
21.760 

2.641 
1.836 

-9.282 
-9.945 

-1 0.706 
-1 1.421 
-1 1.672 
-1 1.861 
-1 1 .g08 
-1 2.839 
-13.146 
-3 1.854 
-33.1 40 
-33.340 

Charge distributionb (%) Basis functionsc 

Cu 4N 2N' 20C 18H Cu N4 

a The highest occupied level is 34al. Percentage of the MO's total population located on the 
indicated atoms. CThe basis functions appear in decreasing order. 

In contrast to the previous compound, only three antibonding predominantly 

metal d orbitals with almost pure d character existed in the tetrahedrally disr 
torted square-planar (C2") [C~(bipyam)~]2+ complex, whose electronic ground 

state is ...( 6a2)*(32a1)2(16bz)2(13b1)2(33a1)*(34al)1 = 2A1. Therefore, two of the 

metal d AO's (Jx2-y2> and I=>) were highly mixed with the ligand o LGO's to 

form the MO's that describe the o bonding in the complex. The major contribu- 



90 EZ. BAKALBASSIS, G.A. KATSOUL05 

tion to the o bonding arises from the following five MO's whlch are atso MO- 
calized over the entire molecule, namely the 30al, 33al, and 34al MO's with 
13%, 22O/0 and 45% metal d,2.y2 character, respectively, and the 12b1, and 
13bl MO's with 20% and 62% metal d,, character, respectively. The three pre- 
dominantly metal d orbitals that are almost pure d orbitals were the 6a2, 32a1, 
and 16b2 MO's with 92%, 95% and 84% metal d character, respectively. The 
LUMQ (17b2) is totally delocalized on the b2 LGO's of the ligands and conse- 

quently, this complex should not exhibrt the same tendency to increase its co- 
ordination number as the square-planar one. Finally, the presence of a rela- 
tively small HOMO-LUMO gap in the complex encourages a tetrahedral distor- 
tion5'experimentally observed in its crystal structure.1s 

TABLE Ill. Two-center energy terms and overlap population for the coordination 
bonds along with the net charges of the bonded atoms for the four-coordinated 
Cu(ll) complexes. 

Net charge 
Compound Point Cu-X Energy Overlap 

group (eV) population Q(Cu) Q(X) 

From the preceding molecular orbital analysis of the chemical bonding in the 
four-coordinate complexes under study, it is obvious that there is difference it9 

the number of the metal d AO's involved in the a bonding. This could provide a 
sound explanation for the variation of their electronic properties. Moreover, no 
out-of-plane rr bonding is present in both complexes. Finally, another interest 
ing feature to emerge from this analysis is that the metal 4s and 4p AO's have 
an appreciable participation in the virtual (unoccupied) MO's of lower energies 

Table Ill gives the two-center energy terms and the Mulliken overlap populs 
tion for the coordination bonds together with the Mulliken net charges on the 
bonded atoms of the complexes under investigation. From the examination Of 
these results the following conclusions concerning the nature and strength Of 
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the coordination bonds can Be drawn. For ghe m ,p amptex Bath tke 
positive energy component and the very small overlap population of the CU-N 
bonds strongly suggest for the antibonding character and the high ionicity of the 
coordination bonds. Moreover, the high positive net charge on the copper atom 
of the [Cu(en),]2+ complex in relation to the corresponding one of the [Cu(bipy- 
am)-#+ complex is also indicative for a higher ionicity of the Cu-N bonds of the 

former compound. All these account well for the relative instability of the [Cu- 
(en),]2+ complex and its tendency to increase its coordination number. The o p  
posite is true for the [Cu(bipyam),l2+ complex. In this case, all data account for 

the bonding character of the Cu-N bonds. 

Interpretation of the Electronic Spectra 

Assignments (Tables IV and V) were made by associating the observed 
bands with the transitions they most nearly match in energy. 

TABLE IV. Electronic absorptions and assignments for the [Cu(en)d2+ complex. 

v (W 
Electronic transition General classification 

0 bsv. Calcd. 

For the square-planar [Cu(en),]2+ complex the broad absorption band en- 

velope in the visible region covers the four spin-allowed but symmetry-forbid- 
den d-d transitions along with the two symmetry-allowed X- and y-polarized 
5b2,, 6b3, -, 5blg LMCT transitions. The band maximum occurs at the region 

where the two LMCT transitions are predicted to occur. The presence of the 
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TABLE V. Electronic absorptions and assignments for the [C~(bipyam)~]2+ 

complex. 

v (W 
Electronic &ansition General classification 

Obsv. Calcd. 

LMCT transitions under the crystal field band envelope explains the relatively 
high intensity of the forbidden d-d transitions through an intensity-borrowing 



mechanism.23 Therefore, the previous stssigrrment of the band m a x i m  to a U- 

d transition only seems to be in~orrect.24~25 
For the tetrahedrally distorted square-planar [Cu(bipyam),]*+ complex the 

following points can be deduced on the basis of EHMO calculations. The ab- 

sorption band envelope at ca. 18.4 kK of the visible region covers eight sym- 
metry allowed X-, y-, and z-polarized MLCT and LMCT transitions. No d-d tram 

sitions are involved in this region of the spectrum. Therefore, the very intense 
band at ca. 18.4 kK, observed in the polarized single-crystal electronic spectra, 

involves only CT transitions. In our opinion, this is an unambiguous confirma- 

tion for the real nature of this band, firstly suggested by Hathaway et a1.14 

Moreover, all d-d transitions are involved in the lower-energy region of the visi- 

ble spectrum. As a matter of fact the broad absorption band envelope in the 
visible region also covers the four d-d transitions along with the four symmetry- 
allowed X-, y-, and z-polarized 34al -+ 14b1, 34al - 36al, 33a1 - 35al, and 

33a, -+ 17b2 MLCT transitions. The presence of the MLCT transitions under the 

crystal field band envelope accounts well for the relatively high intensity of the 

forbidden d-d transitions through an intensity-borrowing mechanism. 
For the [C~(en)~]2+ complex the ultraviolet region of the spectrum is domi- 

nated by four symmetry-allowed LMCT transitions. No pure intraligand o + o" 

transitions have been observed in this region of the spectrum. All these transi- 

tions are covered under a single band, with a maximum at 41.49 kK.24 On the 
contrary the ultraviolet region of the spectrum of the [C~(bipyam)~]2+ complex is 

dominated by a number of symmetry-allowed LMCT and MLCT transitions 
along with pure intraligand transitions which are of the n - n* type. All these 

transitions are covered under the same band envelope with two maxima and 

one shoulder.26 

Study of the Tetrahedral Distortion of the Complexes 

A convenient way to express the degree of distortion from square-planar to- 

wards tetrahedral or pseudotetrahedral geometry is in terms of the dihedral an- 
gle w between the pairs of ligand atoms. Consequently, in CuN, chromophores 

the w value gives a direct measure of the flattening of the tetrahedron, while 

the main off-axial distortion is in the intraligand N-Cu-N angles which should 
also vary regularly with w. 

Using the crystallographic data available for the [Cu(en),]2+ complex. a se- 

ries of EHMO calculations was performed by varying the dihedral angle w (Fig. 
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1) of the tetragonal distortion.*' To accomplish this the w angle wzs graduaily 
varied from 0•‹ (square-planar) to 90" (elongated tetrahearal) The correlation 

diagram thus derived (Fig. 2) shows that the energies of d-d transitions de- 
crease progressively as w varies from 0•‹ to 90". This effect has been observed 

in the spectra of a series of analogous copper(l1) polyamine complexes.*7-29 A 
similar trend has also been obsen/ed in the series of [C~(b ipyam)~j~+ with other 

analogous complexes.3~ Moreover, with respect to dx2.y2 and d,2, the d,, and 
dy, orbitals are destabilized as a varies from 0•‹ to 90•‹, providing thus two 

crossing points. The first point, located at around 13", is related to the destabi- 

lization of the degenerate d, and dy, orbitals with respect to the dx2+ one. The 
second crossing point, located at around 33", has to do with the destabilization 

of the slightly non degenerate d,, and dyz orbitals with respect to the dZ2 one. 

FIG. 2. [C~(en)~]z+: The one-electron orbital correlation diagram between a 
square-planar DZh (W = 07, a tetrahedral& distotfed square-pianar (90" w 4 

0") and an elongated tetrahedral DZd (W = QOO) configuration. w is the angle 

between the pairs of ligand atoms. 
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Above this point the destabilization of the dxz orbital, as shown in Fig. 2, is 
stronger. As far as 4 2 ,  dx2-y2 and dxy orbitals are concerned, the first two are 
slightly stabilized while this phenomenon is much stronger for dxy as w varies in 

the same way. 
The one-electron orbital sequence derived for the complexes were as fol- 

lows: Ixy> > 1z2> > Ix2-y2> > l y ~ >  > IXZ> for [C~(en)~]~+,  and !X*-y2> > IXZ> > l y ~ >  
> 1z2> > 1xy> for [C~(bipyam)~]2+ in fair agreement with those derived experi- 

mentally.14124 The one-electron orbital sequence of the latter is in accordance 
with an w value >50•‹ in close agreement with the crystallographic data avail- 
able for the complex. Moreover, a relatively low energy for the d,, dyz - dx2-y2 

transitions is a good criterion for a distortion from the tetrahedral stereochem- 
istry.14 

FIG. 3. [Cu(en)2]2+: Dependence of the total energy on the distortion angle w 

The sum of one-electron energy curve of the system [ C ~ ( e n ) ~ ] ~ +  (Dzh) 
[C~(en)~]~+ (D2d), which depends on the distortion parameter U, is shown in Fig. 

3. The EHMO calculations yielded no minimum for the system studied. How 
ever, the square-plartar configuration of the CuN4 chromophore appears to be 

stabilized with respect to the elongated tetrahedral one. This is in accordance 
with the absence of a [C~(en)~]2+ moiety exhibiting a tetrahedrally distorted 

square-planar or a distorted tetrahedral configuration. 



net charge 

Moreover, the net atomic charges computed for Cu (1 -722 e) and N (-0.548 
e) for the square-planar conformation (w = 0") decrease by rotation reaching a 
minimum (Cu = 1.695 e, and N = -0.545 e) at w = 70" and increase further (Cu 3 

1.709 e, and N = -0.548 e) at the elongated tetrahedral conformation (w = 90"). 

The calculated net charges are given in Table VI. 
The net charges on the N atoms, being smaller at w = 70•‹, implies a lesser 

extend of back-donation of electrons from copper. Similar conclusions have 
also been reported by 0thers.31~32 However, due to the increase of the net 
atomic charges calculated at o = 80" and 90" an elongated tetrahedral 
configuration for the [C~(en)~]2+ complex could not 'be excluded entirely. Cer- 
tainly, the stability of the square-planar structure of [C~(en)~]2+ over the confor- 
mations corresponding to w = 70" and 90" is partially due to the increase of the! 

bonding capacity. 

Calculations of the EPR Parameters 

" 
The calculated gii and Aii tensors for the compounds under study along with 

the eigenvectors of the antibonding MO's and the corresponding electronic 
transition values are presented in Table VII. 

The conventional perturbation approach developed for Cu(l1) c0mplexes6~a 
was used for the calculation of the gii and Aii tensors of both complexes. Thug, 



for the [Cu(en)ij2+ complex (D2,, point group and fxy> ground state) the gii ten- 
sors were estimated by using the expressions given by Gersmann and 
Swalen.34 These values were further corrected by taking into account the mix- 
ing of the Ix2-y2> and )z2> states, according to the functions given by Waite and 

TABLE VII. Cu coefficients involved in the antibonding MO's along with the 
corresponding electronic transition values (AE) and the calculated values of 
EPR parameters for the investigated compounds. 

Cu coefticients 
Complex Orbital &E EPR parameters 

d A0 Symbola Value (cm-') 

a The symbols listed are those defined in ref. 3. The appropriate Cu coefficient symbols used in 
the equations given in refs. 2SBnd 29 can be easily derived from the Table. b~c~alues were de- 
rived by using the equations given in refs. 28, 29 and 3, respectively. Our estimated values for 
the overlap integral and the a coefficient for the bl, LGO were -0.1 188 and 0.2709, respectively. 
d~l l  Aii values are in units of 10-4 cm-'. 

Hitchman.35 Moreover, for comparison reasons, the gii tensors were "also cal- 

culated by using the expressions given by Maroney et Both approaches 
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yield@ almost identical gii values in very good agreement with the experimen- 
tal ones7of g, = (g, + gyy)/2 = 2.045 and gll = g,, = 2.200. 

For the tetrahedrally distorted square-planar [Cu(bipyarn),]2+ complex (C,, 

point group and Ix2-yb ground state) the gii tensors were calculated by using 

the expressions given by Maroney et a/? for a Cu(l1) complex possessing a C2" 
point group. The three calculated g-values, g, = 2.045, gyy = 2.038, and g,, = 

2.250 are also in very good agreement with the single-crystal ones (gl = 2.059, 

92 = 2.069,g~ = 2.244). 
The hi tensors for [C~(en)~]2+ were also calculated by using both the ex- 

pressions given in ref. 3 and the ones given in ref. 28. Both calculated A, val- 

ues are in very good agreement with the experimental (19.10-4 cm-1). The All 

value, calculated by using the expressions given in ref. 3, is in good agreement 
with the experimental (200-10-4 cm-1); still the one derived by using the expres- 

sions given in ref. 28 deviates slightly. It can be concluded that both the o p p  
site signs observed in the two calculated A, values and the better proximity of 

the first All value to the experimental one are due to the fermi contact k term in- 

volved in both expressions. This term remains unchanged in the expressions 
given in ref. 3, but it is reduced in the expressions given in ref. 28. 
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& V ~ U & U V  K1 ETCETP&$~V Va E P ~ ~ V C U ~ E ~  T l  auCqp8vq @/~aOll T6JV v 
O&wV TOU TUT[OU d-d p& PirOTl TO M X ~ V ~ U ~ O  " ~ ~ V & ~ O ~ O ~ - E V T ~ ~ ~ " .  T E ~ o ~ ,  
&yivs npoona8aa yia ro  8cwpq~ i~o  unohoyiq~o ~ w v  ravuo~hv gii Kai Aii, 
q onoia 06fiyrlos as pia nohu i~avorro iq~i~f i  aupcpwvia pc~aQ3 ~ w v  nsipa- 
p a ~ i ~ h v  Kai Bswpq~ i~hv  ~ i p h v  ~ w v  payvqn~hv napapCrpwv ~ w v  cpaopa- 
TWV EPR ~ w v  auprrho~wv. 
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NOTE 

Chimika Chronika, New Series, 17, 101-115 (1988) 

A K H -  

I Y N T M H I E I I  K A I  O P O A O r I A  

C(Crown E t h e r s )  : o t ~ v u a r o e ~ t i ~ l c  at.B&psc. 15C5, 18C6, 21C7, 



21 a v r ~ o r o l x w c  K a t  a p ~ 8 u 8  a r d u w v  oEu- 

y 6 v o u  5,6,7. 

C (Cryptands) : ~ p u x r o s t 6 f i  C l l l , C 2 2 2  E L V ~ L  K P U ~ T O E L -  

6fi r a  onoLa  n s p t E x o u v  1,2 d r o u a  oEu- 

y b v o u  a v r t o r o i x w c ,  o s  K & ~ E  u t a  a n 6  

r t c  3 o p y a v t ~ E c  ahbooouc.  

M + C ' N -  : a h ~ a A i 6 ~ 0  

M+C e -  : q h s ~ r p L 6 ~ 0  6nou  M, N a A ~ a A t u E r a A A a  

( b u o ~ a  fi ~ L ~ Q ~ O ~ E T L K ~ )  KaL C KpUnTOEL- 

6Ec fi a r ~ p u a r o e ~ 6 f i c  a ~ 8 i p a c .  

oswc a v ~ d v r w v  aA~aAtu&r&AAwv E y ~ v a v  so 1808 an8 TOV S i r  Humphrey Davy 
2 oe btahbuara ~ahtou-auuwvtac. To 1804 o Weyl ouvExtos r n v  Epsuva snL 

rwv 6~aAuudmv a A ~ a A ~ ~ s r & A A w v -  aupwvtac (M-NH3) r q v  onoia a~oAob8qos q 

nhiov rwv 30 E T ~ V  ipsuva TOU ~ r a u s ~ - ~ .  H mboq rwv braAuu6rwv M-NH3 ano- 

r & A & i  ~ V T . L K E ~ ~ E V O  ~ V T O V Q ~  E P E U V ~ T L K ~ ~ ~  6 p a o ~ q p t 6 ~ ~ ~ a ~ ,  ~ L ~ T L  E K T ~ ~  TWV Ka- 
+ 

r ~ d v t w v ,  6nwc n.x. Na , r a  6~aAbpara  aur& n s p ~ i x o u v  Kat h a  aouvfi8toro 

s i60c  ~ P V ~ T L K ~ ~  Q O P T L O U ~ V W V  o w u a r ~ 6  ~ W V  ' y La r a  rshsura ta  dxouv npora8et 

6 ~ B ~ o p a  npbsuna, usraS6 rwv onotwv &E.&ouoa 0Eoq K ~ ~ X E L  10 a v ~ b v  a h ~ a -  
9 {O-24 h~psr&AAou ( n . ~ .  Na-) ~ a a 6 c  KaL r o  s n ~ 6 ~ a A u r w u ~ v o  q h s ~ r p h v ~ o  (esolv . 

Ta esolv o b ~ w v a  1.111 r a  npdruna IWV 0 c ~ c j ~ ~  K ~ L  Jo r tne r  26-28 eswpof ivra~ 

"nay t6sup~va"  evrdc mpsdrwv s v s p y e ~ a ~ b v  ~ U V ~ V L K ~ I V  r a  onota avanrbooovrat 

an8 rov  npooavaroh~oud rwv n o h t ~ h v  uoplwv r o u  6~aAbrou.  

TO 1969 .!p&uva av~xvsboewc a v ~ h v r w v  aA~aA~u&r&AAwv E ~ ~ E K T ~ ~ I ~ K E  Kat 

o ra  6taAbuara aA~aA~usr&AAwv-au~vhv KaL a ~ 8 E p w v ~ ~ .  0 ap~f3uhc 6taAurhv 

rwv a h ~ a h ~ ~ s r d h h w v  s t v a ~  ~ E P L O P L ~ ~ E V O ~  , ~ L ~ T L ,  a ~ " s v 6 c  usv O L  a6pavetc 

6~aA f i r sc  6sv s i v a t  a p ~ & r &  n o h t ~ o i  hors  va 6taAbouv L K ~ V O ~ O L ~ T L K ~ ~  r a  v&- 
raAAa, aqeerEpou o u&y&Aoc ap~8u6c  ~ O A L K ~ V  6~aAurhv ,  n.x. H20, avrt6pobv 

~ ~ a t w c  p& r a  aA~aA~u i raAAa .  H ue8uAauevq (CH3~H2), q a~8uAsvo6~auLvq 

(NH2CH2CH2NH2) , o 6tatBEpac (CH30CH2CH20CH3) KaL t o  r&rpau6pomoup&v~o 

( $ , THF ) &[vat  o t  nhdov npdocpopot 6taAlirsc rwv aA~aA~u&r&AAwv. 0 KU- 

pthrepoc nap&ywv o onoloc E K ~ V E  r q  vshkrq a v t h v ~ w v  aA~aA~u&r&hAwv oe 6ta-  

Abuara a p ~ v h v  KaL ataEpwv nohb 66o~oAq, firav q 6uo6tahur6rqra rwv CIhKa- 

A L ~ E ~ & A A w v .  H ~ U O K O A ~ ~  aurq [pen r o  1970 6rav O L  Dye Kat ~ i c e l y ~ '  sxpq- 
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o~uonoCqoav pLa v i a  ou&6a ouo~Ov roue oreuuaroei6eic ~ L ~ ~ P E C ,  ( crown 

e thers  ) KaL apy6repa r a  ~ p u n r o ~ ~ 6 f i  (cryptands).  H napouoia r o v  orepua- 

roe~6Gv  a ~ 8 i p w v  fi K ~ U T I T O E L ~ ~ V  auE&ve~ r q  6 ~ a A u r h r q r a  rwv ah~ah~u&r&hhwv  
5 

UE aulvec Kat. a&pec, nepCnou ~ a r &  n i v r e  ~ & E E L C  UEVE~OUC( X10 ) .  TO V&- 

r p i o  n.x. e i v a ~  n p a ~ r ~ ~ h c  a6~6Auro  os ~aeap f i  a~0uhau lvq ,  napouota 6pwc 

o t s ~ ~ a t o e ~ 6 6 v  a~0Epwv ( 6 K ~ U ~ T O E L ~ ~ V )  6 ~ a A b o v r a ~  a p ~ e r &  vpaup&p~a varplou 

av& ACrpo 6~aAbtou.  

O L  ~ T E ~ ~ Q T O E L ~ E C ~  a~6Epsc  E ~ V ~ L  K U K ~ L K O ~  noAua~8Epec O L  ono io i  nepL- 

Aaup&vouv 9-60 &ropa, ouunep~AauBavopEvwv 3-20 &roua oEuv6vou, Pedersen 

1 9 6 7 ~ ~ .  t r o  Lx. 1 a n e ~ ~ o v C < o v r a ~  O L  o r~uuaros i6eCc a~0Epec 15C5, 18C6, 

Kai  21C7 ( O L  apc8uol 15,18,21 oupBoAl<ouv tov  O A L K ~  a p ~ 0 u 6  arduwv KaL 01 

ap~8uoC 5, 6, 7 r o v  av r to ro t xo  a p ~ 8 ~ 6  ar6uov oEuvdvou. To C e l v a ~  r o  ap- 

X L K ~  r q c  AEEEw~ "Crown"). IlohAo?. o r e u u a r o e ~ 6 e ~ c  a i 0 i p ~ c  oxquati<ouv ora- 

8&p& obpTIh0Ka p& aAKaAL6v~a KaL ~ 6 v r a  u&r&Ahov ~ A K ~ A L K ~ v  y a ~ h v .  ~ ~ A E o v  E- 

vepvoi VLa tov  oxqpar~oud oupnh6~wv aA~aAtwv &u@av i<ov ra~  E K E ~ V O L  O L  o- 

~ O ~ O L  ~ E P L E X O U V  5-10 &roua oEuv6vou nou r o  K & ~ E  i v a  x w p i < & r a ~  an6 10 ~ n 6 -  

~ E V O  p& 660 8toua &v0pa~oc.  A n o ~ a o t . o t ~ ~ 6  pbho otov oxquariuw3 ora0ephv 

oupnhd~wv &EL q o u u ~ i r i o ~  IOU U E V ~ ~ O U C  TOU ~ a r ~ 6 v r o c  KaL r q c  6 iau i rpou 

r q c  ~ o ~ A 6 r q r a c  rou  o r e u u a r o e ~ 6 0 6 ~  a~8Epoc. E L ~ L K ~ T E P ~ ,  E K E ~ V ~  r a  ~ 6 v r a  

t a  onota Exouv U U ~ K ~ ~ L ~ O  " 6 ~ ~ 0 "  p& r o v  K E V ~  xhpo r q c  ~ o i h b r q r a c  oxq- 

uari<ouv KaL t a  ara8ep6repa odunho~a. 

Ta ~ p u n r o e ~ B f i ,  e i v a ~  enioqc nohua~0Epec, O L  o n o i o ~  6poc oxquati<ouv 

u o p ~ a ~ t c  ~ o ~ A b r q r & c  " r p i h v  b ~aorboewv" , Lehn 1969 32-35 ,dpouv 660 h o u a  

a<hrou ouv6e6ep~va p& T P E L ~  O P V ~ V L K ~ C  ahbooouc ~ C K R V  ~AoBob, 2x. 2. K&& 

6Auaooc e i v a ~  ~ L ~ E P L K O ~  rdnou NE 1, 2 KaL 3 6toua oEuv6vou, 6nou m, n & C -  
vat. ouvfj8wc auv6uaopoC rwv apt.8uGv 0, 1 KaL 2. To nphro pEAoc t q c  O E L P & ~  

r l v a r  r o  l , l , l - c r y p t  (C12H3403N2) fi [c1111 Lx.3. To pl l i /  e i va r  r o  

p o v a 6 i ~ 6  pEh0c r q c  O E L P & ~  TWV K P U ~ ~ T O E L ~ ~ V  1 0  O R O ~ O  ~ ~ T o P E ~  ;a EVKAWB~OEL 

n p o ~ d v ~ a  ~ a r b  uq " a v r  ~ o t p e n t b "  rpdno. 0 unoAov~<6uevoc &A&x~o toc  xpdvoc 

napauovfic rou  npwtoviou evt6c t o u  C l 1 1  oe 6~6hupa  KOH 5 M KaL oe 0sppo- 

~ p a o i a  300K e e v a ~  EEq ( 6 )  Erq. Aurd o q u a i v e ~  6 r ~  q ~ o i A b t q t a  rou  Kpunro- 

E L ~ O ~  anorehet Eva aouvf i8~oto  ora9ep6 nep~0&hAov v i a  TO ~ b v  npwroviou. 

Kar&hhqho vLa r o v  oxqpar~ou6 O U ~ ~ A ~ K U V  ah~ahiu&r&Ahwv & ? . v a ~  TO   pun to- 

E L P ~ ~  2,2,2 6 p2221 , e u n c r ~ i u o b  rdnou C18yH3606N2.(oi apr0(loC 111 

f j  222 EKWP&<OUV TOV api8ub twv o.3~v6vwv orLc 3 O P V U V L K ~ C  ahbooouc, r o  

v ~ & u p a  C npo ipxera i  and t o  U P X L K ~  rou  Crypt) .  H v e w u ~ r p l a  t ou  C222 (palve- 





TaL oto >X. 3. 'EXEL 600 broua O Q J V ~ V O U  U& K&& &AUOUO KaL U X E T L K ~  ~ E V & -  
+ 

~q ~ o ~ h b r n r a  q onota vnopet va &vKAu@~.o&L t o  ~ a r ~ 6 v  Na . 
Ta K P U ~ S O E L ~ ~ ~  oxqvari<ouv ota8spbt~pa o b ~ n h 0 ~ a  pc t a  aA~aA~phaAAa 

+ 
a n " b r ~  O L  o r~yua ro&~6& f . c  a~0Epec. To M - C222 n.x. s i v a ~  ota8spbrspo an6 

+ 
TO M - 18C6, GL6'CL TO K P U ~ ~ ~ O E L ~ ~ ~  C222 EXCL ~0pq f i  & ~ A & L $ o & L ~ o ~ ~  EK n&pL- 

otpovfic &v a v r ~ 8 6 a e ~  v& To 18C6 nou ~ X E L  E T I ~ T I E ~ ~  6~6 taSq arbvwv ( 6 i o ~ o c ) .  

H uey&Aq orat t~p6al ra  tou D U ~ I T I A ~ K O U  M+- c222 EXEL WC E ~ ~ K ~ A O U ~ O  tnv ab<q- 

or] rqc; ouy~&v tgh&wc twv p s t a h h ~ ~ b v  a v ~ b v m v  oto &~&hupa, BL&L t o  E~KKU- 

B L U ~ ~ V O  KatL6v M+ ~ E V  U ~ O P E ~  Va ahAqA&n~6p&o&~ V &  r a  E K ~ ~ C  ~ 0 ~ h 6 t n ~ a c  

owuari6~a, t a  e- Pu8uiCovrac rbpa r L c  o u v ~ ~ v r p O o s ~ c  v&t&hhou KaL C222 sol v' 
~ t v a ~  6uvatbv va ~ A E v x e r n ~  n ouv~6vrpwoq rwv av~bvtwv a h ~ a h ~ ~ & t & h A w v  oro 

6~&Aupa. 

11. AIAAYMATA ANIONTQN AAliAAIMETAAAQll 

ME rqv x~no~pon01qoq rwv o t ~ ~ v a r 0 ~ ~ 6 b v  a~8 ipwv  KaL K P U ~ T O E L ~ O V  EVLVE 
E ~ J L K T ~ ~  vLa npbrq cpop& t o  1970 an6 roue Dye, De Baker KaL Nice ly  q napa- 

O K E U ~ ~  U X & ~ L K &  ~ U K V G V  6~aAupdtwv ( ( J u v K & v ~ ~ ~ ~ J E w ~ ) . o , ~  M) ah~aA~v&t&AAwv 

otouc; rrpoavacpep8Evtec; 6 ~ a h b r ~ c ~ ~ .  H ouunep~cpopdr twv B~aAuv&rwv ahKaA~u&- 

r&AAov us autvsc; KaL a ~ 0 E p ~ c  61xwc sqv napouota oupnA6~tou C, pnopsf. va 
37,38 n e p ~ v p a w t  o x q u a t ~ ~ 6  an6 t ~ c  a ~ b A 0 ~ 8 & ~  X ~ V L K ~ C  L U O P P O ~ ~ E C  . 

+ 
2Ws) Msolv + %olv 

M ; O I V ~  ~ : 0 l  v + % O l  v 

+ 
+ e- A 

Msolv solv - Msolv 

H aupnAo~onotqoq tou K + L B V T O ~  W+ us rov O U C ~ ~ A E K T ~ ~  C obpcpwva ME tqv 

X ~ U L K ~ I  ~oopponia 

EXEL WC anor iA~opa rqv perarbn~on rwv i l )  KaL (2)  npoc t a  ~&E,L& K ~ L  T ~ C  

( 3 )  npoc r a  ap~orep&. ITLS ~ E P L ~ ~ O U E L C  L U O ~ O P L ~ K ~ V  nooorfitwv u~rdhhou 

KaL ouunA.6~tou q X S ~ L K K  ~ o o p ~ o n t a  (2) v& ta ron t<& ta~  r & A & i w c  npoc t a  66- 

S L ~ .  



AV x p q o ~ p o n o ~ q 0 o b v  2 moles p ~ r & h h o u  KaL 1 mole o u p n h E ~ r o u  Aapp&v&L 

xhpa 11 x q p ~ ~ t j  ~oopponea 

111. ITEPEA KATAZTAZH ANIONTRN AI\KAAIMETAAAQN 

H 6uvarBrn ra  n a p a o ~ ~ u f i c  6~ahup&rwv  p& o y o r a r ~ ~ &  (M'c, M- ) fi ( M ~ c ,  

eso l  v 
- 

) anor&h&C r o  n p h o  a r & b ~ o  U U V ~ E U E W ~ ,  ~ p u a r a h h ~ ~ ~ v  a A 6 - c ~ ~  TWV rdnwv 

M + c . ~ ; ~ ~ ~ .  To 1973 ~ n r r r b x d n r ~  q odv8&on r o u  K P U C I T ~ A A L K O ~  6haroc ~ a ' ~ 2 2 2 .  

Na- 6 ~ a  $I?~Ewc TOU a v r ~ u r o ~ ~ o ~  B ~ a h d p a r o c  a ~ 8 u h a p ~ v q ~ .  H 6011fi IOU 

~a'c222 . ~ a -  E ~ ~ L ~ E @ ~ L ~ ~ Q K E  K P U O T ~ A A O V P ~ ~ L K ~ ~ ~ ~  y 4 0 .  H n ~ u r o n o i t l o n  un&pS&wc 

Na- ~ V L V E  a p x ~ ~ h c  6 ~ a  ~UyKpIh&wc, T ~ C  y&wp&TpCac, ~a'C222.Na- KaL ~a'C222. 

I-  . A~ohod0qoav KaL 6 h k c  p E 0 o 6 0 ~  x a p a ~ r q p ~ o p o d ,  p& nhEov a S ~ 6 n ~ o r n  rn  
r e x v ~ ~ f i  NMR 2 3 ~ a  orspsod ahparoc, (magic- a n g l e  sample ~ ~ i n n i n ~ ) ~ l . ~ ~ o  

NMR @&ova 6 ~ a ~ p C v o v r a ~  oa@fic, 6bo ~ o p u 9 E c  O L  onoteq a v r ~ a r o ~ x o f i v  a r a  L ~ V -  
+ 

r a  Na C222 KaL Na-, ME X ~ U L K E C  p ~ r a r o n l u ~ ~ c  -23,7 ppm KaL -61,3 ppm 
+ 

a v r ~ a r o l x w q  wc, npoc ~AsdBspo Na . 
A@'brou E ~ L T E ~ X ~ ~ J K E  II u h 0 ~ u n  KaL o X ~ P ~ K ~ U P L U U ~ C  TOU dharoc, Na'C222. 

Na-, Exouv n a p a o ~ ~ u a o f j ~ i  n o ~ ~ i h o ~  r6n0  L n a ~ o v o i w v  ahdrwv TOU ~ E V L K O I ?  r d -  
+ 

nou M C. N- dnou M,N a h ~ a h ~ p h a h h a  ( d p o ~ a  fi ~ L ~ ~ O D E T L K & )  KaL C TO KPU- 

n r o e ~ 6 E c  C222 fi o o r s p a r o e ~ 6 i c  a~BEpac, 18C6. H op&6a rwv  ah&rwv Q o n o l a  

~IEPLEXEL we a v ~ 6 v ~ a  a h ~ a h ~ p t ~ a h h a  o v o p & < & r a ~  a h ~ a h t 6 ~ a  (a1 k a l  i d e s ) .  M L ~  

a t - d i ~ p q  opd6a ahdrwv naprExovra we a v r d v r a  ~ A E K T P A V L ~  ~ X O U V  rbv, V E V L K ~  
+ - 

d n o  M C .e KaL ~ a h o 6 v r a L  qh&KTpLb~a ( e l e c t r i d e s ) .  

H peyahbrepq ~UUKOA~I  a r n  U ~ V ~ E O Q  rwv ~ A K ~ A L ~ ~ I v ,  Q ~ E K T ~ L ~ ~ W V  s i v a ~  



q T P O ~ ~ K T L K ~ ~  e u u ~ o 8 t l o ~ a  rwv 6~aAuudrwv and Ta onota npo ipxov ra~ .  Ta 

b ~ a h b u a r a  rwv aA~aA~u&r&AAwv oe auivec Kai  a ~ 0 k p ~ c  e l v a ~  0apuo6uvau L K ~ C  

rxora04. r ~ a  r o v  Ahvo aurh a n a ~ r e i r a ~  q xpqo~uonoiqon 6~aAurhv ,  yer&AAwv 

KaL avr~6paorqp iwv ouynAEEewc, u9qhfic ~a0apbrq rac  ~ a 0 h c  KaL T E X V L K E ~  ~ $ 0 -  

h o t  K E V O ~ .  H u~8060Aovia ~ a 0 a p ~ o u o b  uahivwv o u o ~ ~ u h v ,  y&r&AAwv KaL ouunhs- 

K T ~ V  ~ a e f i c  KaL q o u v a e r ~ ~ f i  T E X V L K ~ ~  ~ E P L V P & ~ O V T ~ L  o ra  &p0pa rou  J,Dye 42,43 

Ta 6i&qopa uEAq r n c  ou66ac a A ~ a A ~ 6 t w v -  ~ A E K ~ P L ~ ~ I V  n a p a o ~ ~ u & T o v r a ~  

snioqc U& ~ o A u K ~ u u ~ ~ A A L K ~ ?  yopvr? KaL unb yopcpfi A ~ n r h v  uueviwv tou  rdnou 

M+C.N- t? M ~ C . ~ ; ~ , ~  6t.a raxup&uou ~SaruCoewc 6~aAuu&rwv r a  onoLa n e p ~ i -  

xouv N+C,II- fi M + C . ~ ; ~ , ~  bnou M, N= Na, K, Rb, C S ~ ~ .  Y r l v ~ a  rwv avwrEpo 

rbnwv n a p a o ~ ~ u & < o v r a ~  KaL PE r q  6~&Auot1 a v r ~ o r o i x w v  n o h u ~ p u o r a h ~ ~ ~ O v  

o&~vu&rwv U& b~aAbrec ,  bnwc a~f3uAapivq, a~oAou0e i  6s raxe la  & < & r y ~ o q  TOU)  

6~aAdrou.  

I V .  IAIOTHTEt ANIONTQN AAKAAIMETAAAQN 

H n a p a o ~ ~ u f i  rwv A a ~ a h ~ 6 i w v - n h ~ ~ r p ~ 6 h  un6 popvfi h ~ n r h v  U~EVIWV E ~ E -  
r p a u ~  r q v  VEAETQ O ~ T L K O V  cpaou&rwv a n o p p o v ~ o e w c ~ ~ .  O L  ~ E U E L ~  TWV K O P U ~ & V  

y ~ v l o r q c  anoppoqfioewc rwv 6~avBpwv uu&vewv r a  onoia nep~Exouv M-, t x . 4  , 
E ~ V ~ L  neptnou oL a u r ~ c  PE t L c  a v r i o r o ~ ~ ~ c  ~ E U E L C  rwv M- oe 6 ~ a h d y a r $ ~ ~ ~ '  

tx.5. n e ~ p a u a r i ~ h c  6 ~ a n ~ o r h v ~ r a ~  ~ T L  q 0Eoq rwv u e v h w v  anoppovfioewc E- 
48 E a p r d r a ~  an8 r q  fkppo~paoea KaL r o v   orore ore X P ~ U L ~ O T I O L O ~ ~ E V O  6 ~ a h d r q  . 

f l apa rqpa l ra~  enCoqc 6 r ~  u u E v ~ a  rou  aurod a v ~ b v t o c  n.x. Na- aAA& 6 ~ a q o p ~ -  
f 

t ~ ~ o d  ~ a r ~ b v r o c ,  6nwc K+ ,R~+ ,  Cs ~pvav iTouv  M L K P ~ I  u ~ r a r d n ~ o r l  r q c  0.&o&wc 
t 

tou  u ~ v l o r o u  anoppovfioewc . Ta u y E v ~ a  Na ~222.Na-, E K T ~ C  r u e  
~ u p e a c  ~opuqf'~c 15400 crn-l(1,91 ev),  ~uqav iTouv  660 " huouc" u r i c  0Eoe~c  

19000 cm-' (2,4 ev) KaL 24500 cm-l(3,0 ev) ,  H ~ u p i w c  ~opuqt? ouunlnrst. 

oxe66v ME E K E ~ V ~  IOU Na- oe 6 ~ a A b ~ a r a .  O L  660 6 ~ 0 ~  6.9 ~ y v a v i T o v r a ~  o r a  

6AAa uuEvt.a r a  onoea ~ E P L E X O U V  Na- 8nwc Rb+18~6.~a- ,  ~ + 1 8 ~ 6 . ~ a - ,  ~ ' ~ 2 2 2 .  

~ a - . t i  u e r a r 6 n ~ o q  rou  u&v iorou anoppocpfioawc twv 'uyeviwv nou n e p ~ t x o u v  Na- 

KaL ~ L ~ ~ O P E X L K B  M+C, Kar6nt.v U E A E T ~ V  NMR 2 3 ~ a  ~ E V  a n o ~ h e i e ~  r o v  oxqyarL- 
+ 

o ~ b  u u ~ v h v  6 ~ a g o p s r ~ ~ o d  a v ~ 6 v r o g  =.X. ~ a ' l 8 ~ 6 ,  K-, Na 18C6.Rb-. 

neip&uara qwroavwv~ubrqrac A ~ n r b v  u u & v ~ w v ~ ~ ,  E ~ E L < ~ v  6 r ~  O L  vopeig 

cpwroavwv~u6rqrac E ~ V ~ L  ~ L ~ Q O P E T L K O ~  an6 roue vopeCc €I&pu~~fic ~ L E V E ~ U E W ~ .  

n ~ o r s b ~ t a ~  ~ T L  qwroavwv~ub-cqra E ~ V ~ L  anorbAeoua 6~qvqppEvwv ~a rao r&oe-  

wv navi6~uuEvwv ~ ~ A E K T ~ O V ~ U V  6 ~ b t i  E ~ V ~ L  X Q P L K ~ C  6 p a o x i ~ 6 r ~ p a  twv a v ~ 6 v -  

twv a A ~ a A ~ u ~ r 6 A h w v  . H r a x ~ i a  ehdrtwoq r q c  vwroavwv~u6rnrac ouvaprf ioe~ 
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rou  xpbvou, O L  ~ v 6 o v s v ~ l c  a v o u o ~ o y E v ~ ~ ~ c  rwv anor~8euEvwv uuevlwv ~a8 r f c  

KaL OL xauqhEc K ~ ~ V T L K E C  QTIO~~CIELC ~ U G K O ~ E ~ O U V  O ~ ~ V Q V ~ L K &  t L C  nELpauarL- 

KEC UEAETEC aurob zou r h o u .  T ~ h ~ u r a i w c ,  avanrbxeq~av Beht~wuEvec TEXVL- 

KEG u ~ q u a s ~ o u o b  O ~ O V E V ~ V  U ~ E V ~ V  P U ~ U L < O ~ E V O U  n&xouc. 

E E E T ~ U ~ ~ ~ K ~ V  E ~ ~ O Q C  O L  KB~VTLKES an068oe~c WJTOEKTIOLIT[~~S TEU(S&PWV ah- 

KOU nhasf,vqc ( K & ~ o ~ o c )  & n l  t ou  onoiou o x q v a r ~ 5 ~ r a L  so u u t v ~ o .  Ta wwtoq- 

h e ~ r p b v ~ a  r a  onoia e<Epxovra~ KarhnLv npoonrbaswc rqc  aK~L~0B0hf .a~ ouh- 

AEvovra~ oe K U ~ L V ~ P L K ~  nhEyua nou ~ E P L P & A A E L  sq ~&8060. B P ~ ~ ~ K E  d t ~  50 

q&opa wwtoe~nounic qhe~rpov lwv oro ~Gpoc  3,5-1,5 eV n a p o u a ~ & < ~ ~  660 KO- 

puqEc orLc ~ ~ U E L C  3,4 eV KaL 2,O eV.H n p h q  nopuqrj e i v a ~  ave<&prqroc TQC 

eepuo~paatac KaL a n o 6 l 6 e r a ~  arqv e~nounf i  qhe~rpov lwv  and r a  a v ~ 6 v r a  n.x. 

Na-, q ~ E ~ T E P Q , E ~ V ~ L  nerrAaruouEvq KaL r o  b$oc t q c  auEdve~ saxEwc us aGEq- 

oq r q c  B~ppo~paoeac ,  e n i  nhEov & S a p r & r a ~  an6 so ~ a r ~ 6 v  KaL r o v  a u u n h i ~ r q ,  

a n o 6 l 6 ~ 1 a ~  b& o r a  nay~beuu iva  Q ~ E K T P ~ V L ~  T ~ ~ E V U ~ T L K ~ V  Q T E A E L ~ V .  

B. HAEKTPLKE~ I b ~ h z q s ~ c  

To &Aac Nf~222.Na- e i v a ~  10 u o v a 6 ~ ~ 6  uihoc usra tb  rwv ou66wv ahKahL- 

6 i w v - q h e ~ r p ~ 6 i w v  nou avanzbooeza~ und uopqi  uovo~puor&hhwv, u&y&hwv axe 

TLK& ~ L ~ ~ J T & U E W V  -1 X I  X1 mm. Ta unhho~na uEhq napao~&u&<ov ra~  npoc zo napdv 

udvo un6 uopqfi ~ p u a t a h h ~ ~ f i c  K ~ V E W ~ .  

ti E L ~ L K ~ ~  avwv~uhrq ra  (U) rwv T I O A U K ~ U U T ~ A ~ L K ~ N  ~ E L V ~ & S W V ,  a h ~ a h ~ 6 i w v -  

~ ~ E K T P L ~ ~ W V ,  o u v a p r i o a ~  rqC 8~puonpaolac,  ~ ~ ~ O U U L & < E L  ouunep~wop8 ~ ~ 6 0 -  

yavrfv q u ~ a y w y b v ~ ~ ,  6qha66 a ~ o h o u 8 & ~  r q v  oxban: 

o= o,exp(-Eg/2kBT) 

ue E V E P V E L ~ K ~  xdouara Eg ~ u ~ a ~ v 6 u e v a  ueraEb 0.5 ev KaL 2.5 ev. kB e i v a ~  

q ora8spd Bol tzman KaL o,q E L ~ L K ~  aywv~u8rq ra  (SE l' &n&~po"  Bepyo~paala.  

Ta 6~ayp&vuara pebuaroc- r&oewc ( I -V)  e i v a ~  v p a u u ~ ~ d  ~ L E P X ~ ~ E V ~  an8 r q v  

apxq rwv atdvwv, 6qha6fi za T I O ~ U K ~ U ~ T ~ A A L K &  6eivuara &uqav~<ouv W P L K ~  

U U ~ ~ E P L ~ O P & .  Ta e v e p v & ~ a ~ &  x&auaza E u n o A o v ~ < o v t a ~  an6 r q v  ~ h h q  rwv 
9 

6~aypauu&swv l n o  = f ( l / T ) .  O L  ( P O P E ~ C  p ~ I h a r o c  w i v e r a ~  va e i v a ~  q h e ~ r p d -  

vLa t a  onoia ~ L E V E ~ P O V T ~ L  ~ E P ~ L K ~  an8 r q  <Qvq o8Evouc a r q  54vq avwv~ub-  

rqrac .  

h ouunep~wop& r q c  ~ A E K T P L K ~ ~  avwv~u6rqrac  rwv uovo~puor6hhwv ~a '~222 .  

Na- E ~ V ~ L  r e h e ~ w c  ~ L ~ Q ~ O P E T L K ~ ~  an6 E K E ~ V ~ ~ C  rwv n o h u ~ p u u r a h h ~ ~ ~ v  6&Lyi.i&- 

rwv5'. Ta 6~avpdupata  I - V  napouo~&<ouv v ~ a u u ~ ~ f i  ~S&prqur l  ubvov oe 8epuo- 



l l0 I.RA~AIQANNoY, 1.nPOBIAAKH-MOAINOY, A. MAYPIAHI 

~ p a o t e c  ~ L K ~ ~ T E P E C  TWV -24Oc.k yeyah6rspec ~ e p y o ~ p a o i ~ c  e w a v i ~ ~ r a ~  uq 
y p a y y ~ ~ f i  o u y n e p ~ ~ o p 6  h6yw ~ o x u p f i ~  n o h h o ~ w c  rwv q h e ~ r p o 6 ~ w v .  E n l  nhkov, 

q  E L ~ L K ~ ~  a v w v ~ y 6 r q r a  rwv y o v o ~ ~ u o r & h A ~ v  E ~ V ~ L  ~ a r &  5-7 ~ & E E L C  y e y k 0 0 u ~  

y ~ ~ a h f i ~ ~ p t l  an6 r q v  a v r i o r o ~ x q  rwv ~ O ~ U K ~ U U ~ ~ ~ ~ L K ~ V  ~ E L V ~ & T W V  KaL X P O V L K ~ C  

~ S q p r q ~ k v q .  H X P O V L K ~ ~  ~ @ p r q o q  r q ~  ~AEKTPLK~IC a y w y ~ y d r q r a c  e i v a ~  XapaKrq- 

P L U T L K ~  U T O L X E ~ O  L O V T L K ~ V  ~ u p i w c  aywyhv, o rouc  o n o i o u ~  O L  cpopet~ p e f i l l a r o ~  

&{vat. ~ 6 v r a  (LOVTLK: a y w y ~ y 6 r q ~ a  ) r a  onoLa K L V O ~ V T ~ L  6 ~ a  ~ E U O U  TWV nhey- 

y a r ~ ~ i v  a r e h e ~ b v  r o u  ~puor&hAou.  Ta avwr6pw x a p a ~ r q p ~ o r ~ ~ &  e p y q v e 6 o v r a ~  

ye r q v  un60eotl 6 t ~  U& 0 e p ~ o ~ p a o k c  U E V ~ A ~ E P & S  rwv - 2 4 ' ~  q  a y w y ~ y 6 r q r a  

E ~ V ~ L  L O V T L K ~ ~ C  Q ~ U E W C  ( q  ~ A E K T P O V L ~ K ~ ~  UUVELU~OP& E ~ V ~ L  a y ~ h q r k a ) ,  E V ~ J  

orLC x ~ ~ I ~ ~ ~ T E P E ~  ~ E P ~ O K ~ U U ~ E ~  E ~ L K ~ ~ T E ~  0  I ~ ~ E K T P O V L ~ K ~ ~  a y ~ v ~ y 6 r q r a . A u t d  

q a i v e r a ~  KaL an6 TO 6 ~ & y p a y y a  l n o  = f ( l / T )  , r o  onoto & y @ a v i < e ~  660 ~ ~ 0 6 -  
5  2  ypayva t y f i y a r a  ~ L ~ Q O P E T L K ~ V  K A ~ U E W V  . 

H L O V T L K ~  a y w v ~ y 6 r q r a  TWV ~ O V O K P U ~ ~ & A A W V  N ~ + C Z Z Z . N ~ -  ans6eCx0q net.- 

p a y a r ~ ~ 8 ~  an6 r q v  ~ A E K T P O X ~ ~ H L K ~ ~  U U ~ ~ E P L ~ O P &  r o u ~ ~ ~ . n p & y y a r ~ ,  b rav  TO Eva 

q h a ~ r p 6 6 ~ 0  KahuqBei p& A & n d  orphya p~ taAhLK06 vaTpiou ~ P O K ~ ~ T E L  ~ A E K T P O -  

X Q U L K ~  UTOLXEIO TOU onoiou q  6 ~ a q o p h  ~ U V ~ ~ L K O ~  ~ V O L K T O ~ ~  K U K ~ ~ ~ ~ T O ~  (EMF) 

e e v a ~  &2,5 V, q  onoca 6 ~ a r t l p s l ~ a ~  yLa X P O V L K ~  6 ~ a o r f i y a r a  yeyahthepa rwv 

6 w p h .  AV KaL Q b o ~  T ~ v  ~ A E K T P O X ~ ~ L K ~ V  QVTL~P&UEWV ~ E V  e t v a ~  6uvarbv 

va ~ E P L V P ~ V E ~  ~ K P L B ~ C ,  EXEL npo~aeeC r o  a K 6 h 0 ~ 8 0  oxfipa. 

6nou e- E ~ V ~ L  t o  n a y ~ 6 ~ u y k v o  t l A e ~ r p 6 v ~ o  ( t r a p p e d  e l e c t r o n )  ,bnwc o r q  n&- t 
p in twon  TwV ~ A E K T P L ~ ~ W V .  H ~ A E K T P O X ~ V L K ~ ~  o u p n ~ p ~ q o p ~  I O U  ~ O V O K P U U X & ~ ~ O U  

~ a + ~ 2 2 2 . ~ a -  ~ V ~ ~ K E L  UTO ~ P O U Q & T W ~  avan~uoo6yevo  n&6Co E ~ E ~ V Q ~  TWv LOVTL- 

~ h c  aywyhv (super  i o n i c  conduc to rs -so l  i d  s t a t e  b a t e r r i e ~ ) ~ ~ - ~ ~ , b n o u  ye- 

vovraL n p o o n & 8 & ~ & c  va BpeOodv o u o o w p ~ u r ~ c  C T T E P E ~ V  ~ A E K ~ P O A U ~ ~ V  xayqAhv 

e ~ p y o ~ p a o ~ h v ,  ~ L ~ T L  O L  u y p o i  ~ ~ E K T P O ~ ~ T E ~  n f i y v u v r a ~ .  



~ A E K T P O V ~ U V  A6yw n a v ~ 6 ~ u b & v w v  ~AEKTPov~uv, r a  onota txouv ~ a t a h & B e ~  n h e p  

bar LK& KEV& a v ~ 6 v r w v  ( n  .X. F ~ t v t p a )  48. H ouy~Evrpwoq rwv nay ~ 6 ~ u p t v w v  

~ A E K ~ P O V ~ ~ V  E L V ~ L  6uvar6v va auEq8~1, auE&vovrac r q  ouy~ tv rpwoq  rwv an- 

b~aAurwbivwv qAE~spov~wv or0  6~&Auba an6 TO onoio avanrbooovra~ O L  ~ p b -  

O~UAAOL KaL ouvxpbvw~ ~ A a r r A v o v r a ~  r q  ~ X E T L K ~ ~  ~ U Y K ~ V ~ P W O ~  ~ V L ~ V T W V  M- . 
Ac o q b ~ ~ w 8 e i  6 r ~  o ap~81.~6c rwv nav~6~uuEvwv  ~~A&KTPov~uv  o u v b t ~ r a ~  &b&oa 

52 p& I L C  L ~ L ~ T Q ~ E ~  ~.IEIUVOP&C TOU ~ A E K ~ P L K O ~  P E ~ ~ U T O ~  . 
2 l a  ~ A E K T P ~ ~ L ~ ,  avr~orp6vwc,  ~ v m a v i b o v r a ~  LUXUP& EPR ofibara ~ K P L ~ ~ C  

orqv r ~ b q  g rwv E A E U ~ ~ P W V  I I A E K ~ P O V ~ W V ~ ~ .  TO v&oba NMR 2 3 ~ a  6~aAf iuaroc 
+ 

Na C222,Na- UE THF ~ b v a v @ ~  r q  K O P U Q ~ ~  TOU Na- be ~ 6 p o c  qbLo&wc b$ouc 

3Hz. I r o  orspa3 n o A u ~ p u o r a A A ~ ~ b  6 ~ t y b a  ~a'c222.Na- & v v a v i T & r a ~  nsnha~u-  

ot.1.5~~ ypawrl ~ b p o u c  q~.~Loswc b$ouc 3000 Hz q onoia u n e p ~ a h f i n r s ~  r a  660 

( 6 ~ a ~ o p e w d )  o f i ~ a r a  n p o e p ~ b p w a  an6 t a  N ~ + C  KaL Na- avr~oto lxwc.H 6 ~ & -  

K P L ~ ~  rwv K O P U W ~ V  p ~ r a E 6  rwv N ~ + C  KaL Na- EVLVE 6uvarq ME r q  x p q o ~ ~ o n o h p  

oq NMR C I E Y ~ A ~ ~  ~ L U X W P L U T L K ~ ~ S  L K U V ~ T ~ ~ T U C ~ ~ ~ ~ C  angle sample sp inn ing 

(MASS) NMR 57y5q. To Ix. 6 na~ouor&<&r  r a  NMR vbi.Iaro r o u  ~a'c222.~a-(s)  

UE TLS 680 T E X V L K ~ C  (nonspinning, sp inn ing) .  ME sq 6 ~ b r ~ p t - 1  T E X V L K ~ ~  (sp in-  

n ing)  q NMR ypau~ t j  anoppocpfioewg rou  Na- v t v & r a ~ - l O  cpoptc arsv6tspq 

DE anotEA~oua va 6 ~ a ~ p i v o v r a ~  660 ~opuv8c  a) r o u  Na'c222 UE X ~ U L K ~ ~  UEra- 
+ 

r b n ~ o q  6= -23,7 ppm KaL 8) sou Na- HE 6= -61,3 ppm,wc npoc ~ A e b B ~ p o  Na . 
OL ~ L U ~ S  aur&c ~ i v a ~  ~ U V K P ~ ~ L ~ E C  DE TLC x q i . 1 ~ ~ 6 ~  w c a t o n i o e ~ c  -11 ppm KaL 

-62 ppm twv ~ a ' ~ 2 2 2  KaL Na- av-c~oroLxwc, OE 6 ~ & ~ u u a ~ ~ .  Oboiwc &F&r&of3q- 
+ 

Kav 5&Lyj.~ara m v  rbnwv M L, ~ a - ~ ~  bnou L:C222 fi 18C6, M=Na,K,Cs,Rb KaL 

M+L. ~ b - ~ ~ h o u  L: 15C5 fi 18C6, M=Cs,Rb. 



MsrpQoeLc ~ ~ V V Q T L K ~ ~ ~  E R L ~ E K ~ L K ~ T ~ T ~ ~  Ey~vav  BE vayvqrdvsrpo Q K P L B E ~ -  
as [superconducting Quantum Interference D ~ V ~ C ~ , S Q U I D ]  orqv nspioxfi @&p- 

48 uo~paaihv 1 , 6 - 4 0 0 ~ ~ ~ .  Ta a h ~ a h  h a  &vqavi<ouv 6 ~ a v a v v q r i ~ f i  ~ ~ l . I n & p i V ~ p &  , 
bnwc &S hhhou avavEvs~a~  hdyw rqc q h a ~ t p o v ~ a ~ f i c  60vrk twv av~bvrwv a h ~ a -  

h~~s rdhhwv .  ~ n i a q c  r a  ll&plCJubt&pa t W V  Q ~ E K T ~ ~ ~ L W V  E ~ V ~ L  ~ L ~ ~ ~ v v ~ ~ L K & ,  h6- 

yw rqc UUTECEEWC TWV spin rwv nay~6suvEvwv qhs~rpov i9v.  AV o i  ahhqhsni- 

6pbosic w v  nayi6suvEvwv qhs~rpoviwv fioav aoBsvsic, r a  q h e ~ r p i 6 ~ a  Ba E[- 

Xav napavayvqri~d xapa~sfipa, 6qha6fi Ba a~ohou9sf.so nsplnou o vduoc Curie- 
+ 

Weiss. i i apayayvqr~~ f i  ouvnspiqopd svqavi<st. TO q h ~ ~ r p i 6 1 0  L i  ~221.e- orqv 

n s p i o ~ f i  @ E P ~ O K P ~ U L G V  2 0 - 7 0 ~ ~ ' .  EZ, a u r ~ v  ouvnspaivsra~ a n  s i v a i  a5dvaroc 

o 6 ~ a ~ w p i a v 6 c ~ a h ~ a h ~ 6 t w v -  q h ~ ~ r p L 6 i w v  v6v0 an6 usrpf ios~c uayvqr i~ f i c  sn i -  

~ E K ~ L K ~ T S T ~ C .  

V, flPOOilTIKE1 EOAPMOTRN 

H ofvOsoq Kai 0 xapa~rqpiovdc twv orspsGv ahdrwv a h ~ a h ~ 6 i w v  anorehodv 

r o  aquav-c~~brwo Bfiva oro E P E U V ~ S L K ~  T I E ~ ~ O  avixvsdo~wc avi6vrwv a h ~ a h L ~ & -  

rdhhwv. To ~ n i o r q v o v i ~ d  E V ~ L ~ ( P ~ P O V  TOV ouoihv aurhv s i v a i  ~bhoyo. An6 o- 

piout!vsc VEVLKES i 6 ~ d r q r ~ c  n o ~  &<&rdaBq~av us ~ E P L K &  vEhq rqc oud6ac ah~a -  

hi6lwv- r l h s~ rp~6 twv  ~ P O K ~ ~ T E L  sntaqc Evrovo n p a ~ r i ~ 6  ~v6~aqEpov.  

H E U K O ~ ~ ~  URofiohfiS ~ ~ A E K T P O V ~ U V  K ~ @ L U T &  TLC O U U ~ E ~  U U ~ C  &PLUTQ avayw- 
+ v i ~ d  a v r i 6 ~ a o r h ~ i a .  TO &hue n.x. Na C222,Na-6iahbem~ sd~oha orov 6iahdrq 

THF KaL unopsi va x p ~ i a ~ v o n o i q ~ s i  o s ~ c  nsp~n thos ic  nou a n a ~ r s  i r a i  avavwvL- 

~6 avri6paorfipt.o 660 ~ A E K ~ P O V ~ W V .  Ens~6f i  r a  nhs~rpbv ia  ora &Aara ah~aA~61 -  

wv- q h s ~ r p i t i ~ w v  ~ X O U V  ~ a ~ q ~ f i  E V & P V & L ~  ~ o v r ~ u v o b  avavtvsrai  qwros~nounfi 

qhe~tpoviwv as vsydha v f i ~ q  ~duaroc.  

Evb~a~Epov napoua~&Ts~ snioqc q xpqai~onoiqon rwv oua~hv aurhv orouc 

ouoowpsur~c, o i  o n o i o ~  x ~ ~ o i u o n o i o d v  ah~ah~v t r ahho  6nwc Na, L i  u r i c  ~aBo-  

~ L K ~ C  av r i 6pbo~  K. Eni nhEov q q h ~ ~ r p o x q v  i ~ f i  ouvnsp~~opd  ~ O V O K ~ U O ~ & A A ~ V  
+ 

Na C222.Na- f i p i o ~ s i  ~ o a ~ u o y f i  or0 np6uqara a v a n r u o u 6 ~ ~ ~ 0  ns6io uuoowpsu- 

rhv orspsod ohvaroc O L  onoioi  X P ~ ~ L ~ O ~ O L O C V  a v r i  uyphv orepeodc qhs~rpo-  

hdrsc. An6 r a  nohu&p~@va uEhq rqc ovd6ac ah~ah i6 iov -  qAs~tpL.6iwv s i v a i  

nitfavdv va Bpsasi t o  ~ardhhqho odorqua avantbEswc ouoowpsurdv vsvdhqc a- 

no6hewc xapqhhv ~ E P ~ O K ~ ~ U  L ~ V  . 
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SUMMARY 

ALKALIMETAL ,4>!131~4S 
J. PAPAIOANNOU, I. PROVIDAKI- MOLINOU, A. MAYRIDIS 
P h y s i c a l  C h e m i s t r y  L a b o r a t o r y .  U n i v .  O f  A t h e n s  

The most appropr ia te  so lvents  f o r  a l k a l i  metals (Na,K,Rb,Cs) a re  ami- 

nes and ethers;yet  i n  these so lvents  a l k a l i  metals a re  spa r i ng l y  so lub le .  

Recently, i t  has been discovered t h a t  t h e i r  so l  u b i l  i t y  increases dramati - 
c a l l  y  by adding t o  the  so l  vent  the  c l  a thra te- fo rmi  ng compounds "cryptandsn 
and/or "crown ethers! The c a v i t y  o f  these molecules enslaves metal ca t -  

ions, w h i l e  a t  t h e  same t ime a l k a l i  metal anions o r  " f r ee 'e lec t rons  a re  

re leased i n t o  t h e  so lu t i on .  Centain ly,  t h e  whole s o l u t i o n  remains e l e -  

c t r i c a l l y  neu t ra l .  By va r i ng  the  concent ra t ion  o f  t he  complexing agents 

vs the concent ra t ion  o f  a1 ka l  i emtal S, e i t h e r  a1 ka l  ides  o r  e l  ec t r i des  a r e  

formed. A l ka l i des  a r e  s a l t s  whose anion i s  a nega t i ve l y  charged a l k a l i  

atom ( i  .e. ~ a - )  ; i n  e l e c t r i d e s  the anion i s  a " t rappedf le lectron.  

S a l t - l i k e  c r y s t a l e  o f  both species have been prepared and t h e i r  va- 

r i o u s  chemical, e l e c t r i c a l ,  magnetic and o p t i c a l  p rope r t i es  have been i n -  

l e s t i g a t e d .  The present a r t i c l e  i s  a condensed overview o f  t h i s  newly de- 

veloped and r i c h  f i e l d  o f  chemistry and ma te r i a l  science. 

Key words : A1 k a l  ides,Electr ides,  Crypt, Crown e thers  
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INTRODUCTION 

During the l a s t  years, the  i n t e r e s t  o f  the  sc ient is ts ,  working on the 

con t ro l  o f  a i r  and water po l l u t i on ,  has been mainly focused i n  f i n d i n g  new 

s e n s i t i v e  and r a p i d  methods o f  ana lys is  f o r  inorgan ic  and organic anions. 

I n  water ana lys is  i t  i s  important  t o  know even the lowest concent ra t ion  

o f  these compounds s ince they i n f l uence  the water q u a l i t y  and cause i n d i -  

r e c t l y  heal t hy  r i s k s .  

The a p p l i c a t i o n  o f  a method which enables simultaneous determinat ion 

o f  more than one components i n  one run i s  o f  g reat  importance and very 

h e l p f u l .  Such method was introduced f o r  the  f i r s t  jtime i n  1975 by Small 

and h i s  coworkers, named " Ion Exchange Chromatography w i t h  Conductimetric 

detec t ion"  (IEC)'. Since then, I E C  has been the w ide l y  used method f o r  se- 

pa ra t i on  and determinat ion o f  several common anions i n  many types o f  

environmental This was poss ib le  by the a p p l i c a t i o n  o f  the 

p r i n c i p l e s  o f  h igh performance l i q u i d  chromatography (HPLC) us ing ion-  

exchange columns and f u r t h e r  d i r e c t  conductometric de tec t i on  o f  the  sepa- 

ra ted  i o n i c  species. 

A t  f i r s t ,  the  authors suggested the use o f  two columns s i l u l  taneous- 

ly, the separator column and the suppressor one. Four years l a t e r  an 

improved chromatographic method w i thou t  suppressor column was introduced 

by Gjerde, Schmuebler and ~ r i  tz5,  known as "Single Column Ion Chromato- 

graphy" (SCIC). The main advantages o f  t h i s  method are  i t s  s impler  i n -  

strumentat ion comparing w i t h  the dual - column suppressed system, the 

sho r t  t ime needed f o r  one sample ana lys is  (about 10 min) and a l so  the 

p o s s i b i l i t y  f o r  eas ier  automat izat ion i n  r o u t i n e  l abo ra to ry  work. 
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The main factor contributing t o  the success of a SCIC method i s  the 

choice of the proper el uent having low equivalent conductance6. General- 

ly, as good eluents are  sonsidered the aromatic organic anions having 

high se lec t iv i ty  coeff icient  for  the anion - exchange resin and the i r  pH 

i s  such that  the s a l t  i s  completely ionized ( A ~ -  i s  the dominant ion and 

n o t  the H A - ) .  

Concerning the eluent concentration, i t  must be as low as possible 

to  reduce the background signal.  On the other hand, i t  shouldn't be very 

low, because in tha t  case, retention time of the eluted ions goes up .  

From the l i t e ra ture7  i t  i s  known that  phthalic acid having low pKa 

values (2,8 and 5,5) provide good buffer capacity and excellent se lec t i -  

vity control over the pH range 2 - 6. This was the reason, tha t  a s a l t  of 

th i s  acid was used as eluent in our experiments. 

Therefore, in an attempt to  optimize experimental conditions fo r  
2- 

SCIC determination of inorganic anions ( F - ,  c l - ,  NO;, Br-, NO; and SO4 ), 

potassium hydrogen phthalate was used as eluent and the effects  of e,.uent 

concentration and pH on retention time of the eluted ions were carefully 

studied. The method was successfully applied for  the analysis of drink- 

ing, mineral, rain and ground water samples. 

EXPERIMENTAL SECTION 

a )  Sampling 

Rain water samples were collected using polyethylene funnels attached 

to polyethylene bot t les  which served as wet deposition col lectors .  

Different types of mineral waters were analyzed a f t e r  dilution 1:2 

or 1:5 i f  required in some cases. For drinking water samples, the analy- 

s i s  was very simple since no sample preparation was needed. Ground water 

samples were analyzed a f t e r  the i r  f i l t r a t i on  through a mill ipore f i l t e r  

(0.4 vm pore s i ze ) .  

b )  Analysis 

Apparatus: The ion chromatographic system consisted of the follow- 

ing components: 1 )  an HPLC low pulsation pump, Kontron Model 414, pro- 

viding constant eluent flow, 2) a Wescan Ion Chromatography module, 

"ICM", equipped with a 100 vL "Rheodyne" sample loop, Model 7125, and an 

active temperature controller "ATC" se t t led  a t  30 'C and 3) a s t r i p  chart 

recorder, Goerz Servogor, Model R E  541. Instrument conditions during the 
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experiments a r e  a s  follows: e luent :  0 . 5 x 1 0 - ~  - 4 x 1 0 - ~  M K H P ,  flow ra t e :  

1 ml/min, column: r e s in  based anion exchanger on macroporous polystyrene 

s u b s t r a t e ,  with capaci ty  0.17 mequi v/g (WESCAN/R 269 - 029, 250~4 .6  m m ) ,  

de t ec to r  range: R 10/z supr 2 ,  recorder speed: 5 mm/mi n and recorder 

range: 0.2 Volt. 

Reagents: All reagents used i n  the  experiments were of ana ly t i ca l  

grade (BDH Analar) .  For e luen t  preparation a stock potassium hydrogen 

phthala te  so lu t ion  (4 mM) was d i l u t e d  and the appropr ia te  volume of 0 .1  

M KOH added f o r  pH adjustment, while a small quant i ty  (10 % v/v) of  me- 

thanol was a l s o  added f o r  preservation.  

RESULTS AND DISCUSSION 

Having in  mind t h a t  i n  SCIC, e luen t  concentration i s  highly responsi- 

b l e  f o r  background noise and re t en t ion  time of  e lu ted  ions7,  w e  t r i e d  

t o  f ind  experimentally the  optimal e luen t  condi t ions .  

Therefore, changes i n  e luen t  concentration as i t  i s  given i n  Tab. I 

showed ser ious  e f f e c t  on r e t en t ion  time of  the  l a t e  e lu ted  ions a s  NO, 
2- 

and SO4 . For these  anions,  the  ana lys i s  i s  much time consuming as  the  

e l u e n t  concentration reduces. Thus, the concentration of  4 mM was consi-  

dered the  most s u i t a b l e  one i n  t h i s  case of ana lys i s .  In Fig. l the e f f e c t  

of e luen t  concentration on r e t en t ion  time i s  given using the  Capasity 

f a c t o r  K ( K  = t - t o / t o )  f o r  the  corresponding anions.  

TABLE I .  Effec t  of e luen t  concentration on r e t en t ion  t ime(  min) 

El uent 
conc. 
(mM) t~ 

- -  - 

0.5  1.50 8.70 13.30 13.70 16.35 20.35 

1.0 1.65 6.25 7.50 9.35 10.58 12.35 - 
2.0 1.80 4.78 5.58 6.65 7.45 8.45 19.30 

4.0 1.90 3.60 (neg) 4.23 4.95 5.40 5.95 9.60 

Then, having e l  uent concentration constant  a t  4 mM, the  r e t en t ion  

time dependance with respect  t o  pH was examined. In Fig. 2 i t  can be 

seen t h a t  a s  the  pH increased,  r e t en t ion  time decreased and espec ia l ly  

s u l f a t e  e l u t i o n  was s t rongly  a f fec ted .  Thus, the  optimum pH was found 

t o  be i n  the range of 4.9 - LD. 
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2 3 
m M  K H P  

t - to 
FIG. 1: E'fSect of eZuent concentration on capacity factor k fk=------- 1 .  

to 

Another important and very useful factor  for  the evaluation of an IC 

method, the Resolution ( R )  of the separated ions, was also studied. A mi- 

nimum requirement for  suff icient  separation between two ions of in te res t  

i s  generally defined as: 

where t2 and t1 are the adjusted retention times of the corresponding 

ions and W i s  the peak width a t  the half of i t s  height8. Calculated 
/ 2  

R values for  the couples of peaks for  various pH of the eluent showed 

tha t  even for the relat ively problematic couples of NO2 - Br and Br - NO3, 

the separation i s  nearly base - l ine separation a t  pH 4 .9 ,  ( the values 

are 2.50 and 3.00 respectively).  

Using the conditions proposed above, concerning eluent concentration 

and pH, standard chromatograms were undertaken with mixed standard solu- 
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FIG. 3 : Standard chromatogram o f  F- 2 p p ,  CL- 2 ppm, NO2 1 ppm, ~ r -  5 ppm 
NO3 2 ppm and SO: 2 ppm using eluent KHP 4 mM and pH: 4.y  

4 

C -\.--.- 61- 
- S-W\ 

*-X-* F- .. I I I I 

4 S 
I I a 

6 7 8 9 
PH 

FIG. 2: E f f e c t  o f  eZuent pH on retent ion time of  eZuted anions. 
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FIG. 4: Peak height response VS. concentration for  the anions: cZ-, NO;, 
Br, NOg and SO:-. 

tions of the anions of in te res t  (Fig. 3 ) .  I t  can be seen that  fluoride i s  

early eluted with negative peak whereas the resolution between the f i r s t  

two peaks (fluoride-chloride) i s  absolutely sat isfactory.  Good l inear i ty  

was obtained between peak height and concentration in the range of 1 - 1 0  

ppm, as i t  i s  shown in Fig. 4. Detection limits'were calculated from 

experimental data and taken as three times the standard deviation of a 

data s e t  consisting of s ix  analysis of a standard mixture with as low as 

possible ion concentration (F-: 1 ppm, Cl-: 1 ppm, NO;: 2 ppm, NO;: 2 ppm, 
2- 

So4 : 2 ppm). The values in ppm for  D . L  are the following: F-: 0.18, Cl- 
2-  

0.09, NO;: 0.15, Er-: 0.15, NO;: 0.13 and SO, : 0.15. 

The above method was successfully applied for  the analysis ofselected 

inorganic and organic ions in fog water and atmospheric aerosols obtained 
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9 
during a f i e l d  sampling campaign in the PO val ley,  I t a l y .  

SUMMARY 

The object ive  of t h i s  work was t o  es tab l i sh  optimum conditions f o r  

the ion chromatographic separation and determi nation of inorganic anions, 

using s ing le  column technique, and apply i t  t o  routine experimental work 

f o r  aqueous environmental analysis .  The successful use of  an e luent  with 

low equivalent conductance such as potassi um hydrogen phthalate (KHP) , 
with a defined concenttation and pH value has been zpplied in  a s e r i e s  of 

applications f o r  the analysis of drinking, mineral and ra in  water samples. 

Keywords: Single Column Ion Chromatography, 

e luent :  Potassium hydrogen phthalate (KHP), 

aqueous envi ronmental samples 

To ~ V T L K E ~ ~ E V O  rqc napohme epyaoiac tirav q ~Opeoq xwv B6Ar~arwv ouv- 

&1~hv npoo6~op~ouoh avopy6vwv av~6vrwv (F-, Cl-, NO;, Br-, NO; Kai SO:-) 

a& ( P U I J L K U  U ~ ~ T L K U  6eiyuara ue rq uiBo60 tnc  xpwuarovpa~iac ibvrwv anhric 

ortihnc. RS E K ~ O U ~ T L K O  ( e luen t )  X P ~ ~ L ~ O ~ O L ~ ~ ~ K E  T O  ~ E L X O  qf3aA~~6 K U A L O  

(potassium hydroqen phthalate,  KHP) oe o u y ~ e v r p b s ~ c  an6 0.5-4 mM oa 6 ~ 6 -  

qopec r ~ u 6 c  pH anb 4 6wc 9. H Bkhr~otq ouy~ivrpwon rou E K A O U ~ ~ L K O ~  6~ahO- 

uatoc B P ~ ~ ~ K E  q ouv~6vrpwoq TWV 4 mM KaL ro  B i h s ~ o s o  pH t o  4.9. M~harriBn- 

K &  0 ~ ~ a v b r q r a  6~axwp~ou06 TWV LOV-CWV ueracd roue (ava SeOyq), KaL ue rq 

poti0e~a npor6nwv (standard) ~ ~ w u a r o y ~ a ~ n u a t w v  U ~ O A O V ~ U ~ ~ K C I V  r a  bpia avL- 

xvrOo&wc twv unb ueh6~n av~bvrwv PE T L C  napanavw P6Ar~orec O U V ~ ~ ~ K E C .  H u6- 

8 0 6 0 ~  x p q o i u o n o ~ r i 0 q ~ ~  vLa tnv avahuo~  ~ E L V ~ U ~ W V  nooiuou V E P O ~ ,  ~ E ~ ~ A A L K O U  

KaL vepoh Bpoxtic ue ouv@i~&c au tbua~ou  npoo6~op~ouoO Kai n p o r e i v e r a ~  av&- 

nLqNjhaKra vLa avah0os~c pourivac oe ~ p y a o t q p ~ a ~ q  ~ A i u a ~ a .  
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INTRODUCTION 

As we have prev ious ly  reported, 2-phenyliodonio-dimedonate, I ,  can be 

protonated even by weak acids, because o f  i t s  b a s i c i t y ,  t o  form iodonium 
1 s a l t s  which make r e a c t  f u r t h e r ,  e.g. H2S gives 2-sulfhydryldimedone , 

HCl gives 2-chlorodimedone2, Ph21C1 i n  MeOH gives 2-chlorodimedone3, etc,  
4  whereas p-to1 uenesul fonic a c i d  gives a  s tab le  iodonium t o s y l  a te  . These 

react ions apparent ly i nvo l ve  nuc leoph i l i c  a t tack  a t  C2 of I by the anion 

o f  the  above mentioned reagents. We thought t o  extend these react ions 

w i t h  o ther  nucleophi les i n  order t o  ob ta in  2-subst i tu ted dimedones. We 

f i n d  t h a t  by using KSCN as nuc leoph i le  i n  presence o f  H2S04 as a  ca ta l ys t ,  

we ob ta in  a  mix ture  o f  4-0x0-6,6-dimethyltetrahydro-1,3-benzoxathiol-2- 

one, 2, bis(4,4-dimethyl-2,6-dioxocyclohexyl ) s u l f i d e ,  3 and b i s  (4,4- 

dimethyl -2,6-dioxocyclohexyl ) t r i  s u l f  ide,  4, ins tead o f  2-thiocyanodimedone. 

Oxidat ion o f  s u l f i d e s  3 and 4  w i t h  diacetoxy-iodobenzene leads t o  the 

known spiro-product  5. The reac t i on  o f  1, w i t h  KSCN i s  described i n  

d e t a i l  below and a  p a r t i a l  mechanism i s  proposed t o  exp la in  the products 

formed. 

RESULTS AND DISCUSSION 

When 1 i s  s t i r r e d  w i t h  KSCN i n  a  methanol ic-aqueous s o l u t i o n  conta in ing 

H2S04 f o r  about 12 hours, th ree d i f f e r e n t  products are formed, besides 

PhI: 2, 3, and 4 w i t h  corresponding y i e l d s  4, 25 and 40%. 

As the reac t i on  occurs i n  presence o f  an acid,  the  f i r s t  s tep must be 

the pro tonat ion o f  1 on one oxygen. Afterwards nuc leoph i l i c  a t tack  a t  C2 

o f  I must take place by th iocyanate anion, w i t h  format ion o f  P-thiocyano- 

d i  medone . 
I f  we accept the tautomeric form 6 o f  2-thiocyanodimedone, we can 
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3 ( 2 5 % )  4 (40%) 

FIG. 1: Reaction o f  1 w i t h  KSCN. 

e a s i l y  exp la in  the  format ion o f  2 i n  the  a c i d i c  environment o f  t he  

reac t ion ,  as i s  shown i n  t he  equations above. On the  o the r  hand the  

fo rmat ion  o f  3 'and 4 cou ld  according t o  t he  l i t e r a t u r e 1  be a t t r i b u t e d  t o  

the  in termedia te  7, which might  be obtained from 2. The low y i e l d  o f  

2 cou ld  be an evidence f o r  t h i s .  

FIG. 2: Mechanistic procedure o f  t he  reac t ion  between 1 and KSCN. 

5 
d 

FIG. 3: Oxidation o f  3 and 4 w i t h  PhI(OCOCH3) 



Oxidation of sulfides 3 and 4 with diacetoxy-iodobenzene gives the 

known 5 ,  probably through a free radical mechanism: 

EXPERIMENTAL 

Melting points have been obtained on a Kofler hot stage apparatus. 

IR spectra were obtained with a Perkin-Elmer Model 257 spectrophotometer. 

'H-NMR spectra were recorded on a Varian A-600 spectrometer in CDC1 3, 

with TMS as an internal standard. The mass spectra were obtained with a 
Hitachi-Perkin-Elmer Model RMU-6L spectrometer with ionization energy 

70 eV. 

Reaction w i t h  KSCN 

1.5 g (4.38 mmol) of 1 and 0.567 g (5.84 mmol) of KSCN are stirred 

overnight in an aqueous-methanol ic solution (10m1/20ml) of H2S04 (5%). 

The reaction mixture is extracted with CHC13-H20. The chloroformic 
extracts are combined, dried with Na2S04 and concentrated. Column 
chromatography (silica gel, hexane-chloroform) separates: 

a) Iodobenzene. 

b) 2 (35 mg, 4%); m.p. 45-46 'C. IR(Nujo1) 1765, 1670, 1625 cm-'; 
NMR(CDC13, 6) 1.15(s, 6H), 2.45(s, ZH), 2.65(s, 2H); MS(m/z) 198(~+), 183, 

70, 154, 142, 83, 70, 55; Anal. calcd. for CgH1003S: C 54.54; H 5.09. 
Found C 54.47; H 4.88. 

c) 3 (170 mg, 25%); m.p. 230-231 'C (lit.5 m.p. 231 'C). 

d) 4 (328 mg, 40%); m.p. 180 'C; IR(Nujo1) 1630, 1540, 1530 cm-'. 
N M R ( c D C ~ ~ , ~ ) ~ . ~ ~ ( S ,  12H), 2.60(s, 4H), 10.24(s, 2H); MS(m/z) 374(~+), 

342, 310, 172, 83, 55; Anal. calc'd for Cl6HZ2O4S; C 51.33; H 5.92. 
Found C 50.63; H 5.80. 

SUMMARY 

The iodonium ylid 2-phenyl iodonio-dimedonate, 1, reacts with the 
nucleophile KSCN in presence of H SO, as a catalyst to give 4-0x0-6,6- 
dimethyl tetrahydro-l,3-benzoxathigl -2-one,Z,bis (4,4dirnethyl -2,6- 
dioxocyclohexyl )sul fide, 3 and bis(4,4-dimethyl-2,6-dioxocyclohexyl )- 
trisul fide, 4. Oxidation of sulfides 3 and 4, with diacetoxy-iodobenzene 
leads to 4-0x0-6,6-dimethyl tetrahydro-1,3-benzoxathiole-2-spiro-4' ,4'- 
dimethylcyclohexane-2' ,6'-dione, 5. . 
Key words:2-Phenyliodonio-dimedonate, potassium thiocyanate, 4-0x0-6,6- 
dimethyltetrahydro-l,3-benzoxathiol-2-one, bis(4,4-dimethyl-2,6- 
dioxocyclohexyl )sul fide, bis(4,4-dimethyl-2,6-dioxocyclohexyl )trisulfide, 
4-0x0-6,6-dimethyl tetrahydro-1,3-benzoxathiole-2-spiro-4' ,4'-dimethyl- 
cyclohexane-2' ,6' -dione, diacetoxy-iodobenzene. 



A v T l B p a o q  Tau Q C I L V U ~ L W ~ O V L O - ~ L ~ E ~ O V L K O ~  

TO ~ ~ 6 0 v ~ o - u A ~ 6 0 - 2 - ~ a ~ v u h 0 I : ~ 6 0 v ~ 0 - 6 ~ 1 1 ~ 6 0 v ~ ~ 6 - 1  CIVTL~P& HE 

V O U K A E O Q L A O  KSCN r t a p o u o i a  H2S04 WC ~ a ~ a h 6 ~ o u  KaL n a p . 5 ~ ~ ~  4 -  

o E o - 6 , 6 - 6 ~ ~ ~ ~ u A o ~ ~ ~ p a u 6 p o - 1 , 3 - B ~ v ~ o ~ a 9 ~ ~ o A o - 2 - o v q , 2 , b i s ( 4 , 4 -  

~ L U E ~ ~ A ~ - ~ , ~ - ~ L ~ E O K ~ K A O E E U A O ) ~ O U ~ ~ ~ ~ ~ L O ,  3 b i s ( 4 , 4 - 6 ~ ~ ~ 0 u A o -  

2 , 6 - 6 ~ o ~ 0 ~ u ~ h o ~ ~ u A o ) r p ~ o o u A ~ ~ 6 ~ o , 4 . O ~ ~ ~ 6 o  T W V  ~ O U A Q L ~ ~ W V  3 

KaL 4 IIE ~ L ~ K E T O F U - L W ~ O P E V C ~ A L O  0 6 q y ~ I  E L S  ~ - o E o - ~ , ~ - ~ L M E ~ u A o -  

~ ~ ~ p a u 6 p o - 1 , 3 - p ~ v C 0 ~ a 9 ~ ~ o A q - 2 - o r t ~ ~ p o - 4 ; 4 ' - 6 ~ ~ & 6 u h o ~ u ~ A o ~ ~ a v o  

- 2  ;6 ' - ~ L O V Q  ,5. 

REFERENCES 

1. Koser, G.F., Y u .  S.-M., J .  Org. Chem., 41, 125 (1976). 
2. Ne i land ,  O., Vanag, G., Zh. Obsch. Khim., 30, 510 (1960). 
3. Papadopoulou, M. , Varvog l  i s ,  A., Chimika Chronika, New Series ,  H, 

45 (1985). 
4. Ka ln ina ,  S., Ne i land ,  O., Zh. Org. Khirn., 1, 1606 (1971). 
5. Thompson, Q.E., C r u t c h f i e l d ,  M.M., D i e t r i c h ,  M.W., P i e r r o n ,  E., J .  

Org. Chem., 30, 2692 (1965). 



TO n s p ~ o 6 ~ ~ 6  X q p ~ ~ h  X ~ O V L K U - N k a  E E L P ~  & P X L U E  TqV ~ n a ~ b K 6 0 0 f i  T O U  

p &  r o  4' r e b x o c ,  r o u  1 9 8 7 . n p o ~ p a v p a r l < a r a ~  E V T ~ C  r o u  r p k x o v r o ~  i r o u c ,  

v a  s ~ 6 0 6 0 b v  r b o o s p a  r a b x q  VLa r o  k r o c ,  1 9 8 8 ,  r b o o s p a  r c b x q  VLa r o  1 9 8 9  

KaL r 6 u o a p a  yLa  r o  1 9 9 0 .  

n a p a ~ a h o d v r a ~  O L  o u v 6 p o p q r 6 g  r o u  n a p ~ o 6 L K o b  va a v a v s h o o u v  r q  o u v 6 p o -  

vf i  r o u c ,  VLa r a  n p o q y o b v a v a  6 r q  p c  r q v  r ~ v f i  r w v  1 0 0 0 6 p x .  K ~ L  V L ~  r o  

d r o c  1 9 9 0  y e  r q v  r ~ p f i  r w v  1 5 0 0 6 p x .  

RENEW OF SYBSC RIPTION 

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 i n g  t o  p u b l f 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  $23  f o r  t h e  p r e v i o u s  y e a r s  a n d  $ 4: 
f o r  1 9 9 0 .  


