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C'lri~~;iXrr C h r ~ ~ ~ i i h o ,  New Series, 16, 157.172 (1987) 

CTEPEOXHMEIA ZYMl-IAOKi2N ME APIOMO ZYNTAEmZ OKTi2 (8) 

A. KAPAAIQTA.  M. KAMAPIQTAKH,  A. XATZHlIANArIClTH 

Epyaariplo Avdpyavq~ Xqp~z'ac IIavlpiou ABqvkv, Nauapz'voo 13a 

napahficp0qrs 2 Nospppiou 1983 
Ava@&opfi@q~~ 29 O~roPpiou 1985 

0 apteyoq rov ouynho~wv svhoswv, P E  OKTQ uno~azaorars~ ydpo an0 iva psrahht~o 
~Evrpo, ouvsxhq au~ixvst, ysyovoq xou unayopsdst q v  yshizq rqq t6tairepqq xqpsiaq zov 
E V ~ ~ E O V  aurhv. 

Cro apepo ~ 0 6 ~ 0 ,  avao~onodvrat ot 60~85 xou ouvfi@w~ ouvavrk ~avsiq o& rkota o6y- 
x h o ~ a ,  Kat avaxr6ooovrat ~ a p a ~ r q p t o r t ~ i ~  16tozqziq zouq. 

C 6 p n h o ~ a  ys 85q uno~azaor&rsq ansdhsoav, &ni xpovta, a v r t ~ ~ i y s v o  ~ ~ r s z a p t -  
vwv Cat OE (3aOoq pshsrhv. ITohd hty6rspo pshs~qytva sivat ra or jynho~a W E  rouq 
ctaouwj8ag hry6psvou5 aptOyo6~ ouvzatsw5 7,  8, 9 ~ . h n .  0 ouvsxwq, o y q ,  auE,a- 
V O ~ E V O ~  aptoyoq o u y n h o ~ w v  svhoswv PE O K T ~  (8 )  u n o l i a z a o ~ a z ~ ~  ano~shsi  TO Kivq- 
zpo yta rqv Oswpq~q rqq 16tCtir~pqq xqpsiaq TWV E V ~ ~ E O V  avrhv.  C K O ~ O S  ZOU t i p -  
Opov sivat q nsptypa(~fl rwv 60yhv Kat q avanrueq rwv ~ a p a ~ z q p t o ~ t ~ h v  t6tori]zwv 
rwv svhoswv F E  avrov ZOV ((aovvfloqv aptOpo o v v r a ~ s w ~  (A.C.). 

0 aptoyoq ouvrat$wq 8 sivat ouvflOq~ o ~ y  o n a v t s ~  ya iq  Kat rtq a~rtvi6sq svh  
ora orotxsia psran~hoswq ~ycpuvi<szat ~ u p i w q  o ~ o  K C ~ T ~  ~ p t o ~ s p o  ~ p f l y a  ( o ~ s r t ~ o i  
X ~ V ~ K E ~  6ivovrat an6 zovq Kepertl Kat Lippard2. Onwo6flnors u n k p ~ o u v  o i t y n h o ~ a  
Kat khhov psrahht~hv tovrwv PE aptOyo o u v r c i ~ s w ~  8 ( n . ~ .  V(SSCR)j Ca[Cu 
(Ac0),16H,O4) sivat 6po5 O X E U K ~  hiya. 

0 1  o r s p ~ o ~ q p t ~ t q  6tapopcphosy nou Givov~at orov n i v a ~ a  1 sivat ot ouvfl8wq 
~p(~avt<opsvsq. CZOV i610 n i v a ~ a  6ivovrat q oupps~pia Kat ra u(3pt6tKa rpoxta~c? 
nou ~pqotponoto6v~at  yta oxqpa~toy6  o-6sophv2- 5 .  6.  

Mta naparflpqoq ncivw orov n i v a ~ a  I ~ E ~ X V E I  0 . ~ 1  yta rouq 6soyorjq-o ~ p q o t y o -  
noto6vrat rkmspa  at n h s  d r p o p a ~ a .  AUTO oqpaivst 621 ra p ~ r a h h t ~ 6  t o v ~ a  0a 
6 ~ o u v  1, 2, f l  Kat ~ a v t v a  d qhs~zp6vta  Kat ouvsnhq ot aptoyoi 05st6hoswq 8a sivat 
ysyah6repot f l  ioot rou +3 yta Ta ysrahht~a auza tovra. 

C z t ~  nsptnzwoey nou ~pqotyonoto6v~at  za rboospa d z p o ~ t a ~ a  yta o-6&oyo6~,  
ro n6ynr0 d r p o ~ t a ~ 1 5  Oa ~ X E L  r t ~ o t a  o v y y ~ r p i a  CXJTE va ynopsi.va oxqpariost n- 
6 ~ 0 y i )  ps TOV v n o ~ a r a ( ~ ~ a r q .  r t a  TO ~ s z p a y w v t ~ o  avrinptopa n . ~ .  r2~o to  ~ p o x t a ~ o  
sivat 70 dz2 (ovppsrpia a,)  svh  yta TO ~ O ~ E K ~ E ~ P O  sivat zo dxy (oupps~pia b,). C T ~  



A. KAPAAIRTA, M. KAMAPIRTAKH, A. XATZHIIANArIRTH 

lTapa6~iy yaza 

U F ~ -  
Rb,Na(acac), 

M(acac), 2H,O 
(M=La, Nd, Eu) 

yopta oza onoia zo K E V T P ~ K C )  azoyo i ~ e t  1 f l  2 qhe~zp6vta u n a p ~ ~ t  6uvazoqza o ~ q -  
yanoyob n-6~oyo6 yezhhkou npoq uno~azao~azq avakoya p& q v  n-056zqza zou 
uno~azaozazq~. 

Mta O~wpqzt~fl yekizq zov napayovrov nou ouvqyopobv ozq Gqymupyia zov 
popcphv p& J I E ~ ~ ~ O U S  aptepo65 ~ U V T & { E ~ ~  E X E I  fi6q 6qyoot&uz&t7. E6h, Kat nptv E ~ E -  
zaa8odv 01 E& pEpow O T E P E O X ~ ~ K &  6 ~ U e ~ q o a 5  zou ouonjya~o5 8 unommsrazhv 
ydpw an6 Eva p ~ ~ a h h t ~ 6  &zoyo ( I ~ v ) ,  a{@ va avacpsped o ~aeoptozt~65 nap6yov 
yta zqv y&oy&zpla &v65 zizotou ouazflyazoq. npo~etzat yta ztq anwon~iq 6uvcip~tq 
nou avan~i)ooovzat p a c b  t o v  uno~azaozazhv Kat 0 1  onoieq npinn va ~kaxtozo- 



xotq006v. H axoomfl  ~ v i p y a a  ysTaC6 F60 a~6ywv-uno~azao~hv  i Kat j pnopsi va 
600si an6 zqv oxioq: 

uij = U, + U ,  (1) 

Z i Z j e 2  ~ iva t  TO ytvop~vov TOV cpop~iov Kat d q axbo~aoq y s ~ a @  i Kat j 
Kat U B  ~ivat  o 6poq Born 

0 dpoq Born ocp&i?~.~~at oztq anhonq zov ~ ~ u z s p t ~ h v  ~ ~ E K T ~ o v ~ ~ v  ~ o v  a . t~pov ,  
bij ~ i va t  pta ozae~pa Kat n a~ipatoq aptep6q O E T ~ K O ~  ps n p i q  nou ~upaivovzat ou- 
v@oq an6 6 oq 12. 

r ta nohhotpa t o v ~ a ,  ozqv o~Eoq ( 1 )  np in~ t  va mpthqcpe~i Evaq zpi~oq 6poq nou 
n~pthaypavn zqv 6taonoph svspysiaq. Ahhk ausoq o opoq sivat ~ q q  i6taq popcpilq ys 
zov 6po Born yta n=6. 

AV 0~0pqO~i 6zt 6hot ot u n o ~ a ~ a o ~ a z ~ q  sivat iGtot, povoo~ttisiq lcal an8~ouv an6 
T O  yicahho ~ a z a  r (yla 6houq TO i6to r) TO dij pnopsi va uxohoytoesi Kat q ouvoht- 
KQ a ~ o o z t ~ $  ~ v i p y ~ t a  U 6ivs'Cat an6 zov ~ 6 x 0 :  

AV ot 6tapopta~iq (intermolecular) anhostq B~opqeorjv apshqzisq, ot aptepqn- 
~ o i  ouvzshso~iq X Kat y pxopsi va Guicrouv pta apscrq pizpqoq ~ q q  oza0spozqzaq 
zov Gtacpopov yswps~ptcbv. To  y hiyezat lrat aptepqzt~oq ouvrshso~Qq anwomQq 
E V ~ P ~ E L ~ ~  9. 

IIpExst va avacpspesi 671 ozo spyao~ijpto paq x a p a o ~ ~ u a o z q ~ a v ,  axopovh8q~av 
Kat ~ a p a ~ ~ q  piozq~av odpnho~a PE A.C. OKTQ~O. 



0 Gta~optopCy zwv d z p o ~ ~ c b v ,  o n p o p h n 6 p ~ v s  an6 q 0wpta zou ~puozah- 
k ~ o 6  n~6Iou~3 l 4  yta ~ u p t ~ j l  G t ~ u 0 i q q ,  a n ~ 1 ~ 0 v t ~ ~ z a t  ozo 0xflp.a 1, EVW ot ~ X E T ~ K E S  
~vkpystsq yta za < p o ~ t a ~ &  auz6 Givovzta ozov n i v a ~ a  IF5. Atsu~ptvicmat ozt q EVEP- 

yaa~ f l  ouynsptcpopa s&zac~zat oq ouvcipzqoq zou hdyou p zov a ~ n v t c h v  oho~Aq- 
poyazov p2(r) Kat p4(r)15-19. r sv t~c i  t o ~ i ~ s t ~ ~ ~  22 

6nou R(r)=zo aKTWtK6 zyflya ~ q q  ~uyazoouvapzqoq zov d - z p o ~ t a ~ h v ,  r=anooza- 
oq ys~cihhou-uno~azao~ktq, n=2,4. (01 napdlyovzsq PE n nspt~zo &~a(pavi<ovzat). 

Ta  a ~ z t v t ~ c i  auzii oho~hqpwpaza ouvflOwq 6sv hdvov~at ahhci acpflvov~at oav 
~ p n ~ t p t ~ o i  napayszpot uni) zqv npoCjno0soq 6zt za anozohkoyaza Oa s~cppci<ovzat 
oq npoq Dq, 6nou Dq=1/6 (q yvoozfl spcstpt~fl napby~zpoq)  at onou yovov 
optoykvq zou k6you p Osopodv~at'~. 

An6 'COV n i v a ~ a  I1 cpaivmat 6 ~ t  q ostp6 TOV z p o p a ~ h v  ~ i va t  iGta p& TOU T E T P ~ ~ -  
Gpou, o 6 t a ~ o p t o y 6 ~  o y o ~  ys~atd  T ~ V  eg  at t,, ozov ~ d P o  ~ i va t  6tnk60toq2'. 

An6 E K ~ / . L ~ ~ K U V ( T ~ ]  TOU K ~ P O U  7 ~ ~ 0 ~ 6 7 1 2 ~ 1  'CO T E T P C ~ Y W V ~ K O  7TpiojLa @,h). 
H Gvwoq Na,PaF, Bcopsi~at 6 ~ t  nhqota<st zq 80114 au~fl  PE ~ a p a ~ z q p t o ~ t ~ f l  Y W -  

via 56" (yovia ~ l j pou  54.73•‹)23. 
An6 za nokdzona ys ouyy~zpia D4h os ouo~flyaza do-d4, o ~ljPoq 6 ~ s t  T ~ V  Xa- 

ITINAKAC I1 
C X E T ~ K E ~  ~v ipy~ tgq  TWV d z p o ~ t a ~ ( b v  yta zov ~ $ 0  

'Akkq 6uvazo~qza 6tsuo~cflosoq 8 uno~azaozhv ydpw an6 Bva y~~ahhoi'6v cival 
zqq s ~ a y o v t ~ f l ~  6tnupayi6aq. 

H &E,ayoyt~q 6tnupayi6a, ouyp~zpiaq D,,, &EL GUO odvoha pq tooGuv6yo)v uno- 
~ a z a o z a ~ h v ,  660 ~ d n o u  A o ~ o v  ~ 6 p t o  6tova ~ o u  yopiov Kat B<q ~ 6 n o u  B ozo m -  
p&ptv6 ~n in~Go .  H popcpfl ~ q q  npoo6topi<~zm an6 zov h6yo (M-A)/(M-B). 

AV zo &nin&60 TWV 6 uno~azao~azhv  o ~ p & ~ h ~ e & i  ~ a z 6  yoviav 6 ,  n p o ~ d n ~ & t  q 
G~aza paypbvq s{ayov!~fl 6tnupapi6a oupysz piaq D,, (oxflycc 2P). 

dxy 
dzx 
dzy 

h g 

h g 

t2 g 

3.56 Dq 
3.56 Dq 
3.56 Dq 



Ot 6tayopcphostq ~ u z i q  sycpavi~ovzat, oxs66v a r o ~ h ~ t o z t ~ a ,  GE obynho~a ZOU 

Oupavuhiou onou za 660 o5uybva zaipvoov z t ~  Bbstq A, ~vci, ot un6hotzot 6 uno- 
~ a z a o ~ c i w ~  naipvouv Biosy B. Czov n i va~a  I cpaivszat 6zt ozqv stayoyt~fi Gtnupa- 
yi6a y6vov 65q ~ p o x t a ~ a  ccu~pt6onoto6vzat yta va 6hoouv o-6sopoi)~. Yrohoyt- 
oyoi zqq anoozt~fiq svipysta~ npophinouv on ~ v h o n q  zqq yopcpfiq M(A),(B), (onou 
A Ical B yovoo~t6~iq uno~azaozcizsq) 6 ~ v  ynopo6v va 6tayopcpoBobv os stayovt~fi 
dtnupayi6a. Avziesza svhost~ zqq yopcpfi~ M(A),(B), (6nou A povoo~t6fiq B Gtoxt- 
645 uno~azaoza~qq) i ~ o u v  aroyovw0si Kat avacpipovrat9 n . ~ .  ot ~vhostq 
Rb[UO,(NO,),I, Na[UO,(CH,COO),I, (Me,N)IUO,(S,CNEt,),I. T o  ~ 6 5 0  zou 
Fto~t606q uno~azaozazq o' amiq ztq n~ptnzwost~ dvat y t~p6  (zszpayshfiq 6a~26- 
htos). 

C X H M A  2. a. E v ~ E K L ~ ~ ~ ~ o  P. Alarapaypivq ~<aywvz~l j  6zmpapi6a. 

C ~ s z t ~ k ~  ~ v 6 p y n s ~  us (Dq)  
p= l p=2 

5.56 3.86 
2.93 4.64 
2.93 4.64 

-5.71 -6.58 
-5.71 -6.58 

T p o ~ 1 a ~ 6  Cup~~zpia 

dz2 
dx2-y2 
dxy 
dzx 

dzy 

g 

e2g  

e2 g 

g 

e l g  



A. KAPAAIQTA, M. KAMAPIQTAKH, A. XATZHnANArIClTH 

bad 

0 t  6is6ps~ y o v i s ~  nou ~a0opi(ouv zq popqfi (shape) zou E V ~ E K ~ E ~ ~ O U  sivat z p q  
p& ztp6q 21.8", 48.2O Kat 48.2O 07105 unohoyiozq~s an6 z o u ~  Mutterties ~ u t  ah.24 pa- 
GEL TOU ((povz6hou zwv o ~ h q p h v  ~(patphv. 01 Hoffmann Km unoh6ytoav ~y 
tt& TWV 7C0htKh~ Y O V ~ ( ~ ) V  0 KC11 (P ROD O ~ ~ Y O ~ V  (TT0 X U ~ T ) ? L O T E P ~ ) S  E V & P Y E ~ ~ <  E V ~ E -  

~ 6 ~ 6 ~ 0 ,  oukpszpia~ C,,, ozav 6hot ot uno~azaoztizsq sivm i6tot  at ou66zspot. Ot 
K ~ % o p t ~ ~ t K i ~  ~ t p i q  E ~ V U I  0,=69O, 36", 57O, yta d2 Kat %,=66O, 34", 57", 
(~=49" 8ta do qhs~zpovtcq 6tap6pqooq zou pszbhhou (0, ~ i v a t  q noh t~f i  yovia zou 
n-oozo6 uno~azaozcizq n=1,5,8). 

napa6siypaza svhosov ps C,, ouppszpia E V ~ E K & E ~ ~ O U  undlp~ouv a p ~ s z a ,   ono^ 
M(acac), fl Mr(acac),.2H20 (onou M=Ce, Th Km M'=La, Eu), Z~F;-. To tov z q ~  
EVO~EOS Na,W(CN), 4 H 2 0  0swpsizat2j 24 oav sv6tcipsoq popqfl p~zaS6 zou zszpa- 
y o v t ~ o 6  avzmpiopazoq KUL zou E V S E K ~ ~ E ~ P O U .  

Czo o ~ f i p a  1 6ivovzat ot o z a 0 p ~ ~  svspysia~ zov T~OXLUKQV d yta za 860 noh6s- 
6pa ouppszpiaq D,, & C,,. 
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npoPhEx&zat 071 yta TO D,, q 0syshth6qq svspysta~fl oza0yq 0a sivat 6tnha 
&~(puhtopt?vq e', axozshodp~vq an6 za z p o x t a ~ a  dxy Kat dx2-y2 svh  uyqhozspa p p i -  
orcszat q sxioqq 6txha ~~cpuhtoy6vq e" oz&0yq xou a x o z ~ h ~ i z a t  an6 za z p o ~ t a ~ a  
dzx, dzy. Tbhoq q a ,  avzaxo~pivszat ozo z p o ~ t a ~ 6  dz2. ExstGfl za ~ a y q h q q  svEp- 
yetas z p o x t a ~ a  e' ahhqhsnt6podv ys zouq uxo~azaozazsq,  oza0spoxoiqoq zou ou- 
ozilyazoq auzod u n d l p ~ ~ t  y6vov av q q h s ~ z p o v t ~ i l  6tap6pqooq sivat do. 

01 Hoffmann Kat 6hhotZ3 0sopohv (avd0sza axo ahhouq & p & u v q ~ & ~ ~ ) ,  671 yta T O  

E V ~ E K ~ ~ E ~ P O  ~ a y q h 6 z ~ p q  ozb0yq ~ ~ E p y ~ t a q  sivat q a,, ozt u x d l p ~ ~ ~ .  ysyaho ~ c i o y a  PE- 
za56 auzilq Kat zqq ayEooq ~ n o y ~ v q q  ~ v ~ p y s t a ~ f l q  ozci0yqq a,, Kat ozt xpo~stzat  yta 
Bva psiyya zwv dz2 Kat dx2-y2. Ot uxohotx~q oza0ysq svipystaq avztozot~ohv: a,  
ozo dx2-y2, a ,  070 dxy, b l  (320 dyz, b,  GTO dxz. 

Mta xteavfl scflyqoq TOU 6zt 01 xapax6vo 6tsu0szilostq E ~ T E  ~ E V  ouvavzhvzat 
~ a e o h o u ,  E ~ T E  ~ycpavi~ovzat OE o d y x h o ~ a  zov  oxaviov yathv yovo, sivat o n  yt' au- 
zEq anatzsizat q ouyyszo~ f l  z p o ~ t a ~ w v  f yta zov o ~ q y a n o y o  a-6soywv. Cza ozoc 
@a pranzhosw~ q ~ v i p y n a  zov T ~ O D ~ K ~ V  d dvat nohrj uyrqhfi yla va Xpqatyonotq- 
0odv os  6soy6. Cnq a~ztvi6sq oywq, xou za z p o ~ t a ~ 6  f o u y y e z i ~ o u v  0 s  Gsoyodq, ot 
Gtsu0szflostq am65 sivat xto ~otvic,. A ~ 6 y q  EKTOS an6 T O  l l-&6p0 (C,") 6hsq ot 60- 
p65 xou s@zaozq~av y i ~ p t q  &6h dxouv yta ~ ~ ( ~ u h t o y i v q  (e) 0syshth6q svspysta~fl 
oza0pq. Auz6 oqyaivst bzt yxopodv va 6 ~ ~ 0 0 d v  4 qhs~zpovta  xou p& za 16 ~ A E K -  
zp6vta an6 oouq 8 uxo~azaozazsq 6qytoupyodv Eva odvoho 20 ~ ~ E K T ~ O V ~ W V  (aoza- 
06s). 

T a  napa~cizo  s ~ ~ z a ~ 6 y s v a  xohbs6pa  at 70 C,,) yxopobv va E ~ o u v  Gtayopcph- 
ostq do-d2. Eivat oza0spk Kat za nsptoo6zspo p&h&zqyEva ozo odozqya 8- 
uxo~azaozazhv.  

T o  ~&~paywvtK6  avzinptoya ynopsi va  0swpq0si 021 npo~bnzs t  an6 TOV K ~ P o ,  o- 
zav yta E6pa ozpacpsi ~ a z c i  45O o q  xpoq oqv napahhqhfl zqq (oxflya 4a). H ouyys- 
zpia sivat D4d. 

C X H M A  4 .  a. T~rpaywvr~d avrhprapz (TA.) P. 6~6&~6&6p0.  

Czqv n ~ p i n z o o q  nou ot u n o ~ a z a o z ~ z s ~  sivat ~ O V O O X ~ ~ E I S ,  762s uncip~ouv i o q  
nt8av6zqzsq va napst ~ a v s i ~  rs~payovuc6 avzinptoya f i  606~~asGpo.  'Orav ot uno- 
~azaorazsq dvat 6 t o ~ t 6 s i ~  z6m, yta va suvoq8si q z ~ z p a y o v l ~ a  a v m p t o p a z t ~ f i  60- 
yq, npknst ra r66a nou 8a o~qyar ioouv  va ~ i v a t  a p ~ & r &  p&y&ha. 



164 A. KAPANQTA, M. KAMAPIQTAKH, A. XATZHIIANArIQTH 

llapa6siypa~a ouynh6~wv T E T ~ ~ ~ W V ~ K U  a v ' t t n p t ( ~ y a ~ t ~ 0 ~  sivat. ys yovoo~t6siq 
uno~araoraz~c,: Mo(CN),"- (n=3, 4)(23) Na,TaF,, CS,(U(NCS),)~, p& 6 t o ~ t 6 ~ i ~  uno- 
~azaozarcq: Nb(dpmx 25, Zr (dipy), (NCS),, Nb(dipy), (NCS);. CE apKET8q n ~ p l n ~ h -  
o e t ~  8-uno~azsozqp6va o6pnho~a o q  orspsa @oq ~ivat  ~ O G E K ~ E ~ P Z K ~  EVO OE &a- 
huya ~tvat  zszpayovuru avnnptcryazt~U n . ~ .  TO Nb(CN)84- 26. 

Entoqpaivszat 6rt TO r~rpaywvl~6 avrinptopa &&l 660 ~1663~ C I K ~ E S ,  ztS 1 Kal S ,  

 at pnopsi va xapa~zqptor~i p& zov hoyo 11s rov p q ~ h v  rov a ~ p h v  aurhv 4 ~ v a h -  
h a ~ z t ~ 6  an6 rq yovia 0 nou oxqpad<&rat ano rov ~ 6 p t o  agova oou popiou Kat zov 
6soy6 psckhhou-uno~azaozkrq. 

Czov n i va~a  Givovrat rtp& T ~ S  yov ia~ 8 rou z~rpayovt~o6 avrtnpioparo~ 

IIINAKAC IV 
Ttp& zqq yov ia~  0 zou zszpayovt~oi, avrtnpioparo~ 

M.Z.Z.=~ov.rGha o ~ h q p h v  ocpatphv (hard sphere model). n o ~ ~ l 3 . 4 ~ 7 ) ~  070 ~ U V U ~ ~ K O  Born (ph. ~ t o a y o -  
~ i l ) .  



CXHMA 5. Mop~a~a  rpopara rsrpaywvucou avnrrpia~aro$ (T.A.) (DJd, dl)). 

opaatcfl 6opq (dl q k z p o v t a ~  Gtapopcpo~q)~~. AV' an6 zo opjpa auzo napahn- 
cpeo6v ca oupnhqpopkva yopta~k z p o ~ t a ~ a  (nohhanh6zq~ spin S=O) ~aecb5  at ca 
KEV& av~t6sopt~a Tpo~taKa, nou npotp~ovcat ~ u p i o ~  an6 ca cp0~mKi.i (ni-1)s  at 

(n+l)p cou p~c&hhou, npo~6nzst q ostpci oza0yhv svipysta~ zou o ~ f l p a z o ~  1. 01 
Golebiewski Kat K o w a l ~ k i ~ ~  avacpspopsvot ozo i6to orjocqpa (dl ~ ~ E K Z P O V Z K ~  &a- 
pbpcpooq -D,, oupps~pia) Kat ~pqotponotcbvca~ yvoozq31 y60060, unohoytoav ~y 
svipysts~ cov popta~hv cpo~ta~cbv 6ivovTaq q v  n a p a ~ k ~ o  ostpa ( k ~ o u v  napahst- 
cpesi ot noh6 ~ a p q h t ~  Kat noh6 uy~qhk~ o~aOpsq svspysia~). 



Qaivezat 671 unbp~ouv xiwe poptaica z p o ~ t a ~ a  oza oxoia u n e p z ~ p ~ i  o d Xapa- 
~ z q p a ~ .  Aur6 ouycpovd ys rov 6taxwptoy6 ~ w v  ~ p o ~ t a ~ c b v  d xou npoPhin&t q e m -  
pia zou ~ p u o z a h h t ~ o 6  ns6iou. Xapqhozspa ~ i v a t  zo a,(d) PE 86-88% eniGpaoq an6 
zo dz2 zou K E V T P ~ K O ~  pezahhou EVO ahha 660 ((dn z p o ~ t a ~ a  ~nqp~aL;ovzat ~ a z k  37% 
an6 za o - z p o ~ t a ~ a  zou uno~azaozri~q.  

Axo6~t~vdszat  ouvenhg 6 n  ozy n~ptnzwo~tg nou 70 KEVTP~KO p~~ahh tK0  16v I?- 
X E ~  860 qhe~zp6vta d, 0a Ppio~ovzat Kat za 660 ozo z p o ~ ~ a K 6  a,  &iw auz6 eivat Ka- 
Qapa d (empia ~ p u o z a h h l ~ o b  nsGiou) eize eivat poptalc6 z p o ~ t a ~ 6  PE ~ a p a ~ z i l p a  
rcupiw~ d. Auz6 oqpaivet 6ct o6pnho~a  p& qhs~zpovta~f i  Gtapop(pooq d2 Kat Gopq 
zezpayovt~ob avnnpioyazog 0a eivat G 1 a p a y  v q 71 K 6 .  

01 xspwoozepsg yshizeg yivovzat pe Pc ioq~o  ( ( ~ G ~ V I K O D  Z E T P ~ ~ O V I K O  avzinptopa 
ozo onoio Kat ot O K Z ~  u n o ~ a ~ a ~ ~ d l ~ ~ ~  eivat iGtot, Kat q ywvia 0 ioq PE 59.3' 
(M.C.C. - n i v a ~ a ~  V). 

IIINAKAC V 
Cupp~zpia Kat ~ v i p y ~ t e ~  zov d z p o ~ t a ~ h v ,  yta TO ~ ~ z p a y o v t c o  avzhptopa 

dx2 
dx2-y2 
dxy 
dzx 
dzv 
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'Opw< ot ahhqhsnt6pciost~ pma@ TWV u n o ~ a ~ a o ~ a ~ w v  EXOUV W <  ano~ihsopa 
q v  apoq ~ o u  s~cpuhtopo6 o ~ y  o ~ a 8 p q  e2 Kat e,. H e2 6ta~wpi@~at  oztq o~dlep&< 
a;(xy) Kat a;'(x2-y2). H e, 6ta~wpi(szat o n <  a;(xz+yz) Kat a,(xz-yz). ' E ~ o t  ot 6uva- 
rSq ps~anrhosy  s v 6 ~  qhs~zpoviou nou 0a P p i o ~ s ~ a t  G T ~ V  0sphth6q ~ a ~ ~ t o ~ a o q  2al 
sivat r&oosptq. 

IIpaypan Ta cp6opa~a ~ u a v o o u p n h o ~ w v ,  p& d1 q h s ~ r p o v t ~ ~ j  61ap6pcpwoq psrah- 
Aoi'ov~o~ &ouv 4 anoppocptjoq. 'Em Fa TO obynho~o  (Mo(CN),)-~ avacpipov~at~~, 30 

ot ~ a t v i s ~  2B,- 2B2 oza 25800 cm-', 2B,- 2A, o ~ a  32000 cm-', 
2B ,- 2El w a  36800 cm-'  at 39800 cm-'. 

TU 8 - u n o ~ a ~ ~ o z q y 6 v a  orjynho~a E ~ V ~ I  ~ u v f i e w ~  ~ W ~ E K U E ~ P ~ K U ,  &TC&l6fi TO 6 ~ 6 ~ -  
K ~ E ~ P O  sivat T O  rplywvonotqp6~0 noh6~6p0. 

' o n a s  6 ~ a  avanzu~8si 06 ahhq &pyaoia7 yta ~ a 0 s  o6ozqpa n u n o ~ a r a o ~ a z h v  
(n=4-12) ro suvoo6psvo nohbs6po sivat E K E ~ V O  zou 6 ~ ~ 1  ohss zou rt< nh&up6< rpl- 
~ W V I K ~ S ,  TO zp1ywvono1qp6vo nohOs6po. 

Yncip~st  E V ~ S  psyahoq apt6pos Kaha ~ a p a ~ ~ q p t o p i v w v  ~ W ~ E K ~ E ~ ~ L K ~ V  oupnho- 
KWV 6nw5 K4Mo(CN)*, 2H2032, K4Nb(CN)82H2026, Na4Zr(C204)43H2073, MoH4 
(PPh,Me)434 Ta(S2CNMe2)4Cl~CH,CI,35, MC14(dmpe)2, (M=Nb, Ta)36 37. 

T o  606~~irsGpo np0~6nzst  orav orpspho006v Ta 660 zszpae6pa an6 ra onoia 
prropsi va 0 s ~ p q 0 s i  6zt ano~shsizat ivaq K U P O ~ :  H orp$hwoq ouviora~at orqv PE- 

za~ ivqoq  zwv u ~ h v  ~ 6 0 s  ~s~paSGpou, k o t  h o ~ s  va oxqparto006v apphsiq y o v i s ~ .  
T a  orp~PhopEva auza rszp1is6pa hiyovrat btocpqvost6~j (bisphenoids). T o  o i o q p a  
TWV 660 ozpsphwpivov rsrpat6pov nou Sxouv ahhqho~ahucp0si hkyszat Stnho- 
6locpqvost6Eq (double bisphenoid) .il 6 0 6 ~ ~ 6 ~ 6 p o  (oupps~pia DJ. 

Crqv yswysrpia aunj ot o ~ z h  ~opucpk~  6&v sivat too66vapq ahhir ~op i (ovra t  oc 
660 oivoha A Kat B. K d 0 ~  G ~ V O ~ O  T ~ E P L ~ c ~ ~ ~ ~ ~ v E I .  4 ~ o o 6 6 v a p ~ ~  ~ ~ T F L S  ( C X ~ ~ C I  4p). 

T o  ~ W ~ E K ~ E ~ ~ O  ~ a p a ~ ~ q p i [ & r a t  an6 TOV hoyo M-AIM-B TWV a x o o r ~ o e o v  ~ o v  
psruhhou an6 r y  ~opucpis A  at B Kat a ~ o p a  an6 e y  yoviss 0, Kat 0, nou oxqpa- 
rijovmt an6 zov ~ 6 p l o  aeova ~ o u  noh6~6pou Kal TOUS 6sop06~ M-A  at M-B a v ~ i -  
oTotXa. Crov n i v a ~ a  VI 6ivovral yspt~Es ~tpEq TWV yovlhv 0,  at 0,  K ~ V O V ~ K O ~  6 0  
6s~a66pou 6zav M AIM-B=]. 

M60060q 
~poobtoptopo6 

M.C.C. 
d4sphpppt6top6< 
Anhosts psza56 
TQV u n o ~ a z a o ~ a z h v  
n= l 
n=6 
n= 12 
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'On05 avacpip8q~~ Kat orqv mpinrooq rou r~rpayov t~o i ,  avrtrcpioyarocj, orav 
ot O K T ~  uno~araordl~~q ~ i v a t  6yotot Kat povooxtGsi~ rors unap~st  ioq rct8av6zqm 
va ndLpoups r ~ r p a y ~ v t ~ o  avrinptoya il 606s~asGpo. 'Orav 0 1  uno~amorcizs~ ~ i va t  
cihot 6 t o x t 6 ~ i ~   at ra rota nou oxqyaricouv sivm yt~pdl, TOTE suvo~irat ro G W ~ E K C ~ E -  
6p0. A ~ o y q  T I E P Z U ( S ~ ' T E P O  E U V O E ~ T ~ ~  TO GaGs~a~Gpo 6 ~ 0 1 ~  unap~ouv 660 ~d7~01 UnO- 
~azaorazhv ( n . ~ .  TiCl,(diar~),3~ * onou diars=o-C,H,(AsEt,),, MCl,(diar~) ,~~ 
(M=Nb. Ta). 

AV unapxouv o ~ o  odynho~o 4 GtoxtG~iq uno~araomiwq, ~ q p t ~ a  o u p p ~ r p ~ ~ o i ,  ra 
rct8ava ~ o o ~ ~ p f l  sivat mmmm, gggg, aabb, mmgg, abmg. Ot F .  Johnson Kat E. Lar- 
sen" 6o~ipaoav v' anoyovhoouv toop~pq oEaLo-o6pnLo~a sou Zr, Hf, Th, U ,  ahhk 
p p i q  ~ntruxia. H ao~aosta ~ w v  tooysphv ano6iG~rat orqv p~ydlhq s u ~ a p ~ i a  
(fluxionality) rwv ouynho~wv aurhv. 

0 t  oraOysq cvspy~iaq TOV rpox ta~hv  d yta G ~ ~ E K ~ ~ E ~ P o  DZd, 6x0s npophin~rat 
an6 rqv 8~op ia  rou ~puomhh t~o i ,  n~Giou '~ ,  Givovrat o.ro oxil,ua 1. H ~ a z h r ~ p q  
rrr6Opq b ,  avrtorotxsi o ~ o  rpoxta~6 dxy,  a~ohou0si q a,  nou avrtorotx~i ozo zpo- 
~ t a ~ o  dz2, ~ v h  q e sivat 6tnha ~~cpuhtopivq anorsho6p~vq an6 ra d,,  at dzy Kat 
tShoq q b, avztozotxsi oro dx2-y2. 

MEAET~ oupnA6~ov  zou V'' nsptpahAop6vou an6 o ~ z h  b ~ o p a  esiou, ohjyqos G& 

np65 O X E T ~ K ~ V  EVEPYE~QV TWV d T P O X L ~ K ~ V ~  nou tiivovzat OTOV n i v a ~ a  VII. 

Cuy~pivovzaq TO o ~ i l p a  1 Kat rov n i v a ~ a  V11 cpaivsrat 621 q oetpa o z y  ordlOpe5 
~v~pys iaq  sivat 6tacpop~tt~fl. Hpdly~art on05 a7toG~t~vi)ouv 0 1  pshirs~ TOV Garner, 
Mabbs4", rwv Randic Kat Vuletic20 Kat aLhov2, ora 6~6&~~1&6ptKdl 06pnho~a 0 1  

~ v i p y s t ~ g  rwv d ~ p o x t a ~ h v  p~rapahhovrat ozav psraphqf306v ot y ~ v i s q  QA  at OB 
Kat o h o y o ~  M-AIM-B, ahha a ~ 6 y q  ot ~vGpystsq rwv d rpox ta~hv  &E,apzwvrat an6 
r y  napapizpou~ nou xpqotponotobvrat o r o u ~  unohoytopob~ (on05 za a w t v t ~ a  
oAo~hqphyara p,, p,  at ot napfiyszpot ~ p u o ~ a h h t ~ o d  n~6iou Dq  at Cp)***. CTO 

* KaL p a h ~ o r a  ortq nap1nrhoa5 a u r b ~  01 y1upoi ~ ~ T O K U T U O ~ ~ T & <  @a xkvs OTLS a@b0&1<a A E V ~ J  01 p~yahrj-  
TEPOL o n 5  ( ( @ ~ o E L ~  B. 
** 01 Piovesana, Cappuccilli3 ~r(ppa(ouv r15 EV~PYELE< 7 0 V  r p o p a r h v  d oav o u v a p r ~ i ~ ~ t ~  TWV xapayi- 
rpwv r p u o r a h h ~ r o 6  n d i o u  Dq ra1 Cp, r a t  a r o y q  avaacpipouv 6rt  0 h o y o ~  Cp/Dq=5.4. OL rtyE< orov 
n i v a ~ a  unohoyia rq~av  p a o ~ ~  rqS q b q q  auz~j5. 

*** Dq=1/6 p,(r), Cp=2/7 p,(r). 



oxilya 8 6ivszat-noto~tva q yszapohil q q  sv~pysiaq TWV d ~ p o ~ t a v h v  o ~ a v  yma- 
Pahhovzat ot y o v i s ~  8,, e,, o h6yoq zwv avnvtvwv oho~hqpoya~wv  p2(r) vat 
pmZ0.  

ME P6oq zq B~opia ~ o u  ns6iou zov uno~azaozazhv (ligand field theory) TO ox+ 
ya 7 Givst za yoptava z p o ~ t a ~ c i  OE ~ W ~ E K ~ E ~ ~ I K C ~  o6ynho~a  PE d1 qhsvzpovt~fi 6ta- 
Wjpcpooll- 

CXHMA 8. Mcza/?ohj zq-c ~vt!pyaac zwv d T ~ O X Z ~ K ~ V  ouvaprGosz a. rq-c yoviia~ Bp rou 6w6s~a66pou 
(dmv ywvia B= eivaz 40') P. roo ddyoo M-AIM-B yza rzp'~ 6,=45O & B p = 7 5 0  y. .too ddyou p,lp,. 

Czy ( T ~ ~ ~ ~ O K E S  ~ v h o ~ t q  6nou 7] ouyy~zpia ~ E V  ~ i v a t  ahha ~ a y q h 6 z ~ p q  q 
oza8yq ~vspysiaq zou ~ p o ~ t a ~ o 6  e Gtaxopic~zat 0s 660 oz&Oyq (av6hoya y~ TO TE- 
zpayovt~o avzinptoya) Kat ouvsnhq 8a npinst va un6p~ouv oz0 qaoya ZOV 606s- 
~ a ~ 6 p t ~ h v  ouynh6~ov  zioospy zatvi~g anoppoq.ilo&oq. 
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Czo odynho~o NbX4(dieth),41 ot z a t v i ~ ~  auz& ~ycpavi~ovzat 2Bl-ZAl 12300 
cm-' 2Bl- E 14000, 15300 cm-' ZBl-2B, 18800 cm-l. 

Czo Nb Cl, (Quin)* (H30)310b ~ E P ~ K E S  an6 a~ ~ a t v f q  ~ycpavi~ovzat oza 19200 
Kat 15 100 cm-'. 

Xapa~zqptootrcb zov b w b ~ ~ a ~ G p t ~ h v  ouynh6rcov ~ i v a t  q y&yahq i v ~ a o q  zov 
~a tv thv  oza cpkopaza, nou anob ib~~a t  o q v  6 h h ~ t ~ ~ i v z p o u  ouyy~tpiaq. 

Ot ouvzshsozi~ anoppocpflcrmq yta z y  (~ntzpsnz i~  an6 TO spin) d-d zatviq 6- 
~ o u v  nyB5 100-1000 cm-'. Czo q q y a  9 biv~zat zo cpcioya anoppocpfp~o~ ubanrcod 
b t a h d p a ~ o ~  zou T~(C,O,),~-('O", 42) Kat q a i v ~ ~ a t  q p&~aPoAq zou ouvz&h&oz?j anoppo- 
cpqosoq ouvapzfioe cqq o u ~ v 6 ~ q ~ a q .  

C X H M A  9. @&pa azoppop$u&o~ a. udanlcov' &aA+azoq Ta(C, o , )~ - ( '~~)  P. p&8avohcov' GiaLLparo~ 
Nb (Quin) CI, (H, o),~OP. 



P~PathBqv~ an6 p~z imtza  ~ E A E T E S ~ ~ .  Kaz' auzfiv zioospy ~ i v a t  ot paotvoi nap6yov- 
T&< nOU E T C T ~ P E ~ ~ ~ O U V  E V E P Y E ~ ~ K C ~  za 660 auz6 noh6~6pa. 1) A ~ o y o ~  y~zahhou- 
unovazaozazq, 2) anho~ tq  yszat6 uno~azaozazhv, 3) napouoia yq 6~oytvhv  ~AEK-  
zpoviwv, 4) napouoia 6toxt6hv uno~azaozazhv. 

En~t6fi ot unovazaozazs~ 6&v ~ i v a t  mhqp6< ocpaipq ( 6 n q  oza yovziha), av ot 
nap@mpot oxfiyazo~ ahhacouv ot E V E P ~ E ~ E ~  oza 660 nohi)&6pa ~ E V  ynop~ i  va ahh& 
kouv nsptoo6z~po an6 0.21%. 

Czo ~~zpaywvtv6 avzinptoya zo d,, 6&v xpqotyonot~iza~ yta o-6~oy6 y~ zov uno- 
~azaozirzq. E t  6hhou o n-6~oy65 p& i o  zpoxtav6 auz6 ~ i v a t  ao6wfiq. 'Ezot za ~AEK-  
zp6vta nou ~vG~xoyEvw< vazahayphvouv zo zpoxtav6 a u ~ 6  ~ i v a t  ouotaoava yq 6&- 
oytvb Kax ozqv n~pinzwoq .sou 606~~aE6pou cpaivszat 6 n  q avptpf i~ yopcpfi zou 
&7tqp&CiS&~at an6 TO aV TO zpoxtav6 dXy TOU K E V Z P ~ K O ~  p ~ ~ d l h h 0 ~  Eivat ~azqh&tyyEvo 
an6 yq ~ E O ~ I K ~  qh~vzp6vta fi 6x1. 

OE a n ~ o z t v i ~  E V C P ~ E ~ E S  ozou5 6avzuhiou~ nou oxqyazit;ouv ot unovaraozarsc,, 
6tacpEpouv oza 660 noh6~6pa vazci 5 KcalIMol. 

E n i o q ~  B~wp~izat  6uvazfi yta o u v q f i ~  ahhqhoy~zazponfi 6qha6fi yta o u v ~ ~ f i ~  
vivqoq (zahavzmoq) zov unovazaozazwv y6pw an6 zo yizahho-azoyo Gqytoup- 
yhvzaq p a  ~ 6 ~ a y n z q  (fluxional) boyfi. - ~ z o t  ou~v t t  yta z y  6oyi< am& a?acpEpszat 
o 6po5 noh6zona PE zqv E V V O I ~  6zt ynop~ i  va yiva yt' auza zonohoytvfi avdlhuoq 
Ezot 6 n w ~  nsptypacpszat an6 zq B~opia zov 6taypayy6zov (graph theory)44. 

Stereochenzistry of eight-co-ordinate conqdexes 

A. Karaliota, M. Kamariotaki, D. Hatzipanayioti 
. - 

The number of complexes, with eight ligands around a metallic centre, increases. 
This is the reason for the study of the particular chemistry of these compounds. 

Eight coordination is frequently found at the left hand side of the transition - 
metal series and with do, dl, d2 electronic configuration (although examples with mo- 
re populated d-orbital are known) eight-coordination is also found in the chemistry of 
lanthanides and actinides. 

There are six stereochemistries studied; cube, hexagonal dipyramid, bicapped tri- 
gonal prism, end-bicapped brig prism, dodecahedron, and square -antiprism. The stereo- 
chemical informations are obtained from calculations involving the minimization of 
the repulsive energy, due to the mutual repulsions of ligands and the direct inte- 
raction of the central atom on its ligands in eight-coordinate complexes. 

The detailed shape of the coordination group of a real complex is never that of 
the hard sphere model and it is dependent upon several factors such as the perturba- 
tion introduced when a) (non bonding) electrons are present in the valence shell of 
the central atom andlor b) other than monodentate ligands are present in the com- 
plex. Many experimental structures are ascribed as "intermediate" between two idea- 
lized extremes or as "distorted". It is also assumed that the absence of a significant 
potential energy barier permits a continuous interconvertion between (mainly) dode- 
cahedron, bicapped trig prism and square antiprism. 
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The characteristic spectral and magnetic properties of complexes with dodecahe- 
dral or square antiprismatic structure are also studied. 

Key words: eight-coordinate complexes, dodecahedral complexes, square antiprismatic complexes, mo- 
lecular orbital of complexes. 
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Les coefficients de viscosite, les densites, les constantes dielectriques et les indices de re- 
fraction des melanges ethanol-dioxanne ont ete determines a 25•‹C. L'effet de la composition 
du milieu solvant sur les diverses proprietes des melanges etudies a ete exprime a l'aide de re- 
lations simples permettant la prediction des divers parametres dans n' importe quel melange. 
L'analyse des resultats a permis de mettre en evidence les interactions se produisant entre les 
molecules du dioxanne et de l'ethanol. 

Introduction 

Ce travail fait partie de nos recherches concernant l'etude cinetique de diverses 
reactions SN, entre une molecule neutre et un reactif susceptible d'agir sous la forme 
de pai?es d'ions et d'ions 

Dans le cadre general de ces etudes, la necessite de relier de maniere precise les 
proprietes physicochimiques du milieu reactionnel a l'allure cinetique des reactions 
qui s'y deroulent s'est rapidement fait jour. Notons que cette influence du milieu so- 
lvant sur la reactivite des diverses entites nucleophiles est couramment rattachee a 
ses proprietes dielectriques ou moleculaires (moment dipolaire) ainsi qu'a l'interven- 
tion de divers phenomenes de solvatation spe~if ique.~-~ 

Dans cet esprit, nous avons entrepris tres recemment l'etude cinetique de la 
reaction de l'ethylate de sodium sur l'iodure de methyle dans les melanges binaires 
ethanol-dioxanne de constantes dielectriques  differente^.^ 

D'apres cette etude anterieure, on constate que la reaction SN, est considerable- 
ment acceleree par addition de dioxanne au milieu reactionnel. L'interpretation pro- 
posee permettant une rationalisation des donnees cinetiques implique l'intervention de 
divers phenomenes de solvatation des ions, le pouvoir solvatant du milieu etant con- 
siderablement augmente par l'adjonction de dioxanne. Neanmoins, le dioxanne pur 
n'a pas la reputation d'etre un bon solvatant d ' i ~ n s . ~ - ' ~  Or, le pouvoir solvatant supe- 
rieur des melanges dioxanne-ethanol compare au dioxanne pur a ete attribue a la 
possibilite qu'a ce solvant de s'associer a l'ethanol au moyen de liaisons hydrogene. 

Toutes les considerations ci-dessus precisent les motivations de ce travail et eclai- 
rent le choix des melanges retenus. 
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En effet, par l'etude systematique des variations de divers parametres, intimement 
lies aux proprietes moleculaires des solvants en presence (constante dielectrique. 
viscosite, indice de refraction). en fonction de la composition des melanges ethanol- 
dioxanne. on a cherche a mettre en evidence les interactions survenant entre les mo- 
lecules des constituants de ces melanges. 

Cependant, un tel objectif ne constitue d'ailleurs pas le seul mobile de cette etude; 
en effet. on sait que l'application dans de tels milieux d'equations, soit cinetiques. soit 
electrochimiques, requiert la connaissance des parametres ci-dessus, leurs valeurs cor- 
respondantes n'etant que rarement disponsibles. Or, la determination experimentale 
de ces parametres est un autre aspect du probleme justifiant notre interet pour cette 
etude. 

1. Partie Experimentale 

1.1. Reactifs 

L'ethanol anhydre a ete prepare. a partir de l'ethanol absolu (Fluka, p.a.), par 
deux distillations successives, l'une sur sodium, l'autre sur calcium suivant une me- 
thode deja decrite.I5 

Le p-dioxanne utilise est un produit Carlo Erba de purete > 9996, 
Eb = 10 1 OC1760 mmHg purifie peu avant l'emploi selon la procedure recommandee 
par Kraus et Vingee.Ih 

Toutes les solutions ont ete preparees par pesee peu avant leur usage. 

1.2. Mesures 

Les mesures de la constante dielectrique ont ete realisees a I'aide d'un appareil 
W.T.W. du type DM 01 qui permet de determiner les constantes dielectiques par la 
methode d'heterodyne a la frequence fixe de 2,O MHz. Le domaine de mesure s'etend 
de 1.8 a 90 et est entierement couvert par un jeu de trois cellules s'adaptant sur I'ap- 
pareil: la precision des mesures est de l'ordre de 0,2?h. 

Un viscosimetre Schott Mainz Jena Glas C 2023 du type Ubbelhode a ete utilise 
pour la mesure du coefficient de viscosite des melanges. Dans toutes les determina- 
tions, la correction de l'energie cinetique a ete prise en consideration; la precision des 
mesures est de l'ordre de O,]%. 

Les mesures de l'indice de refraction ont ete realisees a I'aide d'un refractometre 
Bellinghan and Stanley du type Pulfrich avec une precision au sixieme decimal a peu 
pres. 

Les mesures de la densite ont ete realisees a I'aide d'un pycnometre a capilaire. 
Pendant toutes les determinations, la temperature des melanges a ete maintenue 

constante a 25.00 2 0,0I0C grace a un thermostat Haake du type Ultra-thermostat 
NBS. 
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II. Resultats et Discussion 

II .  1. Etude viscosimetrique 

Les valeurs du coefficient de viscosite q et de la densite dM des melanges etudies 
sont consignees dans le tableau 1. 

A partir de ces resultats, nous nous proposons de deceler les associations ayant 
lieu entre les molecules du dioxanne et de l'ethanol. Dans ce but, on a evalue pour 
les systemes etudies (Tableau 1) le rheochor RM, fonction connue pour etre sensible 
aux intcractions m~leculaires;'~ l 9  elle est definie par: 

ou M l  et M, designent les masses moleculaires de l'ethanol et du dioxanne et X, la 
fraction molaire du dioxanne. 

TABLEAU 1: Valeurs de densite. de coeficient de viscosite et de rheochor des melanges ethanol- 
dioxanne a T = 25OC. 

96 dioxan. dM rl R~ 
en poids x 2 (g .~rn-~)  (CP) (CGS) 

0.00 0,0000 0,78507 1,0710 33,2839 
12.64 0,0703 1 0,81264 0,95996 33,7580 
24.57 0.14551 0,83599 0,88848 34,5798 
35.82 0,22592 0,86000 0,85289 35,6226 
46.52 0,31261 0,88303 0,83875 36,8584 
56.5 1 0,40453 0,90864 0,83910 38,2476 
66.12 0,50508 0,93 182 0,84593 39,8089 
75.44 0.61626 0,95287 0,88027 41,6838 
83.78 0,7297 1 0,98063 0,94252 43,7697 
92.16 0,8600 1,00288 1,04359 46,3374 

100,O 1,0000 1,0269 1,1969 49.3463 

Dans le but d'exprimer ici, au moyen de relations simples, l'effet de la composi- 
tion du milieu solvant sur les diverses proprietes des melanges etudies, on a recherche 
dans quelle mesure une representation polynomiale de RM en fonction de X, pouvait 
etre satisfaisante. En effet, a l'aide de la methode des moindres carres et en nous se- 
rvant des polynomes orthogonaux de Chebysev, nous avons constate que la courbe 
R M =  f (X,) est parfaitement ajustee (R2 = 0,99996) a un polynome du 3eme degre: 

D'autre part, par la meme methode, on a pu constater que la courbe dM = f (X,) 
s'exprime egalement par un polynome de 3eme degre: 
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dont le coeacient de determination R2 a ete calcule et trouve egal a 0,9996. 
Les polynomes (2) et (3) etant portes dans (1)' on obtient la relation: 

3 3 

dont les coefficeints Ai et Aj s'identifient respectivement a ceux des polynomes (2) et 
(3). 

Du point de vue pratique, la relation (4) peut etre consideree comme une formule 
d'interpolation tres utile permettant le calcul de q en fonction de n'importe quelle va- 
leur de X,. L'aptitude de cette relation a representer lessresultats experimentaux peut 
s'exprimer evidemment a l'aide de l'ecart quadratique moyen des valeurs calculees 
(qicalc) par rapport aux valeurs experimentales (qi) de q: 

ou N designe le nombre de valeurs de qi. Ce parametre s trouve egal a 5,05.10-5 
poise montre qu'il y a concordance etroite entre les valeurs calculees et les valeurs 
experimentales de q. 

On sait que, dans un melange de deux liquides 1 et 2 parfaitement miscibles ou 
les constituants sont non associes et sans interaction (melange ideal), le rheochor du 
systeme R~~ peut se representer en fonction des rheochors RI et R, des constituants 
purs 1 et 2 a l'aide de la relation: 

qui est consideree comme definissant le rheochor ideal ( R ~ ~ )  du systeme con~idere'~. 
En revanche, dans le cas ou, entre les constituants 1 et 2, se forment des liaisons fai- 
bles (par ex. liaisons hydrogene), l'application de l'equation (6) montre que les RM 
determines a l'aide de la relation (1) s'ecartent sensiblement des R ~ ~ .  Il est legitime de 
considerer que le parametre 

est une mesure des ecarts des melanges reels par rapport a l'allure ideale (absence de 
toute interaction entre les composes du systeme). 

On a evalue, a partir de la relation (7), le parametre 6 en utilisant l'expression po- 
lynomiale (2) de RM. La variation de 6 en fonction de la fraction molaire du dioxan- 
ne X2 est representee sur la figure 1: elle est caracterisee par un maximum pour X, 
= 0,42. Cette fraction molaire (0,5 > X2 > 0,33) correspond sensiblement a la 
composition de deux complexes formes entre les molecules du dioxanne et de i'etha- 



SUR CES PROPRIETES DES MELANGES ETHANOL-DIOXANNE 177 

no1 de type 1 :1 et 1:2 qui pourraient s'expliquer par la possibilite que presente le dio- 
xanne de former des liaisons hydrogene avec chacun de ses deux atomes oxygene. 

FIG. 1 :  Variation de 6 en fonction de la fraction molaire X, de dioxanne. 

Une telle situation etant admise, au moyen d'un calcul relativement simple, il en 
resulte que le degre d'association P du dioxanne a une complexe du type 1:l est egal 
a 0,619 tandis que son degre d'association correspondant au complexe du type 1:2 
est sensiblement egal a 1 - p. 

11.2. Etude dielectrique 

Les valeurs de la constante dielectrique D et de l'indice de refraction (pour la raie 
D) n, des melanges etudies sont rapportees dans le tableau II. 

TABLEAU II: Valeurs de la constante dielectrique, de l'indice de refraction (pour la raie D) et de la po- 
larisation du milieu des melanges etudies a T = 2 5 T .  

' 

-- 

% diox. 
en poids x2 D "D P 
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Dans le but d'ajuster les courbes experimentales D = f (X,) et n, = f (X,) a des 
polynomes de ne degre, ori a constate que les polynomes representant le mieux les re- 
sultats experimentaux correspondent a n = 3. Ainsi, a partir de la methode des moin- 
dres carres, on a obtenu les relations: 

dont les coefficients de determination ont ete trouves respectivement egaux a 0,99980 
et 1,0000. Les relations ci-dessus sont de bonnes formules d'interpolation etant 
donne que leurs ecarts quadratiques moyen$ (respectivement egaux a 0,09 et 4.10-7) 
se trouvent dans- la marge d'erreur commise lors des determinations experimentales 
correspondantes. 

On sait que le pouvoir solvatant d'un milieu est frequemment rattache aux mo- 
ments dipolaires pi de ses  constituant^.^ Il s'ensuit donc qu'en determinant pi, on de- 
finit d'une certaine maniere l'aptitude du milieu considere a solvater les diverses par- 
ticules presentes. Les renseignements obtenus par cette voie permettent de mieux 
comprendre l'influence du solvant sur les vitesses et les mecanismes des diverses 
reactions qui s'y deroulent. 

Dans cet esprit, on a utilise l'equation d'onsager-Kirkwood generalisee aux 
melanges:,' 

(D-Dm)(2D+D, )  4nN 
P =  - -- 

D (D, + 2), 9kT C . ~ i g i d  
1 

ou N designe le nombre d'Avogadro, Ni le nombre de moles du constituant i par uni- 
te de volume du melange, D, la constante dielectrique a haute frequence caracteri- 
stique de la polarisation induite des molecules et gi le facteur de corelation de Kir- 
kwood du constituant i en melange. Ce facteur introduit par Kirkwood21 est defini 
par la relation: 

ou z designe le nombre moyen des plus proches voisins et yij l'angle que font les di- 
rections de deux dipoles voisins i et j. Dans les cas ou des forces directionnelles a 
courte distance (assurant des liaisons hydrogene par exemple) existent entre les con- 
tituants du milieu, le facteur gi est sensiblement different de 1. 

La grandeur P, appelee aussi par divers auteurs "polarisation du milieu'" peut e- 
tre evaluee directement a partir des donnees experimentales de D et n, en adoptant, 
en accord avec la litterature,l7- 22-24 la relation D, = 1'1 ni .  Les valeurs obtenues de 
P correspondant aux melanges ethanol-dioxanne etudies sont consignees dam le ta- 
bleau II. 
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L'etude viscosimetrique a permis de conclure a la formation de deux complexes 
dioxanne-ethanol de types 1 : 1 et 1 :2. On peut penser en outre que le maximum de la 
courbe 6 = f (X,) pour X, = 0,42 (cf. figure 1) traduit la disparition quasi totale de 
I'ethanol libre qui est, dans ces conditions, entierement engage dans les complexes ci- 
dessus. Si tel est effectivement le cas, la valeur de P de ce milieu (ou X, = 0'42) cor- 
respond directement a ces complexes, tandis que la relation (10) prend la forme: 

N I  , , N I  , designant le nombre de moles par unite de volume des complexes 1:1, 1:2 
et g ,  ,, g ,  , leurs coefficients de Kirkwood. 

En ce qui concerne le complexe 1:2, on peut penser que son moment dipolaire est 
presque nul, etant donne que la structure dudit complexe est parfaitement symetrique 

^(forme chaise). Cette hypothese parait legitime si l'on se raiporte a des donnees bi- 
bliographique~~~ ou, dans des cas analogues, les moments dipolaires de complexes 
formes par le dioxanne du type 1:2 sont consideres comme pratiquemment nuls. 

A I'aide des valeurs du tableau II et de la methode d'interpolation de Lagrange, 
on a pu calculer. pour X, = 0,42, la valeur de P qui a ete trouve egale a 0,940. 
D'autre part, la valeur de N I  , correspondante dans ce meme melange, egale a 
3.72.10-%ol/cm3. a ete evaluee a I'aide de la relation: 

NI : ,  = PN, = 
PX, dM 

(1 - X,) Ml + X,M, 

en utilisant l'expression polynomiale (3) de dM. Ces valeurs de P et NI:,  portees dans 
l'equation (1 2) conduisent a: 

g , : ,  w::, = 1 , 2 3 7 . 1 0 ~ ~ ~  (C.G.S.) (14) 

En admettant que la possibilite d'auto-association de ce complexe, dans le milieu 
considere ou X, = 0,42. soit negligeable, on peut ecrire g, , = 1 et calculer a partir de 
l'equation (14) le moment dipolaire: 

p l . ,  = 3,52.10-1R C.G.S. = 3,52 Debye 

Les hypotheses formulees precedemment et les calculs effectues impliquent que. 
pour tous les melanges ou X, < 0.42, les constituants sont les deux complexes 1 : 1  et 
1 :2 et l'ethanol. 

Dans ce cas, la "polarisation du milieu" P pour ces melanges pourrait etre eval- 
uec d'une part a partir des donnees experimentales de D et n, (cf. tableau II) et d'au- 
tre part par le calcul a I'aide de la relation (10) sous la forme: 
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Dans ces calculs, le moment dipolaire y, de l'ethanbl, egal a 1,70.10-'8 C.G.S., a ete 
extrait de la bibliogra~hie.~~ D'autre part, a partir de la relation (10) appliguee dans 
le cas de l'ethanol pur, on a pu evaluer la valeur de g, trouvee egale a 2'86. 

La confrontation de ces deux series de valeurs de P permettra d'infirmer ou de 
confirmer les hypotheses de depart. Les resultats obtenus sont illustres dans la figure 
2. 

FIG. 2: Variation de la '>olarisation du milieu" P en fonction de la fraction molaire X, de dioxanne. 

En effet, la figure 2 montre qu'il y a excellente concordance entre les valeurs 
experimentales et les valeurs calculees de P, etant donne que celles-ci portees en fon- 
ction de X, se placent parfaitement sur une courbe unique (cf. figure 2). 

En conclusion, cette etude a permis de deceler les interactions survenant entre les 
molecules du dioxanne et de l'ethanol. Les renseignements obtenus dans cette etude 
permettent de relier les particularites, en tant que milieux reactionnels, des melanges 
dioxanne-ethanol a l'allure cinetique de quelques rkactions SN, qui s'y deroulent. En 
effet, nos resultats cinetiques6 et les donnees bibliographiques7. montrent que les 
reactions de substitution bimoleculaires, faisant intervenir des anions libres et des pai- 
res d'ions en milieux hydroxyles, sont considerablement accelerees par addition de 
dioxanne. L'interpretation proposee6 implique une augmentation de la solvatation 
specifique de la partie cationique des paires d'ions en augmentant ainsi la reactivite 
de ces dernieres. A la lumiere de nos resultats, on peut attribuer tous ces phenome- 
nes de solvation specifique a l'apparition dans le milieu reactionnel du complexe 1 :1 
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dont le caractere polaire est manifeste vu la valeur de son moment dipolaire (3,5 De- 
bye); ceci est en outre compatible avec des donnkes bibliographiques9 postulant que 
l'apparition d'entitb considkrablement plus polaires que les constituants purs d'un 
mklange entraine genkralement un accroissement de la rkactivite des nuclkophiles io- 
niques. 

Summary 

On the viscosimetric and dielectric properties of ethanol-dioxane mixtures 

Viscosities, densities, dielectric constants and refractive indexes were determined 
for ethanol-dioxane mixtures at 25OC. These properties were correlated with the com- 
position of mixtures through simple empirical relations allowing the estimation of the 
above parameters in any mixture. The analysis of the results revealed an experimen- 
tal evidence of the molecular interactions between the components of the system. 

Key words: Viscosities, densities, refractive indexes, dielectric constants, molecular interactions, 
ethanol-dioxane mixtures. 
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Die polarographischen Wellen des Na+ und K+ Ions in wasserigen Losungen haben 
wegen der Ahnlichkeit der Reduktionspotentiale zusammenfliessende Form. Die Moglichkeit 
der Unterscheidung dieser Wellen durch selektive chemische Bindung ist durch den Un- 
terschied der Ionenradien oder der Electronenkonfiguration bedingt. Die orientierte koor- 
dinative Bindung des K+ Ions mit der Saccharose, mittels des Elektronenpaares auf dem 
Sauerstoffatom, resultiert in der Verschiebung der Welle des K+ Ions, wahrend Na+ keine 
solche Bindung formt. Die Erklarung dieses selektiven Effektes, ware nicht in dem Un- 
terschied der Ionenradien zu finden, sondern konnte der Elektronenkonfiguration 3s2 3p6 3d 
des Kaliums zugeschrieben werden. 

Vorwort 

Die Tabelle der Elemente mit langen Reihen, die in modernen Textbuchern 
verwendet wird, zeigt die Elemente geordent nach steigendem Atomgewicht, bei 
welchen die Electronen das 4s Niveau vor dem 3d Niveau fullen. Bei solcher 
Klassifikation der Elemente ist also der Parallelismus des •áAufbauprinzipes•â und der 
Reihenfolge nach der Ahn~ichkeitsordnun~ nicht volstandig, doch wird in etlichen 
Textbuchern solche Klassifizierung als Aproximation bezeichnet.'' 

Theoretisch wurde die Reihenfolge nach dem Aufbauprinzip vorzuziehen sein, 
wenn die chemischen Eigenschaften entsprechend erklart wurden. 

Das Prinzip, welches solche Erklarung ermoglicht wird zu den fundamentalen 
Prinzipien der Natur gerechent, die Symmetrie. 

Die Ausnahme von dem •áAufbauprinzip•â beginnt mit den Elementen Kalium und 
Calcium, die in die erste und zweite Gruppe eingereiht sind, als enthielten sie das 19- 
te und 20-te Elektron in der 4s Orbitale, ohne dass vorher die 3d Orbitale aufgefullt 
ware. 

Ahnliche Ausnahmen von dem •áAufbauprinzip•â der Elektronenbahnen bilden 
auch die Elementz R'b und Sr, J und Xe u.a. 

Es ist aber moglich die Ahnlichkeit der Eigenschaften auch dann zu erklaren, 
wenn die konsequente Anwendung des •áAufbauprinzips•â befolgt wird, wie zum 
Beispiel durch spkrische Symmetrie der Elektronenkonfiguration. 
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Nahmlich, das Einreihen des 9-ten Elektrons zwischen das stabile Oktet in der 
Oberflachenschicht des Kaliums, verursacht die Lockerung und Dilatation der 
Elektronenhulle und dadurch wird die Ionisationsenergie des 9-ten Elektrons kleiner, 
d.h. ahnlich der Ionisationsenergie des 4s Elektrons. 

Die Literatur enthalt zahlreiche Angaben uber die aussergewohnlichen 
Eigenschaften von Jod und Xenon z.B. die Stabilitat des J-, Ions, oder die 
chemischen Bindungen des Xenons mit Fluor, zum Unterschied von noblem Gasen. 
Auch uber Kalium sind Literaturdaten vorhanden,' die darauf weisen, dass Kalium 
nicht ganz charakteristische Eigenschaften der Alkalimetalle besitzt (Kompressibilitat, 
Anisotropie, u.a.). 

In der polarographischen Literatur ist Kalium als das Element beschrieben, 
dessen Welle untrennbar von der des Natriums ist. Das Halbwellenpotential des 
Natriumions betragt -2,lO V und das des Kaliumions -2,13 V, bezogen auf die 
gesattigte Kalomelelektrode (vs. S.C.E.) Dementsprechend ist die Messung der Kon- 
zentration des N a +  und K' Iqns in wasserigen Losungen nicht moglich. Die Separa- 
tion ermoglichen die Nichtwasserigen Medien, wo Na+ und K +  differente Halbstuf- 
fenpotentiale wie auch differente Adsorptionseigenschaften awfwei~en~ .~ .  Auch kom- 
plizierte Cycloverbindungen wie 1,2 diaminocyclohexan-N,N.N', N'-tetraessigsaures 
und 18-crown-6-ather9 bilden mit Na+ und K +  Chelate von ungleicher Stabilitat, was 
auf dem Unterschied der Ionenradien beruht. 

Wenn es aber moglich ware, mit geeignetem nichtcyclischem Reagens in 
wasseriger Losung die Separation zu erzielen, ware dadurch auch der Beweis fur den 
Unterschied der Elektronenkonfiguration des Natriuns und Kaliums erbracht. Der 
Agens der mit Kalium Verbindungen formt und mit Natrium nicht reagiert, kann auf 
Grund der Klassifizierung des Kaliums als Ubergangselements erwahlt werden. Die 
Unsymmetrie der 9-elektronigen Hulle des Kaliums, gegenuber der Symmetrie der 3s 
Konfiguration des Natriums, erlaubt die Voraussetzung, dass Elektrondonorverbin- 
dungen mit Kalium reagieren, oder dass solche Verbindungen das K+ Ion spezifisch 
zu orientieren vermogen und dadurch das Halbwellenpotential verschieben. Als 
Reagens mit freiem, sterisci: orientiertem Elektronenpaar am Sauerstoffatom war die 
Saccharose gewahlt. Auch die experimentellen Messungen mit Ather haben die 
Hypothese bestatigt. 

Experimentelle Messungen 

Die Polarogramme waren mit dem Polarographen P 0 4  ((Radiometer)) 
Kopenhagen, in derivativer Schaltung aufgenommen. Die derivative Polarographie 
ermoglicht die naheliegenden Halbwellenpotentiele genauer auszuwerten. Die an den 
derivierten Polarogrammen erscheinende Maxima, entsprechen den Halbwellenpoten- 
tialen, wennauch sie etwas negativer sind. Die nichtvollkommene Symmetrie der 
Maxima und die geringere Empfindlichkeit der derivierten Polarogramme im 
Vergleich mit der klassischen Polarographie stort aber nicht, in Betracht auf den 
Zweck der Forschung in dieser Arbeit. 

Fur die Quecksilberelektrode war das Quecksilber grundlich gereinigt, 
chemisch mit NaOH und HNO, und durch zweifache Destillation. 
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Die Eletrode hatte folgende Werte der Ausflussgeschwindigheit und der 
Tropfdauer: m = 1,67 mg.s-', t=4,84 s, in der Losung von KCI (C = 10-' mol. 
dm-3), beim Potential 0 V vs. S.C.E. Die Temperatur war kontrolliert auf 298 
KI0,2K. 

Das verwendete Wasser war zweifach aus Quartzapparatur destilliert. Alle 
Chemikalien waren p.a. und der Diathylather war am Tage der Messung frisch 
destilliert, wobei der Aldehyd entfernt war. 

Vol ts  vs .  S.C.E. 

Abbildung 1. Polarogramme aufgenommen in den Losungen: 
a) 10-' rnol dm-' LiOH 
b) 10-' rnol dm-' LiOH und 2.10-2 rnol dm-' C2H,0C2H, 
C )  10P' rnol dm-3 LiOH und 2.10P2 rnol dm- ' 
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Ergebnisse 

Die erste Abbildung zeigt das Polarogramm, das in der Losung des Grun- 
delektrolyten LiOH mit der Saccharose bzw. Ather aufgenommen war. In dem 
Potentialbereich der Reduktion von K +  und Na+ sind keine Stromanstiege zu 
beobachten, und erst vor dem Reduktionspotential des Grundelektrolyten LiOH, bei 
-2.3 V beginnt der Strom anzusteigen. 

Die zusammenfliessende Welle des Na' und K +  Ions ist auf der Abbildung 2. 
gezeigt. 

P 

Vol ts  vs. S.C.E. 

Abbildung 2. Deriviertes Polarogramm von K +  und Na+ in der 
Losung: 1OP2 mol dm-3 LiOH 

5.1OP4 mol dm-3 NaCl 
5.10-4 mol dm-3 KCl 
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Der Effect der Saccharose ist aus Abb. 3. ersichtlich. 

- Volts vs. S.C.E. 

Abbildung 3. Effekt der Saccharose in der Losung von: 
10p2 rnol dm-3 LiOH 

5.10p4 rnol dm-3 NaCl 
5.10p4 rnol dm-3 KCI 
2.10p2 rnol dm-3 

Dieser Messung waren zahlreiche Messungen vorangegangen, um die richtigen 
Konzentrationsproportionen festzustellen. Nahmlich, in dem Bereich von grosseren 
Konzent~ationen der Saccharose oder Athers, wie auch in verdunnteren Loungen, 
wurden die oben gezeigten Effekte nicht beobachtet. (Abb. 7). Die relativen Mengen 
von den ubrigen Komponenten der Losung, d.h. des Li+ und K +  Ions, waren auch 
entscheidend fur den Mechanismus der Reaktion. Wenn die relativen Mengen im 
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Bereich der Konzentrationen die unter Abb. 3. angefuhrt sind entsprachen, waren op- 
timale Effekte sichtbar, d.h. zwei getrennte Wellen geformt. Um die Reproduzier- 
barkeit der Wellen zu veranschaulichen, wurden drei aufeinanderfolgende 
Polarogramme in gleicher Losung aufgenommen. 

Abbildung 4. Zeigt den Separationseffekt bei grosserer K+ Konzentration. 

Vol ts  VS.  S.C.E. 

Abbildung 4. Polarogramm aufgenommen in der Losung mit vergrosserter Konzen- 
tration von KCI: 

5.1OP2 rnol dm-' LiOH 
5.10-4 mol dm-' NaCl 

1.5.10-' rnol d m  KCI 
2.10-* rnol dm-3 
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und Abbildung 5. zeigt das Polarogramm das in der Losung mit vergrosserter 
N a +  Konzentration aufgenommen war. 

Vol ts  vs. S.C.E. 

Abbildung. 5. Polarogramm aufgenommen in der Losung mit grosserer Konzentra- 
tion von NaCI: 

5 ,  10--2 rnol dm-3 LiOH 
1.5.10-' rnol dm-3 NaCl 

5. 10--4 rnol dm-3 KCI 
2.10-2 rnol dm-' 

Der Zusatz von Na+  Ionen verursacht keine Spaltung der Welle, sondern vergrossert 
das erste Maximum. 

Die Messungen mit dem Ather beanspruchten andere Zusammensetzung der 
Losungen. Die Effekte sind kleiner als mit der Saccharose, was mit der 
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Molckulgrosse bedingt sein kann. Dennoch sind zwei deutliche Maxima auf dem 
Polarogramm 6. zu. sehen. 

V o l t s  vs. S.C.E. 

Abbildung 6. Effekt des Athers auf die polarographische Welle von Na+ und K': 
1OP2 mol dm-3 LiOH 

5.10-'hol dm-3 NaCl 
1,5.10p3 mol dm-3 KCl 
1,8.10-' mol dm-3 C2H,0C2H, 
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Wenn die Losung konzentrierter an Ather ist, zeigt das Polarogramm keine 
pespaltete Welle, sondern das Maximum bei negativerem Potential und von etwas - 
kleinerer Hohe. (Abb. 7.) 

Volts vs.  S.C.E. 

Abbildung 7. Effekt von grosserer Ather Konzentration: 
2.1OP2 mol dm-3 LiOH 
5. 10-4 mol dm-3 NaCl 
5.10-4 mol dm-3 KCI 

1 0 ~ '  mol dm-3 C,H,OC,H, 

Diskussion 

Der Effekt der Saccharose ist ersichtlich aus dem Vergleich von Abbildung 2,3, 
und 4. Er besteht in der Resolution der simultanen Wellen des Na'und K+ in zwei 
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Wellen. Der Reaktionsweg der solchen Effekt erklaren kann, ist auf Abbildung 8. 
gezeigt. 

Abbildung 8. Der Reaktionsweg bei der Reduktion von Na+und K+. 

Dem auf der Zeichnung dargestelltem Mechanismus, wurde die folgende Reaktion 
entsprechen: 

Das Na+ Ion bewirkt die Aufnahme des Elektrons von der Eletrode, und danach 
wird das Elektron vom Na+ auf das K+  Ion ubertragen, in tangentieller Richtung auf 
die Elektrodenoberflache. Solches tangentielle Ubertragen des Elektrons wird mit 
positivem Energieeffekt begleitet, da die Perturbation der Elektrone in antisym- 
metrischer Position (Abb. 9. (a) kleiner ist als in der symmetrischen (b), d.h. wenn 
K + simultan mit dem Na+ Ion sein Elektron von der Elektrodenoberflache aufnahme 
(triplete Elektronanordnung). 

Abbildung 9. Die antisymmetrische und symmetrische Anordnung der Elektrone. 

Die gunstige Orientation des K+  Ions fur die tangentielle Elektronubertragung, 
wird durch die Bindung mit dem grossen Saccharosemolekul oder Athermolekul 
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erreicht. Die mit dem valentem Elektron rechtwinkelige Bindung stabilisiert die d- 
elektronige Konfiguration. (Abb. 10). 

AbbildunglO. Die mit dem valentem Elektron rechtwinkelige Bindung des 
Saccharosemolekels. 

Bei grosseren Konzentrationen von K+, wird das Elektron auch zwischen dem 
Na+ und zwei benachbarten K+ Ionen ubertragen, wodurch die singlete Structur 
entstehen kann. Die entsprechenden Wellenfunktionen waren: 

Y" = N(\Yale yb2 + \ Y a l .  ya2 + Ybl - \Yb2) Grundzustand 

Y" = N (Y a2 . Y nl - Y al . \Yb2) Triplet 

Y"' = N (Y . Y b2 + Y . Y a2) Singlet 

Die Potentiale der Maxima in Abb. 3. und 4. deuten an, dass der Energieeffekt bei 
der Reaktion: 

Na0+ K + - N a + +  K0 

von der Konzentrationsproportion abhangt, also mit dem beschriebenem 
Reaktionsmechanismus ubereinstimmt. 

Die Anordnung der Korpuskel an der Elektrodenoberflache, wahrend der tangen- 
tiellen Reaktion, ist nicht streng reproduzierbar und von der Ausflussgeschwindigkeit 
des Quecksilbers abhangig. Aus diesem Grund ist die Separation der Na+ und 
K +  Welle fur quantitative Zwecke nicht ganz geeignet. Auch die kleinste Anderung 
der Konzentrationsproportionen verursacht signifikante Unterschiede in der Form der 
Polarogramme. 

Doch war der Zweck der Forschung in dieser Arbeit ja nicht die analytische Ap- 
plikation des Effektes, sondern die indirekte Erforschung der Struktur des Kaliu- 
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matoms. Die selektive Bindung des Saccharosemolekiils an Kalium, bestatigt den Un- 
terschied der Elektronkonfiguration des Kaliums und Natriums, und deutet auf die 
Moglichkeit der 3d Konfiguration, wenn die Symmetrieeinfliisse giinstig sind. 

Summary 

A Modfied classfication of the Elements. I. Can Potassium be Inserted as a Transi- 
tion Element? Polarographic Behavior of Potassium as Evidence. 

In this work it is shown, that saccharose or ether are able to separate the 
polarographic waves of Na+ and K +  in aqueous solutions. The separation is caused 
by an oriented coordinative link of the saccharose with K+ by participation of the 
free electron pair upon the central oxygen atom of the saccharose viz. ether 
molecule. This selective effect with K+  cannot be caused by the size difference, but is 
indicative of a difference between the electron configurations of Na and K. 

Considering the exceptional properties of potassium described in the literature, 
the observed effects justify the regarding of potassium as a transition element. 

Key words: Polatography. Kalium as Transition Element 

Mezazponq ozqv zatzvdpqoq zwv ozoqeiwv. I. Mnopei zo rcaAzo va rcazazayei oza 
ozoz~eia pszanzuoswc; Anddeztq q noAapoypaqxrc?j oopnspzqopci zoo. 

Czqv ~pyaoia auzq a n o 6 ~ t ~ v l j ~ z a t  6zt q oaqapo<q o at9Epaq pnopoljv va 
Gta~opicrouv za nohapoypacpt~a ~ d p a z a  Na+ Kat K +  0.5 u 6 a ~ t ~ a  Gtahdpa~a. 0 6ta- 
~wptopoq ocp&zat 0.5 h a  npooavazohtopho o u v z a ~ n ~ o  6mpo q q  oa~~apocqq  PE 
To K +  pE zq (3uppEzo~fi ZOU Eh~ljeEpou <EiYyouq qh~~zpoviwv Eni zou K E V T P ~ K O ~  

azopou oEpy6vou cqq o a ~ ~ a p o < q q  Kat avziozot~a zou atO6pa. Auzq q E K ~ E K Z L K ~  

Eni6paoq PE TO K +  6 ~ v  pnopsi va ocpdhszat OE 6tacpop6 p~y660uq ahh6 ~ iva t  EV- 
8EtKzt~q Gtacpopaq p~zak6 zwv 6taz6E~wv zwv qhs~zpoviov vazpiou Kat ~ah iou .  

AV hqcp9oljv un6yrq ot t6taizspsq 16tozqwq zou ~ a h i o u  nou n~ptypacpovzat ozq 
PtPhtoypacpia, Ot E7lt6pa(3Et~ napazqpq6q~av 6t~atohoyoljv zq 8ECbpqoq 
~ a h i o u  oav ozotxeiou pesanzoioswq. 
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Summary 

The possibility of the identification of a compound, which belongs to a concrete category 
of organic compounds, from its mass spectrum using a mass spectra file and a correlation 
coefficient is studied. The development of correlation coefficients for the comparison of the 
mass spectrum of the unknown compound to the mass spectra of all the compounds of the 
concrete category. stored in a magnetic disk, and their use by a computer is also described. A 
new correlation coefficient is proposed, analysed and applied in the cases of essential oils and 
methylated sugars. 

Key words: Correlation coefficient, identification with mass spectrum, mass spectra file, mass spec- 
trometry, essential oils. methylated sugars. 

Introduction 

The rapid development in computer techniques during the past two decades has 
caused enormous changes in analytical chemistry and especially in the processing of 
spectroscopic information. Most of the spectrometers now available are equipped 
with computers.' Library searching remains the method of choice for rapid, on-line 
computerized compound identification by chemical ~ p e c t r a . ~  

Since its initial development, the computerized search of mass spectral data has 
gained widespread acceptance as a useful tool for the identification of diverse com- 
pounds. The variety of mass spectral search systems reported in the literature and 
the automatic inclusion of at least one library search program in computerized data 
systems now commercially available for mass spectrometers attest to the importance 
of the te~hnique.~ So, the computerized search of mass spectral data for the iden- 
tification of organic compounds has become an important tool in analytical 
chemi~try.~ 

The significant number of organic compounds, which belong to a concrete 
category and therefore the corresponding number of mass spectra arises difficulties 
in storing them in conventional means and consequently the use of a computer is 
tempting. The computer can serve for the storage of mass spectra in a magnetic file 
and the identification af an examined compound, using selected characteristics of its 
mass spectrum which are compared to the corresponding characteristics of the stored 
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mass spectra. This is attained by the development and use of a proper correlation 
coefficient. 

The creation of a mass spectra file begins with the collection of the mass spectra 
of all the related compounds and is followed by their storage in the magnetic disk. A 
way of storing a mass spectrum suitable for the development and use of correlation 
coefficients is to make a list of the masses (mle) and the intensities of the most inten- 
sive peaks. The number of the peaks to be stored is arbitrarily chosen by the 
researcher e.g. 4, 6, 8 etc. In this way the storage of a large number of mass spectra 
is achieved. 

The first published suggestion of a computerized mass spectral search has been 
attributed to Abrahansson et al. (1964). In the years following the publication on this 
brief note, a variety of data-encoding methods and comparison algorithms were in- 
vestigated. Although a wide variety of different search methods have been described, 
only limited effords have been made to compare these  technique^.^ The choice bet- 
ween various computational routines used for comparing mass spectra usually 
reduces to a compromise between speed and reliability. The most time-consuming 
calculations involve comparisons of whole spectra, including intensities as well as 
masses, whereas the fastest comparisons incorporate algorithms which consider only 
a few important peaks and neglect intensities. Accuracy of idenacation is sometimes 
lost in making the comparison too simple and in practice the methods adopted 
usually lie between the two extremes mentioned a b o ~ e . ~ - ~  

The correlation coefficient 

The correlation coefficient (c.c.) is a way of estimating the resemblance degree of 
the mass spectrum of the examined unknown compound, with the mass spectrum of 
each of the compounds stored in the magnetic file. Consequently, the C.C. (or 
similarity index) can be considered as an attempt for mathematical formulation of 
the empirical approach of the problem by the researchers. It can be defined as a 
function of the characteristics of the correlated spectra or in other words as a func- 
tion of the criteria used for the mass spectrum interpretation. The value that the C.C. 

takes after its use for each pair of knownlunknown mass spectra states a possibility 
which fluctuates between 0 and 1. The value 0 corresponds to two spectra that have 
no common characteristics and the value 1 to two completely identical spectra, on 
the \basis of the used criteria. 

The identification of an unknown compound is achieved by using a C.C. for the 
comparison of the compound's spectrum with each of the spectra contained in the 
spectra file and by choosing the spectrum which is best adjusted to it, meaning that 
it presents the highest value of the C.C. A program is created for this purpose. 

The creation of correlation coefficients 

For the creation of a correlation coeficient some of the following elements can 
be used: 
- the parent ion peak (M) 
- the basic peak (B) 
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- the number of common peaks (C) 
- the total number of peaks (T) 
- the peaks' intensities (I) 
- the peaks near the parent ion peak 
- other characteristic peaks 

The various C.C. can be classified according to the degree of their complexity, 
which in general increases as the number of the spectrum's elements used for their 
mathematical formulation (in other words the number of the criteria used for the 
spectrum's interpretation) increases. 

In the following the creation of some C.C. of increasing complexity is analysed: 
In the simplest case the number of the common peaks is compared with the total 

number of peaks.9 That is: 

If the total number of peaks of the examined spectrum is not the same with the 
total number of peaks of the spectra in the file, the product of the ratios of the num- 
ber of the common peaks to the total number of peaks for each of the two compared 
spectra. can be used as a C.C. 

That is: 

and if T, = T, = T then 
C c.c:, = - 
T2 

A more complex C.C. is created when besides the number of common peaks, their 
position in the spectra (classified by decreasing order according to their intensity) is 
considered. For each common peak the absolute value of the difference of its posi- 
tion (i, j) in both the compared spectra is subtracted from the total number of peaks 
and all these terms are summed up and then divided by the square of T. 

That is: 

It is also possible to examine the difference between the intensities for each peak. 
This can be done for the peaks of the unknown spectrum or for the peaks of the 
spectrum in the file or for all the peaks. 

That is: 
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One should note that in this case the peaks' intensities are normalized so that: 

Whcn normalizing, the intensities of all the peaks are summed up and the intensity of 
each peak is expressed as a percentage of that sum. 

When not normalizing. the intensity of each peak is correlated with the intensity 
of the basic peak. which is taken as 100. 

A proposed correlation coefficient 

In every case when creating a correlation coefficient the number of common 
peaks, either directly or indirectly. is taken under consideration. For the creation of 
the proposed C.C. we also consider the ration of the intensities for each common 
peak, taking care that this ration is always less or equal to one. 

The proposed correlation coefficient has the following general form: 

where. 

"un" stands for "spectrum of the unknown compound" 
"sf' stands for "spectrum from the spectra file" 
and ak is a participation coefficient which can take several forms. The form to be 
used each time is up to the researcher and depends on the nature of his problem. 

Some of these forms are: 

I .  ak = 1. in the formula (6) the same participation for all the ratios of the inten 
sities (regardless of their value) has been considered, and the C.C. has the following 
form: 

C 1 c7 l ' C.C. = -  - -  \ f k = -  \ ' f  
T C k 7  

k 
T k 7  

2. ak = 12 (T + l )  - (i - j)k1/2. the participation depends on the rank of the com- 
mon peak in the two compared spectra, which means that the most intensive peak 
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has the greatest participation, the first less intensive one has a smaller participation 
defined from ak, etc. 

3. ak = (Isf+ Iun)/2, the participation depends on the intensity of the common 
peak, in the two compared spectra. 

When we use the three forms of the proposed C.C. the peaks' intensities can be 
either correlated with the intensity of the basic peak or normalized as mentioned in 
previous pages. 

The logic diagram for the comparison between the two mass spectra, one un- 
known and one from the spectra file, is given below. This diagram consists of two 
parts: i) the main program which is the same for every C.C. we want to use, and ii) 
the subroutine for the proposed correlation coefficient. 

START i" 
READ THE DATA 

/ OF THE UNKNOWN / 

CALL SUBROUTINE 

FOR THE CALCULATION OF 

FIG. l a: Logic diagram I.  Main program. 
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CALCULATION OF F ( L , K )  - 
FIG. I b: Logic diagram 11. Subroutine for the proposed correlation coefficient. 

The symbols used are: 

I: unknown compound 
.I: compound from the spectra file 
Z: number of unknown compounds 
X: number of compounds in the spectra file 
N: the total number of peaks (the same for both spectra I, J) 
L: index referring to the unknown compound 
K: index referring to the compound from the spectra file 
AP(1. L): the L peak. in decreasing order of intensity, of the I unknown compound 
BP(J. K):  the K peak, in decreasing order of intensity, of the J compound of the spectra file 
AI(1. L): the intensity of the L peak of the I unknown compound 
BI(J. K): the intensity of the K peak of the J compound of the spectra file 
CC(1. J): the c.c.'s value for the comparison of the spectra of the I, J compounds 
F(L. K): the participation coefficient for the pair: L and K peaks 
C: the number of common peaks 
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Applications - ~esu l t s  

Two categories of organic compounds, the essential oils and the methylated 
sugars, were chosen for the application and evaluation of the proposed C.C. 

i) Essential oils 

The magnetic spectra file that was created,'' contained for each of the following 
compounds a list of the masses (m/e) and the intensities of the eight most intensive 
peaks taken from their mass spectral0: a-pinene, camphene, P-pinene, myrcene, 
linalool, cineol, ocimene, limonene, y-terpinene, p-cymene, octanol-3, camphor, linalyl 
acetate, terpineol-4, P-caryophyllene, borneol, geraniol, terpinyl acetate, geranyl 
acetate, a-terpineol. 

The data for the computer were the mass spectra (eight most intensive peaks and 
their intensities) of three of the previous mentioned compounds. These spectra were 
chosen from another source." The compounds were: p-cymene, camphor a d  
linalool, characterized as unknown compound 1, 2, 3 respectively. The comparison 
of the spectra - knownlunknown pair - was carried out using the formulae (l), (3) 
and (6), the latter with its variations. The results obtained are shown in tables I, I1 
and 111. 

TABLE I: Results given by the various correlation coefficients in the case of the essential oil p-cumene. 

UNKNOWN COMPOUND: p-cymene 
SPECTRA 

FILE Cc,, 
CC, CC, 

ak, 1 a t  I ak, 2 a;, 2 ak, 3 a;, 3 

a-PINENE 
CAMPHENE 
P-PINENE 
MYRCENE 
LINALOOL 
CINEOL 
OCIMENE 
LIMONENE 
y-TERPINENE 
p-CYMENE 
OCTANOL-3 
CAMPHOR 
LINALYL ACETATE 
TERPINEOL-4 
a-TERPINEOL 
P-CARYOPHYLLENE 
BORNEOL 
GERANIOL 
TERPINYL ACETATE 
GERANYL ACETATE 

Remarks: a,, = 1 , a,, = [2(T+ l) - (i-jh1/2 , a,, = (Isf + I,,,)/2 

*: the peaks intensities are normalized. 
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TABLE 11: Results given by the various correlation coefficients in the case of the essential oil camphor. 
- -  

UNKNOWN COMPOUND: camphor 
SPECTRA 

FILE Cc,, 
CC, CC, 

k ,  l a& 1 a,, 2 a;, 2 ak, 3 a;, 3 

a-PINENE 
CAMPHENE 
P-PINENE 
MYRCENE 
LINALOOL 
CINEOL 
OCIMENE 
LIMONENE 
7-TERPINENE 
p-CYMENE 
OCTANOL-3 
CAMPHOR 
LINALYL ACETATE 
TERPINEOL-4 
a-TERPINEOL 
P-CARYOPHYLLENE 
BORNEOL 
GERANIOL 
TERPINYL ACETATE 
GERANYL ACETATE 

Remarks: ak. , = 1 , ak, = 12(T+ 1 )  - (i-j)k1/2 , ak, = (Isf + 1,,)/2 
*: the peaks intensities are normalized. 

ii) Methylated sugars 

In order to verify and confirm the effectiveness of the tested C.C. a second 
category of compounds, the methylated sugars, has been chosen. For this reason a 
spectra file12 of the following compounds was created: D-glucose (I), 1,4,6-tri o- 
methyl-a-glucose (2). 1,3,4-tri-o-methyl a-glucose (3), 1,2,3-tri-o-methyl-a-glucose (4). 
1 -3.4.6-tetra-o-methyl-a~glucose ( 5 ) ,  1,2,4,6-tetra-o-methyl p-glucose (6). 1,2.3,6-tetra 
o methyl-P-glucose ( 7 ) ,  1,2,3,6-tetra-o-methyl-a-glucose (8), 1,2,3,4-tetra-o-methyl-a 
glucose (g), methyl-2,3,4,5-tetra-o-methyl-a,D-galactoseptanoside (10), methyl-2,3,5,6- 
tetra-o-methyl-a,D-galactofuranoside (1 l) ,  1,3,4,6-tetra-methyl-P,D-methyl fructoside 
(12), methyl-1,3,4,6-tetra-o-methyl-~,D-fructofuranoside (13), 1,3,4,5-tetra-methyl-P, 
D-methyl fructoside (14), methyl-1,3,4,5-tetra-o-methyl-~,D-fructopyranoside 
(15), methyl-2,3,4-tri-o-methyl-5-methoxy-D-xyloside (16), methyl-2,3,4,6-tetra-o- 

-methyl-a,D-glucopyranoside (17), methyl-2,3,4,6-tetra-o-methyl-a,D-galacto- 
pyranoside (18), methyl-2,3,4,6-tetra-o-methyl-a,D-galactofuranoside (19), methyl- 
2,3,5,6-tetra-methyl-a,D-galactofuranoside (20), methyl-2,3,4,5-tetra-o-apgalactofu- 
ranoside (21), methyl-2,3,4,6-tetra-o-methyl-D-mannopyranoside (22). 
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TABLE 111: Results given by the various correlation coefticients in the case of the essential oil linalool. 

UNKNOWN COMPOUND: linalool 
SPECTRA - 

FILE Cc,, 
CC, CC, - 

a ,  l a;, 1 ak, 2 a;, 2 ak, 3 at,  3 
p--- 

a-PINENE 0.375 0.297 0.158 0.195 0.178 0.171 0.191 0.145 
CAMPHENE 0.250 0.156 0.107 0.106 0.113 0.112 0.117 0.116 
p-PINENE 0.375 0.297 0.297 0.293 0.284 0.281 0.279 0.277 
MYRCENE 0.250 0.219 0.175 0.173 0.175 0.173 0.175 0.173 
LINALOOL 0.625 0.531 0.496 0.464 0.501 0.448 0.505 0.447 
CINEOL 0.250 0.172 0.238 0.143 0.238 0.140 0.238 0.141 
OCIMENE 0.375 0.313 0.243 0.279 0.232 0.239 0.227 0.209 
LIMONENE 0.250 0.234 0.221 0.228 0.229 0.233 0.231 0.234 
y-TERPINENE 0.375 0.219 0.173 0.138 0.179 0.144 0.191 0.152 
p-CYMENE 0.125 0.031 0.009 0.016 0.088 0.016 0.009 0.016 
OCTANOL-3 0.250 0.188 0.159 0.157 0.159 0.157 0.157 0.156 
CAMPHOR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
LINALYL ACETATE 0.500 0.422 0.425 0.432 0.402 0.405 0.392 0.395 
TERPINEOL-4 0.375 0.313 0.271 0.275 0.302 0.301 0.308 0.302 
a-TERPINEOL 0.375 0.297 0.215 0.216 0.258 0.259 0.271 0.272 
p-CARYOPHYLLENE 0.250 0.219 0.194 0.230 0.192 0.230 0.191 0.229 
BORNEOL 0.500 0.313 0.115 0.156 0.100 0.150 0.064 0.124 
GERANIOL 0.250 0.203 0.146 0.144 0.152 0.148 0.157 0.151 
TERPINYLACETATE 0.500 0.328 0.174 0.207 0.193 0.233 0.192 0.239 
GERANYL ACETATE 0.500 0.453 0.288 0.334 0.271 0.337 0.259 0.334 

Remarks: ak, = 1 , ak, = [2(T+ 1) - (i-j)k]/2 , ak, = (Isf + I,,,)/2 

*: the peaks intensities are normalized. 

The data for the computer were the mass spectrum elements of :he compound 
methyl-2,3,4,6-tetra-o-methyl-a,D-glucopyranoside (17). This spectrum was taken 
from another source12 and the compound was characterized as unknown compound 
1. The comparison of the known compounds spectra to the unknown one has been 
made using the correlation coefficients mentioned in the previous application. The 
results obtained are shown in table IV. 

Discussion and Conclusions 

The use of a suitable C.C. "exploits" a spectra file as it offers a quick way for the 
identification of a compound -based on its mass spectrum- from the concrete 
category of compounds in the spectra file. The time required for the comparison 
and location of the most "probable" compounds is the minimum one. 

We can generally observe (Tables I - IV) that all the C.C. which have been tested 
succeeded in their purpose. The correlation coefficient C.C.,, gives the highest values 
in all cases because it estimates the similarity using the minimum characteristics of 
the spectrum. In regard to the proposed C.C. each of its fbrms presents a different 
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TABLE IV: Results given by the various correlation coefficients in the case of the methylated sugar 
methyl-2,3,4,6-tetra-o-methyl-a,D-glucopyranoside (17). 

UNKNOWN COMPOUND: 17 
SPECTRA 

FILE CCP, 
CC, CC, 

ak, 1 a;, 1 a,, 2 a;, 2 ak, 3 a;, 3 

Remarks: ak, = 1 , ak. = [2(T+l) - (i-j),l/2 , a,, = (Isf + I,,)/2 

*: the peaks intensities are normalized. 

aspect. From the results (Tables I - IV) we can conclude that the form with ak = (Isf 
+ I,d/2 gives the best ones. 

When the peaks intensities are normalized the differences between the values 
given by the proposed C.C. are, in general, decreased. This means that the normaliza- 
tion does not offer better results in the case of essential oils. On the contrary, in the 
case of methylated sugars there are examples where the normalization gives better 
results, as seen in the corresponding table. 

From the application of the correlation coefficients to the essential oils and the 
methylated sugars we can conlude that the correlation coefficients give for the same 
comparison different results related to the number and the kind of the criteria which 
have been set for their mathematical formulation and in this way the values given by 
each C.C. are expected to transpose to 0 or to 1. From the values of the different 
correlation coefficients for the same pair of compared spectra the lowest is the one 
given by that C.C. which tests most of the characteristics of the spectrum. This means 
that for each C.C. there are different confidence limits. 
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A fact that influences the comparisons is the differences presented in the mass 
spectra of the same compound when they come from different sources. In this way, 
the values that a C.C. takes are influenced by the quality of the stored spectra (the 
way they have been obtained and their reproducibility). If the mass spectrum of a 
compound has been received by the same means all the spectra in the file have been 
received, then high values of the correlation coefficients, when comparing spectra of 
the same compound, are expected. However when the spectra of the compound is 
compared with spectra in the file, which has been created using reference data or in- 
dex books, then it is possible that the same C.C. might give lower values for the same 
comparison. 

The obtained results clearly lead to the following conclusion: we can identify an 
unknown compound from its mass spectrum using correlation coefficients of different 
complexity; in this case the results must be evaluated on the basis of the creation 
and function of each C.C. 

C V V Z E A E ~ Z ~ ~  ovox6~zov~ yia zavzonoiyov ayvdozcov &vdo&cov ,U& xprjav paopcitcov 
,ucicac U E  apx~ia H/Y 
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Summary 

The quantum yields of the lucigenin light reaction in 1OP2M didodecyldimethylammoniurn 
bromide lamellar (unsonicated), vesicular and y-irradiated vesicular aggregates are affected by 
progesterone in the concentration range 0-20x 1 0 ~ ~ ~ .  The presence of progesterone in the 
oriented systems results in increased quantum yields, the effect being more pronounced in the 
sonicated system where the increase is as high as 60% at higher concentrations. The effect of 
y-irradiation with a dose of 30 Krad on the sonicated system is negligible. Quenching of the 
fluorescence of N-methylacridone, the light reaction's primary emitter, by progesterone was 
observed with a quenching rate constant equal to 2.16 X 101O~-ls- l .  The quantum yields 
herein reported are corrected for self absorption and for the quenching effect above. 

Keywords: Chemiluminescence; Lucigenin; Membranes; Progesterone. 

Introduction 

Working with the 10,lO'-dimethyl-9, 9'-biacridinium nitrate (lucigenin) light reac- 
tion we have shown'.2 that chemiluminescence in micellar media, among other effects 
(a) results in increased quantum yields and (b) light emission from the primary emit- 
ter is demasked, whereas said emission in homogeneous media is masked by energy 
transfer to other species. These effects were further intensified3 in didodecyldi- 
methylammonium bromide (DDAB) bilayer lamellar aggregates, a membrane 
mimetic agent thermodynamically more stable than micelles. As there are chemical 
factors affecting the rigidity and stability of biological membranes, we have sought to 
modify the rigidity and stability of the above membrane mimetic agents by the 
presence of such factors, expecting that the effect of said factors would be illustrated 
by changes in the quantum yields of the light reacton taking place in the membrane 
mimetic agent. Indeed, the light reaction in DDAB lamellar aggregates was more ef- 
ticient in the presence of 10-4M cholesterol4, less efficient in the presence of vitamin 
C 5 .  ? the results with vitamins P were inconclusive6, while nicotine caused a dramatic 
drop in quantum yields7. Steroid sex hormones (estrone and 17a-ethynyle~tradiol)~ 
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resembled cholesterol in that they caused a steep rise in quantum yields at low con- 
centrations. followed by a decline at higher estrogen concentrations. 

As the DDAB aggregates of the above experiments were characterized by some 
opacity, high correction factors had to be employed for self absorption which caused 
some scattering of the experimental points. This work was therefore undertaken as a 
comparative study of cherniluminescence in lamellar and vesicular aggregates employ- 
ing progesterone, a sex hormone, as the membrane modifying agent in search among 
other things, of a more transparent membrane mimetic structure. 

Experimental 

Solutions: Progesterone, to cover a final concentration range of 0-20x 10-4M, 
was added to aqueous IO-?M DDAB, stirred at room temperature for 72h and the 
mixture was divided into two portions. One portion was centrifuged (3500 rpm; 1.5 
h), a small volume of 10-W lucigenin was added to reach a final lucigenin concen- 
tration of 10pSM and the mixture was stirred for 0.5 h prior to the chemiluminescen- 
ce measurement; this solution will from now on be refered to, as "lamellar". The se- 
cond portion was sonicated (M.S.E. sonicator; 0.5 h), it was then centrifuged (3500 
rpm: 1.5 h) and lucigenin was added as described above to give the test samp!es 
designated as "vesicular". Finally, a portion of the sonicated mixture was dearated 
with Ar and was irradiated in a "CO y-irradiation source (ca 700ci; dose rate 500 
rad min-l: total dose 30 Krad; dosimetry was performed with the Fricke dosemeter 
using G,,3+=15.6). Lucigenin was then added as described above to give the test 
samples designated as "irradiated". 

Chernilunzinescence measurements: These were carried out in an Aminco 
"Chem-glow" photometer with the timer circuitry disconnected, on addition of 
NaOH (30 p1. 0.05N) and H 2 0 2  (30 pl, 3%) to 250 p1 of the above solutions. Each 
measurement was repeated in the absence of progesterone and the light integrals 
QprOg and Q were corrected for self absorption at h=500 nm. This correction was 
based on the mean transmittance at the beginning and the end of the light reaction, 
taking into account the radius of the reaction vessel representing the mean light path. 
A second correction factor employed here, was the reciprocal of the Stern-Volmer 
1011 values required by the quenching effect of progesterone on the N-methylacridone 
(NMA) fluorescence. Finally thb Q,,,,/Q ratios thus obtained were plotted versus 
progesterone concentration for all three types of solution. 

Stern-Volmer plot: Solutions for the Stern-Volmer plot were prepared by the ad- 
dition of 2 m1 ethanolic solutions of progesterone to Iml ethanolic 10-5M NMA solu- 
tion to cover a final progesterone concentration range of 0-20x IOp4M. Excitation 

was 273 nm; fluorescence was 423 nm. The soluiions employed were not 
deaerated and all measurements were performed at room temperature. The quenching 
rate constant was calculated from the linear part of the plot. 

Spectra: Excitation, fluorescence and chemiluminescence spectra were run on an 
Aminco-Bowman SPF spectrofluorimeter; absorption spectra were run on a Hitachi 
220 spectrophotometer. 
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Results and Discussion 

The lucigenin-NaOH-H,O, light reaction leads to excited NMA. De-excitation of 
this primary emitter results in light emission with h,,, ca 430 nm plus energy 
transfer to other species with subsequent emission at ca 500 nm. In cationic oriented 
\ystems such as the DDAB aggregates employed here, the lucigenin cation is 
repelled from the positively charged interface; it seems therefore, that a non-ionic in- 
termediate of the light reaction migrates to the Stern layer of the aggregate resulting 
as shown earlier'. ', in NMA emission from this region. In any case, the chemi- 
excitation and de-excitation steps occur both in the aqueous and oriented phases. 
Progesterone, on the other hand, being insoluble in water is solubilized by the 
aggregatc. Although, lack of absorption by progesterone prevented us from es- 
tablishing the exact location of this addend in the oriented phase, it is reasonable to 
assume that it resides in the aqueous interface as is the case with other steroids9. 
Finally. any effect of the hydroxide anion on the structure2 l 0  of the oriented phase is 
automatically nullified, as the parameter reported here is the ratio of quantum yields 
with and without progesterone in the same system, under the same conditions. 

As we observed quenching of the NMA fluorescence by progesterone, another 
complication was added in this study since it had to be quantitatively determined; the 
quenching rate constant K q  was calculated from the slope of the Stern-Volmer equa- 
sion 

The Stern-Volmer plot is shown in Fig. 1 for ethanolic solution (since this solvent 
simulates as far as the polarity is concerned the Stern region of micelles and very 

-[progesterone]( X 1oW4 M) 

FIG. 1 .  Stern-Volnzer plot for the NMA fluorescence quenching by progesterone. 
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possibly of DDAB aggregates); substituting 14.1 X 10-9s for T, the NMA fluorescence 
lifetime in ethanoll1, the quenching rate constant kg becomes equal to 2.16 X 101•‹ 
M-'S-' for the linear section of the plot with a correlation coeacient r2=0.99 (the 
last experimental point not included). The slight curvature introduced by the last 
point at higher quencher concentrations indicates some additional "static" quenching 
in small extent. 

The reaction was studied in lamellar, vesicular and y-irradiated vesicular 
aggregates and the results are shown in Fig. 2 for the first and in Fig. 3 for the later 
two, as ratios of quantum yields in the presence and absence of progesterone, versus 
progesterone concentration. The plots shown here are based on the experimental 
points corrected for self-absorption (curve a) and on the points of (a) corrected for 
the fluorescence quenching of NMA, the primary emitter, by progesterone (curve b). 
The second correction should only be taken as a gross approximation representing 
maximum values as the quencher (progesterone) is mainly located in the aggregate- 
aqueous interface9, while the emitter (NMA) is partitioned between the aqueous 
phase and the aggregate's Stern layer. Although NMA is highly insoluble in water 
and a partition coefficient between aggregate and aqueous phase is expected to be 
much in favour of the aggregate, it should be noted here that lucigenin, its precursor, 
is highly soluble in water, so that part of the excited NMA is produced in the bulk 
phase; the lifetime of this excited state is too small to allow entry in the aggregate 
before light emission (cf lifetime of NMA* in the order of a few nsl1; rate of entry of 
organic molecules in vesicles must be of the order of the entry of the same molecules 
in rnicelle~'~ i.e. 106s-l). 

FIG. 2. Ratios of chemiluminescence quantum yields in the presence and in the absence of progesterone 
as a function of progesterone concentration in lanzelar aggregates. Curve (a) Corrected for self ab- 
sorprion: Curve (b) Corrected ]'or self absorption and fluorescence quenching of NMA. 
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FIG. 3. Ratios of chemiluminescence quantum yields in the presence and in the absence of progesterone 
as a function of progesterone concentration in vesicular and y-irradiated vesicular aggregates. Curve (a) 
Corrected for self-absorption. A vesicular, o irradiated; Curve (b) corrected for self-absorption andfluo- 
rescence quenching of NMA: X vesicular, 0 irradiated. 

A peak at lower progesterone concentrations in the lamelar aggregate (Fig. 2), 
reminiscent of a similar behaviour of cholesterol4, estrone and 17a-ethynylestradio18 
in this system is not observed in the vesicular system. As in phospholipid membranes 
(the DDAB aggregates are simple models of such membranes) the effect of steroids 
has not yet been reported at very low concentrations so that any interpretation of 
this peak would be too tentative. It should be noted here, however, that in 
phospholipid membranes, chain fluidization start's at cholesterol concentrations over 
7.5% w/w13, corresponding in our system, to a steroid concentration of ca 5x lW4M. 

The increased quantum yields observed in the vesicular aggregate versus those in 
the lamellar one, could be rationdized considering that (a), in the former system the 
surface area is larger, thus increasing the probability of the light reaction occuring in 
the aggregate and (b) in the lamellar system, part of the steroid is expected to be 
"buried" between lamellae at sites inaccessible by lucigenin and its reaction inter- 
mediates under our experimental conditions. 

Finally, the little effect of y-irradiation on our system observed in Fig. 3 is ap- 
parently due to the inefficiency of the dose employed (30 Krad). Indeed, electron 
microscopy reveals that DDAB aggregates are unaffected by doses under 67 Krad 
(I. Anastassopoulou, unpublished results), while it has been shown lately that the 
same is true for the basic steroid skeleton (A.E. Mantaka-Marketou unpublished res- 
ults). 
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In conclusion, .the presence of progesterone in DDAB aggregates, affects the 
quantum efficiency of the lucigenin light reaction in said aggregates due as we have 
argued earlier to modification of the fluidity of the membrane mimetic agent. 
Furthermore, although the peak appearing in the lamellar system at very low concen- 
trations (Fig. 2) is absent in the sonicated system, the latter seems more convenient 
for such studies as the effect is more pronounsed here, while the correction factors 
required are much smaller. 
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Abbreviations: halogenobenzoylhydrazines (X-BH), 2-halogenobenzoyldithiocarbazic 
potassium salts (X-BDTC-), halogerrobenzoylhydrazones of: 2-furaldehyd (X-FBHH), 2- 
thiophenaldehyd (X-TBHH), 2-pyrrolaldehyd (X-PBHH), 2-pyridylceton (X-DBHH). Dicloro- 
benzoylhydrazines (C1,BH). Infrared (ir). 

Introduction 

In extended investigations of the infrared spectra of aromatic compounds, it was 
found that a great number of them, which contained halogen atom directly attached 
to an aromatic nucleous, showed characteristic absorption Thus, it was 
suggested that such bands could be useful in indentification procedures. 

In the present paper it was attempted to give further applications of the correla- 
tions established and enlarge them as possible. This was achieved by affording 
assignments of the ir spectra of seventy-two compounds which contained the group I. 

where X is F, Cl, Br and I in ortho, meta or para position. 
The investigation aims to define characteristic bands of each halogen in ortho, 

nteta or para position and of the type of substitution in the group I. In addition, it is 
believed that useful informations could be given by an analogous study of four 
dichlorobenzoylhydrazines which are also comprised in the present paper. 

Experimental 

The compounds which contained the group I are: halogenobenzoylhydrazines, X- 
C,H,-CONHNH, (X-BH), 3-halogenobenzoyldithiocarbazic potassium salts, X- 



216 D.A. HARISTOS, I.A. TOSSIDIS, C.E. YOURI-TSOCHATZI, L.K. TZAVELLAS 

C,H4-CONHNHC(S)SK (X-BDTC-)*, halogenobenzojdhydrazones of: 2- 
furaldehyd, X-c,H,-CONHN=CH 9 (X-FBHH), 2-thiophenaldehyd, X-C6H4- 
CONHN=CH -0 (X-TBHH), 2-pyrrolaldehyd, X-C6H4-CONHN=CH (X- 
PDHH) and dh-pyridylceton, X-C6H4-CONHN=C 191, (X-DBHH). ThF  four 
dichlorobenzoylhydrazines, C12C6H,-CONHNH, (Cl,BH), a re  the 2,4-, 2,s-, 3,4- 
and 3,s- disubstituted benzoylhydrazines. 

The preparative part of the studied compounds is that of previous  paper^^-^. The 
infrared spectra were recorded in a Perkin Elmer 467 spectrophotometer with KBr 
pellets. 

Results and discussion 

The characteristic bands of the halogen as substituents in ortho, meta or para 
position are listed in table' I. The characteristic bands of the type of substitution are 
listed in table 11. 

The characteristic bands of the halogen as substituents3~ l0 range in 1100-1035 
cm-'. The frequency range of the characteristic band of each halogen at a certain 
position is generally narrow. This band is, reasonably, shifted into lower frequencies 
from fluoro to iodo compounds, following the order of decreasing electronegativity. 
For the same halogen the frequency of this band increases (with the exception of o- 
fluoro compounds) according to the order v,,h, < v,,ta < vp,,. This could be at- 
tributed to the increasing charge transfer from the aromatic nucleus to the halogen 
as the latest retires from the carbonyl group. 

The C1,BH give rise to a single strong and sharp band as follows: 1060 cm-' 
(2,4-Cl,BH), 1048 cm-' (2,s-Cl,BH), 1035 cm-' (3,4-C1,BH) and 1025 cm-' (3,s- 
C1,BH). It is interesting to note that the higher frequency belongs to the more 
assymetrical molecule (2,4-C1,BH) and the lower one to the more symmetrical ( 3 5  
C1,BH). 

The type of substitution in disubstituted benzenes is generally characterized by 
several bands 2, 4. In our assignments the number of these bands is limited because 
some of them are overlapped by other absorptions. Thus, we can take under con- 
sideration only two bands due to the ring-stretching frequencies v(C-C) (a strong in 
1625-1590 cm-' and a medium to strong in 1500-1464 cm-'), two bands due to in- 
plane hydrogen deformation frequencies P(C-H) (one in 1190-1155 cm-' and the 
other in 1135-1095 cm-', both varying) and two bands due to out-of-plane hydrogen 
deformation frequencies ?/(C-H) (one in 855-780 cm-' and the other in 768-730 
cm-', both medium to strong). 

In the ring-stretching and in plane hydrogen deformation frequencies there were 
-not defined remarkable differences due to the type of substitution. In the out-of-plane 
hydrogen deformation frequency region (855-730 cm-'), we found the following 
bands: one band in ortho compounds (in 768-740 cm-'), two bands in meta com- 

* In the case of p-Br and p-I substituents the prepared salts are of the formula Br or 
I- - C(0K) = NNHCS(S)KH,O. 
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TABLE I. Characteristic ir absorption bands due to the nature of the substituent 
(region 11 10-1035 cm-'). 

Substituent BH BDTC FBHH TBHH PBHH DBHH M and a*  
- - - - - - 

m=medium, st=strong, sh=shoulder 
*M and a=arithmetical mean and standard deviation. 

pounds (the first in the region 835-780 cm-' and the second in 760-730 cm-') and 
two bands in para compounds (one in 855-835 cm-' and the second in 755-730 
cm-'). 

The frequencies of the band in the region 768-730 cm-' show negligible differen- 
ces in ortho, nzeta or para substitution. A distinction of the type of substitution could 
be provided by the presence or the absence of the band in 855-780 cm-' and, 
further, by the different region of this band in meta or para compounds. Thus, in 
nzeta compounds this band ranges in 805-780cm-' (except m-fluoro compounds 
which absorb in 835-822 cm-'), in para compounds ranges in 855-835 cm-' and in 
ortho is disappeared. The nature of the halogen influences the precise position of the 
band within the frequency range. As a conclusion, worthy informations for the 
recognition of the type of substitution could be afforded in this region. 

The characteristic bands of the type of substitution of the dichloroben- 
zoylhydrazines in the range 855-730 cm-' are as follows: 838st and 710m (2,4- 
Cl,BH), 830st and 710st (3,4-Cl,BH), 814st and 712m (2,5-C1,BH) and 810st and 
750m (3,5-C1,BH). The 2,4-, 3,4:_and 2,5-C1,BH are of the same type of substitu- 
tion and differ only in the relative position of the halogens in the aromatic nucleus. 
The 2,4- and 3,4-C1,BH have almost the same absorptions whilst in 2,5-C1,BH the 
first band is shifted towards lower frequencies. Another band of very strong intensity 
in 880-870 cm-' which is present in all dichlorobenzoylhydrazines (except in 3,4- 
C1,BH) could hardly be explained while a medium to strong band in 678-672 cm-' 
which was found in all CI,BH, could not be considered as a criterion of the sym- 
metrical 1,3,5- substitution". 
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TABLE I1 

v(C-C) v(C-C) P(C-H) P(C-H) W - H )  
Substituent range range range range range range 

(M and a)* (M and a)* (M and a)* (M and a)* (M and a)* (M and a)* 
-- 

0-F 1615-1610** 1492-1472 1175-1155 1155-1104 - 758-752 
(161222) (148328) (1165+8) (1110+5) (755f 2) 

0-Cl 1610-1590 1495-1470 1175-1155 1135-1100 - 752-740 
(1600+9) (1486f 7) (1165f8) (1123+12) (743+4) 

o-Br 1616-1590 1500-1470 1170-1160 1130-1120 768-740 
(1604+12) (1480f 10) (1165+3) (1123+4) (751k7) 

0-1 1625-1598 1490-1470 1170-1160 1122-1110 - 768-740 
(1610k10) (1478k8) (1167+4) (1 118+4) (7542 10) 

m-F 1625-1590 1485-1475 1170-1150 1125-1 102 835-822 755-736 
(1608k 14) (148224) (1 16028) (1 115k6) (829k4) (745i6) 

m-C1 1625-1590 1480-1468 1180-1160 1135-1095 805-790 752-740 
(1615k14) (147327) 1173211) (1117217) (8011f-5) (74525) 

m-Br 1625-1590 1480-1468 1180-1160 1135-1 105 805-792 750-732 
(161 1+11) (147226) (1 16728) (1 119212) (80024) (74026) 

m-I 1625-1590 1480-1464 1180-1 160 1122.1095 805-780 740-730 
(1605+14) (146827) (1 163k6) (1 10929) (79429) (735+-3) 

P-F 1615-1605 1500-1475 1170-1 160 1145-1 120 855-842 760-740 
(1608+5) (1490+11) (116424) (1 136212) (848k5) (750k7) 

P c l  1620-1590 1495-1475 1185-1 170 1140-1116 850-840 750-730 
(1607+11) (148527) (117626) (1126+12) (84423) (74226) 

P Br 1620-1590 1490-1478 1185-1 180 1135-1 110 850-835 752-735 
(1606k 10) (148325) (1 182+2) (1 124210) (84026) (743k6) 

P-I 1615-1590 1485-1465 1190-1 180 1135-1 110 847-835 755-740 
(1601t9) (1477t7) (1184k4) (1121210) (83822) (74825) 

* (M and a)=arithmetical mean and standard deviation. 
** Frequencies in cm-'. 

Summary 

In the ir spectra of seventy-two aromatic compounds which contained the group 
X Y @ ~ o ~ ~ ~ :  (where X=F, Cl. Br or I in ortho, nzeta or para position) there were found 
characteristic bands of the nature and the position of the halogen. 

The characteristic bands of the nature of the halogen range in 11 10-1035 cm-'. The 
characteristic bands of the type of substitution are: the ring-stretching vibration bands v(C-C) 
in 1625- 1464 cm-'. the inplane hydrogen deformation bands @(C-H) in 1 190- 1095 cm-' and 
the out-of-plane hydrogen deformation bands v(C-H) in 855-730 cm-'. The band which could 
be considered as  a characteristic one for the recognition of the type of substitution is that in 
855-780 cm-'. 

Analogous characteristic bands were also found in four dichlorobenzoylhydrazines. 

Keywords: IR spectroscopy, halogens compounds. 
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CE cpaoyaza unspdopou ~PGoyfivza-6uo apoyaz t~hv  svhocwv nou n~ptB~ouv zqv 
opciba X+CONHN: (6nou X=F, Cl, Br Kat I o& opOo-, yma- 4 napa- 00oq) @ p & -  
~ a v  zatvisq ~ a p a ~ z q p t o n ~ k q  zqq cp6oqi Kat zqq 08oqq zou ahoy6vou. 

Ot ~apaKqptoztK& zatviq zq5 cpdoqq TOU ahoy6vou Ppio~ovzat ozqv n ~ p t o ~ f i  
ou~voz4zov 1110-1035 cm-'. H ~ a p a ~ z q p t o z t ~ f i  zatvia yta zqv i6ta Oioq 
uno~azbozaoq< y~zazoniQxat OE ~apqh6wpsq ou~vozqasq an6 nq cpOopo- npoq nq 
t a b  ~vhostq Kat yta TO i6to ahoy6vo aukavszat ( F E  ~Eaip~oq z y  opOo- cpOopo- 
s v h o a ~  odpcpova PE zq o~ tp& < v psTn- < vrrapa.. 

Ot ~apamqptonxiq zatviq zqq uno~azkozaoq~ ppio~ovzat ozqv nsptoxfi 1625- 
730 cm-' Kat sivat ot ~ k f i ~ :  6uo zatviq ozqv nspto~q 1625-1464 cm-' nou ocp~iLov- 
Tat ozqv 66vqoq z a o q ~  zou Ga~zuhiou v(C-C), 660 ozqv n ~ p t o ~ f i  1190-1095 cm-' 
nou ocpsihovzat 0s E V T O ~  ~ntni6ou 66vqoq @(C-H) xat 660 o q v  nsptoxq 855-730 
cm-' nou ocp~ihovzat OE E I C T ~ S  ~ntnB60u 66vqoq y(C-H). Oq xptzfipto yta zov 
~aOoptop6 zqq psza- uno~azaozaoqq pnop~i va hqcposi q napouoia zatviaq oza 805- 
780 cm-' ( s~z6q  an6 ztq p-cp00p0 E V ~ ~ E L S  nou ppiomzat oza 835-822 cm-'), zqq 
napa- uno~azaozaoq5 oza 855-835 cm-' svh ozqv op0o- unoxazaozaoq q zatvia 
auz4 &acpavi@zat. H a~pt@fiq Oioq zqq ~atviaq ~aoopir~zat  an6 zq (pdoq*zou 
ahoybvou. 

Avahoys~ ~ a p a ~ z q p t o z t ~ i ~  oatviq &ouv snioqq &ntoqpavO~i 0s  z b u s p y  
6 t ~ h o p o ~ ~ v ~ o f i h o B 6 p a < i v ~ ~ .  
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Introduction 

Alkylation of oximate anions (l), is known's2 to occur at both oxygen and 
nitrogen, leading to mixtures of oxime ethers and nitrones. Although in principle 
C - alkylation is also possible, the corresponding nitrosocompounds have not been 
observed. 

In this work we study the arylation of mainly aliphatic oximate anions with 
aryliodonium salts (l), which affords predominantly aryl oxime ethers (3) and not the 
unstable N - aryl n i t r ~ n e s ; ~ - ~  instead triaryl amines (4) and/or azoxycompounds (5) 
are obtained. 

Although the characteristic green colour of nitrosocompounds appears during the 
reaction, suggesting that C - arylation occurs to some degree, those compounds 
could not be isolated. 

Dimethyl glyoxime gives mixture of mono (6) and diary1 oxime ether (7), while 
l3 - dioximes give predominantly triaryl amines. 
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The synthesis of ethers involves probably nucleophilic attack from the oxygen of 
the oximate anion to hypervalent iodine. 

The intermediate (8) is unstable and may give heterolytically (3) and PhI. The 
retention7 of oxime configuration is evidence against a covalent intermediate @a), 
which is known to split homolytically8~g, since iminoxy radicals equilibrate to cis - 
trans isomers. 
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The unexpected products (4) and (5) are thought to arise via the unstable N - aryl 
nitrone which isomerises to the corresponding oxaziridine (9): 

Ph38 + Cl ,  + PhI 

It is known1O," that amines are arylated by iodonium salts, an arylation that 
also could occur in haloamines which have ((positive halogen)). On the other hand, 
the homolytic fission12 of N - X bond of haloamines as well as the homolytic splitting 
of C - X  bond of iodonium salts give support to the last step of the mechanism 
suggested above. 

Both N - chloramines and N - phenyl oxaziridines are not  table'^,'^, so that 
neither (9) nor Ph,NCl could be prepared, in order to test the feasibility of their 
arylation by iodonium salts. 

The trapping of the expected nitrones was also attempted by addition of alkenes 
or alkynes. Though such cycl~addit ions~~ occur between 85 - 100•‹C, when such es- 
periments were performed at room temperature, the alkeneslalkynes remained un- 
altered and the reactions proceeded as before, while at higher temperatures 
polymerization occured. 

Concerning the formation of azoxycompounds, they must be obtained by oxida- 
tion of (9) with atmospheric air. 

Experimental 

1.r. spectra are recorded with a Perkin - Elmer 297 spectrometer (nujol mulls or 
neats). Mass spectra are obtained from a Hitachi - Perkin Elmer RMU - 6L (single 
focusing) spectrometer at 70 eV. lH n.m.r. (60 MHz or 80 MHz, Me,Si internal 
standard) are recorded on a Varian A - 60A spectrometer (in two cases on a Varian 
CFT - 20 NMR spectrometer). 
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Iodonium salts are prepared by one of the known methods16. 
The sodium salts of oximes are prepared from the corresponding oximes and an 

ethanolic solution of sodium ethoxide. 

General procedure for the reactions between oximates and iodonium salts. 

In a two necked flask, provided with a reflux condenser and a calcium chloride 
drying tube at the top, 5 m1 of absolute EtOH and 200 mg (8.7 mmol) of sodium are 
added. The oxime is then added from a dropping funnel as an ethanolic solution and 
in a equivalent quantity with sodium. Equivalent amount of the suitable iodonium 
salt is then added gradually with simultaneous stirring. A change in the color of the 
mixture and a small increase in temperature is observed after a while. The reaction is 
considered finished after about 24 hours. The mixture is filtered, concentrated and 
chromatographed on a column (silica gel, hexane, hexane - chloroform 5050) for the 
isolation of products. 

Most of the ethers (3u - h) as well as (6) and (7) are new compounds: (3u) yield 
57% b.p. 84 - 85 OC/10 mmHg, Lit.17 84 - 85 OC/10 mmHg. (3b) yield 41% b.p. 90 - 
91 OC/10 mmHg, i.r. v,=, 1600 cm-'. n.m.r. 6 (CC1,) 6.93 - 7.08 (5 H, m), 2.00 - 
2.50 (2 H, m), 1.90 (3 H, S), 1.00 - 4.42 (3 H, m). m/z 163 (14), 105 (35), 94 (64), 
77 (68), 70 (32), 65 (100). (Found: C, 73.10; H, 8.10; N, 8.61. CloH,,NO requires 
C, 73.62; H, 7.97; N, 8.59. (3c) yield 86%. i.r. v,, 3020, 3000, 2900 cm-', v, =, 

1600 cm-'. n.m.r. 6 (CCI,) 7.08 (5H, m), 1.96 (3H, S), 1.17 (9H, S). m/z 192 (12), 
191 (74), 94 (94), 65 (74), 57 (100). (Found: C, 75.41; H, 8.72; N, 7.03. CI2Hl7NO 
requires C, 75.39; H, 8.90; N, 7.33). 
(3d) yield 40%. b.p. 94 - 96 OC/3 mmHg, lit." 95 - 96 "C/3 mmHg. 
(3e) yield 42%. m.p. 85 - 86 OC. i.r. v,, 3040 cm-', v, = , 1600 cm-'. n.m.r. 6 
(CC],) 7.35 (15H, m), 3.82 (2H, S), 3.54 (2H, S). m/z 301 (4), 208 (15), 182 (70), 
117 (loo), 90 (42), 65 (85). (Found: C, 83.68; H, 6.36; N, 4.51. C,,H,,NO requires 
C, 83.68; H, 6.36; N, 4.65). 
(3f) yield 35%, m.p. 50 - 51 OC. i.r. v,, 3030 cm-', v,=, 1600 cm-'. n.m.r. 6 (CCl,) 
8.22 (IH, S), 7.10 - 7.70 (9H, m). m/z 231 ( l l ) ,  229 (16), 139 (30), 137 (69), 94 
(100). (Found: C, 67.12; H, 4.35; N, 6.14. C,,H,,ClNO requires C, 67.38; H, 4.32; 
N, 6.05). 
(3g) yield 79%. b.p. 84 - 85OC/6 mmHg, lit17 84 - 85OC/6 mmHg. 
(3h) yield 56%. i.r. v,=, 1600 cm-'. n.m.r. 6 (CCl,) 7.30 (5H, m),0.50- 1.25, 1.42 - 
2.42 (lOH, m). m/z 177 (100). (Found: C, 74.25; H, 8.48; H, 7.92. CllHl,NO re- 
quires C, 74.58; H, 8.47; N, 7.90). 
(6) yield 51%. m.p. 30•‹C. i.r. v,, 3120 cm-', v c  , 1595,cm-l. n.m.r. 6 
(CCl, + DMSO - d6) 11.60 (lH, S), 7.20 (5H, m), 2.20 (3H, S), 2.30 (3H, S). m/z 192 
(13), 141 (21), 94 (50), 65 (loo), 58 (100). (Found: C, 62.32; H, 6.32; N, 13.99 
ClOHl2N,O requires C, 62.50; H, 6.25; N, 14.58). (7) yield 45%. m.p. 120•‹C. i.r. 
v,, 3030 cm-', v,=, 1590 cm-'. n.m.r. 6 (CCI,) 7.00 - 7.30 (IOH, m), 2.34 (6H, S). 
m/z 268 (l), 175 (O.5), 94 (22), 93 (27), 65 (100). (Found: C, 71.64; H, 6.24; N, 
10.23. C,,H,,N,O, requires C, 71.64; H, 5.97; N, 10.45). 
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Triarylamines (4) are known compounds as well as azoxycompounds 
(5): 
(4,) yield 8% m.p. 127 - 129•‹C. 
(4,) yield 4% m.p. 116"C, lit.1V170C. 
(4,) yield 5% m.p. 147"C, lit." 147•‹C. 
(5,) yield 15% m.p. 36"C, (trans). 
(5,) yield 10% m.p. 70•‹C, lit.2u 69 - 70•‹C. 
(5,) yield 7% m.p. 156"C, lit.21 158 - 159•‹C. 

Summary 

Arylation of aliphatic oximate anions with iodonium salts leads mainly to aryl 
oxirne ethers. Triaryl amines and/or azoxycompounds are also obtained, probably in- 
stead of the expected N - aryl nitrones. a - Dioximes give mixtures of mono and 
diary1 oxime ethers, while I3 - dioximes give predominantly triaryl amines. In some 
cases C - arylation of oximate anions may also occur but attempts to isolate these 
compounds were unsuccessful. 

Key words: Oximate anions, Aryliodonium salts. 

ApuAiwoy avzdvzwv O & M ~ V  p& zwdwvzami d a t a .  

H apuhiooq zwv avdvzov ahacpaztrQv o@pQv p& m 6 w v ~ a ~ a  ahaza o6qy~i  ozo 
o~qpaztopo apuha10ipov ZWV o ~ t y h v ,  EVQ avd  zov avap~vopivwv aoza0Qv N - 
apuho - vtzpovhv &ycpavi(ovzat zp~apuhapiv~q rat  a(o6u - E v Q ~ E ~ ~ .  01 a - 6totiy~q 

6ivouv piypaza povo- ' ral  61 - apukatOipwv, EVQ 01 P - 610{iy&q 6ivouv rupioq 
zptapuhayivsq. 

To np6otvo ~ p h p a  nou &pcpavi<&zat ozo yiyya zov avzt6paosov, 
~ a p a ~ z q p t o z ~ ~ o  zov vtzpo(onapayQywv, uxo6qhQv~t o n  C - apuhiwov haypavst 
~ Q p a  0s ytrpo Pa0po. Qozooo zizot~q ~vhostq 6 ~ v  anoyovQ0q~av. 
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Einleitung 

Die Stabilisierung der bei der elektrophilen aromatischen Substitution entstehen- 
den o-Komplexe ist durch sterische und elektronische Faktoren zu beeinflusen.' 
NR,-Substituenten stabilisieren besonders stark kationische Zwischenstufen.Wenn 
diese Substituenten zusatzlich noch planar gebaut sind (wie bei der Pyrrolidinogruppe 
der Fall ist), so ist die Wechselwirkung des freien Elektronenpaars am Stickstoff mit 
der positiven Ladung im Arornatenkern optimal und die kationische Zwischenstufe 
kann abgefangen werden. So gelang die Isolierung der a-Komplex-Zwischenstufen bei 
der Protonierung, Alkylierung und Bromierung von 1,3,5-Tripyrrolidinoben~ol.~ Ist 
die Planaritat im NR,-Substituent nicht erfullt (wie z.B. bei der N,N- 
Dimethylaminogruppe), so ist zu erwarten, das die Isolierung der o-Ko.mplex- 
Zwischenstufe schwieriger wird. 

In dieser Arbeit wird der Versuch unternommen, o-Komplexzwischenstufen bei 
der Chlorierung von 1,3,5-Tripyrrolidino- und 1,3,5-Tridimethylaminobenzol zu 
isolieren und spektroskopisch nachzuweisen. Die Deprotonierung der a-Komplexe 
mit Natriummethanolat in einer Weiterreaktion soll als chemischer Nachweis dieser 
Zwischenstufe dienen. 

Diskussion 

1,3,5-Tripyrrolidinobenzol und 1,3,5-Tridimethylaminobenzol wurden aus 
Phloroglucin und vierfachem Uberschus an Amin im Autoclav bei 200•‹C in 90% 
iger bzw 65% iger Ausbeute erhalten3 

Beim Zutropfen einer Losung des Chlorierungsmittels (Chlor oder Sul- 
furylchlorid) in eine wasserfreie Chloroformlosung des Tris-(dialky1)-aminobenzols bei 
-70•‹C entstehen rote Losungen, aus denen im Fall des 1,3,5-Tripyrrolidinobenzols 
durch Zugabe von wasserfreiem Diethylether der G-Komplex als rotes Pulver ausfallt, 
wahrend die gleiche Aufarbeitung beim 1,3,5-Tridimethylaminobenzol ein amorphes, 
zahes, oliges Produkt liefert. 
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Durch Anionenaustausch mit AgBF, oder AgCIO, in CH3CN bei Raumtem- 
peratur ist aus 3a bzw 3b das stabilere und analysenreine Tetrafluoroborat 3c und 
das Perchlorat 3d zuganglich. Ahnlich Iast sich 4c beim Zutropfen von AgBF, in 
CH3CN zu der roten Losung des o-Komplexes von 1,3,5-Tridimethylaminobenzol 
mit Sulfurylchlorid analysenrein erhalten. 

Aus 3b und 4c erhalt man durch Deprotonierung mit Natriummethanolat bei 
-70•‹C die Halogenaromate 5 und 6 als gelbes bzw oranges Pulver in guter 
Ausbeute. 

Versetzt man in einem typischen NMR-Experiment eine chloroformische Losung der 
Halogenaromaten 5 und 6 mit einigen Tropfen Ameisensaure, so kann die Bildung 
der o-Komplexe 5a und 6a spektroskopisch beobachtet werden. 
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R, = - (CH,), - 5a 
R, = - (CHJ, 6a 

In den 'H-NMR Spektren der Verbindungen 3a bis 3d erscheinen die 
Kernprotonen als Singuletts bei 5.3-6.13 ppm (H1) und 4.79-5.83 ppm (H3,5). Der 
Wert fur die chemische Verschiebung des H1-Protons wird von der ~ i o s e  des 
entsprechenden Anions im o-Komplex beeinflust; wie erwartet, erscheint die Absorp- 
tion des H'-Protons bei zunehmender Grose des Anions tieffeldverschoben, wahrend 
die Anderung der chemischen Verschiebung der H3.5-Protonen bei Anionen 
verschiedener Grose geringfugig ist. In Tabelle I sind die 'H-NMR Daten der Chlor 
o-Komplexe 3 und 4 und der Chloraromaten 5 und 6 zusammengefast. 

TAB. I: 'H-NMR'~'  Daten von 3 (mit verschiedenen Anionen) 4, 5 und 6. 

Verbindung H' H33 5 N-CH, C-CH, 

[al &werte (ppm) in CDCI, bezogen auf TMS als internen Standart 
lbl Absorptionen fur die -N (CH,), - Gruppe. 

Samtliche Versuche den o-Komplex bei der Chlorierung von 1,3,5- 
Tripiperidinobenzol oder 1,3,5-Trimorpholinobenzol zu isolieren oder spektroskopisch 
nachzuweisen bzw aus der Losung mit Natriummethanolat 1-Chlor-2,4,6- 
tripiperidinobenzol oder die entsprechende Trimorpholinoverbindung zu erhalten 
schlugen fehl. Ob fur dieses Verhalten sterische oder elektronische Effekte 
ausschlaggebend sind wird noch untersucht. 

Experimenteller Teil 

Die 'H-NMR Spektren wurden mit dem Gerat A 60 der Firma Varian, die IR- 
Spektren mit dem Gerat 221 der Firma Perkin-Elmer und die UV-Spektren mit dem 
Gerat Cary 14 MP 50 aufgenommen. 
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Darstellung der o-Komplexe 3a, 3b, 3c und 3d 

Eine Losung von 10 mmol SO,CI, in 15 ml wasserfreiem Chloroform bzw 4.5 ml 
einer 15% igen chloroformischen Chlorlosung4 wird zu 10 mmol Tripyrrolidinobenzol 
in 15 ml wasserfreiem Chloroform zugetropft. Die Losung farbt sich rot. Durch 
Zugabe von wasserfreiem Diethylether fallt ein rotes Pulver, das unter Stickstoffat- 
mosphare abgesaugt und im Hochvakuum getrocknet wird. Nach dem 
Umkristallisieren aus wasserfreiem Acetonitril verbleiben bei 3a 1.7 g (40.4%), und 
bei 3b 2.3 g (64.6%). 
'H-NMR Daten: siehe Tabelle 1 
Analytische Daten fur 3b 
Schmp.: 90-92OC 
IR (KBr): 1620, 1535, 1430 cm-' 
UV in nm (E) in CHCI,: 250 (13200), 348 (13850), 466 (6100). 
Fur Ber. C 60.7 H 7.64 N 11.79 C1 19.90 

Gef. C 59.94 H 7.45 N 12.34 C1 18.92 
Da die Analysenwerte nicht ziifriedenstellend waren, ist der Anionenaustausch mit 
AgBF, vorgenommen. 

Eine Losung von 0.7 g (3.6 mmol) AgBF, in 8.5 ml wasserfreiem Acetonitril wird 
unter Ruhren bei Raumtemperatur zu einer Losung von 1.2 g (3.36 mmol) 3b in 
15 ml wasserfreiem Chloroform zugetropft. Wahrend des Zutropfens fallt AgCl aus. 
Nach 30 Min. Ruhren bei Raumtemperatur wird der feste Niederschlag abgesaugt, 
das Filtrat am Rotationsverdampfer eingeengt, in wenig wasserfreiem Chloroform 
aufgenommen und mit Diethylether in der Kalte versetzt. Das ausgefallene tiefrote 
Pulver wird unter Feuchtigkeitsausschlus abgesaugt und im Hochvakum getrocknet. 
Ausb. 1.10 g (80.3%) 
Analytische Daten fur 3c 
Schmp.: 13 1"-133•‹C 
'H-NMR Daten: siehe Tabelle 1 .  
IR (KBr): 1620, 1545, 1440cm-' 
UV in nm (E) in CHCI,: 250 (17200), 347 (17500). 464 (7900) 
Fur Ber. C 53.02 H 6.68 N 10.31 C1 8.70 

Gef. C 52.94 H 6.72 N 10.21 C1 8.88 
Analog verlauft der Anionenaustausch mit AgCIO, zum o-Komplex 3d. 

Darstellung des 0-Komplexes 4c 

Zu ziner Losung von 1.035 g (5.0 mmol) Tridimethylaminobenzol in 10 ml 
wasserfreiem Chloroform wird bei -70•‹C langsam eine Losung von ca 0.355 g 
(5.0 mmol) CI, in 2.5 ml wasserfreiem Chloroform zugetropft. Nach 30 Min. Ruhren 
bei dieser Temperatur last man eine Losung von 0.97 g (5.0 mmol) AgBF, in 12 ml 
wasserfreiem Acetonitril langsam zu. Das ausgefallene AgCl wird abgesaugt, das 
Filtrat eingeengt, in wenig Chloroform aufgenommen, von eventuellen Ruckstanden 
abgesaugt und mit wasserfreiem Diethylether gefallt. Das rote Pulver wird im 
Hochvakuum getrocknet. Ausb. 1.34 g (8 1.7%) 
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Schmp.: 115-1 17OC 
'H-NMR Daten: siehe Tabelle 1 
IR (KBr): 1620, 1552, 1435 cm-' 
UV Am, in nm (E) in CHCI,: 247 (12620), 343 (9500), 460 (3850) 
Fur Ber. C 43.72 H 6.42 N 12.75 C1 10.76 

Gef. C 43.19 H 6.47 N 12.97 C1 10.81 

Darstellung des Halogenaronlaten 5 

Zu einer Losung von 1.78 g (5.0 mmol) 3b in 8 ml wasserfreiem Methanol (von 
eventuellen Ruckstanden sollte abfiltriert werden) tropft man bei -70•‹C eine Losung 
von 0 . 3 g  (13.0mmol) Natrium in 8 m l  wasserfreiem Methanol zu. Die 
Reaktionsmischung farbt sich rotbraun und nach kurzer Zeit bildet sich ein gelber 
Niedcrschlag, der mittels einer Vakuumfritte abgesaugt wird. Nach Umkristallisation 
aus Petrolether 80/100 und Trocknung des gelben Pulvers im Hochvakuum erhalt 
man 1.2 g (75.5%)) 5. 
Schmp.: 1 10•‹C 
'H-NMR Daten: siehe Tabelle I 
I R  (KBr): 783 cm (C-CI Schwingung) 
U V  in nm (E) in  CHCI,: 267 (15950) 
Fur Ber. C 67.59 H 8.20 N 13.13 C1 11.08 

Gef. C 67.74 H 8.18 N 13.16 C1 11.96 

Darstellung des Halogeilaromaten 6 

Zu ciner Losung von 1.65 g (5.0 mmol) 4c in 8 ml wasserfreiem Methanol tropft 
man bci -70•‹C unter Ruhren eine Losung von 10.3 g (13.0 mmol) Natrium in 8 ml 
wasserfreiem Methanol zu. Die Reaktionsmischung farbt sich braun und nach kurzer 
Zeit bildet sich ein oranger Niederschlag. Man ruhrt noch eine halbe Stunde bei 
obiger Temperatur und saugt den Niederschlag mittels einer Vakuumfritte ab. Nach 
Umkristallisation aus Petrolether 80/100 erhalt man farblose Kristalle, die unter 
Stickstoffatmosphare mehrere Tage stabil sind. Ausb. 0.8 g (66.6%). 
Schmp.: 1 20•‹C 
'HNMR Daten: siehe Tabelle 1 
IR (KBr): 1588, 1558, 1440, 782 (C-CI Schwingung) cm-' 
UV Amax in nm (E) in CHCI?: 275 (15850) 
Fur Ber. C 59.60 H 8.34 N 17.39 C1 14.67 

Gef. C 59.54 H 8.36 N 17.46 C1 14.48 

Zusammenfassung 

Bei der Chlorierung der aromatischen Titelverbindungen mit Chlor oder Sulfurylchlorid 
konnten die entsprechenden U-Komplexe isoliert und spectroskopisch nachgewiesen werden. 
Durch Deprotonierung dieser U-Komplexe mit Natriummethanolat gelang die Darstellung der 
entsprechenden I-Chlor-2,4,6-tris-(dialkylamino) benzole. Ein ahnliches Verhalten konnte 
beim 1,3.5-Tripiperidino und 1,3,5- Trimorpholinobenzol nicht beobachtet werden. 
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Summary 

[solution, characterisation and evidence of a-complexes during the chlorination of 
1,3,5-tripyrrolidino- and 1,3,5-tridimethylaminobenzene 

The o-complexes that are formed during the chlorination of 1,3,5-tripyrrolidino- 
and 1.3.5-tridimethylaminobenzene with chlorine or sulphuryl chloride are isolated 
and studied spectroscopically. From these a-complexes I-chloro -2,4,6- tri- 
(dialkylamino) benzenes are synthesised with sodium methoxide in methanol. The 
same results are not observed during the chlorination of 1,3,5- tripiperidino- and 
1.3.5 trimorpholinobenzene. 

Key Words: o-complexes, chlorination, 1,3,5-tripyrrolidinobenzene, 1,3,5-tridimethylaminobenzene. 
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