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CYMIIAOKEE ENQCEIC TOY Cu(II), Ni(I1) KAI Co(I1) ME MONOAMI- 
NEE KAI AIAMINEC AAEIQATIKEE KAI APQMATIKEC 

A. KOBAAAAEMEPTZH, N. XATZHAIAAHC KAI 1.M.TCATKAPHC 
Epyaarrjpro Avopy6voo ~ a z  Ttvrlcrj~ Xvpeiaq Ilavenzor~piou Iwavvivwv 

Ero ap0po auro yivsra~ pia PtPhtoypacpt~fi drvao~6nqoq oupnho~wv ah~lcpart~hv Kat 
apwpart~hv yovocrptvhv (NH,, avthivq) Kat Gtaplvhv (en=ateuh~vo6~apivq, o-pda=o- 
cpatvuhsvo6tapivq Kat naphyoya 795) PE ra orotasia p~zanzho~wq rqG lqq p~raf lar~~f lq  GEL- 

paq Cu(II), Ni(II), Co(I1). AvacpLpovrat ot ouypsrpisq rov napanavo oupnho~wv KaI yivsrat 
pia orjvropq aQohoyqoq rov rrs~papart~hv 6~60pLvov P ~ L U E ~  TOV onoiov ouprrspaivovrat 
aur8~. En ioq~  avacptpovrat ot ouppsrpisq rwv oupnh6~wv rqq o-aba(o-aptvo~~v<uhapivq), 
plaq Gtapivqq nou nspti~st  pia ahslcpart~fl K ~ I  pta apoparucfl aptvopa6a p& Cu(II), Ni(II), 
Co(I1) Kat yivera~ ovy~ptoq zov F O T I K ~ V  16torfirov Kat TO si60q TWV oupnho~ov nou nap& 
X E L  aurq PE ra 61cicpopa pszahh~rcci tovca, pc ahhouq napspcpspsiq uno~araorarsq, 6no5 q en 
 at q o-pda. 

H zspaocta oqyaoia zov ouynho~wv EVQ~EOV TOV ozot~siwv p~zanzQosoq 
ozqv avanzucq zqq orjy~povqq xqpsiaq ~ E V  a v a y ~ q  seaposoq. Ot svwostq auziq 
nou ( X V C X K ~ ~ ~ ~ ~ ~ ~ K U V  ozo zihoq zou nponspaoyivou atwva, orav o Tassaert zo 1798 
ouvi0sos zqv ivwoq Co(NH,),Cl,, p W ~ o v  zuxaia, qzav yta nspinou s ~ a z 6  ~p6vta 
atvlyyan~iq, acpo6 ot ~ q p t ~ o i  zqq sno~qq 6sv qoav os 0ioq va ~azavo.iloouv zq cp6- 
oq cou 6soyo6 zouq.'Onwq sivat yvwoz6, o Werner TO 1890 EGwos zqv rtphzq 0sw- 
pia y6po an6 zq q6oq cou 6soyo6 zouq nou a n o z i h ~ o ~  Kat zqv acpszqpia yta zqv 
n~patzipo avanzucq zou ~ha60u.  

A p ~ t ~ a  ot svhostq audq e i p v  y6v0 0swpqzt~il oqpaoia  at q yshEzq zouq PO?'- 
0 q ~ &  C T T ~ ~ C ~ V T ~ K ~ ~  OZqV KaZ @ & p & h i ~ ~ q  ~ 0 0 0  TOV VEOV ~ E O P ~ C ; ) V  K E P ~  6s- 
oyo6, ~ a 0 h q  Kat zqq avopyavqq xqpsiaq ouvoht~a. AvZiozpocpa, ys scpapyoyq rov 
o6y~povwv 0sopthv Gsoyo6 ( n . ~ .  o 0 ~ v o G ~ o y t ~ q  Bswpia, yopta~hv zpoxta~hv K.&.) 

oza 06pnhoKa, o ~ h a 6 0 ~  yvwptos  at yvopirst yia yqahq Bv0qoq ~ a z &  za whsu- 
zaia ~p6vta. Cilyspa i ~ s t  ouvrs0si ivaq cspaoztoq apt8yoq zizotwv svQosov  at Ka- 
0qp~ptva ouvziB~vzat lcal khhq,  ot nspiooowpsq, opwq, 6nwq sivat cpuot~o, EXOUV 
yovo 0swpqzt~6 EvGtacpipov, hiysq 6s i ~ o u v  Kat zsp6ona Ptopqxavt~q 4 khhq oqpa 
oia. 

Cqyspa ot svwosy auziq nairouv o q p a v n ~ o  poho ozqv avahun~fi xqpsia, ozq 
o6vOsoq ~aeapa opyavt~hv ouothv, KaBwq Kat nohuysphv (~azahuoq), ozq pszah- 
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houpyia, ozqv qhs~zpoxqysia ,  ozq Ptoyq~avia ~poyc i zov  ~ . a .  Tspaozta sivat sni- 
(3qq q crqyaoia zouq ozqv &v yivst Btoav6pyavq Xqysia, &v65 viou oxsztrca KMGOU, 
Kaehq Kat ozqv Avopyavq @ a p y a ~ s u z t ~ f l  Xqysia. Czo t~s ia  yezanzwosoq os  Gtacpo- 
PEG ~azaozciosy  05stGwoswv naicouv o q y a v z t ~ 6  poho oztq s v c u y a n ~ i q  avzdpciosy, 
6nou crxqyazicouv svspya ~ ~ G t a y s o a  o 6 y n h o ~ a  P E  y6pta P t o h o y t ~ f l ~  oqyaoiaq 
(svspya ~ i v z p a  zwv svcrjyov). T o  o 6 y n h o ~ o  cis-Pt (NH3),C12 Eva no16 Gpaort~o 
oflpspa a v z t ~ a p ~ t v t ~ o  cpapya~o, sivat anM Gsiyya zqq oqyaoiaq nou ixouv ziho5 ot 
svhostq auziq ~ z q  o l j y~povq  Avopyavq @ a p y a ~ s u z t ~ f l  Xqysia. 

T a  o 6 y n h o ~ a  zov  ozotxsiov yszanzhosoq 08 Gtacpopsq PaOyiGsq o@tGhosoq ye 
ayywvia  at Gtcicpopsq ahstcpan~iq  at apo$a\oln~iq yovo- at Gtayivsq sivat an6 za 
nphza nou y ~ h ~ z 4 0 q ~ a v   at sivat yvoozk an6 noh6 nahta. 0 Werner yta napttGcty- 
ya ~ a z i h q e s  ozq Oswpia cou an6 yshizq Gtacp6pwv o u y n h o ~ o v  ozotxsiov yszanzh- 
osoq ys ayyovia,  onoq za PtC14.6NH3, PtCI,.SNH,, PtC14.4NH3, PtCl, .3NH3 Kat 
PtC14.2NH3. A ~ o y q  q npoo0szq oza0spbzqza nou napixouv oztq svhosy  auziq ot 
xqhtcoi uno~azaozazsq,  atziaq zou ~ q h t ~ o 6  cpatvoyivou, yshszflOq~s yta nphrq 
cpopa P E  Gtayivsq, onoq q at0uhsvoGtapivq, ~ . a .  Tizotsq Gtayivsq apwyaztciq f l  ahst- 
cpazt~iq ynopo6v va o~qyaz ioouv   at o n z t ~ h q  svspydl o 6 y n h o ~ a  PE Gtacpopeq yso- 
yszpisq nou ixouv ysykhq Osopqzt~fl oqyaoia. 

Tta  rouq hoyouq auzo6q ozo ap0po auzo snt~stpsizat pia yspucfl a v a o ~ o n q o q  
zov  ys066ov xapao~suflq, t6tozflzov Kat Gt~psuvflosoq z q ~  Goyflq o u y n h o ~ o v  apt- 
v h v  P E  za p ~ ~ a h h t ~ d l  16vm CU (11), Co(I1) Kat Ni(I1). rivszat a ~ 6 y q  o u y ~ p t o q  rwv 
6 o z l ~ w v  t6tozflzov yszak6 ahacpazt~hv Kat a p w y a z t ~ h v  Gtap~vhv. 

H ayyovia,  ivaq z u n t ~ o q  yovoGovzt~6q uno~azaozazqq 6ivst p& Cu(I1) o6ynho- 
Ka .sou ~ 6 x 0 ~  CuX2.n(NH3), T O  n ouvfl0oq 715 ztyiq' 2,4,5 Kat 6. T a  o 6 y n h o ~ a  
oou Cu(I1) ye N H ,  unkpxouv os nsptmowpsq an6 yta Go&, ono5 cpaivszat os  ys- 

zouq PE a ~ z i v s q  X .  Kpuozahht~iq  Goyiq avacpipovzat yta nsvzaytvt~ci 
[Cu(NH3),X21, z s zpay tv t~~ i  [Cu(NH3),X21, zptaytvt~ci [Cu(NH3),X21 Kat Gtaytvt~a 
06pnhoKa [Cu(NH3),X2I2. Coa zszpaytv t~h o 6 y n h o ~ a  q ~ 6 p t a  ovyyszpia sivat q 
aeov t~ f l  F E  aptOp06q ~ v z d l & o ~  5  at 6. Cxflya 1. 01 Goy85 ouynspthaypcivouv zs- 
z p a y o v ~ a  0K~as6ptKa 06pnhoKcl (I) Cu(NH3),N02 To o6ynh0~0 c ~ ( N H , ) ~ p t c I ,  
(11) ys yicpupa uno~azaozazq o z q  z ~ z p a y o v ~ ~ i q  0iostq 0 s  imq m o o z a o ~ t q ,  TO o6y- 
n h o ~ o  (111) Cu(NH3),Se04.H20 PE yicpup~q oyd16ov oztq Z E T P U : ! ~ ! ) V ~ K ~ S  0iostq 0 s  a- 
VtOEq anoo~dlostq, TO ~ 0 p p t ~ 6  O K T C ~ E ~ P ~ K ~  o S y n h o ~ o  ( IV)  Cu(NH,), (CuI,), Kat To 
nupayt6t~o o 6 p n h 0 ~ 0  ' T ~ ~ p a y ~ v t K f i q  P b o q ~  ( V )  CU(NH,),H,O.SO,. T O  GtoOsvi5 ~ O V  

zou Cu o ~ o  o 6 y n h o ~ o  (V) ppio~szat 850.1 an6 TO snins60 TOV uno~azaozazhv ,  E V ~  

oza or jynho~a (I)-(IV) ppio~szat snavo (370 snins80. Tta va pnopsi va  napaysivst 
oza0sp6 T O  Kazdv CU(NH,) ,~+ (VI )  n p i n ~ 1  va u n d l p ~ o ~ v  qyt~vzaypivot  Gsoyoi nci- 
v o   at K&TO an6 zo snins60 s t 6 t ~ a  ys uno~aoaozawq nou i ~ o u v  n - z p o ~ t a ~ a  Kat 
, U ~ O P O ~ V  va ~ ~ t t K ~ t h ~ c p o 0 6 ~  anozshsoyat t~a P& 71-~p0xta~6 zoo yszahht~od t 6 ~ ~ 0 q .  0 
opoq qytivzaeq (semi-coordination) nsptypkpet q v  Goyfl ozqv onoia o nsptcpspsta- 
K O ~  u n o ~ a z a o z c i z ~  ppio~szat oztq a e o v t ~ i q  0 i o ~ t q  o& optoyivq anoozaoq -0,6A0 
psyah6zspq an6 zo y f l ~ o ~  zou Gsoyo6. 
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T o  a v e p a ~ t ~ o  6 tayyov ta~6  o 6 y n h o ~ o  &EL Goy17 (IV)  r s rpaywvt~ i l~  xupayiGa5 ys 
yia av0pa~trc-j oy66a StGovrt~fi 070 snins80 Kat r t ~  660 oyati~q r q ~  ayywviaq os  
cis-btayopcpwoq. T o  o 6 p n h o ~ o  Cu  (NH,), Ag(SCN), (VI), i ~ s t  60yfi o ~ s 6 6 v  Kavovt- 
K ~ S  r p t y w v t ~ ~ ~  GtnupayiGa~ ys oha ra azopa zou ~ 6 p t o u  69ova 0 s  suesia. Tsrpayw- 
V I K ~  T I C ~ P O ~ P O P ( ~ W / . ~ ~ V ~  O K T C ~ E ~ P Z K ~ ~  ( J U P / ~ E ~ P ~ ~  (111) &TttKpa~&i OTCI 0 6 y n h o ~ a  a- 
Cu(NH,),Cl, B-Cu(NH,),Br,  at P-Cu(NH,),Cl,*. Cza o 6 y n h o ~ a  a-Cu(NH,),Br, 
Cu(NH,),(SCN),, Cu(NH,), (CH,COO), K ~ Z  a-Cu(NH,),C,O, fxouys poyptcil 
o ~ r a s 6 p t ~ q  yswysrpia ys sntyq~uvbysvq rszpayovt~- j  napap6pcpwoq ( I ) .  T o  yo- 
vo r p t a y y o v t a ~ o  o 6 y n h o ~ o  yvwor i l~  ~puorahhtcilq Goyfl5 sivat T O  

Cu(NH,),(SCN),, onou q yop ta~q  Goy4 sivat rszpaywvt~dl napapopcpwyivq O K T ~ E -  
6ptKq. ~ s r p a y w v t ~ i ~  860~15 ~ X O U ~ E  qpsvrayy6va Ck0yCl osiou TOU ~ E Z O K ~ ~ V ~ K O ~  

av tovro~  os  shacpphq Ftacpopszt~i~ anooraostq 
Tta nsvraayywvta~a  at staypwvta~dr, odpc i lo~a  Cu(NH,),X,,Cu(NH,),X,, 8yt- 

vs shaxtorq xpoon68~ta yta rq yshkrq rwv ~puoruhhov z o u ~  p& u~r ivsq  X ,  hoyw 
r q ~  ~ayqh i lq  oza8spocqraq r o u ~  Kat rqq Guo~ohiaq va hycp806v (3s povo~puorahh~-  
~ i l  ~azaoraoq .  Mshizq K O V E O ~  PE a~r ivsq  X yiva yla ra x~vraapywvta~dl o6y- 
n h o ~ a  aat npo~~ivsrcxt y~oysrp ia  K U P ~ K O ~  nhiyyaroq. Tta s t a p y o v t a ~ a  o 6 y n h o ~ a  
an0 ~ ~ ~ ~ ~ T o D K o ~ I K ~ ~  y&hi~&q 6ta~WTh8qK& 17 anoyq 6 ~ t  TO u @ U T ~ X ?  CU(NH,)~X,.- 
NH, B X E ~  n svrayyov ta~o  nhiyya, svh T O  i ~ r o  p6pto rqq ayywvia< ~arahaypavst 
K E V ~  eioq zou nhkyparo~. 

Mshirq ~ 6 v s w ~  Cu(NH,),X, ys a ~ r i v s ~  X fi6&tG& pia rsrpaywvt~k xapayopcpw- 
yivq orczasGptrcq ouyysrpia CuN,, q onoia oywq i p ~ ~ r a t  OE avri8soq PE rqv Goyq 
rou nsvrapyovta~o6 oupnho~ou  nou npozdl0q~s an6 q ~ ~ ~ r o v t a ~ a  cpaoyara. 

llohhk 6hara rou Co(II) avrtGpo6v p& NH, Kat Givouv a y y w v t a ~ h  o 6 p n h o ~ a  pc: 
8E,t y6pta ayywviaq CO(NH,),*+, za onoia s d ~ o h a  o~st606vrat an6 0, os 
CO(NH,),~+. H ~ p u o r a h h t ~ ~ j  Goy~j rwv o u y n h 6 ~ w v  Co(NH,),X, (X=CI,Br,I) sivat 
o ~ z a & G p t ~ $ ,  onou za Q@ y6pta zqq N H ,  nsptprihhouv o ~ r u s 6 p t ~ &  TO aropo rou 
Co(II),. Cro r ~ ~ p a p y w v t a ~ o  o 6 p x h o ~ o  [Co(NH,),](ReO,), TO ~ a r t o v  CO(NH,);+ si- 
Vat ~E~pCtE6ptK6. 

H ayyovia avrt~a8tora yspt~dl il bha ra y6pta rou vspo6 ozo o ~ r a s 6 p t ~ o  
N ~ ( H , O ) , ~ + ~ ~ V  icat Givst or jynho~a,  6 n w ~  To trang- [Ni(H,O),(NH,),](NO,), #at T O  

[Ni(NH,),](ClO,),. T a  s ~ a y p w v t a ~ a  o 6 y n h o ~ a  rou Ni (11) anoyovhvovmt Kat ys 
an' su0siuS avriFpaoq rqq ayywviaq  at TWV aharwv zou Ni(I1) os  0spyo~paoia 6w- 
padou, oxwq n . ~ .  ra o d p c h o ~ a  [Ni(NH,),]Br, Kat [Ni(NH,),IIj. Cza o d y n h o ~ a  au- 
ra ra 651 y6pta rqq NH,  nsptpahhouv TO Ni(1I) os  pia 6oyq r6nou (p80pirq5. 

C 6 y n h o ~ a  rwv y&ro.hht~hv a h a ~ w v  p& apwpaot~iq ap ivq ,  6 n w ~  q avthivq lcat 
ra xapciywya rqq ~ i v a t  yvworb an6 nohhc? ~ p 6 v l a  Kat ot cpuot~iq t6torqzsq rwv svw- 
oswv aurhv o q v a  ~pqotyonoto6vrut oav xpbruna yta nsptooorspo n o h h h o ~ a  ou- 
orqyara Ptohoyt~qq onou6atorqraq. 

* Ta a ~ a z  p avayCpovmr us &ayop& a q v  ~poura/lk~c?j Sopq (L. Zsoldos, Magyar Fr. Zolyoirat, 10, 
189 (1962), F .  Hanic, Abstracts 5th, I.C.C.C. (London) (1959)). 
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C i y n h o ~ a  zqq avthivqq PE yszahhoahoyovi6ta zou Cu(II), Co(I1) Kat Ni(II)6 na- 
~ C ~ ~ K E U ~ O ~ ~ K ~ V  p& an' E U ~ E ~ C X S  &ppa~(3q y~zahhoahoyovt6iou y& avthivq f l  p& 
avkystcq a h ~ o o h t ~ o 6  MX, p& a h ~ o o h t ~ o  Gtahuya avthivq~ f l  PE Otpyavoq zou MX, 
PE 6tahupa avthivqq os Psv<ohto 4 PE avaystkq ah~oohtrod 6tah6yazoq MX, ps at- 
0 ~ ~ 1 ~ 6  8tkhuya avthivqq. M&h&zfi@q~av 6s 0 1  cpaoyazoo~ont~iq t6tozqzkq zouq, cpa- 
oyaza Gta~uzt~ilq avk~haoqq Kat anw unsp60pou. 

Tta ~ E V  za o6ynho~a TOU Ni(II), NiL,Cl, rcat NiL4C12 ouvayszat 6.51 t ~ o u v  
oKzas6pt~fl 6 0 ~ 4   at za ysv NiL4C12 sivat yovopspfl, za 6t NiL,CI, sivat nohuyspfl 
ys yicpupsq ahoyovov. I3a za o6ynho~a 201.1 Co(I1) ouvayszat 6zt t ~ o u v  zszpas6pt- 
~6 nsptpahhov y6po an6 TO bzoyo zou Co(I1). Avcihoyeq svho~tq Co(p- 
zohou'iGivq),Cl~ Kat Co(p-zohoutGivq),I,8 seszao0q~av ys a~zivsq X Kat PpkOq~e 621 
t ~ o u v  z ~ z p a ~ 8 p t ~ j l  60yq. Tta za obynho~a rou Cu(I1) CuL,Cl, Kat CuL,Br, ouva- 
yszat o n  t ~ o u v  z~zpaywvt~o napayopcpoytvo O K ~ ~ E ~ P ~ K O  n~ptPahhov y6po an6 za 
azoya zou Cu(I1). 

C i y n h o ~ a  zov yszahhoahoyovt6i~v ys avtlivq Kat nap6yoyci rqq n-rohoui'6ivq, 
ysOukavthivq, 6tys8uhavthivq, zwv z6nov M (avthivq),X,, M(p-zohou'iGivq),X, Kat 
M(6ty~0uhavthivq)~X~ onou X=Cl,Br,I Kat M=Cu(II), Ni(I1) n a p a o ~ ~ u a o z q ~ a v  Kat 
yshszfl0q~av ot cpaoyacoo~ont~tq zouq t6tozqz&q (cpaoyaza, qhs~zpovta~a Kat 
ux~p60pou)~- '~ .  H yshi~q TwV cpoloykwv c/n06&t~~6&t 6 ~ t  ot E V W ~ & ~   TO^ V L K E ~ ~ O U  

anoz~ho6vzat an6 ypayyt~tq nohupspsiq ahuoi6~5, o z y  onoisq o ~ ~ a s 6 p t ~ a  svzayyi- 
va yszahht~b tovza oxqpa~i<ouv 6soy06q PE yicpup~~ ahoyovou, svh ra o6ynho~a 
zou ~ a h ~ o 6  sivat zszpaywvt~a 4 snins6a. 

IIapao~suaoeq~av Kat ~ E ? L E T I ~ ~ ~ K ~ V  snioqq o6ynho~a zqq Avthivqq Cat TWV na- 
payhyov zqq, o,y,n zohou'i6ivqq Kat 3,4-2,5-2,6 kuht6ivq~'~ ys za Ow'i~a Kat vtzpt~ci 
khaza zou ~ a h ~ o 6 ,  vt~shiou  at ~opahdou.  

An6 cpaoya~oo~ont~a 6~6oytva ouynspaivszat ozt za o6pnho~a zou Co(I1)   at 
Ni(I1) sivat o~zas6pt~ci nohupspfi ys 0stt~il f l  vtzptcq ykcpupa, yta 6s za,o6ynho~a 
.sou Cu(I1) 6zt &ouv oupys~pia napapopcpwytvq zs~paywvt~a y6po an6 .so ysrahht- 

H vnapcq ouyrcho~wv ys aouvfl0sy avahoyisq opyavt~06 uno~azao~azq  at PE- 
zahhuco6 tovzoq ~cqyo6vzat PE kvrakq zwv 0s t t~hv  opci6ov Kat ~voopazwoq ZOU 

uxo~azaozazq os 860sy zou ~puozahht~o6 nhtyyazoq ~wpiq  ouotaozt~ci va al loth-  
vezat T O  nhkypa. Auz6 cpaivszat n . ~ .  an6 zqv ~ 6 ~ o h q  anhhsta avthivq~ an6 oljynho- 

rqq PE MS04 (M=Cu,Ni,Co). 
' E ~ o u v  yivst ex ioq~  o& ysyahq i ~ z a o q  y s l i z s ~  cpaoyazov unsp6Opou Kat yaKp1 



8 A. KOBAAA-AEMEPTZH, N. XATZHAIAAHE, I.M. TZATKAPHI 

v06 unsp60pou (06 ~ayq"rlMq 8 ~ p y o ~ p a o i s q ) ' ~ ~ ~ '  TOV ouynho~ov E V ~ ~ E ~ V  zqq avthi- 
v q ~  n-zohouiWqq K a t  cuht6ivq~ ML,X,, oxou M=Co(II), Cu(II), Ni(I1) K a t  X=CI,- 
Br, 'I2SO4. Kaeopiozq~av ot ou~vozqzq 60vjlosoq v(M-N) Kat v(M-X) Kat yshszfi- 
0 q ~ a v  ot yszazoniosy zqq ou~v6zqzaq 6ovflosoq v(N-H) os ouo~szloyo ys dq 60- 
v4osg v(M-N). H ou~vozqza zahavzhoso~ .tau Gsoyolj v(M-N) ZWV ouynho~wv 
M(a~thivq),Cl,'~ ppio~sral ozqv nspto~fl (346-385cm-l) K a t  q nyfl cqq scapzazn~ 
an6 TO y~~ahhtK6 t6v ~ a z a  zqv scflq ostpa Co(II)>Ni(II)>Cu(II). Ol ~opucpiq oza 
300 cm-' Kat oza 225-238 cm-' l7 TOV ouynh6~wv M(avthivq),Cl, ano6i60vzat os 
zahavzhosy 60vf lo~w~ TOU 6soy015 v(M-X) Cat  ot ~opucpiq oza 3 16 K a t  301cm-' os  
( J U / ~ / . ~ E T P ~ K ~ ~  Kat ~ v ' T ~ o u ~ ~ E T ~ ~ K ~ ~  ou~v6zqza ~ O V ~ ~ ~ E W S  ZOU 6EfJp06 ~(Co-cl).  H KO- 
pucpfl oza 144cm-' ano6i6szat ozqv 66vqoq K ~ ~ W E O $  TOU S E ( T ~ O ~  v(CI-M-Cl). 

M ~ h B r s ~  oza cpaoyaza anw uxspdepou (30-400cm-') yta pia ostp& ouynho~ov 
z q ~  avthivqq MX, (avthivq),, bnou M=Mn,Ni,Cu,Cd Kat X=CI, Br iytvav snioqq 
Kat an6 zo6q Goldstein  at HughesZ2. Auzoi ~aeoptoav dq ou~v6zqwq zahavzh- 
asoq v(M-X) K a t  v(M-N), ~ a e h q  snioqq Kat ziq O U X V ~ T ~ Z E ~  zwv ~ K E ~ E T L K ~ V  napa- 
yopphosov, oqyethvovza~ zqv yszazontoq ozy 0Boq zov ~opucphv ~ a z a  zqv avzt- 
icazkozaoq rou x~ptcpspsta~olj uno~azaozazq zqq avthivq~ an6 6suzaptoyivq avthi- 
vq C,D,ND,. Ta axozshioyaza ~7Ctp~pathvouv O K T ~ E ~ ~ ~ K ~ S  ~ ~ O ~ U ~ E P E ~ S  ahuoi6sq 
ylcpopaq ahoyovov yta za 06p7lh0Ka TOU Ni(II), Mn(I1)  at Cd(I1). Ta cpkoyaza zwv 
svhosov zou Cu (11) 615 6si~vouv ozt B~ouv nohyspfl q k q .  Ta cpaoyaza auza &p- 
pqvsriovzat, av yivst ~ E K T O ,  071 EXOUV trans snins6q 6tay6pcpwq pc: yovoyspfl 6 o d .  
Aav sivat cpavspo ozo cpkoya &&v undLpxs1 ~dlxotoq ya~pl jzspo~ 6soyoq Cu-X. 

Ataoacpqvioeq~s 16taizspa q 8koq zqq ou~vozqzaq v(M-N) as  ouozflyaza 
ML,X,. H 0koq zqq ou~v6zqzaq auzflq v(M-NH,C,H,) ppio~szat ozqv i6ta nspinou 
nspto~fl ys zq ou~vbzqra zou ouynhovou z q ~  u6pat;ivqs MX,(N,H,) ,~~,~~K~L EXEZ EV- 

6 tap~oq npfl ysza56 zqq oo~v6zqzaq zqq ayywviaq ~ ( M - N H , ) ~ ~ , ~ ~  Kat 2715 ou~vrhq-  
zaq zqq nuptSivqq V(M-NC,H,)~',~~. 

H ateuh~vo6layivq H2NCH2CH2NH229 6xoq K a t  6hE~ ot E V ~ ~ E L S  TOU 1,2 61- 
uno~azsozqyBvou ateaviou ynopoljv va uncipxouv os cis, trans 4 nhkyla (gauche) 
6tayopcpooq7 avahoya ys zq yovia ozpocpflq yrjpo an6 rov a v e p a ~ t ~ o  6~oyo.  H cis 
yopcpq 6sv ~ i v a t  ozaespfi ozov shsljespo uxoxazacrz~q hoyw O T E ~ O X ~ ~ ~ K ~ V  anh- 
osov pszac6 TOV 660-NH2 oya6ov. H 6tayopcpwoq zqq ateuhsvo6tayivq~ (en) os 
o i y n h o ~ a  yszahhov napouota@t sv6tacpipov ozq Xqysia zov ouphoawv svhosov. 

H ateuhsvo6tayivq 6pa sizs oav 6t80vzt~oq uno~azaozdzqq K a l  n ap i~s t  ouvfl6wq 
~ q h t ~ d l  o6ynho~a  PE zqv 6tayopcpwoq gauche, size oav 6i6ovzt~oq PE rqv 6tayop- 
cpooq trans Kat nap i~s t  y~cpupwyiva ~ C y n h o ~ a .  

H en PE Cu(I1) 6ivst za ouynho~a  dvza [Cu(en)(H20),I2+, [C~(en),(H,0)~1*+, 
[Cu(en),IL+ an6 za orcoia za 660 nphza o~qyazicovzat &6#oha, svh TO rpizo yovo 
ys u~qhBq auy~svzphoslq en. 'E~ouv anoyovwfki SE Kai a \ j p n h o ~ s ~  E V O ~ E ~ S  yta ~ a -  
8s Bva an6 za"o6ynho~a aura t6vza30, oxoq za o i y n h o ~ a  Cu(en),X,, 6x00 X=CI, 
Br, 13', CU(~~),(SCN),~' ,  CU(~~),H~(SCN), '~,  Cu(en),CI,,. H,033, C~(en ) , (N0~) ,~~ ,  
C~(en),(C10,),3~, za onoia B~ouv za azoya N zov 660 ~ q h t ~ h v  yopiov 0' iva snins- 
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So ybpo an6 TO aroyo rov Cu(1I). Ta 1:3 o6ynho~a,  6nwq ra [Cu(en),]BF, Kat 
I C ~ ( e n ) , l S 0 , ~ ~ . ~ ~  i ~ o u v  os o~spsa ~araoraoq Cat Ta Tpia aroya rqq Gtayivqq ~ q h t -  
K&, E V ~  0s u6at t~a  6tah6yara TO rpiro popto T ~ S  Gtayivqq 6pk oav ivaq yovo6ovrt- 
~ o q  u n o ~ a ~ a o r a t q ~ ~ ' .  

rsvtica m a  o6finho~a TOV tbvroq Cu(I1) PE en38 ovvavrOvrat 660 6oyiq a) pia 
r~rpaywvt~i)  CuN, snins6q 60yq p& rtq oy66sq ZOV avtovrov OE anooraoq ysyahlj- 
tspq an6  qv anooraoq 6~oyo6 Kat P) yia 'rsrpayovt~a xapayopcpoyivq 0K~a~6pt-  
~ f l  60yq F E  acovt~a svrayyiva avdwa.  

ME TO Ni(I1) q en 6iva o i y n h o ~ a  1 : l ,  1 :2 Kat 1 :3. Ta 1 :3 6noq TO [Ni(en),] 
sivat r p t ~ q h t ~ a ,  6n0v ra aroya rov Ni(I1) nsptpahhovmt o ~ ~ a s 6 p t ~ a  an6 6 

6roya N .  Ta 1:2 o6finho~a onoq ra Ni (en),(NO,),, Ni(en),Br, sivat 6 t ~ q h t ~ k  
O K Z ~ E ~ P ~ K T ~ S  6 0 p ~ j q ~ ~ ,  TO np&ro trans Kat TO ~ E ~ T E P O  cis, EVO 70 Ni(en)2(BF4)2 sivat 
F t~qh t~ i )  r ~ r p a y o v t ~ o  o6ynho~o. Ynap~ovv  o ~ r a s 6 p t ~ a  auflnjlo~a zov Ni(lI), ra 
onoia nsptk~ovv ysiyya n ~ p t ( ~ ~ p ~ t a ~ h v  vno~araorazhv~~ ,  6noq TO o6ynho~o 
INi(en),NO,IBF,4' nou nspti~st nohvpspiq napayopcpoyivo O K Z ~ E ~ P I K ~  ~ar t6v  p& 
ytcpvpsq 0ya6~5 NO, Kat ro [Ni(en), SCNl I nov n ~ p t i ~ ~ t  y8qvpsq NCS os pia 6tys- 
p q  O K T C ~ E ~ P ~ K ~ ~  6 0 i ~ ~ j ~ ~ .  C~fl/.la 4. 

Kat PE TO Co(I1) q en 6ivst odynho~a 1:  1 ,  l :2 Kat 1 :3. Ta 1 :3 o6pnho~a sivat 
o ~ r a s 6 p t ~ a  T P L X ~ ~ Z K C ~  [Co(en),IX,, onoq Kat ra 1:2 Co(en),X, o ~ z a s 6 p t ~ a  6qqhtKa 
av K ~ L  S X E ~  a v a q ~ p 0 ~ i  iva o6ynho~o snins60 r ~ r p a y o v t ~ o  [Co(en),I (Ag12),43 yta TO 

onoio o y w ~  sivat hoy t~o  va unoOioovys 6rt ra avtbvra sivat svrayy8va os ~12noto 
paepo Q ~ T E .  TO o6ynho~0 ynopsi va OsopqOsi o ~ r a s 6 p t ~ o  ys ysyahq napay6pcpooq. 

C i y n h o ~ a  rqq o-cpa~vuhsvo6tayiv~ ys yirahha rov o r o q ~ i o v  yaranrQoswq 8- 
~ o u v  xapao~~woOsi   at yshsrq6si. H Grayivq a v p a  avacpipsrat 6 ~ 1  6pa oav Pvaq 
y o v o 6 0 v ~ t ~ 6 ~  vno~arao~ar.r)5~~.  H ~ \ j p t a  an66stSq yt' avri) sivat q 1 :l avrt~araora- 
oq r q ~  o-pda os yspucci an6 za o6ynho~a rqq an6 akpta ayyovia. Ano aurq rqv 
y s h f ~ q ,  ~ a o b q  Kat Ospyt~Eq ysrp~jostq o Hieber453460vynaipav~ 6rt y o v o 6 0 v n ~ ~  &a- 
yivq vnfipxs os obynko~a rov 6toBsvo65 icopajldov, rov v t ~ ~ h i o v  Kat TOV y ~ ~ C a p -  
:~ljpov PE   loo spa koq popta 6tapivqq Kat ~ X E ~ O V  os oha ra khha o6ynho~a au- 
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cphosoq5'. H T E T P ~ ~ U ) V L K ~  napay6pcpaoq yt' auza za o 6 y n h o ~ a  nbpthaypavsi yicpu- 
pa ahoyovou Kat yovo6ovzt~il 61ayivq fl tram 6 ~ ~ q h 1 ~ 0  tr6ynho~o. Msrpjostq oztq 
o u ~ v o ~ q c ~ q  zahavzhosoq v(C-N) Kal v(N-H) 66st5av zqv napouoia 6 t6ovz~~f iq  6ta- 
pivqq, 0 x 6 ~ ~  yivsfat ~ E K T ~  j tram 6 1 ~ q h t ~ T j  6 0 ~ 4 .  CTO i 6 ~ o  ouynipaoya Ka76h7l5~ 
 at o Maki48 yta TO o 6 p n h o ~ 0  Ni(o-pda),C12. Tta TU o 6 y n h o ~ a  (0-pda),Ni(lI) 660 
~ i v a t  ot nt0av&q 6oyiq, tram 6 o y j  660 ahoyovwv Kat tsoo&pov yovo6ovzt~hv yo- 
piov 61ayivqq T j  tram 60p j  660 yovo6ovzt~6v popiov Gtayivqq. An6 zqv yshi- 
T?l (1oV cpaopa~wv ~ 7 1 ~ ~ 6 0 ~ 0 ~  Kat 8 t a ~ u z t ~ i j q  a v a ~ h a o ~ o q  71p0tl%hlK& ?l ~ E ~ T E P ~  

60pjS1.  C U ~ K E K P ~ ~ & V ~  t a  cp~byaza 6 ta~uz t~Tjq  a v a ~ k i o ~ o q  zwv o u y n k 6 ~ w v  Ni(o- 
pda),Cl, Kat Ni(o-pda),Br, sivat nspinou i6ta Kat spcpavicouv anoppocpjosy uyqh6- 
z&pqS svipystaq K a ~ a  2.000-3.000crn ' EKE~VWV ZOV O U ~ ~ ~ O K W V  TOU v t ~ ~ h i o u  p& 660 
svtayyiva tovza ahoy6vou. Tta T O  o6ynho~o,Ni(o-pda),Cl, 660 sivut ot nt0av6q 60- 
pi5 a )  Ni(o-pda),CI2.2(o-pda) ys 660 y6pta Gtayivqq s v r o ~  zou nh6yyazoq Kal P) 
Ni(o-pda),CI, nou x e p t i ~ s ~  651 yopta yovo60vz~~'?jq 6tayivqq. IIpoz&iv&?at q 6~6zspq  
Gopj pdlo~t 0 ~ p y o o z a 0 y t ~ 6 v  y s h ~ z h v  Kat y ~ z p j o ~ w v  6tacpopt~ilq 0spy t~4q  avah6- 
o&oq5'. ~ E V L K ~  6ha za o6ynhoKa za 1 2 ,  1:3, 1:4  at l :6  'Eiya1 o~ra&6pt~c i ,  onoq 
cpaivszat Kat an6 za cpaoya~ci zouq Gtaxw~Tjq ava~hcioswq, za onoia sycpavicouv 
zpsy ~opucpiq I oza 8.000-10.000cm-'I1 oza 12.000-13.000crn1 #m III oza 22.000- 
23.000crn-' ot oxoisq a v z m o t ~ o 6 v  os yszanrhosy an6 q v  3A2g ot1q ~ a z a o ~ a o s t q  
3T2, , 3 T l g  ( F )  Kat 3T,g ( P )  avz iozot~a.  

T a  2:l Kat 3:1, o i y n h o ~ a  rqq o-pda, 6oov acpopF t q v  6op j  wat zqv t o ~ 6  rou 
~ p u o z a h h t ~ o u  T C E ~ ~ O U  lODq 6 ~ i ~ v o u v  oyotozqz~q PE ahha o6ynhowa PE nsp~cpspnct- 
~ 0 6 5  uxo~azaozac~c,, 6noq q appwvia Kat q at0uhsvo61ayivq. C~ylespw6ysvq P E  &h- 
heq 6tayiveq q o-pda 6ivst  at o 6 y n h o ~ a  p& avahoyia unoh-azaaracq: pizahho 4 : l  
K &  6: l  y~ yszahhoahoyovi6ta Kat 3:l  o 6 y n h o ~ a  ys MS3, Kat m i  auz6 
ocpsihszat ozqv t ~ a v 6 z q z b  zqq va ouynspttpipszat oav yovo60vztw6~ u n o ~ a c a o r ~ r q q .  
H EuKohia yszafhiosoq an0 6160vzt~j  o& yov080vzt~Tj ouynsp~popd! sivat O X E ~ ~ V  

yovu6tcj ozq Gtapivq auz j  os  o ~ i o q  ys khhouq 0pyavtKobq 6t6ovzt~o6q unomza- 
otazsq. T o  cpatv6ysvo ynopsi va o u v 6 ~ 0 ~ i  P E  TO o u j u y t a ~ 6  qatvoysvo zov  ay1voy6- 
60v  oztq apuh6tayivsq. Czqv yov060vrt~j  o-pda TO Ls6yoq qhs~zpoviwv zou at;& 
zou zqq &h&60&pq~ aytvoydl8aq naipvst yipoq oz0 ~uvzov toy6  TOU a p o y a z t ~ 0 6  nu- 
pjva vial auzo ~hazrhvs t  zqv zkoq zou yta 6va 6~6rbpo 6soy6 ys yszuhht~6 t6v K ~ E  

o ~ q p a z t o y 5  ~ q k ~ ~ l j q  svhosoq C ~ j y a  5a. 
Tta T O  e 6 y n h o ~ o  6 : l  Ni(o-pda),Cl, ot Marks, Phillips K ~ I  Redfern5' un60soav 6- 

p o' auzo ~ v 6 i ~ s t a t  va u n a p ~ o u v  pq svzayy ivs~  aytvoy~6&q,  av Kat n p ~ t a v a v  i va  
npozuno PE -251 ~ O V O ~ O V ~ ~ K O ~ ~  uno~ctzaotdlz~q. 0 1  spsuvqz-2q auzoi Patriozq~av 
ozqv 61acpopa @cpyoozuOy~~hv  ystpTjoswv sat 6tacpop~Tj~ ~ E P J I L K ~ ~  avah6tr~oq E V O ~  

~ E ~ Y ~ O I T O S  Ni(o-pda),Cl, Kat &v65 6s iyya~oq nou nsp i s i~s  N i (~-pda)~Br ,  Kat E ~ L E ~ ~ E P ~  
o-pda. H anhhsta ~ q c  o-pda yivszat os u y q i l 6 ~ ~ p q  fkpyo~paoia yta zqv nphrq ivw- 
oq hoyw zou 6sopoi) u6poyovov nap6 yta TO pdyya zov  svQoswv Ni(o-pda),Br, KUI 

o-pda. Czo o 6 y n h o ~ o  n a v ~ o ~  Ni(o-pda),Cl, 6 ~ v  xtozonoiTj8.rl~s q napovtria shE66~- 
pqq o-pda  at PE pkzpqoq ~ o v  C.T. (1080CY1. 

'Ozav oyoq a p y o ~ ~ p a  p ~ h s z ~ j e q ~ s  q icpvmaAht~Tj 6 0 y j  zou PE alrdvss X an6 
zo6q Elder, Koran Kat Mark54 ppE0q~s npkyyatt 6 n  TO h o y o  ~ o u  v t ~ ~ h i o ~ ( I 1 )  Eivm 
s~asvzayyivo P E  yovo6ovzt~o Kat ~ L ~ O V T I K O  u n o ~ a ~ a o t a q .  'ETCL CIV Kat mqv KPV 

o r a h h ~ ~ ~ i  6vooq u n a p ~ o u v  12 a y ~ v o y i r 6 ~ ~  yovo ot 651 s i va~  ~ v z a y p k ~ s ~ .  Tn dri.ri.~w 
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aroya .sou a@xou an6 zouq 660 6~60vzt~06q unorazaorar~5 o~qyadcouv Eva opeo- 
yovtco snins60 ye 90 aroyo TOU Ni ozo KEVTPO. 

01 660 povo6ovzt~oi uno~azaorazeq Ppio~ovoat os trans 0ioq yezaC6 zouq KaI 
ouynhqpQvouv rqv zezpayovt~a napapoppyEvq o ~ r a e 6 p t ~ j  60yj  yy\ipo an6 TO a- 
zopo rou Ni(I1) C ~ f i y a  5P. A60 y6pta rqq o-pda napioravzat oav popta Kp~ozah- 
hhoioq. Cro o6ynho~0 ~ a r t 6 v  ra  &op to l j~a  t6vra Kat ra  p6pta ZOU nhfyyaroq rqq 
o-pda ouv6Eovzat pc 6sopo6q uSpoy6vou. Eivat 6uvar6v ot 660 yovo6ovzt~oi Kat ot 
660 6t6ovn~oi uno~araozarsq va yeza~tthhouv 0 ios t~  oro Kpuozahht~o nhiyya 
apotpaia Kat va ano~aeiozarat toopponiaS4. 0 6eoy6~ v6poy6vou pezat6 rqq ehs6- 
e s p q ~  o-pda zwv avtovrov Kat ~a r tov rov  7cpEnet va sivat o nt6 oqyavzt~oq nap&- 
yo'v nou 6 i ~ ~ t  oraeep6zqza ozqv Evooq [Ni(o-pda),] C1,2(o-pda), EVQ q E V W ~  
INi(~-pda)~ICl, nou nsptE~et TO am6  ~ar16v &at oqyavzt~b hty6zepo oraeepfi. 

r) 

Cljynho~sq ~vhostq zqq o-pda ye Cu(II), Co(I1) Kat Ni(I1) ouvSBso~ Kat pehhqos 
snioqq o DufF5. Ta 06ynho~a jrav MLX, (67100 X=Cl,Br), ML,X, (X=Cl, Br, 
N0,,'/2S04,CI04) Kat [ML,IX, (X=CI,Br,NO,,ClO,j. H ~ E V L K ~  6e pE0060q napa- 
o ~ s u j ~  rouq ouviozazat orqv avapstcq ateavohtcod 6tah6yaroq yszahhoahoyovi- 
6tou PE 6 t ah~ya  o-pda os O ~ E L K O  at%vheoripa. IIapa~Cizw 0a actohoyjooupe za 6s- 
6oyEva Paoet rov onoiov oupnipave zqv oupperpia yta ~ a 0 e  yia ratq ouynh6wwv. 
Tta ra  o6pnho~a  MLX, ra  Cu(I1) Kal zou Ni(II), 6Exszat o ~ r a s 6 p t ~ f i  60yj  ye &xi- 
x d q  zsrpaywvtcil 6teuOizqoq rov ahoyovoT~vrov y6po an6 zo kroyo zou ysrah- 
hoT6vroq nou xpo~ahsi  nohuyspsi~ ahuoi6e~ PE ykpupeq ~ n o ~ a r a o z a r h v  ~ a r 6  pij- 
KO$ rou noht~06 atova. H o ~ z a ~ 6 p t ~ j  6 0 p ~ j o u v ~ y ~ z a t  yta ~ E V  za oljpnho~a TOO 

Cu (II)(CuLX,) an6 za cpaoyara 6 ta~uzt~f iq  ava~kiosoq ,  yta 6~ ra  o i p n h o ~ a  rou 
Ni(I1) (NiLX,) an6 ra cphoyaza S ~ ~ X U T ~ K I ~ ~  M V ~ K ~ ~ O E W ~  Kal an6 q v  pirpqoq rqq 
yayvqn~flq ~ n 1 6 ~ ~ ~ 1 ~ 6 z q z a ~  oe eeppo~paoia 6oyadou -3,01 BM. Ta o ~ z a s 6 p t ~ a  
rr6ynho~a rou Ni(I1) eivat navzore napapayvqn~a ye 660 ao6L~uKza qhs~zpovta 
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Kat i ~ o u v  qhs~zpovta~il  6opq ozqv sthzazq ototpa6a zou v t ~ ~ h i o u  zqv t2iei. H 
8sopqn~q  z t m  zqq svspyo6q yayvqztcilq ponilq pem q onoia Givsmt an6 zov 76x0 
y , p = d n ( n + 2 ) ~ ~  (onou n o apt0p6q zwv C ~ O U < E ~ K T W V  qhs~zpoviov) sivat 2,83 Kat 
~ u p i o ~ ~ z a t  0.5 noh6 Kahq npooiyytoq ys zqv nstpapazt~a ~upto~opevq ttyq 3,01 
BM. AvdOsza yta za 1:  1 obynhorca zou Co(I1) 6 0 p ~ a t  zszpa~6pt~q 60yq psza an6 
o6y~ptoq zov cpaopazov unsp66pou Kat Gta~uataq ava~haoswq PE E K E ~ V ~  rov oup- 
n h o ~ o v  p& 1,3 Kat 14-pda, Kat psza an6 q v  yizpqoq zqq yayvqzt~qq ponqq 4,6 
BM. Ta ~szpas6pt~a o6pnho~a zou Co(I1) sivat napayayvqzt~a zpia ao6<su~za 
qhs~zpovta ozqv s~wzazq ozotpa6a .sou Co(I1). H nstpayazt~a supto~oysvq zqtq 
4,6 BM sivat ysyah6zspq ano'zqv ztpq zqq E V E P ~ O ~ ~  payvqzt~fiq ponqq nou ocpsihs- 
zat yovo ozo oniv 3,9 BM. 'Oywq za o6pnho~a MLX, qzav 710x6 aoesvsiq q h s ~ -  
zpohbzsq 8-22 Ohm-' as Gtahupa 10" DMF. 

Tta 6ha za o6ynho~a ML2X2 6 i ~ s ~ a t  o ~ z a d p t ~ q  60pq. Cuy~s~ptpGva yta za 
o6pnho~a zou Ni(I1) an6 zq pshizq zov cpaoybzov 6tapnKilq a v a ~ h a o s o q ~ ~  Kat 
an6 TqV yizpqoq Tqq yayvqmflq P o T C ~ ~  3,O-3,2 BM 6 8 ~ ~ z a t  0K~a&6ptKfl 6 0 ~ q  PE 
snins6q zszpayovt~iJ 6tsu0izqoq 660 popiov zou ~ q h t ~ 0 6  uno~azaozd1zq y6pw an6 
TO azoyo ~ o u  Ni(I1) Kat za povo6ovz t~~ avtovza va nhquta<ouv navo Kat ~ k z o  an6 
auz6 zo snins60. 'I6ta 60~77 6 i p ~ a t  Kat yta za o6pnho~a sou Cu(II), zwv onoiwv za 
cpaoyara 6tapmcflq ava~hkosoq ~ycpavi<ouv pia p6vo supsia 6ioyq oza 18.400 
cm-' napapopcpopivq os ~ayqhozspq svipysta, q onoia sivat zunt~i] yta zqv napa- 
yopcpwy6vq o ~ r a s 6 p t ~ q  6oyq rov oupnho~ov ZOU Cu(I1). Kat yLa zo ovpnho~o 
CoL2S04 6 i~szat  napayopcpoyivq o~zas6pt1c-j 60yq an6 zqv pizpqoq zqq yayvqrt- 
~ i l q  ponqq (5,14 BM)  at an6 TO cphoya Sta~uztcqq ava~haosoq. 'Oha za orjynhowa 
ML,X, zov Cu(II), Co(I1) Kat Ni(I1) i ~ o u v  o~zas6p1a  6opq 6nwq ouvayszat an6 
za cpaopara 6 t a ~ u z t ~ f i ~  ava~haoswq Kat an6 TO ysyovoq 6zt sivat 1:2 qhs~zpoh6zsq. 

Mta Gvooq nou =ruv6ta<st apwyazt~kq Kat ahstcpazt~iq aptvoy66&q, 6noq q o-aba 
sivat q NN' 61s (0-aytvopsvruh) at8uhsvo6tapivq=abeda. 01 J.M. Tsangaris icat 
S.M. ParaskevaP ovvi8soav q v  abeda Kat I W ~ ~ O K E ~ ~ ~ ~ V  m o6pnho~a CuCl,. a- 
beda Kat NiC1,eabeda. Mshizqoav 6s za cpaoyaza opazo6, un&p68pou, 6 t a ~ u z l ~ q q  
ava~haoswq Kaehq snioqq Kat ztq yayvqzt~iq t6t6zqziq zouq. Cza cpaayaza uns- 
p60pou zov oupnh6~ov svcbo~ov i ~ o u p s  pszazontoq os ~ayqhoospeq au~vozqosq 
Kat ~h6zzooq zqq ~ v z a o ~ o q  TOV zahavzho~ov TWV apoyaz t~hv  ~ 6 1 1  ah~tcpazt~hv 
6suzspozayhv aptvoy~6ov. Ta cpaoyaza &a~urtK?jq ava~haoswq zwv ouynho~ov 
zou Cu(I1) Kat Ni(I1) ~ ivat  E V ~ E ~ K Z ~ K ~  napayopcpoyivqq o~zas6pt~qq ouyp~zpiaq. 
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C i y n h o ~ a  zqq o-aba FE Cu(II), Ni(II), Co(1I) ouvotoays np6ocpaza ozo spyaozq- 
pto y a ~ ~ ' .  Ta  o i p n h o ~ a  za onoia ovvrkOq~av fizav MLX,, ML,X, #at [ML,IX, (6- 
nou M=Cu(II), Co(II), Ni(I1) Kat X=Cl,Br. Auza ~ a p a ~ z q p i o z q ~ a v  ys ozotxsta~6q 
avahuostq, ys ytzpqoq z q ~  p o p t a ~ q ~  aywyty6zqzaq Kat zqq yayvqrt~qq sn t8~~z t xo -  
q z a q  ps cpaoyaza opazo6-vnsp~h6ov~ os Gtdrhvya lcat 6 t a ~ v s ~ ~ q ~  avaxhaoswq V ~ E -  

pOopov Kat e.s.r. Ta  anozs&kayura 66~tE~iv 6zt q o-aba 6pa oav tvaq 6t6ovzt~oq 
vno~azaozcizq5 Givovzaq yscpvpwytva il xqhtxa oljynhoxa. Cuy~s~p tykva  za cpdlopa- 
za vnsp6opov ohwv zwv ouynho~wv svhoswv Gsixvouv ozt KaL ot 660 aptvoya6~q 
Givouv Gsoyo svza@wq ys za yszahht~ci tovza. AUTO cpaivszat a )  An6 ~y zahav~h-  
oetq z~ioswq v(NH) nov sycpavi<ovzat oza 3.400-3.220cm ' ozov ~hs6O~po vno~aza-  
o~drzq, &v6 0' ohs5 ztq 0 6 y n h o ~ s ~  EVWOELS p~zazoni<ovzat (3s ~ a y q h o z s p s ~  ovpozq -  
T E ~  =l00 cm ' (~ptzqpto Barvinok-Bukhare~a)~~. P) An6 zqv zahavzooq ~ a y ~ s m q  G 
(NH,), q onoia spcpavi<szat oav pia wppq zatvia oza 1650 cm ' azov ~hs l j 0~po  
vno~azaozazq, &v6 oztq o~p7~hoxsq svhostq ~szazoni<szat GE ~ a p q h o z ~ p s ~  u v p o ~ q -  
T E S  40-90 cm-'. y) An6 z y  6hhq  zahavzhosy napayopcphoswq (p,, p,, p,) nov ysza- 
zoni<ovzat os uyrqh6zspsq ov~vozqwq o z t ~  o6pnhoxsq s v h o ~ t q ~ ~ .  

n to  ouy~s~ptp6va  yta za odynho~a zov Ni(I1) [NiLJX,  yivszat ~ E K T ~  z p t ~ q h t ~ f i  
o~zas6p l~ f i  GoyQ an6 zqv y&hizq zwv cpao@zwv IR,UV-Vis 0s ouv6uaop6 ys zqv 
h, Kat yen nou sivut ouvsnflq xat p& zqv axovoia nohtxolj 6~up06  Ni-X. Tta za 
o6ynho~a NiL,X, yivszat 6 s~z f i  Gt~qh~xQ oxza~6ptx~'l G0p4 p& trans 6tsvO~zqoq TWV 

ahoyovoi'ovzwv. H pia yovo zatvia oza 373 cm- 'v (~ i -Cl )  nov ano6i6~zat ozqv ov- 
~vocqza  zahavzhoswq zov Gsoyo6 Ni-X, sivat E V G E ~ K T ~ K ~ ~  q q  trans G ~ E V O E T ~ ~ E O ~  
T o V  ~ ? L O ~ O V O K O V T ~ V ~ ~ ,  Tta za oljynhoxa NiLX, yivszat ~ E K T I ~  T E ' C ~ ~ E ~ P I K ~ ~  &&U- 
6tzqoq zov v n o ~ a z a o z a ~ h v  yljpw axo TO tov zov Ni(I1) PE G~yspfl f l  nohvyspil zs- 
z p a d p t ~ q  Goyfi yta To NiLCI, hoyw zqq GuoStahvz6zqz~q zov Kar yovoyspfi zs- 
zpadpt~f l  Gopfi yta TO NiLBr,. C ~ f l y a  7. 

Tta za ol jpxho~a zou Cu(II), CuLCl,, CuL,Cl, Kat CuL2Br, yivsza~ ~ E K T ~  

O K Z ~ E ~ ~ I K ~  6 0 ~ ~ 7  q onoia ouynspaivs~at an6 za cp6opaza vnsptY3pov 6ta~vzlKTjq 
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ava~hkosoq,  ~ a e h q  ~n ioqq  Kat za e.s.r. C u y ~ s ~ p t y i v a  yta TO o 6 p n h o ~ o  CuLCI, 
~lpozsivs~at pia no?dp&pfl$ 0KTa~6ptICfl tiopfl p& ahhqhsni6paoq ZOV payvqzt~hv 
~Bvzpwv zou Cu(I1) Kat h6yo zqq ~ a p q h q q  ztpqq T ~ S  a n o ~ s h s o p a z t ~ f l ~  p a y v q z ~ ~ q q  
p o n q ~  peF1,32 BM59. r t a  TO ol jpnho~o CuL2C12 npozsivszat tram o ~ z a s 6 p t ~ f l  61- 
~qhtc f l  6opq. Czo cpkopa d / n ~  ~nspljepou s p ( ~ a v i S ~ ~ a t  pia zatvia oza 320cm-' nou 
an06i t i~za~ ozqv o u ~ v o ~ q ~ a  ~ a h a v z h o ~ o q  TOU 6sop06 Cu-Cl. Tta zo orjpnho~o 
CuL,Br, npozsivsrat Gtpspqq fl nohuyspqq 601.~~7 Kat hoyo zqq 6 u o 6 t a h m o ~ q ~ c i ~  
mu. Cxqpa 8. 
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paiv~rat an6 zqv pshkrq swv cpaopkrwv 6ta~unlcilq a v a ~ h h o ~ q  Kat ano unsp6Opou 
0s ouv6uaop6 Kat PE zqv ztpfl zq5 pec2,5BM nou sivar E V ~ E L K T L K ~ ~  ysiypazo~ 
o ~ r a s 6 p t ~ h v  oupnh6~wv ~ayqho6 ontv ~ ~ p ~ h t h 6 0 u q  ~azaozaoqq 'E, Kat uyqho6 
ontv e~y~h1h60u5 ~azaoraoqq 4TIg  ozqv ouvi$q O~ppo~paoia. Tta za o6pnho~a 
CoL3X2 yivsrat 6s~zf l  napapopcp~ptvq o~ras6pt~f l  60pfl ozqv ~araozaoq ~apqho6 
ontv 61apopcpooq~ t&lg, h6yo to~upod cpatvoykvou Jahn-Teller. 

H ucavozqra zov apoyaztchv Kat ahstcpart~hv Gtaptvhv va Givouv ~ q h t ~ d l  o6p- 
n h o ~ a  skapzaral an6 nq 60r t~t5  t6torqzsq rwv aptvop~60v Kat an6 o r s p ~ o ~ q p t ~ t q  
napspno6ioa~. 

' E r a  q en 6pa slj~oha oav 6160vrl~65 uno~araozkqq Kat %VEL ~ q h t ~ a  ocpnho- 
Ka, 67100 q nportp06p~vq 6tazaeq zou uno~araorchq sivat q gauche60, svh ahhors 
naht pnopsi va 6pa oav ytcpupa psra56 660 ystrovt~hv pszahhtchv t6vzov p& avri- 
ozotm .trans 6t6zatq rou u n o ~ a r a o z a r q ~ ' ~ ~ ~ .  

Ano zqv ahhq yspta q o-pda, pia ~aOapa apwpazt~q Gtapivq, 6pa oav 6t60vzt~fl 
Kat 6ivst ~ q h t ~ a  o6pnho~a, ~aOh5 snioqq Kat oav povo6ovzt~~.  H t~av6rq.t.a rqq o- 
pda va 6pa oav yovo60vzt~oq uno~araozciqq E X E ~  an0608~i ozqv &hd/zrooq TOV 

paot~hv t6torflrov T ~ S  6 ~ 6 z ~ p q ~  aptvop66aq ozav q nphrq 6ivst 6sopo ~vra@xoq P E  

p ~ ~ a k h t ~ b  ~ O V .  

H o-aba 6pa snioqq oav ytcpupa il xqhtc6q 616ovrt~65 uno~azaozarq~.  H o-aba 
o~ n p o ~  ztq 60rt~iq t6162qziq rq5 Oa npknst va &EL ~v6tapsoq Oioq psraC6 rqq en 
 at r q ~  o-pda yta Kat b a e i r ~ t  pia apwpartafl Kat pia ahstcpart~.j aptvopada. H ou- 
~ v o r q m  n a v z o ~  rou oxqpartopod xohuyephv Gsophv, 6nou o uxo~azaor6~qq 6pa 
oav ytcpupa ysrak6 660 psrahht~hv ~civzov, cpaivszat 6r1 sivat p~yah6r~pq an' 6rt 
orqv atOuhsvo6tapivq. Auz6 ntOavh5 ocpsihsrat orq psyahdzspq 6uo~ohia oxqpan- 
up06 rq5 gauche popcpflq ozqv o-aba. An6 q v  ahhq psptk 6 ~ v  anopovhOq~s ~ a v i -  
m o6pnh0~0 or0 onoio o uno~azaorazq5 6pa oav yovo6ovzt~6cj, ono5 ozqv mpi- 
nrwoq zqq o-pda, yta Kat q ouppszo~?j rqq ptaq aptvopa6aq 0s 6sop6 p& za pkrah- 
ha, &V ~nqp~dl(&t r q  6 0 z t ~ k ~  t6t6rq2~5 zqq ahkqq, acpod q ahstcpazt~q aptvoya6a 
&&V ouv6isra1 apsoa PE TOV / ~ E V ( O ~ ~ K O  nupilva. 

ENSZCH AIAAYTHC Dq (cm-') B (cm-l) 

NiL(H20),Br2 H20 1027 759 
NiL2CI2 H@ 1059 9 10 
NiL2Br2 H20 1066 920 

DMF 1045 1021 
[NiL31C12 H20 1079 940 

DMF 1066 1005 
[NiL31Br2 H20 1078 946 

DMF 1069 103 1 
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01 ay85 rov napapirpov Dq K a t  B Fa ra Gtacpopa obpnho~a  rou Ni (11) orcras- 
G p t ~ f i ~  oupysrpia~ os Gtacpopou5 Gtah6rsq Givovrat ozov n i v a ~ a  I. 

Ot rtpE5 auzE5 sivat avahoys5 ps 715 rtpE5 6lhhov ahtcpart~hv fi apopa r t~hv  
Gtaptvhv os oKras6ptKa o6pnho~a  rou N ~ ( I I ) ~ ' , ~ ~ .  0 t  Marks K.h.'' ora ocpnholca 
rqq o-pda p& Ni (11) Ppfi~av 6rt ot unohoy t~bpsv~~  rtM5 rou Dq qrav xapqhor~p~5  
K a t  rot) B ~ ~ q h 6 ~ s p s ~  an6 E K E ~ V E ~  TOV a h ~ t c p a t t ~ h ~  a p t ~ h ~ .  Auru ano6hflq~s orqv 
~apqhorspq paot~orqra rq5 o-pda Evavrt rov ah&t(partchv aptvhv. H o-aba p& pia 
ahstcpart~fi aptvopatia Kat p16 a p o p a ~ t d l  npEnn va i x a  to~up6rspq  ~ O T I K ~ ~  t~avo-  
r q r q  an6 q v  o-pda, npaypa nou oupPaivn 67105 (paivsrat an6 715 rtpiq TWV napa- 
pirpov Dq Kat B. ' E m  n . ~ .  TO o6pnho~o [Ni(o-aba),ICl, 8x13 Dq=1079 cm-' psya- 
h h p q  an6 rqv rtpfi Dq=1053cm- ' yta TO o6pnho~o [Ni(o-pda),lBr:' Kat nyfi 
B=940 cm-' kavr t  966 cm- l. AqhaGfi E~oups avriorotxa psyah6rspo Dq  at p t~po-  
rspo B yta rqv o-aba an' 621 yta q v  o-pda nou Gsi~vst sha(pph5 psyahimps~ .Paot- 
K C ~  tGt6rqrsq yta rqv nphrq, npciypa nou avapivsrat. Ekahhou q ~aflaphq ah~tcpan- 
~ f i  apivq, en, spcpavi<st noM psyah6aspq rtpfi Dq=1150 cm- l KaL p t ~ p o r ~ p q  
B=86062 cm- ' os ouppovia ps rq p&~ah\jr&pq paot~orqra t q ~ .  

Summary 

Complex compounds of Cu, Ni and CO with aliphatic and aromatic mono-and diami- 
nes 

The present paper is 'reviewing the complexes of the aliphatic and aromatic, 
mono-and diamines, e.g. NH,, aniline or en (ethylenediamine), o-pda (o-phe- 
nylenediamine) with the 1 ''row transition metals Cu(II), Ni (11) and Co(I1). More spe- 
cifically it refers to the structures of these complexes and makes a brief review of the 
experimental methods used for their preparation It also refers to the corresponding 
complexes formed between the diamine o-aba (0-aminobenzylamine) with the same 
metals and compares the donor properties of this ligand with those of other similar 
ones like en and o-pda. 

Key words: Complexes. metal ions, monoamines aliphatic, diamines aliphatic, monoamines aromatic, 
diamines aromatic. 
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Summary 

A generallized model for the unimolecular pure gas adsorption with latteral interactions 
on heterogeneous surfaces is developed by means of lattice statistical thermodynamics. From 
this model localized and mobile adsorption on either random or patchwise heterogeneous sur- 
faces are derived as specific cases and discussed in detail. 

Numerical calculation examples are also presented in order to illustrate the properties of 
the adsorption isotherms obtained. 

Key Words Lattice statistical thermodynamics, Physical adsorption. 

Introduction 

One of the most important problems of physical adsorption is that of the 
heterogeneity of actual surfaces, due to the existence of impurities, cracks, disloca- 
tions, different crystal surfaces etc. The great majority of the studies performed on 
this subject refer to localized adsorption with no latteral  interaction^"^. This model 
leads to fairly simple isotherms which can be quite easily employed to the analysis of 
experimental systems. On the other hand, the models accounting for latteral interac- 
tions as well as those refering to mobile adsorption on heterogeneous surfaces 
generally lead to non analytical  solution^^-^. It is also notable that non adequate 
research work was directed to this subject. 

It the present work we attempt a systematic application of the lattice theories of 
statistical hermodynamics to the study of heterogeneous adsorption. A generallized 
lattice mAel 1s analyzed for the adsorption of pure gases on heterogeneous surfaces. 
From f7,~s wodel, localized and mobile adsorption on either patchwise or random 
heteror;,enecius surfaces are derived and discussed as specific cases. 

General equations 

In order to study the unimolecular adsorption on heterogeneous surfaces by 
means of the lattice theories of statistical thermodynamics, we consider the following 
renerallized model for the adsorption layer: 



22 P. NIKITAS, A. ANASTOPOULOS, ,D. JANNAKOUDAKIS 

1. It is assumed that the adsorbed molecules form a two dimensional layer 
(unimolecular adsorption). 

2. Each molecule is adsorbed on a single adsorption site. Each adsorption site 
can accomodate only one adsorbed particle. The adsorption sites can be either cells 
formed by the neighbouring adsorbed molecules or points. In both cases the adsorp- 
tion sites follow the geometry of a regular hexagonal lattice. 

3. The energy of adsorption is different  for^ different sites. We denote by L, the 
number of adsorption sites having energy U,. If L is the total number of the adsorp- 
tion sites, then obviously 

L = Li is valid. - I 

4. The number NI of molecules adsorbed on sites with energy U, is equal or less 
than L,, i.e. NI & L,. 

5. Each adsorbed molecule is under the influence of the field of the adsorbing 
surface and of the neighbouring molecules. However the distribution of the molecules 
on the adsorbing surface is absolutely random (Bragg-Williams approximation6). 

Let N molecules be adsorbed on the L sites and 5 a distribution 5,, 5,, ...c,, ... of 
the N molecules on the adsorption sites, where 5, denotes that the number of 
molecules adsorbed on the sites with energy Ui is equal to Nt,. Since NtI <L,, then 
for each 5 distribution the partition function Qt of the adsorption layer can be writ- 
ten as 

In Eq. (1) qi,(il, q,(,, are the internal and the translational partition functions of an ad- 
sorbed molecule on an L, site. We assume that a molecule of any of these E, sites 
has the same internal and translational partition functions. In the same equation, W is 
the potential energy of interaction for any nearest neighbour pair. As in the case of 
unimolecular adsorption on homogeneous surfaces, we assume that only interactions 
between adsorbed molecules on nearest neighbour sites need to be taken into account 
(nearest neighbour statistics). 

Finally z' is defined from the relation3: 

Cg (z) exp (-zw/kT) 
exp (-z'w/kT) = 

( 4  

where z is the number of the nearest neighbour pairs and g (z) the number of con- 
figurations with z nearest neighbour pairs. The total partition function Q is the sum 
of the partial functions QC,' i.e. - 

Q =  Y Q s  
5 

(3) 

For the determination of Q we can make use of the well known maximum- term 
method, i.e. by replacing 1nQ by the logarithm of the largest QC. 

Thus if Ng, corresponds to the equilibrium distribution, we have: 
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L i InQ = \' { L ~  In - - N4 In --- - 
1 Li  - Ngi 

N'i + Ngiln 
Li - Ngi 

Ngi Ui Z'W - 1 -  kT ,r 
In order to proceed further, the way in which the sites with different energies are dis- 
tributed on the surface and also the nature of the adsorption layer are to be defined. 

Here we shall analyze the cases where a) the sites of different energy are scat- 
tered randomly over the surface (random site distribution) and b) the sites of equal 
energy are present in groups (patchwise site distribution). In each one of these cases 
the mobile as well as the localized adsorption will be examined. 

Random site distribution 

1. Mobile adsorption 

In this case each molecule is free to perform translational motion on the adsorb- 
ing surface, but this motion is confined within its cell. Thus we have: 

where afi is the free area available for the motion of the molecule within its cell. 
When the adsorbed molecules are almost spherical and non polar, then an ap- 

proximation of the free area afi is given by the relation7-'': 

where o is the free area of a molecule having empty all its nearest neighbouring sites. 
In addition due to the random distribution of ,the adsorbed molecules we have3: 

z' = cN2/2L ( 6 )  

where c for a given site, is the number of the nearest neighbour sites. 
On the basis of the above approximations the parution function of the adsorption 

layer, Eq. (4), takes the form: 

The chemical potential of 
calculated from 

the adsorbed molecules of the Li sites may now be 
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which results to: 

where = Ng/L 

and . 0 = NIL = LIOl /L 
7- 

The adsorution isotherms result from the equilibrium relations: 

= Fgas (12) 

For a perfect gas we have: 

Fgas -- 
kT 

- InP - In (h3I2kT qG (T)) (13) 

where P is the pressure of the gas in equilibrium with the adsorbate and qG (T) is the 
internal partition function of a molecule in the bulk gas phase. 

The partial adsorption isotherm which results from Eqs. (g), (12) and (13) can be 
expressed by: 

1 A'I2 kTqc (T) 0 
g,= l /  { e x  (-1 e x  ( -  + l (14) 

(1-0) P aqm(~) 1-0 kT 

Obviously Eqs. (1 1) and (14) define the overall adv- ptinn isotherm. In Eq. (14) we 
can approximately set 

where qv(,) is the partition function for vibration normal to the adsorbing surface. In 
addition if the distribution of Li is such that we can replace summation over the L, 
by integration, we let Lf (U) dU be the number of cells with values of U between U 
and U+dU. Then f(U) must satisfy the normalizatiop condition: 

If (U) dU = l (16) 

and the total adsorption isotherm may be expressed by: 

e =  J f (U) dU 
1 kT 0 (17) 

exp (?I-e) exp (-U$) + 1 
(1-0) P aqdU,T) 

The above integral can receive only a numerical solution if the distribution function 
f (U) is known. This function is either determined by experimental means, or it is 
selected from. the already known distribution functions. 

For this purpose the Gaussian, the Maxwell-Boltzmann and the exponential dis- 
tribution functions are more frequently used. 

If f (U) is the Dirac delta function and the limits of integration are taken from 0 
to +m, then Eq. (17) results to the isotherm of the hole theory for the adsorption on 
homogeneous surfacesg: 
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where 

0 8 cw 
exp - 

(1-e)2 (1-0) 0) = PP 
P = (wq, (U, T) /h'/2 kT) exp (UIkT) 

2. Localized adsorption 

In localized adsorption the three translational degrees of freedom of an adsorbed 
gas molecule, are converted to vibrational modes, i.e. each adsorbed molecule is 
restricted on a single adsorption site, being unable to perform translational motion on 
the adsorbing surface. 

Thus we have q,(i, = 1 and Eq. (7) may be written as 

L i ' ~ i  . NkUi cN2w 
1nQ = { L ~  ln - - - Ngiln - + N5lnqi,,(, + ----) - --- 

Li - Ngi Li - Ngi kT 2LkT (20) 

From this equation working in the same way as in the case of mobile adsorption we 
obtain: 

h3l2 kT 
0, = 11 {--- exp (-F? + l}  

pq "(l, 

and 

e = J  f (U) dU 
1 h3" kT - exp ( - =) + 1 
P %(U, T) kT 

This isotherm was first derived by Hill3 by the use of undetermined multipliers. 
As in the case of mobile adsorption, Eq. (22) cannot be solved analytically ex- 

cept of the case when f (U) is the Dirac delta function. Then from Eq. (22) we obtain 
the well known Frumkin isotherm l 12: 

where P = (qv (U9 T)lh312kT) exp (UIkT) (24) 

An interesting case is also when w=O and qv (U, T) = qv (a). 
In this case it is proved that Eq. (22) can'be used to reproduce the isotherms of 

Temkin and Freundlich2. 
The Temkin isotherm13. l 4  results from Eq. (22) when f (U) = C where C is a 

constant and by integrating from 0 to U. 
Then at low pressures, Eq. (22) reduces to: 

0 = CkTln (% exp (uI~T)) 

which is the Temkin's isotherm. 
If f (U) is of the form f (U) = Cexp (-AU) (28) 

where C ,  A are constants, then Eq. (22) gives as a first approximation the Freun- 
dlich isotherm": 
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Patchwise site distribution 

I.  Mobile adsorption 

Since the sites of different energies are present in groups, assuming that each 
group is large enough to eliminate edge effects, the free area af; is given by the 
relation : 

In this case we also have: z' = - \' C N ~ , / ~ L ,  

Therefore, from Eq. (4) we obtkn: 

The partial adsorption isotherms which are obtained from Eq. (30) may be expressed 
as follows: 

01 0, cw U1 h'I2 kT InP - In - +-+- 0, - - + In- 
(I-oj2 1-0, k~ k~ W ,  (1) 

The total adsorption isotherm results from Eq. (3 1) and (l l) or for a continuous dis- 
tribution of the adsorption energies from Eqs. (31) and (32) 

The study of mobile adsorption for the case of a patchwise surface can also be per- 
formed by the simple cell theory of the liquid stateI6. For this purpose we must 
assume that a) the number of the adsorbed molecules is equal to  the total number of 
the adsorption sites, i.e. N=L, and b) that, as a first approximation, the energy per 
adsorbed molecule due to latteral interactions with the other adsorbed molecules is 
proportional to the surface density of the adsorbed molecules, Ng/S,, where S, is the 
area of the adsorbing surface with an adsorption energy U,. 
The first assumption implies that in the cell model each adsorbed molecule moves in 
its cell and due to N=L every change of the surface density of the molecules 
necessarily results to the change of the cell dimensions. On the contrary in the 
previous model the variation of 0 implies the change of the number of the empty 
cells. In the cell model an approximate expression fo a6 is given by: 

afi = n: (a, - d)' (33) 
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where a ,  is the average distance of the adsorbed molecules in the group of sites with 
energy U, and d is their diameter. 

In a regular hexagonal lattice the following relations are valid: 

where S,, is the surface covered by the Ng molecules when they are in contact with 
each other. 

If a, is the effective area covered by an adsorbed molecule and N,(,) the max- 
imum value of NE,, then from Eqs. (33), (34) and (35) we obtain: 

Assumption (b) implies that the energy term z'w/kT in Eq. (4), must be replaced by: 

where y is a proportionality constant. 
If we account for the above reasoning then Eq. (4) becomes: 

InQ = { ~ g ,  In (qi,(,) ha, 2\/3n/3) - NG lnNgl + 2Ng In (N',/tl) - Nf/T) 
1 

while the partial adsorption isotherms resulting from Eq. (38) can be written as: 

An analytical solution for 8, is again not possible. Therefore the use of numerical or 
graphical methods is necessary for the determination of the total adsorption isotherm 
from the system of Eqs. (11) and (39) or (32) and (39). 

In the case where f (U) is the Dirac delta function Eqs. (32) and (39) reduce to 
the cell isotherm 17. 18: 

€l 2Y \/" exp (-- 
(I-\/€))' exp (I-,/-€)) 

€l) = Pp 
aokT 

where 
p = (q,a, 2\/3n/?~'/~ kT3e) exp (U/kT) (4 1) 

The above model is valid only. for patchwise surfaces. It is evident that this model 
cannot be applied to a random surface because this contradicts the assumption (3) of 
the general model, especially for low values of €l. 

2. Localized adsorption 

In this case we have q,(,) = 1, while in parallel Eq. (29) is satisfied. Thus we have: 
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Li ti N4Ui cw N2 
InQ = \' { L ~  h-- NQn- + N$nqine) + ---.A - 

I Li- Ngi Li - Ngi kT 2kT Li 
} (42) 

and 

Again the total isotherm is determined from Eqs. (11) and (43) or (32) and (43). 
If w=O and qv(,,= qv(T), then from Eqs. (32) and (43) we have: 

e =  J f (U) dU 
1 h3"kT -.- U 

which can be reduced to the Temkin or the ~reundlich isotherm as in the case of a 
random surface. 

Numerical examples 

In order to illustrate the isotherms derived above we have examined an 
adsorbate-adsorbent system having the following characteristics: We have considered 
Argon adsorption on two model surfaces. For the first of them a random distribution 
of the adsorption site energies was assumed (random surface), while for the second 
one a patchwise distribution was adopted (patchwise surface). For both the above 
cases we assumed that the surface site energies follow a gaussian type distribution 
function: 

1 
f (U) = --- 

oJ2n 
exp (- (U - UJ2 / 202) 

with U, = 2000 cal-mole-'. In thk above relation the o parameter describes the width 
of the distribution and thus it accounts for the heterogeneity of the adsorbent. The 
function (45) is somewhat physically unreal since it predicts that a finite number of 
sites of positive energy will be present. However as an approximation, it appears to 
give a reasonably adequate representation and for this reason it has been widely 
used. 

Argon molecules in the adsorption layer are assumed to interact mutually with a 
Lennard-Jones potential: 

with r, = 3.405i [l91 and ~ / k  = 100 1201. 
Therefore as far as it was accepted that only the interactions between the nearest 

neighbour molecules contribute to the total energy of the system, we have: w/k = - 
~ / k  = - 100. 

In addition for a hexagonal close-packed configuration of the adsorbed molecules 
we have c=6 and o = 6 3 a 2 / 2  where a=2'I6r,. 

For the case of the cell isotherm the approximations a,= n (a/2)2 and 2yla,k = 

- ~ / k  were used. 
The qv  function in the isotherms developed above includes vibrations normal to 

the adsorbi~lg surface and it can be approximately expressed by: 
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where x=hv/kT and v is the vibration frequency of the adsorbed particles. The fre- 
quency v depends on the energy U 131. 

However here due to the selection of the gaussian function (45), Which allows for 
positive site energies. it was approximately assumed that v is constant and equal to 
I . 10"sec '. 

On the basis of the above approximations, extensive calculations were carried out 
for the determination of the characteristic features of the isotherms here obtained. 
Numerical integrations were performed by means of Simpson's rule, in a UNIVAC 
1106 computer. The most characteristic results are indicatively provided in figures 1- 
2. 

From these figures the following conclusions can be drawn relatively to the un- 
imolecular gas adsorption on heterogeneous surfaces: 

Independently of the adsorption model the theoretical curves of the isotherms for 
heterogeneous adsorption are lying on top of the corresponding isotherms for 
homogeneous adsorption (o=O) at low pressures, while the inverse holds for high 
pressures. This means that with increasing heterogeneity of the adsorption surface 
the adsorption is favoured at low surface coverages. This is due to the fact that at 
low coverages the molecules are adsorbed preferentially on the most active sites, 
whereas as adsorption proceeds and these sites become occupied, the less active sites 
come into play. 

The increase of adsorption at low coverages with increasing heterogeneity is ex- 
pected to affect the critical properties of the adsorption layer. In fact the study of the 
adsorption isotherms on random surfaces at low temperatures reveals that the 
heterogeneity of the surface strongly affects the critical temperature and pressure 
which are shifted to lower values, while leaving unchanged the critical surface 
coverage (Figs. 1 ,  2). In what concerns the adsorption on patchwise surfaces, Eq. 
(32) cannot be used for the determination of the total isotherm because at the phase 
transition region the 0, - U curves, resulting from Eqs. (31), (39) and (43), are of 
sigmoid shape. However a different situation from that of random surfaces is not ex- 
pected to exist. The occurence of a phase transition is well known to be due to at- 
tractive interactions. Thus the observed change of the critical temperature and 
pressure shows that the heterogeneity of the surface acts in the opposite sence with 
respect to the attractive intermolecular forces. 

In what concerns the specific characteristics of the isotherms due to the type of 
surface we must point out the following: 

The isotherm curves corresponding to heterogeneous adsorption on random sur- 
faces present a common intersection point. This point is located at 0=0.5 and it 
corresponds to pressures determined by the following relations: 

2h'I2kT 
P =  

q v 

exp (- Uo;y/2 ) 
for mobile adsorption, and 
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FIG. 1: Theoretical adsorption isotherms for mobile adsorption on heterogeneous surfaces. (A), (B) 
isotherms defied from Eq. (l 7) for adsorption on a random surface. (C), (D) isotherms defined from 
Eqs. (31), (32) and (32). (39) respectively for adsorption on patchwise surfaces. Figures by the 
isotherms indicate a values. 

FIG. 2: Theoretical adsorption isotherms for localized adsorption on (A) patchwise and (B) random 
heterogeneous surfaces. Figures by the isotherms indicate a values. 
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for localized adsorption. For patchwise surfaces the isotherms present a common in- 
tersection point only for the case of localized adsorption. This point has the same 
coordinates as for the case of random surfaces. It is also observed that at low 
coverages the adsorption on patchwise surfaces is slightly stronger than that on ran- 
dom ones for the case of localized adsorption, while the opposite holds for the case 
of mobile adsorption. In any way these differences between random and patchwise 
isotherms, is the significant shift of the critical tamperature and pressure to lower 
theoretical isotherms. 

In conclusion the major influence of the adsorption surface heterogeneity on the 
isotherms is the significant shift of the critical temperature and pressure to lower 
values, which is due to the increase of the adsorption on heterogeneous surfaces at 
low pressures. 
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Summary 

The type of p-lactamase produced by Enterobacteriaceae is an important factor predicting 
the efficacy of p-lactamase inhibitors. We evaluated three common rapid methods: 
chromogenic nitrocefin, acidimetric commercial Beta-test and iodometric, for their ability to  
detect and differentiate, in Enterobacteriaceae, p-lactamases already characterized by sub- 
strate profile and isoelectric focusing. Nitrocefin was the most sensitive and the Beta-test the 
less sensitive method to detect the presence of p-lactamases. This nonsensitive Beta-test was 
the less specific to detect chromosomal B-lactamases, hence it was almost specific for the 
detection of plasmid 0-lactamases. None of the methods differentiated between TEM and 
non-TEM P-lactamases. 

Key words: p-Lactamases, enzyme detection and characterization 

Introduction 

Rapid p-lactamase screening in pathogens such as Haemophilus influenzae, 
Staphylococcus aureus and Neisseria gonorrhoeae has become a common procedure 
in clinical laboratories'. The chromogenic cephalosporin nitrocefin test, the 
acidimetric spot test and the rapid iodometric assay are the most successful and 
widely used methods for the above organisms13233. In addition, rapid tests have been 
evaluated as suitable screening methods for the presence of p-lactamase in associa- 
tion with sensitivity to ampicillin and cephalosporins. These studies concluded that, 
while nitrocefin test easily detects cephalosporinases, the- acidimetric method is un- 
reliable4. 

In Enterobacteriaceae two acidimetric methods have been compared with 
nitrocefin assay in detection of p-lactamases. None of these tests were found reliable 
in correlating bacterial sensitivity and p-lactamase presence5. In addition, until now, 
no rapid method has been applied in the characterization of p-lactamase type in En- 
terobacteriaceae. Such an application might be helpful, because after the introduction 
of p-lactamase inhibitors in chemotherapy rapid techniques are required to detect 
and identify p-lactamase prior to disk sensitivity. Rapid differentiation for P- 
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lactamases produced by Enterobacteriaceae might be clinically important, since dif- 
ferent types of P-lactamases show different degrees of sensitivity to various P- 
lactamase inhibitors6. For these reasons we tried in this study to compare three rapid 
methods for their ability to detect p-lactamase production in Enterobacteriaceae and 
to apply these methods for presumptive characterization of P-lactamases. 

Experimental 

Bacteria: A total of 49 ampicillin resistant Enterobacteriaceae were tested, which 
had been previously characterized for p-lactamase production798. Forty one strains 
were nosocomial isolates from our laboratory and 8 strains were kindly provided by 
E. Lederberg of the Plasmid Reference Center (Stanford University, California). 
From the nosocomial isolates 19 were E. coli, 11 Klebsiella and Enterobacter 
species, 9 Proteus species and 2 Citrobacter. Minimal inhibitory concentration to 
ampicillin ranged between 50 and 800 yg/ml by tube dilution method. 

P-Lactamase production: The initial characterization of p-lactamases had been 
based on the classic methods of p1 determination and on substrate profile of ten P- 
lactarn compounds: benzyl penicillin, ampicillin, carbenicillin, cephaloridine, 
cefazolin, cephalothin, cefoxitine, cefuroxime, cefamand~le~~ '~ .  From 41 clinical 
isolates resistant to ampicilin, 29 carried plasmid type p-lactamases and 12 produced 
only cephalosporinases of chromosomal type with p1 range 7 to 8.8 (Table I). 

TABLE I. Types of p-lactamases produced by 49 Enterobacteriaceae. 

Chromosomal 
Strams Number cephalospo- Various plasmid types 

rinases 

wild 13 2 
E. coli 

10 TEM-1. TEM-l+OXA-3 
K12 RC85 6 0 ' 4 TEM-l, PSE-2, b-lacta- 

mase of R 2 2 K  (11) 

Klebsiella and 
Enterobacter sp. 

I  roteu us sp. 9 2 5 TEM-2, TEM-l, PSE-3 
- I Citrobacter 2 0 TEM- 1, TEM-l+OXA-1 

E col# K i p  8 0 HMS-1, SHV-1,OXA-1,OXA-2,OXA-3 
(Reference s t ra~ns)  PSE-l, PSE-2, PSE-3 

Total 49 12 37 

Plasmid location of p-lactamase genes for certain wild type strains was confirmed by 
conjugal transfer  experiment^^.".'^. Type of enzymes produced by P-lactamase 
reference strains are also shown on Table I. On p1 determination traces of host 
cephalosporinases were detected on most of the clinical and reference strains which 
mediated plasmid type p-lactamases. 
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Rapid /Hactamase tests: Three rapid methods were tested for their ability to 
detect and identify the known P-lactamases produced by the 49 Enterobacteriaceae 
used in the study. 
NitroceJin test: Several colonies of the tested bacteria from an overnight growth on 
trypticase-soya agar (BBL) were suspended in 0.5 ml sterile saline. Aliquots of 50 yl 
of the cell suspension were mixed with equal volumes of nitrocefin working solution 
(5 mg of solid nitrocefin -Glaxo Co. - dissolved in 0.5 ml dimethylosulfoxide was ad- 
ded to 9.5 ml phosphate buffer 0.1 M, pH 7). The color change from yellow to red 
within 30 min was regarded as criterion of p-lactamase production. 
Rapid acidimetric method: Beta-test strips (MedicaI Wire and Equipment Co., Both 
Ltd, Wiltshire UK) moistened with normal saline were placed on slides. Two or three 
colonies from 18 hour growth of tested bacteria cultured on trypticase-soya agar 
were spread on these strips. A change in color from purple to yellow within 10 min 
was regarded as positive for the presence of P-Iactamase. 
Iodometric assay: A modification of the method described by Catlinl was applied. 
Two separate solutions containing 10,000 IU/ml penicillin G and 5 mg/ml 
cephaloridine, both in phosphate buffer of 0.05 M, pH 7, were dispensed in volumes 
of 0.5 m1 in small tubes. The tested bacteria from an 18-hour growth on trypticase- 
soya agar were suspended in the above solutions to make densities of approximately 
109 cells. After one hour at room temperature, two small drops of starch indicator 
(1% W/V)'were added and immediately afterwards one drop of iodine reagent (2.03 
g iodine and 53.2 g K1 in 100 m1 distilled water). After mixing the solution well, 
decolorization within 10 min was regarded as positive for the presence of P- 
lactamase. 

Results 

Results gathered from the application of three rapid methods, nitrocefin test, 
Beta-test (acidimetric) and iodometric assay (cephaloridine substrate and penicillin 
substrate) are shown in Table XI, based on their ability to detect the presence of 
known p-lactamase in the Enterobacteriaceae strgins. The nitrocefin test detected the 
p-lactamases in 94% among 49 strains used. The iodometric method with penicillin 
G substrate alone detected in 82%, with cephaloridine substrate alone in 76% of the 
strains, while cumulative results from the application of the method with both sub- 
strates revealed the presence of @-lactamase in 92% of these strains. Beta-test detec- 
ted only 51%. Of the three strains, in which the nitrocefin test didn't detect P- 
lactamase presence, the one, an E. coli strain, produced a TEM-l p-lactamase, detec- 
ted by the Beta-test, the dher, an Enterobacter strain, produced two plasmid P- 
lactamases, TEM-l and OXA-l, detected only by iodometric test with cephaloridine 
substrate. The third was an Enterobacter producing a cephalosporinase, also detected 
by iodometric method with cephaloridine substrate. 

On Table XI, analysis of the three rapid methods' results, based on their ability to 
differentiate between chromosomal and plasmid-mediated p-lactamases and between 
different types of plasmid mediated p-lactamases, is shown. The nitrocefin test detec- 
ted 92% of the chromosomal cephalosporinases and 95% of the plasmid mediated P- 
lactamases. The Beta-test detected only 8%'of the chromosomal, but 65% of plasmid 
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TABLE 11. Results of the three rapid methods for detection of 0-lactamase presence and differentiation 
between types of 0-lactamases. 

Detection of TY pe Type of plasm~d 
Rap~d method vlactamase of p- lactamase detected p. lactamase detected 

(% positive (% posrtive react~on) (% posltlve react~on) 
reaction) 

Plasmid Chromosomal TEM-1,TEM-2 All other types 

l Nitrocefin test 46/49 (94%) 35/37(95%) 11/12 (92%) 24/26(92%) 11/11 (100%) 

Iodometric Assay 45/49 (92%) 35/37 (95%) 10112 (83%) 25/26(96%) 10111 (91%) 
(cephaloridine and 
penicilline G substrates) 

mediated, while iodometric assay with both substrates (the one orland the other pos- 
itive) detected 83% of chromosomal and 95% of plasmid mediated p-lactamases. 
Among plasmid mediated p-lactamases, the nitrocefin test detected 92% of TEM- 
type and 100% of all other types. The Beta-test detected 81% of TEM-type and 27% 
of the other types and. finally, the iodometric assay detected 96% and 91% respec- 
tively. 

Discussion 

We applied the rapid methods in order to compare their ability to verify the 
presence of known p-lactamase in Enterobacteriaceae. The nitrocefin test was found 
to be the most sensitive. The iodometric assay detected only an 92% p-lactamase 
presence. when both substrates were considered cumulatively. The Beta-test was 
completely unreliable. Nitrocefin and iodometric assays were not found to differen- 
tiate between chromosomal and plasmid p-lactamase producing isolates. On the con- 
trary, the Beta-test reaction showed a greater differentiating ability between plasmid 
and chromosomal enzymes, probably because the method requires higher enzyme 
quantities for a positive reaction and it is well known that plasmid 0-lactamases are 
usally produced in much higher quantities than chromosomal ones9. 

When we tried to compare the three rapid methods for their ability to differen- 
tiate between TEM and non-TEM plasmid mediated p-lactamases, we found that 
none of the three methods differentiated them satisfactorily. 

Among Enterobacteriaceae causing urinary tract infections, the production of 
chromosomal cephalosporinases and plasmid mediated p-lactamases is a very com- 
mon resistance mechanism to p-lactam antibiotics. It has been reported that 75% of 
the isolates owe their resistance to plasmid mediated p-lactamases 13. Recently, a lot 
of clinical studies are using p-lactamase inhibitors in combination with p-lactam an- 
tibiotics against Enterobacteriaceae pathogens producing p-lactamases. The action of 
P-lactamase inhibitors is influenced by, among other factors, the type of p-lactamase 
pr~duced'.'~. Pechere et a1 has shown that clavulanic acid is more effective against 
plasmid mediated p-lactamases than against chromosomal cephalosp~rinases~~. This 
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has also been shown in our laboratory8. Therefore, it becomes essential to know the 
type of p-lactamase produced by an isolate causing clinical infection. 

The classic methods for exact characterization of P-lactamase type requires sub- 
strate profile and p1 determination. These methods require prolonged and tedious 
laboratory work and are not suitable for rapid results needed to assist the clinician in 
choosing the proper p-lactamase inhibitor. Rapid methods for detection and charac- 
terization of P-lactamases should be useful. Our results have shown that the rapid 
acidimetric method of Beta-test is almost specific for plasmid p-lactamases in the 
sense that it is almost negative for chromosomal cephalosporinases. Thus, according 
to our findings, Beta-test may give an indication for the nature of a p-lactamase, the 
presence of which has been revealed by the rapid nitrocefin test, as shown in Fig. 1. 

Tested Strain 

positive 

presence I ot p-lactamase ( 

Beta-Test 0 
positive 

I 
negative 

1 
I plasmid I I chromosomal 

p- lactamase p- lactamase I 
Fig. 1 : After the detection of a p-lactamase by the Nitrocefirt test, the commercial acidimetric method of 
Beta-test can give an indication for the genetic oriqin of this ,l-lactamase, since if  is almost specifc for 
plasmid p-lactamases (it detects 67% of the plasmid, but only 8% of the chromosomal enzymes). 
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Xprjaq raxsiwv pseddwv yza avljlvsua~ rcaz xaparcrqprapd ,LI-/2arczapaodv ara EVZEPO- 

parcrypzoezdy'. 

0 r6no5 rov P-Aa~mpaohv nou napayovzat an6 ra ~ v r s p o ~ a ~ r q p t o s t 6 ~  
anorshsi oqyavzt~o xapayovza, nou npohiyst rqv anor~hsoyazt~ozqra rwv 
avaorohiwv P-ha~zapaoq~. Crqv napoioa spyaoia, rpsy yi6060t raxsiaq ava- 
yvhptoq~ P-haK~apaohv -q 6o~tyaoia r q ~  xpoyoyovou vtzpooscpivqq, q O ~ E O ~ E -  
r p t ~ q  6o~tpaoia Beta-test Kal pia zaxsia to6op~zpt~f i  6o~tyaoia- ~ ~ r t p ~ j 6 q ~ a v  OS 

npoq rqv aktontoria rous ozqv avi~vsuoq Kat orov xapa~qptoyo  yvoorhv EV- 
rspoPa~rqptost6t~hv P-ha~rapaohv, ot onoisq sixav an6 nahat6rspa ~apa~rqptors i  
paost rou cpciopazoq unoorpwyarov rouq Kat zou tooqhs~rpt~o6 zouq oqysiou. IPto 
~uaioeqzq an6 nq rpeq ys666ouq, ooov acpopci zqv avixvsuoq z q ~  napouoiaq zov 
P-ha~mpaohv, C ~ ~ L O ~ E ~ X ~ ~ K E  6oKtpaoia TqS vtrpoo&cpivqq, E V ~  q h t y 6 ~ ~ ~ 0  
suaioeqrq qrav q do~tpaoia Beta-test. Slozooo, q yq suaioeqrq auzq 6o~tyaoia 
Beta-test PpiBq~s va sivat y nto anorshsoyart~Ij yta rq 6ta~ptoq psrat6 P- 
ha~rapaohv ~poyooopaz t~o6 Kat nhaoyt6ta~o6 r h o u ,  xapq orqv t6torqrci r y ~  va 
pqv U V ~ X V E ~ E ~  0 ~ ~ 6 6 ~  ~ ~ l 6 6 h 0 ~  T15 ~ p ~ p ~ o ~ p a ~ t ~ i ~  P-ha~zapdlo~~ Kat Va ~ V ~ X V E ~ E ~  

uyrqho nooooro rov 7LhCt0pdtaKhv P-ha~zayaohv. Kayyia an6 z y  rpstq ps666ou~ 
~ E V  P P ~ ~ ~ K E  I K C ~ V ~ ~  YtCl h ~ n ~ o y ~ p i o r ~ p q  616Kpt(~~] avay~oa OE ~ ~ C ~ ( P O P E Z ~ K O ~ ~  T~~TCOUS 
nhaopt6ta~wv P-ha~rayaohv (TEM Kat pq T E M ) .  
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Summary 

The present work describes the synthesis and antimicrobial screening of new 2-(5,- 
nitrofurylidene) azino-3-alkybenzothiazolines. Their synthesis was accomplished by reaction 
of 3-alkyl-2-benzothiazoline hydrazones either with 5-nitro-2-furfuraldehyde diacetate or 2- 
acetyl-5-nitrofuran. A number of selected compounds were tested for antimicrobial activity 
and were found to be inactive. 

Key words: 3-alkyl-2-benzothiazoline hydrazones, 2-(5.-nitrofurylidene) azino-3-alkylbenzothiazolines, 
antimicrobial screening. 

Introduction 

In a recent communication' we reported the synthesis and antimicrobial activity 
of compounds of the general formula 4 (R2:CH2COOH,CH2COOC2H5). In the 
present paper we wish to report an extension of this project with the synthesis and 
biological evaluation of a new series of derivatives 4 where R2:alkyl (Scheme 1). 

R1 l 0 R2 

Scheme 1. R' :H,CH> , C l ,  R' :alkyl , R' :H,CH, . 

* Dedicated to Ass. Professor D. Lambrou, who died suddenly on June 18th, 1985. 
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Chemistry 

As reported elsewhere the 3-alkyl-2-benzothiazoline hydrazones (3) are prepared 
by reaction of hydrazine hydrate either with 2-methylmercapto-3-alkyl- 
benzothiazolium or with 2-imin0-3-alkyl-benzothiazolines(2)~. Initially we 
followed the latter method with a slight modification i.e., using ethanol as a solvent 
instead of 2-methoxyethanol. However we found that direct reaction of hydrazine 
with the 2-amino-3-alkyl-benzothiazolium iodides (l) (Scheme l) gave higher yields. 
Besides the intermediate step of formation of the free base 2 was avoided. Therefore 
this method was preferred to those mentioned above. 

The final products 4 were obtained by refluxing in ethanol the intermediates 3 
either with 5-nitro-2-furfuraldehyde diacetate in the presence of conc, HCI (4a-d, i j )  
or with 2-acetyl-5-nitrofuran (4e-h) and were recrystallized from THF. Yields and 
melting points are listed in Table I. 

TABLE I: Products of the general formula 4. 

Yield Melting 
4 R' R' R' % point/o~ I I - 

Six of the synthesized compounds 4 were selected for preliminary antimicrobial 
screening against bacteria, yeasts and fungi. 

Antimicrobial Screening 

Inoculation cultures were prepared by incubation of the bacterial strains in Brain- 
Heart Infusion broth (BHI) at 37OC for 18 hr and the yeast strains in Sabouraud's 
maltose broth (Sab.) for 18 hr at 30•‹ or 37OC depending on the optimal growth 
temperature of the strain. To stimulate the growth of Streptococcus pyogenes 10% 
horse serum was added to the broth. The fungi were grown on 10 m1 Mycological 
agar containing 0.05%0 inositol, 0.01%0 thiamine, 0.5%0 cycloheximid and O.l%o 
chloramphenicol for 5 days at 22OC (phytopathogenic strains) or 30•‹C 
(dermatophytes) in 100 m1 erlenmevers. 
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The microbial inoculum, with the exception of fungi, consisted mostly of approx- 
imately 105 colony forming units per m1.h that respect, unless otherwise specified 
(Table HI), the overnight bacterial and yeast cultures were diluted 10" in BHI broth 
and Sab. broth respectively. The 5-day fungi cultures were suspended in 15 ml saline 
and used undiluted. Microtiter plates were used for MIC determinations. For each of 
the tested compounds a 2000 mcglml sterile stock solution in DMSO was prepared. 
After dilution with sterile distilled water to 400 mcglml, serial twofold dilutions in 
BHI broth (bacteria) or Sab. broth (yeasts and fungi) were prepared (100-1.5 
mcglml) and pipetted in 50 yl quantities into the wells of the microtiter plate. Then 
50 1.11 freshly prepared inoculum was pipetted into each well, followed by covering 
with a plastic film to prevent evaporation. Plates were incubated at the appropriate 
temperatures and results read after 24 or 48 hr (Table 111). 

Inoculated blank 5% solvent solutions and blank media were used as controls. 
The MIC was defined as the lowest concentration of the compound under ex- 

amination at which no visible growth of the microorganisms appeared. 

Results and discussion 

The results of the antimicrobial screening appearing in Table 111 clearly show that 
the newly synthesized compounds are less active compared to the compounds of the 
general formula 4 where R2:CH,COOH,COOC,H,. This fact may possibly be at- 
tributed to low penetration through the cell membranes of the test organisms due to 
poor solubility of the compounds in water (their DMSO solutions become turbid 
upon dilution with water). 

Experimental 

Melting points were determined in a Biichi capillary apparatus and are 
uncorrected. IR spectra were recorded on a PERKIN-ELMER 177 instrument in 
KBr. NMR spectra were run on a VARIAN A-60 spectrometer using Me,% as 
internal reference in CDCI,. Mass spectra were taken on a HITACHIIPERKIN- 
ELMER RMU-6M apparatus (electron energy 70 eV, emission of ion source 40 yA, 
temperature 120-140•‹C). The recorded molecular ions were in accord with the 
structures assigned. 

The resuits of elemental analyses (C,H,N) were within k 0.4% of the theoretical 
values and were done by Service Central de Microanalyse (C.N.R.S.), F;ance. 

IR: A common complex system of bands appeared in the region between 1580- 
1500 cm-', assigned to conjugated C=N and aromatic C=C bond 

'H NMR data of the final products 4 are listed in Table 11. 

3-alkyl-2-benzothiazoline hydrazones (3) 

A solution of 0.03 mole of a 3-alkyl-2-aminobenzothiazolium iodide and 0.12 
mole NH2NH,.H20 in ethanol was refluxed for 1 hr. After cooling the precipitate 
was filtered off. An additional crop was obtained after addition of water to the 
concentrated filtrate. The combined solids were recrystallized from benzene-ligroin. 
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For the synthesis of compounds 4a-d,ij (R3:H), 0.012 mole of a hydrazone 3 
and 0.012 mole 5-nitro-2-furfuraldehyde diacetate were dissolved in 50 m1 ethanol, 2 
m1 concentrated HCl was added and the mixture was refluxed for 1 hr under stirring. 
The coloured precipitate was filtered off, washed with water and then with methanol 
and the solid was dried and recrystallized from THF. The methyl analogues 4e-h 
(R3:CH,) were similarly prepared in non-acidic medium employing 0.012 mole 2- 
acetyl-5-nitrofuran. 
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Trivalent iodine forms a variety of ylids with several types of organic com- 
pounds. The most widely studied iodonium ylids are those derived from iodobenzene 
and 1,3-diketones;2-phenyliodonio-dimedonate, l, has received much attention 
because of its accessibility and relative stability. 

Iodonium ylids are reactive compounds and their reactivity pattern is often dif- 
ferent from that of ylids of other elements. Their reactivity, however, is limited by the 
fact that heating is normally not permitted, because a rearrangement1 takes place to 
the iodoether 2 (Scheme 1). Transylidations constitute the greater part of the known 
chemistry of I and relative compounds. 

Scheme 1 

Thus, triphenylphosphine2, triphenylarsine3, pyridine and substituted or conden- 
sed pyridines234 and several types of sulfur corn pound^^'^ react with l displacing 
iodobenzene under formation of new ylids. New iodonium ylids may be formed by 
reaction of l with active methylene compounds, which are stronger acids than 
dimedone6. These reactions apparently involve nucleophilic attack to a carbanionic 
centre but it is more probable that prior dissociation of I into iodobenzene and car- 
bene or a carbenoid acceptor takes place. The formation of a cyclopropane 
derivative with cyclohexene3 as well as the thermal decomposition of several 
iodonium ylids in various solvents7 are in favour of a carbene mechanism. I is fairly 
basic and it is protonated even by weak acids to form iodonium salts which may 
react further, e.g. H2S gives initially 2-sulfhydryl-dimedone8 and HCI gives 2- 
chlorodimedoneg etc, whereas p-toluene-sulfonic acid gives a stable iodonium 
tosylatelO. 
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Iodonium ylids may react also with electrophiles, their nucleophilic site being the 
carbonyl oxygen rather than the carbanionic carbon, as is the case with ylids of 
other elements. Thus 0-ethyl and 0-benzoyl iodonium salts are formed with 
triethyloxonium tetrafluoroborate and benzoyl chloride, respectively". Participation 
of 0 has been also noted in the reactions of I with several heterocumulenes, under 
formation of a variety of heterocyclic corn pound^'^. Finally, reducing agents such as 
SO, convert I into dimedone13, whereas oxidising agents such as ozone and HNO, 
afford generally 1 ,2,3-triketonesI4. 

The enhanced reactivity of iodonium ylids in comparison with ylids from other 
elements such as P,N and S as well as their versatility made desirable a further in- 
vestigation of their chemical properties. Three reactions of a novel type are described 
below, all with the iodonium ylid I. 

Results and Discussion 

Among the several reagents tested some did not react at room temperature (car- 
bony1 compounds, oxiranes, Grignard compounds), whereas other gave a mixture of 
products which were not due to a reaction between I and themselves (diazocom- 
pounds). Triethyl phosphite, acetyl hypoiodite and diaryliodonium salts react 
smoothly with I, each in a different way, affording products of various types. Their 
reactions are described below. 

Reaction with triethyl phosphite. In contrast to the reaction of 1 with 
triphenylphosphine which gives the triphenylphosphonium ylid of dimedone2, triethyl 
phosphite afforded a mixture of 0-ethyl-2-iododimedone, 3, and diethyl ben- 
zenephosphonate, 4, along with small amounts of triethyl phosphate and iodobenzene 
(Scheme 2). 

Scheme 2 

Both 3 and 4 are known, but it is remarkable that 3 has been obtained in 65% 
yield, whereas low yields have been reported from other reactions by which it was 
formedI5. The above reaction is of a new type for iodonium ylids, because for the 
first time breaking of the I-phenyl bond is observed rather than the usual breaking of 
the I-dimedonyl bond. There is no doubt that phosphorus attacks the benzene ring 
and this is a rare case of nucleophilic aromatic substitution of a little activated 
system under so mild conditions. It is not known presently whether the attack is at 
C,  or C,, although C, attack appears more reasonable. It must be noted that an 
analogous reaction has been obsei-ved between diphenyliodonium salts and triethyl 
phosphite; that reaction afforded not only'4 but also 1,4-diiodobenzene under more 
drastic conditionsI6. 
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Reaction with acetyl hypoiodite. It is known that a mixture of iodine and 
diacetoxy-iodobenzene reacts to afford the non-isolable acetyl hypoiodite, AcOI, 
which may be used in situ in such reactions as  iodination of aromatics, addition to a 
double bond etc." In the absence of a suitable acceptor AcOI decomposes 
homolytically into Me1 and CO,. When l was added to a mixture of PhI(OAc), and 
I, in CH,CI,, the solution instantly decolorised but on standing a violet colour star- 
ted to develop. Rspid chromatographic separation afforded besides iodobenzene 2.2- 

Phi ( 0 ~ ~ ) ~  + l2 -- Phl + 2Ac01 

Scheme 3 

diiododimedone18 7, as the main product along with varying amounts c 
iododimedone", 8, and 2,2'-diiodo-bis-dimedonyl,9, a new compound. 

2,ZDiiododimedone has been given the assigned ~tructure '~ but on the basis of 
spectral evidence it is highly probable that its actual structure is that of the isomeric 
2-iodo-0-iododimedone, 7: Indeed, a,a-dihaloketone~'~ are known to exhibit a car- 
bony1 stretching frequency at the region of 1750 cm- ', whereas compound 7 (7') ab- 
sorbs at 1685 cm- ' 9  which value is in the region of a,P-unsaturated ketones. 
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Diiododimedone was not the expected product from the reaction of 1 with AcOI, 
since iodo-acetoxydimedone, 5 or 5 ;  appeared a more reasonable candidate. 

However, it is still possible that 5 or 5'is first formed and then by reaction with 
AcOI is converted into diiododimedone, with simultaneous formation of 
diacetylperoxide. Another possibility involves formation of 6 or 6 ;  which by reaction 
with AcOI give also diiododimedone, with generation of PhI(OAc), (Scheme 3). 
Compounds 5 '  or 6' are favored over 5 or 6,  because the latter would have come 
from direct nucleophilic attack by the carbanionic C of I ,  which is without prece- 
dent. 

After the end of the reaction the characteristic colour reaction of PhI(OAc), with 
acetoxime is positive. However, there is no way to tell which pathway has been 
followed, because PhI(OAc), may be also formed from PhI and (AcO),, so that 
neither the absence of (AcO), nor the presence of PhI(OAc), can prove the preferred 
pathway. 

Diiododimedone is the first relatively stable compound formed. However upon 
storage and more quickly in solution it decomposes liberating iodine, 
whereas on melting (at 137OC) a part of it resolidifies to melt again at 162OC, which 
is the m.p. of 8. Therefore both 8 and 9 may be considered as decomposition 
products of diiododimedone, 8 coming from hydrolysis and 9 from thermolysis 
(Scheme 4). 

+ HOI 

dim. 

Scheme 4 

It is of interest to note that the carbonyl stretching frequency of 9 appears at 
1760 cm- l, which is against an isomeric structure with -0-1 bonds. 

Reaction with iodonium salts. Several iodonium salts, Ar2I+XW, did not react 
with I  in chloroform at room temperature, whereas at reflux I  was converted into 2. 
However in a mixture of MeOH-EtOH at reflux temperature a reaction took place, 
which gave not any C-or 0-arylated derivative but instead 2-halogenodimedone, 11, 
along with some 2, i.e. a product coming formally from nucleophilic attack at C, of 
I  by the anion of the iodonium salt. The formation of 1 1  may be explained taking 
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into account the basic character of l. It is known1•‹ that the conjugate acid 10 of 1 
has a pK,value of 1.4 in aqueous EtOH. Therefore it is suggested that 10 is initially 
formed, for which no rearrangement is possible and then it is attacked by X- under 
displacement of PhI (Scheme 5). This reaction must be accompanied by formation of 
Ph210R, which is known to be unstablez0 decomposing into PhOR, PhH and PhI. A 
search for these by-products was not attempted. 

It is noted that the reaction of iodonium salts with diazocompounds, which may 
be considered as N-ylids according to the resonance form RCH--N:, gave similarly 
halogenoderivatives, e.g. 

By contrast, phosphonium ylids react with iodonium salts in a different way, af- 
fording 0-phenylated productsz1. 

Experimental 

Melting points have been obtained on a Kofler hot stage apparatus. IR spectra 
were obtained from Nujol mulls with a Perkin-Elmer Model 257 spectrophotometer. 
'H-nmr spectra were recorded on a Varian A-60A spectrometer in CDCI,, with 
TMS as an internal standard. The mass spectra were obtained with a Hitachi-Perkin- 
Elmer Model RMU-6L spectrometer with ionisation energy 70 eV. 

Reaction with P(OEt),. Compound l (2.92 mmol, 1 g) was stirred in excess 
P(OEt), under a NZ atmosphere, until it dissolved. The excess of P(OEt), and PhI 
formed were removed by distilation in vacuo. From the residue 3 crystallised out in a 
65% yield, m.p. 130•‹C (lit." m.p. 130-13 1•‹C). The filtrates after collection of 3 were 
chromatographed (silica gel column, hexane-chloroform) and 4 was collected in a 
65% yield (oil, characterised by nmr spectroscopy, identical with an authentic sam- 
ple). 

Reaction with AcOl. Compound l (1.75 mmol) in CH,Clz (6 ml) was treated 
with Phl(OAc), (0.88 mmol) and I, (0.88 mmol). The dark colour due to I, & 
time of stirring turned to yellow but after 45 min the dark colour appexed zagzii~ 
The solvent of the reaction mixture was then evaporated and k reskbz 
chromatographed (silica gel, hexane, hexane-CHC1, and C H C Q  )b 
Diiododimedone 7 or 7' was obtained first in 40% yield, mp. 13TaC, @L* a p .  83% 
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140•‹C) and then 2,2.-diiodo-bis-dimedonyl 9, in 20% yield, m.p. 192 OC (from 
hexane-CHCI,) IR (Nujol) 1760,1730,1670,1650 cm- ' ; MS (m/z) 530(M'), 403(M- 
127), 266,254 etc. Anal. calc'd for C,,H20120,: C 36.22; H 3.77. Found C 36.18;H 
3.45. 

Reaction with iodonium salts. The diphenyliodonium salts Ph,I+X-, where X=CI, 
Br, I (lmmol) and 1 (1 mmol) were refluxed in 30 m1 of MeOH-EtOH (1:l) for such 
time, until all solids dissolved. Upon cooling about 50% of the unreacted iodonium 
salt crystallised out and was removed by filtration. 

Removal of solvents from the filtrate gave an oil which was chromatographed 
(silica gel, hexane-CHCI,, CHCI,,EtOH) and, besides PhI and the rearranged 
product, 2, the 2-chloro-(or 2-bromo-or 2-iodo) dimedone was obtained in 50% yield. 
Their m.p.'s were in agreement with reported ~alues ' ' . '~ .  

Summary 

The iodonium yiid 2-phenyliodonio-dimedonate, l, undergoes three reactions of a new 
type. It reacts: (a) with triethyl phosphite to  afford benzene-phosphonate and 0-ethyl-2-iodo- 
dimedone, (b) with acetyl hypoiodite t o  give 2,2-diiododimedone and 2,2'-diiodo-bis- 
dimedonyl and (c) with diary1 iodonium chlorides, bromides and iodides to  afford the 
corresponding 2-halogenodimedone. Possible mechanistic pathways for these reactions are  
briefly discussed. 

Key words: Acetyl hypoiodite, Diphenyl iodonium salts, Triethyl phosphite, 0-Ethyl-2-iododimedone, 
2.2-Diiodo-dimedone, 2,2'-Diiodo-bis-dimedonyl. 

Ctqv ~pyaoia auzq &k&z&covzm zpns V ~ E S  avzt6p&o&q zov cpatvuho- 
i'o6ovoiiht6iou ~ q q  6tp~6ovqq. ME ( P O ~ ( P O P W ~ ~  ~ptat8vhEoTipa ~ P O K ~ ~ T E ~  piypa 
O-at8uh0-2-to606tp~6ovq~  at Gtat0vhso~Bpa ~ o u  P~v[ohoqoocpovt~o6 o@oq. 
ME t o  p ~ t o  avv6pitq oSt~o6  at unoi'h6ov~ o&oq o~qpad[ovtat 2,2-6uo- 
606tp~6ovq  at 2,2-6tt060-6t~-6tp~60~6hto. ME 6tapvho'io60vta~& a h a ~ a  nou i ~ o u v  
OS avtov ahoyovo oxqpati<ovzat 2-ahoyovo-6ty~6ovs~. 

ME Pkoq ~a n ~ t p a p a z t ~ a  6~6opbva npor~ivovzat pq~avtopoi TOV avz t6pao~~v .  
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Recently we have studied1 the oxidation of some bis-aroylhydrazones of 3 3  
dimethyl-pentane-2,4-dione (1) with lead tetra-acetate (LTA) to l-aroyl-5-aroylazo- 
3,4,4,5-tetramethyl-2-pyrazolines (2) in good yields (50-60%). 

We now report that reduction of the aroylazo-pyrazolines (2) under mild condi- 
tions and with several reducing reagents such as sodium h y d r ~ s u l ~ h i t e ~ . ~ ,  sodium 
borohydride4 and by catalytic hydr~genat ion~.~ leads to the formation of the starting 
bis-aroylhydrazones (1) in high yields (85-95%) (Scheme 1). 

Me, ,Me 
C 

~ e - C '  ' C - ~ e  .I LTA b 

l I/ A. Na2Sp4/EtOH,  20' 
Ix-ArCoNHN NNHCOAr-X(-p) B. NaBH4/Et20, Zoo 

- (1) C.H2/Pd/Et20, 20' 

(a )  X=H 

(b) X=Me 

( c )  x=c1  

(d) X= NO2 
SCHEME 1 

Attention should be drawn to the fact that this 'reversible oxidation-reduction 
system between the bis-aroylhydrazones of 3,3-dimethyl-pentane-2,4-dione (1) and 
their oxidation products, the l-aroyl-5-aroylazo-3,4,4,5-tetramet~yl-2-pyrazolines (2), 
is the first ever observed reversible system between hydrazones and their oxidation 
products. 

However, when other reducing agents such as titanous chloride or lithium alumi- 
nium hydride are used a reductive aroylazo cleavage is observed. 'So, by titanous 
chloride reduction4.5 the l-aroyl-5-hydroxy-3,4,4,5-tetramethyl-2-pyrazolines1 (3) are 
formed in good yields (68-81%), whereas in the case of lithium =aluminium hydride 
reduction4.5 two products are isolated the l-aroyl-5-methylene-3,4,4-trimethyl-2- 
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pyrazolesl (4) (15.29%) and the 1-aroyl-3,4,4,5-tetramethyl-2-pyrazoline (5) (37- 
43%). In all cases the aroylazo-moiety is isolated as the corresponding acid 
hydrazide (6)  (Scheme 2). However one exception is observed, namely the isolation 
of the hydroxy-pyrazoline (3d) instead of the tetramethyl-pyrazoline (5d) by the 
lithium aluminium hydride reduction of the nitro-substituted aroylazo-pyrazoline (2d). 

Me, ,Me 

C \  A Me Me-C' C + (p-)X-ArCONHNH2 
(1 I 'OH 

Me, ,!4e 
C . Me 

L. LiA1H4/Et20, 200 ye-C' 'C=CH2 + Me-C' 'C' + ( 6 )  
l I . II I'H 
N -N, ' N - N  

COAr-X(-p) 'COA~-X(-p)  
(4 )  ( 5 )  

( a )  X=H 

(b) X=fe 

( c )  x=c1 

( d )  X=k!O2 

SCHEIlE ? 

It should be mentioned that the reduction products are known compounds and 
their structure was elucidated by their spectral data and elemental analysis as 
described previously l. 

It is also worth mentioning that reduction of the aroylazo-pyrazolines (2) should 
give the corresponding amino- or hydrazo-derivatives2~5. Therefore the behaviour of 
these compounds (2) towards reducing agents is interesting and unusual. 

From all mentioned above it is evident" that the reduction products are 
remarkably influenced by the reductive ability of the reducing reagent. Thus, when 
mild reducing reagents are used a reversible reaction is observed whereas with 
stronger reducing agents a reductive cleavage is observed. 

Reduction of I-Aroyl-5-aroylazo-3,4,4,5-tetramethyl-2-pyrazolines (2). 
A. Sodium hydrosulphite r ed~c t ion~ '~ '~ .  To the yellow aroylazo-pyrazoline (2a-d) 
(0.001 mol) in ethanol (20 ml) a solution of sodium hydrosulphite (0.002 mol) in 
water (10ml) was added under stirring and the stirring was continued until a 
colorless solution was obtained (--l h). The ethanol was evaporated and the water 
layer was extracted with chloroform. The chloroform extract was dried and 
evaporated to leave behind the bis-aroylhydrazone (la-d) in 89-93% yield ( l a  91%; 
Ib 90%; l c  93%; Id 89%). 

B. Sodium borohydride reduction4. To a stirred solution of the aroylazo-pvrazoline 
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(2a-d) (0.001 mol) in dry ether (20 ml) sodium borohydride (0.01 mol) was added 
and the reaction mixture was stirred for 24 h. The suspension was quenched with 
water and the ether was removed in vacuo. The precipitated bis-aroylhydrazone (la- 
d) was filtered off, washed with water and dried. Yield 85-95% (la 85%; l b  87%; l c  
95%; Id 85%). 

C. Catalytic hydr~~ena t ion~-~ .  A solution of the aroylazo-pyrazoline (2a-d) (0.001 
mol) in ether (40 ml) was hydrogenated under pressure 3 atm in the presence of 
palladium on charcoal (40 mg, 10%) for 2 h. The catalyst was filtered off and the 
solvent was evaporated to leave behind the bis-aroylhydrazone (la-d) in 88-95% 
yield (la 89%; l b  92%; lc  95%; Id 88%). 

D. Titanous chloride reduction4.5. To the yellow aroylazo-pyrazoline (2a-d) (0.001 
mol) in ethanol (20 ml) a titanous (111) chloride solution (5 ml, 12.5%) was added 
under stirring. The stirring was continued for another 5 min and then the solution 
was made alkaline with lithium hydroxide solution. The ethanol was evaporated and 
the remainder was extracted with chloroform. The chloroform layer was dried, 
evaporated and the remainder was subjected to column chromatography on silica gel 
(starting with petroleum ether-ethylacetate 7:l) to give the l-aroyl-5-hydroxy-3,4,4,5- 
tetramethyl-2-pyrazolines (3a-d) in 68-81% yield (3a 76%; 3b 81%; 3c 68%; 3d 
70%) and the corresponding acid hydrazides (6a-d). 

E. Lithium aluminium hydride To a stirred solution of the aroylazo- 
pyrazoline (2a-d) (0.001 mol) in dry ether (20 ml) lithium aluminium hydride (0.001 
mol) was added and the stirring was continued for 30 h. Addition of wet ether was 
followed by addition of water. The organic layer was dried , evaporated and the 
remainder was subjected to colum chromatography on silica gel (starting with 
petroleum ether-ethylacetate 7:l) to give in elution order the l-aroyl-5-methylene- 
3,4,4-trimethyl-2-pyrazoles (4a-d) in 15-29% yield (4a 21%; 4b 19%; 4c 15%; 4d 
29%), the 1-aroyl-3,4,4,5-tetramethyl-2-pyrazoline (5a-c) in 37-43% yield (5a 43%; 
5b 38%; 5c 37%) and the corresponding acid hydrazides (6a-d). In the case of the 
nitro-substituted aroylazo-pyrazoline (2d) the hydroxy-pyrazoline (3d) was isolated in 
52% yield instead of the tetramethyl-pyrazoline (5d). 

Summary 

Reduction of some l-aroyl-5-aroylazo-3,4,4,5-tetramethyl-2-pyrazolines (2) with mild 
reducing reagents leads to the formation of the starting bis-hydrazones (1) whereas, with 
stronger reducing reagents a reductive cleavage is observed.. 

Key words: Reduction, Catalytic hydrogenation, Aroylazo-pyrazolines. 

Md&q rqg Emdpa'oeug Avayuyz~hv Avndpaozqpiuv ozzg l-Apoiiito-5- 
apouAa{u-3,4 ,4 ,5-z~zpay~BvAo-2-zvpa~~.  

0 t  1-apoSho-5-apoi~ha~m-3,4,4,5-zszpaps0uho-2-nupat;ohivs~ (2) p ~ z a ~ p h o v z a t  
p& q v  ~ni6paoq 4n10v avaymyt~0v avzt6paozqpimv np05 715 GtapoBho-uGpat;6vs~ 
~ q q  3,3-6~y~0uho-nev~avo-2,4-6t~vqc, (1). H av~i6paoq auzq anowh~ i   qv av- 
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riorpocpq rqs o@t6hosos rov &apoBho-uGpa<ovhv ( 1 )  ys rsrpao@co yoAup60 
xpos r t ~  apoBha<o-xupa<ohiv&s (2). 

Avri6sra, 6rav yta rqv avclywyfl rwv apobha<w-nopa<ohvhv (2) 
~pqotpoxotorjvrat xto 6paozt~h avayoytch avrt6paoz~ipta napaqpsimt o ~ a o q  rqq 
apobha<o-op66a~. 
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Introduction 

There is presently a great concern about possible poisoning from industrial ex- 
posure or environmental contamination by heavy metals1. Among the heavy metals 
of toxicological importance, cadmium has received considerable attention, because it 
is one of the most dangerous of the atmospheric and water pollutants. Cadmium has 
been associated with arterial hypertation2 and cardiovascular disease3. 

As is the case with mercury, very little is known about the fate and distribution 
of cadmium in the environment, but as long as large quantities of the metal are 
refined, more of it becomes available to interact with man. 

Although the amounts of cadmium in the environment is small in comparison to 
lead, its toxicity is greater, therefore there is a need for its determination in biological 
samples. 

Several analytical methods for determining trace quantities of cadmium have 
been reported including UV 2nd visible spectrophotometry, neutron activation, op- 
tical emission spectrophotometry and atomic absorption spectroscopy (AAS). 
Among those methods, AAS has received the greatest attention because of its ex- 
cellent sensitivity for cadmium. More commonly used AAS techniques involve direct 
determination or chelation and solvent extraction of cadmium into an organic 
solvent4-12. 

In this work a method is presented for the determination of Cd in blood by 
flameless atomic absorption spectroscopy after wet digestion and extraction of Cd- 
trioctylamine chelate into methylisobutylcetone (MIBK). 

As experiments in progress show, the method can be used for the determination 
of olher heavy metals in blood such as lead, copper, bismuth and zinc. 

Experimental 

Apparatus 

A Beckman Atomic Absorption spectrophotometer Model 1272 was used with a 
Perkin Elmer Graphit Furnace ~ tomizer  Model HGA 74, Cadmium hollow cathode 
lamp and a Deuterium background corrector. 
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Reagents 

Trioctylamine (Merck-Schuchardt) 15% v/v in Methylisobutylcetone, nitric acid, 
sulfuric acid and hydrochloric acid (Merck, suprapure). 

Procedure 

The measurements were followed at 228.8 nm with 0.54 nm slit width and the 
HGA power supply was programmed as follows: drying 25 S at 100•‹C, charring 60s 
at 350•‹C, atomizing 10s at 1900•‹C. 

Sample preparation 

In 25 m1 quartz glasses 1.0 m1 blood, 0.5 m1 H,SO, and 1 ml HNO, were heated 
to dry. The addition of HNO, was repeated twice. Then 0.5 ml HCI was added and 
heated to dry. The residue was taken with 1.0 m1 2.5 N HCI. The organic substance 
can be destroyed if 1.0 ml of blood and 0.7 ml of HNO, are transferred in a Kotz- 
Tolg bomb and heated for 3-4 h at 160•‹C. After cooling the solution was heated to 
dry and the residue was taken as before with 1.0 m1 2.5 N HCI. 0.5 m1 trioctylamine 
solution in MIBK was added to the solution, mixed well for 1 min and centrifuged 
for 5 min to phase seperation. The standards for the calibration curve were prepared 
in the same way. 

For each measurement 20 p1 of sample was introduced to the graphite cuvette 
automatically by the Perkin Elmer AS-1 Auto Sampler. 

Results 

The results obtained for the recovery of Cd are given in Table I. The recovery 
test was carried out for solutions of Cd added to blood samples. 

TABLE I. Recovery of Cd 

recovery 
% 

Results obtained by the proposed method were compared with those obtained by the 
Differential Pulse Anodic Stripping Voltamentry method (DPASV). For the measure- 
ments seven equal samples were taken from about 1 1 of mixed blood. Different 
amounts of a standard Cd solution were added to six of them. For each sample 10.0 
rnl of blood were acid digested (25 m1 acid mixture) and then taken with HCI 2.5N 
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(20 ml) as described above. The hydrochloric acid solution was used for Cd deter- 
mination by the extraction and flameless Atomic Absorption method and the 
DPASV method. The results obtained are listed in Table 11. 

TABLE 11. Determination of Cd in blood by two methods* 

Sample Cd added Cd found (ygll) 
(Pg/l) DPASV TOA/MIBK/AAS 

- - 

* These results have been included in the paper of F. Alt, Z. Anal. Chem., 308, 137 (1981). 

The statistical regration of the two methods gave: intercept a=-0.77 slope b=l . l  l ,  
r=0.992 (n=7) The results obtained by the two methods are in good agreement and 
within the relative error of each method. 

Five normal blood samples were analysed by the proposed method. Results ob- 
tained are listed in Table 111. 

TABLE 111. Cd in whole blood (yg/100 ml) 

Sample A B C D E 
Cd 1.35 1.75 1.53 1.62 0.57 

All values are in the normal range for Cd in blood. 
Work in progress shows that Pb, Cu, Bi and Zn can also simultaneous extracted 

from 0.5 ml blood with 0.5 ml trioctylamine and determined by Pameless AAS. 
That is the advandage of the method since it makes possible the determination of five 
metals from 0.5 ml blood. That is desirable specially in cases of taking blood from 
young children when small blood volumes are available. 

Summary 

A method is described for Cd determination in blood. The method involves acid digestion 
of the blood sample and extraction by trioctylamine in meehylisobueylcetone, and flameless 
atomic absorption spectroscopy. Results obtained by this method are in good agreement with 
those taken. by differential pulse anodic stripping voltarnetry. 
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npoa6zopzopd~ k-adpiou uto a+a pc dqdoyv pauparoalcoxia aropz~crjq axoppdpqav~ 

IIsptypacpe~at yi0060~ npooGtopto~o6 ~a6piov oro aiya. H p6.0060~ ~ ~ p t h a p -  
P ~ V E I  ~a~aorpocpfl TOV aiyaro~ ye o&a, napakapq rov unohsiyyaro~ pe HCl #at 
avk~rqoq rou Cd ye ' e ~ ~ 6 h t o q  F E  rpto~rvkapivq us ~s0uhtoopovrvh~~r6vy.  
A~okoveei pkrpqoq TOCI Cd o ~ q v  opyavt~q cpaoq F E  acphoyq (pa(rparoo~0nia 
~ Z O ~ L K ~ G  anoppocpquq~. Ta anorsMoya~a nou hflcp0q~nv y~ zqv nporetvopevq 
p60060 ppio~ovzat us Kahil oupcpovia pe aura nou hilcp0q~av pe ava6tahurt~j 
pohzayg~pia 6tacpopt~o6 nahyo6. 
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