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REVIEW

Chimika Chronika, New Series, 14, 3-19 (1985)

LYMITAOKEX ENQXEIX TOY Cu(Il), Ni(Il) KAI Co(II) ME MONOAMI-
NEX KAI ATIAMINEX AAEI®PATIKEX KAI APQMATIKEX

A. KOBAAA-AEMEPTZH, N. XATZHAIAAHZ KAI IM.TTATKAPHZX
Epyaatipio Avopyavov kar I'evikiic Xnuelag IHavemotnuiov Iwavvivewv

(EMpfn 10 Oxtwfpiov 1983)

Ilepilnyn

Xt0 GpBpo avtd yivetor pio PBAloypagikfi GveackOnNon GUURAOKOV OAELQATIKMY KoL
apopotik®v  povoapvev (NH;, avidivi) ko Siyuvev (en=abvrevodwpivn, o-pda=o-
QaIVOAEVOSIAUIVT KOL TOPAYOYE TNG) ME TC OTOUXEID UETANTMOEWG TN Ing petafatiknig oet-
pag Cu(Il), Ni(II), Co(II). Avagépoviol ot GLUUETPIES TV TOPATAVE® GUMTAOK®OV Kol yiveTatl
uio oOvroun cflodoynon tov mepapatik®@v dedopéveov Bacel tov onoimv cuvunepoivoval
avtéc. Emiong avagpépovial ot cuvpuetpies Tov cvuniokov tng o-abalo-auivopeviviapiv),
wag Swpivng mov mepiéyel pie arewpatikny kot wid apopetikny apivoudde pe Cu(ll), Ni(Il),
Co(II) xat yivetar 6bykpion Twv SoTikdV IS10THTOV KAl T0 E0C TOV GUUTAOK®V 7OV TTapE-
XEL avTh pe Ta Siapopa PeTOAAIKA 10VTE, ME GAAOVG TTOPEUPEPEIS VTOKOTUOTATES, OTWS 1 en
kot 1 o-pda.

Ewoayoyn

H tepéotia onuacic Tov oLpTAOKOV EVOCE®MV TOV OTOWEIOV UETOTTOCEMG
oTNV avanTLEN TNG SVYYXPOVNG YNuEing Sev ExeL aviykn eEapoeng. Ol EVOOELS avTéc
7oV avakaAvednkav oto tEhog Tov TpomEpacuEVOL adva, otav o Tassaert To 1798
ovvébeoe v évoon Co(NH,),Cl,, udAlov toyaio, RTav yia mePInOv €KATO YXPOVIA
QVIYUOTIKEG, 0QOV oL ynuikoi NG eroxng dev Ntav og BEon va kotovonicovv 1 ev-
o1 Tov decpuov 1ovg. Onwg Eivar yvwotd, o Werner to 1890 £dwoe ™V npH TN Hew-
pia yopw and T QOCN TOL JECUOV TOLEG TOL ANMOTEAECE KOL TNV AQETNpio Yo TNV
TEPUTEP® avAnTLEN Tov KAGSOUL.

Apyikd ol evidoelg avtég eixav povo Bewpntik onuacio kot n peAétn Tove Bomn-
Onoe onuavtikd otnv avantuén kol Beuelioon 1660 TV viwv Bewpiov mepi Se-
ouov, kabdg kar TG avépyovng YNUEiag cuvolikd. AviicTpoga, pe epapuoyn tov
obyxpovav Bewpidv deopod (r.y. obevodeoikn Bewpio, poplakdv TpoylEkOV K.4.)
o1 oVUTAOKN, 0 KAGDOG Yvhploe kol yvepilel pia peydAn dvlnon kotd ta teAgv-
toie xpovie. ZAuepo Exel cuvtebel évog TEpGoTIog apBudc TETOIWV EVOCE®Y KOl Ka-
Onuepwva cvvtiBevton kot GAAES, Ol MEPLGOOTEPEG, OUMS, OTWG EIVAL PLGIKO, EXOLV
uovo BewpnTikd Evdapépov, Aiyeg de Exouvv kot tepdotio Blounyavikh f GAAN onua-
cia.

Xfuepa ot evicelg avtég maifovv onuaviikd poio otnv avaAvTikf ymusia, ot
oOVBeoT, KoBapd OPYAVIKGV OVGLDY, kaBmg koL ToAvpepdv (katdAvon), 6t PETOA-
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Aovpyia, otnv nAektpoyxnueic, otn Pounyavio ypoudtov k.d. Tepdoto eivor eni-
ong M onuacic Toug otV v yével Blioavdpyovn Xnueia, evog véov oyetikd kAddov,
kabmg ko1 otnv Avopyavn dopuakevtikn Xnusic. Xtouyeio. HETATTOOENS 68 diAPo-
pES KATOOTAOEIS 0EEdmoemV Tailovv onUovVTIKO pOLo GTIg eVELUOTIKEG OVTIOPAOELS,
omov oxnuotiovv evepyd evdidueco odumdoko pe popw PBroAoyikng onuaciog
(evepyd xévipa tov eviduwv). To ovundoko cis-Pt (NH,),Cl, Eva mold Spootikd
OTIUEPQA OVTIKAPKIVIKO QAPUOKO, Eival 0mAO deiypo Tng onuaciog mov £xovv Téhog ot
EVOOES aVTEG 61N obyypovn Avopyovn @apuakevtikn) Xnueia.

Ta cdumhoka TV ctolyginv pstantmcsmg oe duapopeg Babuidec ofedmoswg e
oppovio Kol Slapopeg oAElaTIKEG KoL apmpatucsg povo-kol dopiveg givar ond o
TPMTO TOL MEAETNONKAV kOl givol Yvwotd and oAb noAd. O Werner yo nopadery-
po katéAnée otn fewpio ToL Ao peAETn SPOPOV CLUTAOK®V GTOLXEI®V UETATTA-
oewg pe appavia, onwg ta PtCl,-6NH,, PtCl,-5SNH,, PtCl,-4NH,, PtCl, -3NH; ko
PtCl,-2NH,. Axoun n npdcbetn o1abepdtnTa TOL TMOPEXOLY GTIC EVOGELS QVTES OL
xnAkoi vrmokatactdtes, &€ artiog Tov yNAkod eaivouévov, ughetinke yie npdTN
Qopa pe dapiveg, omweg N oBvAevodiopivn, k.a. Tétoleg Sopivec apopuatikéc i oA
POTIKEG UTOPOVV VO GYXMUOTICOLV KOl OTTIKOG EVEPYA SVOUTAOKO UE SLAPOPES YEW-
petpieg mov £xovv ueydAn Bswpntikn onuacio.

T toug Adyovg avtodg ato GpBpo avtd emiyelpeiton pio uepK avackoOnnon
10V uedddwv mupackevns, W0THTOV Kol Siepevviicems TG doung cuUNAdK®Y apt-
vav pe 10 petaAdikd wovta Cu (II), Co(I) kor Ni(II). Tivetar akoun oOyKpion TV
doTik@v 1OoTHTOV petald CAELPOTIKGOV KOl CPOUATIKAV Slouiviv.

A. Zvuniorxa uovaurvov
Zvunioka Cu(ll), Ni(II) kar Co(Il) ue apucwvia

H appovia, évag tonikdg povodoviikdg vrokatactdtng diver ue Cu(Il) counio-
ka tov Tomov CuX,-n(NH;), to n coviBwg éxet i Tipég! 2,4,5 kan 6. To cdunioka
tov Cu(Il) pe NH, vrdpyovv og nepiocdtepes and uio. Sopéc, Onmg Gaivetal o8 pe-
¥ toug pe aktiveg X. KpvotoAhikéc dopég ovagépoviol Yo MEVIAULVIKG
[Cu(NH,),X,1, tetpopuvikd [Cu(NH,),X,], tpiopvikd [Cu(NH;),X,] ko dopivikd
oounhoka [Cu(NH,),X,I% o tetpopvikd oOundoke N KOPLE GLMMETPIC &ivol M
afovikn pe aplBuods evialemg 5 kat 6. Tynue 1. Ov dopse ocvunepihappdivoov te-
tpayovikd oktoedpicd ovumhoxo (I) Cu(NH,;),NO, 10 odunhoko Cu(NH,),PtCi,
(II) ue Yépupo LIOKATACTATN OTIS TETPUYVIKEG BEcelg o8 i6EC 0MOGTAGELS, TO GVU-
nhoko (III) Cu(NH,),Se0,-H,0 ue yépupeg opnddwv o1ig tetpayinvikés Béceig og d-
Viceg anoctdoelg, 10 pouPikd oktaedpikd cdunioko (IV) Cu(NH,), (Culy), ko to
nopapdikd cdunioko tetpayevikig Baong (V) Cu(NH,;),H,0-SO,. To dicbevég 16v
tov Cu 670 odunioko (V) Ppioketon é£0 and 10 eNiNESO TOV LIOKOTOGTATAOV, EVRD
ota ovunroko (I)-(IV) Bpicketon endve oto eninedo. T vo pmopsi va mapousivel
otafepd 1o kotov Cu(NH,), 2+ (VD) npénel va vrapyovv nuieviayuévol deopol nd-
vo kot kGto oand To eninedo E6IKE UE LTOKATAGTATES TOL £(OLV M-TPOYLOKE KOl
UTOPOLV VO gNKOALEHOVY OTOTEAESUATIKA UE T-TPOXIOKE TOV uetaAAko 1ovtog. O
opog nuiEvtaén (semi-coordination) meptypdgel tnv doun otV onoic o mEPLPEPELL-
KkO¢ vnokatacstdtng Ppioketar otig aovikég Béoeic o opiouévn andotacn ~0,6A°
HEYOADTEPT ONO TO WUNKOC TOv SeouoDb.



LYMITAOKEE ENQZEIT TOY Cu(Il), Ni(Il) KAI Co(ll) ME AMINEZ

Q== =

/\

=

\/

[ QN -
& < H kS

\

=

\
\
=

=
\
\
\
Pl——— — —
=4

Iv
Zyfpa 1

=

N\

-
N/ ™~

N

VI

H otepeoynueia tov Soppmviekdv copniokmv eEaptdtol and 1o - aviietafuott-
k6 aviov. To avidv mpéner va kataoufdavel dvo Béoelc oe cduTAoka pe opibuod ev-
taEewg 4, tpeig oe apBuod evidteme 5 xau téooepic o apluo eviatews 6. Tyfua 2.

IX/
N E X
\C'
X/ }u\ N
_%
I
X
N = X
:{/
N> \x
Iv

ydpa 2

N
/x‘\\ ] ”X\
~cu’
~X-- l ~X-~
N
III
N
X
X




6 A. KOBAAA-AEMEPTZH, N. XATZHAIAAHE, LM. TEATKAPHZ

To avlpokikd dapunvioké cdumioko €xet doufy (IV) tetpaymvikfig nopapidag pe
pio. avBpakikfy ouddo didovtikn oto eninedo kor Tig §O0 ouddeg ™G aUN®VINS GE
cis-duapopowot. To odbunioko Cu (NH,), Ag(SCN), (VI), £xel douf) oxeddv kavovi-
K¢ Tpryovikng dmupapidag pe 6Ao ta dtopa tov kVpov dEova ot gvbeia. Tetpayw-
viky mopapoppwmuévn oktoedpikf cvupetpia (III) emkpotel ora obumroko o-
Cu(NH,),Cl, B-Cu(NH,),Br, xar B-Cu(NH,),Cl,*. Eta ocdpmloka o-Cu(NH,),Br,
Cu(NH,),(SCN),, Cu(NH,;), (CH,C00), ko a-Cu(NH,),C,0, £&xovpe poupikn
OKTOEOPIKT] YEMUETPIQ UE EMUNKLVOUEVT TETPAYWVIKT Tapaudpomcn (I). To wo-
VO  TPLLUPOVIOKO oVOUTAOKO YvooTfg kKpuotoAiikfg Joufg eivar  to
Cu(NH,),(SCN),, 6mov 1 poprokt douf eivor TETPAYOVIKGE TOPOLOPPOUEVT] OKTOE-
Spwkn. I1ig tetpaymviké Béoelg Exovue nuevtoyuéva dtopo Beiov tov Berokvavikon
avVIOVTOG 6€ EAMPPMG SLAPOPETIKESG OMOGTAGELS.

T TEVIOAUU®OVIOKE. Kot eEauuOVIaKd cOuTAoKa Cu(NH,),X,,Cu(NH,),X,, éy1-
ve glaylomn mpoomdfela yia TN HEAETN TV KPLOTAAA®V TOLG pe okTiveg X, AdYw
Mg XounAng otafepdtntdg Tovg kot tng dvokoliog va Angdodv oe povoxpvotadil-
KN katdotoon. Mehétn kovewg ue aktiveg X €yl Yivel yia 1@ TEVIOQAUUMOVIOKE GOU-
nAoxa kot Tpoteivetol yemuetpia kvPikod mAgyuatos. e egopumviokd copmioka
and paouatookonikés ueréteg dtundOnke n dnoyn ot to ovunioke Cu(NH,) X, -
NH, éyer meviappmviaxd TAEyue, eved 1o £KT0 WOPLO TNG appoviag katalopBdvel
kevi] Béom tov mMAEyuaTOC. ]

Melrém kovemg Cu(NH,;) X, ue oxtiveg X £detle pia teTporyovikd nopauopem-
uévn oxtoedpikf cvppetpic CuNg, 'n omoia duwe Epyetar ot avtifeon pe tnv doun
TOL TEVIOUU®VIOKOD GLUTAOKOL 7oL TPoTadnke and MAEKTOVIOKG QEOUATO.

IToAAG dAata tov Co(Il) avtidpovv ue NH, kat Sivovv apumviakd cdoumioko ue
€&l uopwa appoviog Co(NH3)52+, 70, omoio. gvkoAn ofewolLviar ond O, of
Co(NH3)63+. H xpuctaldikn doun twv cvunidkev Co(NH,)X, (X=CLBr,I) eivar
okTaedpikt, omov ta &€ pope g NH, nepifdiiovv okraedpikd 10 GTOHO TOL
Co(II). Tto tetpapumviaxd oounioxo [Co(NH,),J(ReO,), 10 katdov Co(NH,),** &i-
vatr teTpaedpikd.

H oppovie avikabiotd pepikd 1| OAo To puopie tov vePoL 610 0KTAEDPLKS
Ni(H,0),16v kar diver ovunhoka, dnmg to trang- [Ni(H,0),(NH,),J(NO,), kar to
[Ni(NH,),I(Cl0,),. Ta eaupoviake ovpnioke tov Ni (II) amouovidvovtal kal U
an’ evfeiag avtidpoon g appoviag xat Tov akdtov tov Ni(Il) oe Bepuokpascio dw-
patiov, 6nwg m.y. T oounhoxa [Ni(NH,)IBr, ko [Ni(NH,)Ii. Zta counhoka av-
10 1o €6 popw g NH; mepifdidovv to Ni(Il) oe pio doun tdmov ¢@fopitn’.

Tlundoka apwpatikay auvwy

Zounhoke TOV UETOAAMKOV OAATOV PE OPOUATIKES QPiveS, OT®S 1 aViAiv Kkal
10 TOPAY®YA TNg eival yvOoTd and TOAAL xpovia Kol Ol PUOLKEG WLOTNTES TOV EVO-
CE®V AVTOV GLYVE XPNCLULOTOOVVIAL GOV TPOTLTA Y10 TEPIOCOTEPO TOADTAOKA GL-
otAuate Bloloyiknig omovdaldtnrog.

* Ta a kar f avagépovtar oe dragopés atny kpvotariiky doutf (L. Zsoldos, Magyar Fr. Zolyoirat, 10,
/89 (1962), F. Hanic, Abstracts 5th, 1.C.C.C. (London) (1959)).
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Tounioko g avidivng pe petaAroaroyovidia tov Cu(l), Co(IT) kot Ni(II)¢ no-
pookevdodnkav pe an’ evbeiog Bpuavon tov perailoaroyovidiov pe avidivn 1 pe
avapeltn aikookikod MX, ue akkoohkd ddivpa avikivig 1 ue 8éppavon tov MX,
ue dddopa avikivig oe Bevioito 1| pe avapeiEn olkoolikod dwwidpatog MX, ue at-
Oepico dralvpa avirivig. MeketnOnkav de ot pacuatockomikeés 810TNTEG TOLE, OG-
ouata dayvTikng avakAaong kot anem vrepvbpov.

I'a pev ta ovumloke tov Ni(Il), NiL,Cl, ko NiL,Cl, ovvdyetar o1t &yxovv
oxtaedpikn doun kar ta puev NiL,Cl, eivan povopepn, ta 8¢ NiL,Cl, givar moAvuepn
ue yépupeg ahoyovov. T ta ovprioka tov Co(Il) cvvayerar 611 £xovv TETpaEdpl-
k6 meptPariov yopw amd To dropuo tov Co(ll). Avdroyeg evaosig Colp-
toAovidivn),Cl] xar Co(p-tohovidivn),1,8 e€etdobnkav pe axtiveg X kau Bpébnke 6TL
gxovv tetpasdpkn Soufi. I'a 1o odunroka tov Cu(ll) CuL,Cl, kar CuL,Br, cuvad-
YeTaL OTL £YOVV TETPAYWVIKO napauop@musvo oktaedpikd neptpdriov yOpw and ta
dtopa tov Cu(Il).

Iounroko tov uetariookoyovidiov ue avidivny kol mapdywyd g n-tolovidivn,
uebvravikivn, dipeboiavikivn, teov Wnev M (avidivn),X,, M(p:-tohovidivn),X, kot
M(GweBvravikivn),X, onov X=Cl,Br,I kot M=Cu(Il), Ni(Il) mopackevdotnKov Kot
uehetnOnkav or eacPATOCKOTIKEG TOLg 1310TNTeC (Phouata, MAEKTpPOVIOKE Kal
vepOBpov)’ P, H pedétn tov @aoudtov amodeikviel 6Tl Ol EVAOELS TOL VIKEAIOL
arotelobvTol and ypapuukés molvuepeic aAvcideg, 0TI OTOIES OKTAESPIKE EVTAYUE-
va petoAdikd dvta oxnuotifoov deocpovg pe yEQLPES aAoYOVOL, EVG T0 CUUTAOKC,
OV YAAKOD EiVOL TETPOYOVIKG T EMiTESQ.

Mapackevdactnkav kot pedetnnkav eniong ovurioka tng Avidivng kat TV ma-
paydy®v g, o,u,1t ToAovidivng kat 3,4-2,5-2,6 Evldivng™ pe 1o Osum KOl VITPIKG
GAato Tov yaAkov, vikghiov kot xoBaAtiov. .

AnO QacuOTOCKOTIKE dedopuéva cuUREPRIVETAL OTL T® GOETAOKA TOV Co(II) Kot
Ni(II) eivan oxtoedpikd molvpuepn ue Osuxn f vitpikn YEQLPA, Yoo Oe 10 GOUTAOKO
tov Cu(Il) 61t £govv couueTpia TAPAUOPPOUEVT) TETPOYOVIKE YOP® GO TO UETAAAL-
K6 dtopo. Tyfua 3. :
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o1 ™0 o 1 > o/?\o o SNo oI
\S\/ ~ y H .~ I 0
! ) N o//”Ko N N 'N/ N
0
Zxfnae 3

H dnap&n cvundokov e acvvidelg avakoyieg opyavikod LIOKATAGTATN KAl e-
ToeAAikod 16vtog eEnyodvTon pe £via€n Tev Beukdv opddov Kal EVoCOUGTOOT TOv
VOKATACTATN of BECEIS TOV KPLOTAAMKOD TAEYNATOS X®PIC OVONCTIKG Vo AALOLD-
vetal to TAEYNO. AvTo @aivetan .. and TV e0KOAN anmhata avihivng and coundo-
k& g ue MSO, (M=Cu,Ni,Co).

‘Exovv yiver eniong oe pey6An éxtaon pelétes paoudtov vREPHOPOL KoL MoKt



8 A. KOBAAA-AEMEPTZH, N. XATZHAIAAHZ, LM. TEATKAPHZ

voy vrepdfpou (of yauniég Beppoxpacieg)'**! tov counrokev evoeny thg avidi-

vng m-tohovidivng kar EvAdivng ML,X,, orov M=Co(II), Cu(Il), Ni(Il) xauw X=Cl,-
Br, 1/280,. KaBopiotnxav ot cuyvotnteg doviicewg V(M-N) kot v(M-X) kat pereti-
Onkav ot petatornicelg g cvyvotntag dovilcewsg V(N-H) o ovoyetiond ue tig So-
viieelg V(M-N). H ovygvotnte todovidocemg tov Seopod v(M-N) tov coprAiokev
M(avirivn),Cl,'® Bpioketar otnv meproxfy (346-385cm™) kaw M tpf g eEapratan
and 10 petaAdikd 1ov katd v e€ng oepd Co(ID>Ni(II)>Cu(Il). O kopveés ota
300 cm” kot oto 225-238 cm™! 7 1ev cvuniokev M(avirivn),Cl, arodidovior oe
takavidoelg Soviiceng Tov deopod V(M-X) kat ot Kopveiés o1a 316 xat 301cm! o
GUUUETPIKT KOl QVTICOLPRUETPIKT ovyvoTtnte dovicems tov despod v(Co-Cl). H xo-
poof ota 144cm™ anodidetor oy d6vnon KAuWE®S 00 Secuod v(CI-M-CI).

Meléteg ot @dopata Grno vrepvdpov (30-400cm™) yio pie cepd cvunioxev
mg avikivng MX, (avihivn),, 6mrov M=Mn,Ni,Cu,Cd kat X=Cl, Br éywav eniong
kar and todg Goldstein xar Hughes?. Avtol kafopioav 1ig cLyvOTNTEC TAAAVT®D-
cewg V(M-X) kat v(M-N), kabdg eniong kot tig cLYVOTNTEG TV OKEAETIKOV TOPO-
LOPODOEMY, CTIUELOVOVTOG TNV UETOTOMION OT1G BECES TV KOPLEMY KATA TNV AVTL-
KOTOGTO0N TOL TEPLPEPELKOD LIOKATACTATN TNG AVIAIVIG and devteplopévn aviki-
vn C,D;ND,. To anotelécuato eniPePfoidvovv oktaedpikés moAvuepeic alvoideg
yépupog ahoydvev yia 1o cdunioka tov Ni(II), Mn(IT) xor Cd(II). To @dopate v
evaoemv tov Cu (II) 8év deiyvouv 611 Exovv molvuepn @von. Ta @dopata avTd €p-
unvebovrat, av yiver dex1d, 0Tt Exovv trans eninedn Swaudpewon ue povouepn douf.
Agv givar @avepd 610 @douo €0V LRAPYEL KATOOG MakpOTEPOS Seoudg Cu-X.

AwcagnvicOnke 1Switepa M Oéon g ocvyvotnrog V(M-N) oe ovothuato
ML,X,. H 8éon tng ovyvétntag avtig v(M-NH,C.H,) Bpioketar oy ido nepinov
mEPLOXT UE TN GUYVOTNTA TOLV CLUTAOKOV TNG uﬁpanng MX,(N,H,), 2k éxet ev-
Sidpeon Tun uetagd Tng ovxvotnTog TG appeviag VM-NH,)?% kat g ovyvotn-
tag g mupdivng VIM-NC.H,)*™%,

Zvunloxa Sauvadv
Zvpnioxa Cu(ll), Ni(Il) xai Co(II) ue atﬂulsvoézapzvn (en)

H wbvrevodianivn H,NCH,CH,NH,” 6nwg ka o?vag ol EVAGES TOV 1,2 8-
vnokatesTNévoy obaviov UmopPodV va. vadpyovv ot cis, trans Y| mAdyw (gauche)
dwpopemoon, avaloyo pe N yovie otpoefg YOopm and tov avBpokikd Sscuo H cis
nopei dev eivar otabepr] otov ehevfepo LMOKOTACTATN AOY® GTEPOYNUIKDV 0TG-
cewv peTald twv 6vo- NH oudadwv. H Stapop(pmcn ¢ abuievodopivng (en) oe
oounioka UETGAL®V napouow.t;at evolopépoy ot Xnuelo TV GVUTAOKOV EVOGEDV.

H wbvdevodiapivn Spa gite cav 5180vTiKdg LIOKATOOTATNG Kot Tapéyel ovVIBwg
xMAké obumhoka pe v dapdpewsn gauche, site cav didoviikog pe v Sapdp-
QOO trans kot TaPEXEL YEPLPwUEVA GLUTAOKA.

H en pe Cu(ll) Sivel to cdumioka 16vra [Cu(en)(H, 0),i2+, [Cu(en)z(H20)2]2+,
[Cu(en),]** and ta omoia 10 800 mpdTo. oYNuati{ovial gdkoAa, EVD TO Tpito pOVO
He LYNAES ovykevipdoelg en. ‘Exovv anopovebel de xat odpuniokés EVOOELG Y kG-
0e éva anmd to ovpunhoka avtd WVTe?, 6neC Ta cOUTAOKA Cu(en),X,, 6nov X=Cl,
Br, P!, Cu(en),(SCN),*!, Cu(en),Hg(SCN),2, Cu(en),Cl,,- H,0%, Cu(en),(NO;),*,
Cu(en),(C10,),*, 10 onoia &xovv ta dtopo N twv dbo yilikdv popiov 6° éva enine-
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do yopw amnd to -Gropo tov Cu(ll). Ta 1:3 odurhoka, 6nwg to [Culen),]BF, ko
ICu(en);1SO,*°3¢ éxouv o oteped katdotaon kat e Tpia Gtopa g dopivng ynit-
K@, ev@d o€ vdatcd doAdduata to Tpito uoplo g drapivng dpa cav Evag povodovti-
KOG vmokeTactdtng®’.

Fevikd ota ovpnroxe tov tovrog Cu(ll) pe en?® cvvaviovtar dvo dopéc o) pic
tetpayovikn CuN, eninedn dopun pe Tig ouGdeg TOV AVIOVTOV OE ATOOTACT) LEYAAD-
TEPN OO TNV anocTaon decpod kot B) pio TETPAYOVIKG TOPUUOPO®UEVT] OKTAEDPL-
k7 doun pe afovikd evtaypéva aviovia.

Me 1o Ni(II) n en &iver ovunroxa 1:1, 1:2 xou 1:3. Ta 1:3 6nwg to [Ni(en),)
(NO,),* givan Tpiynikd, 6mov ta dtopo. tov Ni(Il) nepiBdAlovior okTaedpikd and 6
atopa N. Ta 1:2 ovumhoxo 6nwg ta Ni (en),(NO,),, Ni(en),Br, sivar Suyniwkad
oxtaedpuchig Soung®®, to mpdTo trans koi To dedtepo cis, evd to Nien),(BF,), eivar
Siynhkd tetpaywvikd ovpnroko. Ymdapyovv oktoedpikd ovurioka tov. Ni(ll), ta
omoie TEPEXOLV UEIYHO TEPLPEPEWKAOV VLIOKATOCTATOV?, Onw¢ 1o ocOUTAOKO
[Ni(en),NO,IBF,*! nov mepiéyel TOALUEPES TAPAUOPPOMUEVO OKTAESPIKO KOTIOV LLE
yépvpeg ouadeg NO, xar to [Ni(en), SCN] I nov nepieyer yépupeg NCS oe pio Sipe-
pfl oktaedpik dount?. Iyfua 4.

L | o .
'// N N \ ~—N PN N7
N | _NGs N f l 07 o ]l N
\\\ // \\ // \\ // \\ .//
P PAIEN I, N s
I\r/ ’L \N”C;S/ & f \N . O/ \Lp] N{ \o
- : .
Zynue 4

Kot pe to Co(II) M en diver odunroka 1:1, 1:2 wou 1:3. Ta 1:3 odpndoka givar -
oktaedpikd tpuymAikd [Colen),1X,, dnwg xar ta 1:2 Co(en),X, oktaedpikd SuynAka
av kot £xet avapepfel Eva cdunhoko eninedo tetpayovikd [Colen),] (Agl,),* yu to
onoio OU®S Eival Aoyl va -unoﬂécouué ot 10 qvu')v,ta givaw gvtayuéva og kGmolo
Bobuo mote 1o cOumAoko propei vo Bewpnlei oxtaedpikod UE UEYAAT) TaPAUOPYOCT).

Zvundoxa Cu(ID), Ni(ll) kar Co(Il) pe apwuaticéc dauivec (o-parvvievodiauivy,
napdywyd g xar o-auvofeviviauivy)

TOUTAOKA TNG 0-QaIVLUAEVOdLOUIVIG e PETAAAQ TV OTOEIOV NETANTAOOEWS &-
youv moapackevaodel kol uedetnBel. H -Swapivn ovyve avagépeton ot dpd oov Evag
povodovtikdg vrokatactdtng. H kdput anodei&n yU’ avtd eivon 1y 1:1 avrikatdora-
on ¢ o-pda oe pEPIKE amd Ta cOURTAOKG TG OO agp aulimvio. ATo auth v
perétn, kabdc kot Bepuikég perpiioelg o Hieber* “supunaipave 61t povodovrikh dia-
uivn vrfpye oe sbumhoka tov diobevodg koPfartiov, Tov vikekiov kor Tov yeutap-
vOpov e Ttéooepa £we EEL nopa Srapivig kol oxedov o OAo To GAAL cOuTAOKA av-
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phoeng’!. H tetpayovikn nopaudpponon Yy’ avtd ¢ oOUrAokd neptAaufavel yépu-
po. 0Aoyovoy kot povodovtikhy Swapivn 1 trans diyniikd counioko. Metpnoelg oTig
ocvyvotnteg tohavidoews V(C-N) kar v(N-H) &deiav tnv napovsia didoviiknig dia-
uivne, ométe yivetar Sexth 7 trans SyymAikh Soun. Lro idlo ovumépacua kaTEANEE
kar o Maki*® yur to odunroko Ni(o-pda),Cl,. T ta ovunioko (o-pda),Ni(II) Vo
givar ot mbavég dopég, trans doun dVo AAOYOVEOV KOl TEGGAP®V LOVOBOVIIKGV Lo-
piov dapivng N trans doun dVo povodovikdv popiov dauivng. Ao TV peké-
1 1oV eacudtov vraeptbpov ko dyuvtikhg avakAdoemg npotddnke m Sedrtepn
SouR’l. Tuykekpuévo 0 QACUOTO JOYLTIKNG OVOKAGGE®MS TV cvbumAdkov Ni(o-
pda),Cl, ko1 Ni(o-pda),Br, givatr mepinov ido kat gueavifoov anoppo@noel VYNAO-
tepng evépyelag kotd 2.000-3.000cm ! eksivov oV cLUTAOK®Y TOL VIKEAIOL ue §vo
gvtaypéva wvra adoyovov. I'a 1o aduniok, Ni(o-pda)Cl, 6vo eivat ot mBavég do-
uég a) Ni(o-pda),Cl,-2(o-pda) pe 800 uoplo dopivng evrog tov TALYMATog Kot )
Ni(o-pda),Cl, mov nepiéyer €61 udplo povodovrikng douivng. Tipoteivetan n devtepn
douny Pdoel Beproctabuikdv peketdv kol petpioemv d@opikng Bepuikig ovaiv-
cewg’l. Tevikd OAa ta odumioka ta 1:2, 1:3, 1:4 ko 1:6 Eiyor oktaedpikd, Onwg

@oiveTal koL amd T0 QAGUATE TOLG OWYLTIKNG AvoKAdGEmG, 10 omoie. gupavifovy
TpELg Kopt)(pég I ota 8.000-10.000cm ™I o1 12.000-13.000cm! xon III ot 22.000-
23.000cm ™! ot omoieg OVTIGTOLXODV GE UETONTAOGEL QMO TNV Azg GTIS KOTACTAGELG
3Ty, Ty (F) xar Ty, (P) avtictoyxa.

Ta 2:1 kot 3:1, obunioka tng o-pda, dcov agopt tnv Souny koL TV 6YH TOL
kpuotariikov nediov 10Dq Seixvovv ouolotNnTeg e GALD GOUTAOKO UE TEPLPEPELO-
KOVG LTOKOTOOTATEG, 0w M aupuovia kol 1 afvievodiapivr. Tvykptvouevn pe GA-
Ag¢ Owapivec M o-pda Siver kol oVumAoko Ue avaroyid vrokatooTarn: uétaiio 4:1
koi 6:1 pe petoliooroyovibie ke 3:1 odumioke ue MSD, kar MSeO,¥ kot avtd
OQEIAETAL OTNV IKAVOTNTA TNG VO GOUTEPIPEPETAL GOV HOVOBOVIIKAG VIOKATAGTATTC,
H gukolhio petofdoewg and Sidoviikn o€ LOVOSOVTIKT] GUUMEPLYOPT Eival GYEDOV
uovadikn otn dapivn ovt og oxéon ue GAAOLG opyavikovg S1dovTuKos VTOKNTA-
ota1eg. To @avopevo unopel va cuvdedel pe 10 ovluylokd pavouevo TOV auyoud-
dwv o11g apuAdiopiveg. Ttnv povodovtikn o-pda 1o Cgvyog niextpoviov tov ald-
oV NG erevBepng apvouddog maipvel PEPOG GTO GLVIOVIGUO TOL QLPOUOTIKOD TL-

PTVO KOl ADTO EAQTTMVEL TNV TAOT TOL Yt Evo SEVTEPO Saouo Ue METAAALKO OV Kot
oymuatiopd yNAKAg evioewng Tynua Sa.

Io 1o oounioko 6:1 Ni(o-pda),Cl, o. Marks, Ph1111ps kor Redfern®! vnéfecov 6-
11 6" aLTO EVOEXETOL VG LTAPYXOLY UM EVIOYUEVES OULVOUGDES, AV KOl TTPOTELVAY Eva
nPOTLTO e~ €L povodoviuols vmokatactdtes. Ou gpsvvntég avtol Pacictnkav
omv-dapopd Bspuoctabuikdv petpioemv kot dapopikng Bepuikig avalvcewng evog
delynatog Ni(o-pda),Cl, kot evog deiyuatog nov mepieixe Ni(o-pda),Br, kot eledlepn
o-pda. H andiewa g o-pda yiveror o vymAotepn Bspuoxpacio yia Ty npdt1 ve-
on A0Yw tov Secuobd LVEPOYOVOL Tapd Yo TO peiyua Tov evocewv Ni(o-pda),Br, kat
o-pda. Zt0 oounroko ndvtwg Ni(o-pda),Cl, dev motonotifnke N napovsia eredde-
png o-pda ka1 pe pétpnon tov X.T. (108°C)L.

‘Otav ouwg opyotepa peletnnke n xpvotaAliktn dopn tov pe axtiveg X and
tov¢ Elder, Koran kat Mark®* Bpéfnke npdyuatt 61t 10 dtopo tov vikeAioo(Il) eivar
e€agvtoyuévo pe povodovtikd kol Sidovriko vrokatastdth. ‘ETol av xai 6Tijv Kpu-
otoAAikf Evoon vrdpyovv 12 apvouddeg uévo o £€L glvan svraypévec. Ta téaaep
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dtopa tov af@ToL ano Tovg dvo Jidovrikobs vokaTAcTATEG oYNUaTICOLY éva opbo-
yYoviKo eninedo pe to dropo tov Ni oto kévipo.

O1 Vo povodovtikoi vrrokatacTdteg Bpickovtar o trans Oom peta&d tovg kot
CUUTATIPOVOLY TNV TETPAY®OVIKA TOPAUOPOOUEVN O0KTOEDPIKT douf YOp® and 1o G-
-topo tov Ni(II) Zyfjua 5. Avo udépwr tng o-pda nopictavior oav POPLY KPLGTOA-
A®CE®G. LTO SOLUTAOKO KATIOV T® YAMPLOvYXA 1OVTO Kot T0 uopie Tov TAEYMOTOG THG
o-pda cvvdéovtar pe decpods vdpoyovov. Eivar duvatdv ot dvo povodoviikol kat ot
800 Sdovrikol vrokotootdteg vo petaBdiiovv Bécelg 610 KpLOTEAAMKSO TAEYUO
apotBaia kat vo arokabictator oopponio’t. O decudg LEpoyOVoL PETEED NG EAED-
Bepng o-pda TV aVOVIOV Ko KATIOVTOV TPEMEL VO EIVOL O TLO GTUOVTIKOG TOPG-
yov nov diver otafepotnia otnv éveon [Ni(o-pda),] Cl,2(o-pda), evd n évaon
[Ni(o-pda),ICl, mov mepiéyst to aoré@ KATIOV givol onuavtikd Aydtepo otobepr.

Zxdua 5

Tounhokeg evooelg g o-pda ue Cu(ll), Co(Il).kar Ni(II) cvvébeoe kar pehétnoe
eniong o Duff*’. Ta ovunioko Atav MLX, (6rov X=CLBr), ML, X, (X=Cl, Br,
NO,,'/?80,,Cl0,) kor [ML,]X, (X=CI,Br,NO,,Cl0,). H yeviki d¢ pébodog mapa-
oKevfig T0Vg cuvvictator otnv. avaueltn ebavorikod SuaAvpotog petoAioaroyovi-
dov pe SAvpo o-pda oe ofewkod aBviestépa. IMapaxatw Bo aioroyfhoovue ta de-
douéva BAcEL TV OMOi®V GLUTEPAVE TNV GLUUETPIR Y1 KaOe pio TAEN cvumAdkwv.
Ta 1o odurhoke MLX, 1o Cu(Il) ko1 tov Ni(II), déxeton oktoedpikn Soun pe emi-
nedn tetpoyovikh) Sievbétnon tov ahoyovoidoviov YOp® and 10 GTOMO TOV HETOA-
Aoidvtog mov mpokodei moAvuepeic aAvoideg pe YEGLPEG VTLOKATUCTUTOV KATO Uf-
K0¢ T0L ToAMKoD afova. H oxtaedpikfi Souf] cuvayetar yio pev ta ocOMTAOKA TOL
Cu (II)(CuLX,) and 10 pdopate dayvtikig avekAdcews, yur 8e o cOumAoko Tov
Ni(I) (NiLX,) and 1o @dopota SiayviikNg ¢VokAGCENMG Kal amd TV METPTION TNG
payvntikfc emdektikotntac oe Beppokpoacioa Swpatiov ~3,01 BM. Ta oktaedpikd
sounioka tov Ni(Il) eiver mavtote mapapayvntikd pe dvo acvlevkte nAekTpovia
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koL Exouvv MAextpoviakn doun omnv eEmrtam otolBdda tov vikehiov ™V tiel. H
fewpnTIKT TN TNG EVEPYOVS UOYVNTIKAG POTNG Uy M OToia divetol and Tov tOmo
uem:\/n(n+2)BM (6mov n o apude tov acvlevkTeV NAekTpovinv) eivar 2,83 kot
suploketal og mOAD KOAT TPOCEYYLON WE TNV TEPOUOTIKE gvpiokduevn tutm 3,01
BM. Avrifieta v 1o 1:1 ovunroka tov Co(Il) déxeton TeTpaedpkn doun petd anod
oUyKkpilon TV eacudtov vrepvdpov kat SloyvTikTfic avakAdoews Le EKEIVE TV oLLL-
nAokwv pe 1,3 xar 1,4-pda, kor petd and tnv pérpnon g Mayvntkng ponfg 4,6
BM. To. tetpoedpikd cOunhoxa tov Co(Il) eivar mapapayvntké pe tpio aocvlevkto
niektpovio. oty e€mtarn otoldda tov Co(ll). H meipapatikd gvopiokouevn Tun
4,6 BM givar ueyolOtepn and v TR NG EVEPYODS MAYVNTIKTIG POTING TOL OQEile-
tol povo o1o omiv 3,9 BM. 'Oung 1o oourhoka MLX, fitav nohd. acOeveig niek-
tpoAdtec 8-22 Ohm™' oe SidAvuo 10° DMF.

o 6ia to ovpnhoka ML,X, déyeton oxtaedpikfy dour. Xvykekpiuévo yo to
ocounioka tov Ni(II) and ™ uerétn tov eooudtov dwyvtikfg avakidoeng®® kai
amd v pétpnon tng Hoyvntikfc pomng.3,0-3,2 BM déyeton oktaedpikn doun pe
eninedn terpayovikfy dievbétnon dVo popimv Tov YNAKOD VTOKATAGTATN YVP® ATO
10 dtopo tov Ni(II) kol Ta povodovtkd avidvia va ntAnoidfovv mave xal kato and
avtd 1o eninedo. T Soun Séxetar kot o 1o ovunioka tov Cu(ll), twv onoiwv to
eaopate StoyvTikig avokAdoeng spoeavifoov pie povo evpeia déopn oto 18.400
cm™! mapapopeopévn oe xauNAoTEPT EVEPYELX, 1| ONOIX EIVOL TUTKY Y TNV TTAPO-
poppmuévn oktaedpkt Soun twv cvpuniokwv tov Cu(ll). Ko yit 10 ovumAoko
CoL,S0, déxetar mapapoppouévr oktoedpikn dout] and v uéTpmnon tneg Hayvnri-
kfi¢ portfg (5,14 BM) kat ond to gdoua Suyvutikig avakidoems. "OAw 0. cOUTAOKA
ML,X, tov Cu(ll), Co(II) xar Ni(II) éxovv oxtaedpikm doun Onwg cvvayeTal anod
10 QAopato. SloyvTIKTG 0VOKAGCENS KOl 00 T0 Yeyovog ot eivar 1:2 niektpoAvTeg.

Mia évoon mov sLVOLGLEL APOUATIKEG KOl CAELPOTIKES GULVOUGDES, OTMG T 0-aba
givot 1 NN~ 8ic (o-oapvoBeviud) afvievodopivni=abeda. Ou J.M. Tsangaris xat
S.M. Paraskevas®® cuvébecav v abeda xar nopackedacav 1o oourroka CuCl,- a-
beda kot NiCl,-abeda. Mehétnoav 8e 1o @donata opatod, vrepvlpov, daxvtixmg
avakhdoeng kabhdc emiong kot TIc payvnTikég 8O TEG TOLG. 10, QAONATO LTE-
pOBpPoOL TOV CLURAOK®V EVOCEMV EXOVUE PETATONION OF YOUNAOTEPEG GLYVOTNTEG
kat EAGTTOON NG EVIACENS TMV TAAGVIOCEMV TOV OPMOUOTIKAOV KBl OAELQUTIKOV
devtepotay®v opvopddov. To @dopate SyLTIKAG AVOKAGCEOG TOV GUUTAOK®OV
tov Cu(ll) xar Ni(Il) eivor evdeiktikd mapopopPouéVg OKTAESPIKTG CVUUETPiag.
Tyxfua 6.
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Tounioka tng o-aba ue Cu(Il), Ni(1l), Co(Il) cvvBéoapue npdoata 510 EPYROTN-
p16 nog’”. Ta ovpmioxa ta onoia cvviédnkav fltav MLX,, ML,X, ko [ML,]X, (6-
nov M=Cu(II), Co(II), Ni(II) ka1 X=Cl,Br. Avtd xopaxkTnNpicINKaV UE CTOLYXELNKEG
AVOAVOELG, LE PETPTON TNG LOPLEKTC OYMYIUOTNTOS KOL TG HAYVNTIKTG EMIOEKTIKO-
NTEG HE PACUATE 0paTOV-LREPLOOOLS o€ ddAvpa Kal SYLTIKNAG avakAGCEDG VIE-
pOBpov xar es.r. Ta anoteAéopata £deiav 611 M o-aba dpo cav Evag 6180vTiKOG
VIOKATAGTATNG divovTog YeEUP®UEVD: N ¥MAKE cOUTAOKA. ZUYKEKPLUEVE TO PACHA-
10, VIEPLOPOL GAWV TOV CLUTAOK®V EVOOEMV deiyvouy OTL Kot ot dVo auLtvouddeg
divouv deod evtdEeme pe td petaAlikd 1Ovta. Avtd gaivetal a) ARO TG TAAAVTO-
oelc tdoemg V(NH) mov eugavifovtol oto 3.400-3.220cm ' otov ehedbepo vrokata-
oTaTN, EVD ¢ OAEG TIG oOUTAOKES EVOIOELG petotonifovtal o xaunAdtepeg cvyvotn-
tec ~100 cm™ (xpitfplo Barvinok-Bukhareva)’®. B) And tnv 10AGviwnoTn kGUWE®S &
(NH,), m onoio. enaviletor cov pia wyvpn tawic ota 1650 cm™ otov erevbepo
VIOKATAOTATT, EVD OTIE COUTAOKES EVOCELG LETOTONILETAL OF YAUNAOTEPEG CLYVOTN-
1ec 40-90 cm™. ¥) And TIg GAAEC TAAOVTOOELS TOPALOPPOCEDS (Pys Pry Pr) TOL LETO-
tomiloviol 68 LYNADTEPEG GLYVOTNTEG OTIS cOUTAOKEG evdoelg!l.

6 ovykekpiuéva v to copumioka tov Ni(IT) [NIL,]X, yivetar dexti tpiynAikn
oktoedpik doufy and v perétn tov gocudtev IR,UV-Vis e covdvaouod pe v
A, KoL g OV elvol cuvenng kat pe v onovsio moiikov decpod Ni-X. T ta
obunroxa NiL,X, yiverat dextn duxnhkn oxtoedpikf doun ue trans devbétnon twv
ahoyovoiovtmv. H pia povo tavia ota 373 cm'v(Ni-Cl) mov anodidetar 61nv ov-
xvotTTa tohovidoene tov deopol Ni-X, eivor evdewktikn g trans devbetnoemg
1OV 0Aoyovoiovimv?, Tw 1o ovunhoka NILX, yivetar dexti teTpaedpikn diev-
Bétnon tov vrokaTacTUTOV YOp® 0nd To 10V Tov Ni(Il) ue dywepn A moAvuepn Te-
tpaedpikny doun yw to NIiLCI, Adyw g dvodieAvtdtnidg tov koL LOVOUEPT TE-
tpaedpixn doun yw to NiLBr,. Zyfuo 7.
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Zyapae 7

Ta ta odpumhoxo tov Cw(Il), CuLCl,, CuL,Cl, ko CuL,Br, yivetat Sext
oktoedpikny Soun n omoio cvumnepoivetal and T @dopata vrepYVBpov draXLTIKNG
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avakkdoeng, kofoag eniong kol to e.s.r. Tuykekpiuéva yo to ovunioko CulCl,
npoteivetar pio. molvuephg oktoedpikn doun pe oAAnienidpaom tov uoyvnTiKOV
kévipov tov Cu(ll) kot Aoyw tng YaunAfg TN TNG ATOTEAECUATIKNG LOYVNTIKNG
pomiS Ue=1,32 BM¥. T 10 odumioko CuL,Cl, npotsiveton trans oktaedpikn di-
ynAkn dopn. Lto @douo drw vrepOfdpov gueavifeTor pia towvio oto 3205:m'1 oL
arnodidetol otnv cvyvotnta ToAovioceng tov decuov Cu-Cl. I'o to odumioko
CuL,Br, mpoteivetar Siuepfig | moAvuepig doun kor Adyw g dvcsdiaAvtdTnTdg
To0. Exfua 8.

— - o X
N N - TN
N //X\\ /X\\ //X\\ N, —_ ___ﬂN\
VL _ail peig “ep” . ,/\\ o /,’ |
“~ < P - e 4 u ;o
x~ Sox” < x- . !
’ Nl/_ _\__IN/
N N N_ N
X
CuLCl
2 CuL2C12
Br Br B Br Br Br
N N N N, [‘
SN ~o //N N\\\ ) _N N NN N
L -~ /CL( - ,CU\ - ,CU ~ - ~ \CU’ \CU
SO - ~ - ~. i ~ e e
" J o o NN NN w N | W
r Br Br Br Br Br
CuLeBr*2
Zyfpna 8

Mo to odunroka tov Co(Il) ColX, mpoteiveton povouepnc teTposdpikn dout,
T Onoi0. CLUTEPAIVETOL ONTO TNV Ug~4,2 BM o€ cuvdvaoud pe 1o gdopato dtoyutt-
KNG avakAdoems KaL To @aope 6nw vrepvfpov. I'a ta odprroke CoL,X, npoteive-
Ton duyuepng oktaedpikny doun pe yépovpeg adoyovov, Zynua 9. H doun avth coune-
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paiveral and TNV PEAETT TOV PacUATOV SlayOTIKAG avakAdceng Kot 4w vrephBpov
og ovvdvooud Kol pe TNV TIUA NS Ueg~2,5BM mov sivar evdektixt peiyporog
ox10edpikdV cvunAdkwv xauniod omv Bsuehiddovg katdotaong ’E, kor vyniov
omv Beueliddovg wordotacng T, omv ovvildn Beppokpoocio. e ta cdunioka
Col,X, yivetaw dexth mopouoppopévn oktaedpikh Soun 6INV KATtdoToon yauniod
omv dapoppmong tiel, Aoy 1oxvpod gawvouivov Jahn-Teller.

Tounepdopota

H wavotnto tov opoudTiK@OV Kot CAEIQATIKOV Siopiveoy va divovy xﬁhucd olOu-
nhoxo e€aptdtal and 115 SOTIKEG BLOTNTES TV AUVOUAdOV KoL ORnd GTEPEOYNULKES
TUPEUTODICELS.

"Etot 1 en §po gbkora ocav didovtikdg vrokatastdng kot diver gnAikd cdunio-
Ko, 6mov M mpoTiwoLuevn ddtagn tov vrokataotdTn eivar M gauche’®, eved dArote
TOAL UTOPEL Vo Spd oav YEQLPO PETaED VO YEITOVIKMV PETRAMKOV 1OVTOV e avTi-
otoyyn trans SiGtaén tov vmoxotoothn® S

Amo tnv aAAn uepld n o-pda, pic xaBapd apopatikn deuivn, dpa cav didovTikn
ko diver ynAkd ovunioka, kabag eniong ko oav povodovtikni. H wavotnta g o-
pda va dpa cav pHovodovTikdg vmokaTaoTATnG £XEl anodobel otnv eddttmon Tev
Baocwkdv dothtov g devtepng apvouddag otav 1 tpan divel Secpod evidiemg pe
UETAAMKG 10OV,

H o-aba 8pa eniong cuv yépupa 1 ynAkds didovtikdg vrokatactatng. H o-aba
¢ mpog TG dotikég 1010tNTEG NG B mpémel va €xel evdidueon Béon petafd Tng en
Kot Thg o-pda wéd kot dwbétel pio apouatiki kol pie cAsieatikn auvoudde. H ov-
XVOTNTO. TEVIWG TOL GYNUATICUOD TOAVUEP®DY SEGUAMV, HTOL 0 LIOKATAGTATNG dpo.
ooV YEpupo HETAED 800 peTOAAKGOV 16VioV, Qoivetar dTL givor peyoAvtepn an’ Ot
otV aBvievodiopivn. Avtd mfavdg oeileTar ot pEYOALTEPT Suckolia oyNUOTL-
ouod tng gauche popefg otnv o-aba. And TV GAAN pepid dev anopovmdbnke kavé-
VO GOUTAOKO GTO OTOI0 O LTOKATAGTATNG 0pU GOV LOVOJOVIIKAG, ONME GTNY TEPi-
TTOOT TN 0-pda, Wia KoL 1) GOUUETOXN TNG WAG AUIVOLASaG ot BECUO pE Ta METOA-
Ao, Sev emmpeater tig dotikég 101dtNTEG TNG GARNG, apod M CAElpaTIK apuivoudde
dev ovvdéetar dueca pe tov BevioMko mopiivo.

IIINAKAX I
(ITapapétpol oxTaedpikOV CLUTAOK®V)

ENQIH AIAAYTHE Dq (cm-1) B (cm-Y)
NiL(H,0),Br, H,0 1027 759
NiL,Cl, H,0 1059 910
NiL,Br, H,0 1066 920
DMF 1045 1021
[NiL,ICl, H,0 1079 940
DMF 1066 1005
[NiL,IBr, H,0 1078 946

DMF 1069 1031




ILYMIIAOKEZ: ENQXEIE TOY Cu(ll), Ni(ll) KAL Co(Il) ME AMINEZ 17

Ot tpéc Tev nopapétpov Dq ko B ywe 1o Sidgpopa odurioka tov Ni (II) oktoe-
dpwcfig ovuuetpiag oe didgopovg dwdvteg divoviar otov mivaka I.

Ot Tég avtég eival aveAoYES ME TG TWEG GAA®V QAElQaTIKGOV 7 APOUATIKOV
Sropuvov oe oktaedpikd coumhoka. tov Ni(I)*"$2 O Marks x.4.5' 610 odumhoka
g o-pda ue Ni'(II) Bphixav 6t or viroloyibopueves Tyieg Tov Dq fitav younAotepeg
xat Tov B vynAdtepeg anod sxswsg TOV AAEQATIKOV apvev. Avtd anodabnke oy
'xa;mho*cepn BackdTiTa e o-pda évavil TV alepatikdv autvev. H o-aba ue pia
oAelpatikt aptvouddo kat WG apouoTK TPETEL vo. EXEL LOYVPOTEPES BOTUKEG, 1KAVE-
Teg and v o-pda, mpaypa mov cvpPaivel OTKG paiveTal and TG TIHEG ‘I:(DV mapa-
uétpwv Dq ka1 B.."Etot m.y. 70 c‘n')unloxo‘ [Ni(o-aba);ICl, éxer Dq=1079 cm' peya-
Mnsp’q ané ™mv 1w Dq=1053cm™ ! yie 10 ovunhoxo [Ni(o-pda);|Bri’ KoL Tn

=940 cm! évavtt 966 cm ! . Ankadn éxovpe avtiotorya peyaivtepo Dq K HIKPO-
tapo B yw v o-aba an’ 611 Y my o pda mov Smxvat ehoOpdG, usyahmepsg Bosi-
KEC 1810TNTEG Y10 TNV TPDTN, TPGyUe Tov avapévetar. EEGAAOL 1. xabapdg 0.7\.81(])(111—
k7 apivn, en, eupavifer moAD peyaAvtepn TR Dg=1150 cm ! ke pixpotepn
B=860%2 cm ' oe ovupwvio pe tn peyoddepn PaokoTnTd. me. )

Summary

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

The present paper ‘is rev1ewmg ‘the complexes of “the aliphatic and aromatic,
mono-and dlammes, e.g. NH,,” amlme 'or “en’ (ethylenedlamme), o- pda (o- phe—
nylenediamine) with-the 1°row transition metals Cu(II), N1 (II) and Co(II) More spe-
cifically- it refers to the structures.of these complexes and makes a brief review of the
experimental methods used for their preparation It also refers to‘the corresponding
complexes formed between the-diamine o-aba (o-aminobenzylamine) with the ‘same
metals and compares the donor properties of this ligand with those of other similar
ones like en and o-pda.

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

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

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

Key Words: Lattice statistical thermodynamics, Physical adsorption.

Introduction

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

It the present work we attempt a systematic application of the lattice theories of
statistical iherinodynamics to the study of heterogeneous adsorption. A generallized.
lattice model is analyzed for the adsorption of pure gases on heterogeneous surfaces.
From this model, localized and mobile adsorption on either patchwise or random'
heterogenecus surfaces are derived and discussed as specific cases.

General equations -

In order to study the unimolecular adsorption on heterogeneous surfaces by
means of the lattice theories of statistical thermodynamics, we consider the following
cenerallized model for the adsorption layer:
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1. It is assumed that the adsorbed molecules form a two dimensional layer
(unimolecular adsorption).

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

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

L = N\ L;is valid.
;

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

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

_ Let N molecules be adsorbed on the L sites and & a distribution £y Eyy iy oo OF
the N molecules on the adsorption sites, where & denotes that the number of
‘molecules adsorbed on the sites with energy Uj is equal to Ng,. Since N¢, <L;, then
for each & distribution the partition function Q; of the adsorption layer can be writ-
ten as

L ! o '
Qe = H { Ng! (Li—Ng) ! (Qingsy * qt(l)) 5 exp (Ng, Ui/kT)} exp (—z'w/kT) 6))

In Eq. (1) Qi) » Geg are the internal and the translational partition functions of an ad- .
sorbed molecule on an L; site. We assume that a molecule of any of these L; sites
has:the same internal and translational partition functions. In the same equation, w is
the potential energy of interaction for any nearest neighbour pair. As in the case of
‘unimolecular adsorption on homogeneous surfaces, we assume that only interactions
between adsorbed ‘molecules on nearest neighbour sites need to be taken into account
(nearest neighbour statistics).
Finally z* is defined from the relation®:

g (z) exp (—zw/kT)
Zg (2)
where z is the number of the nearest neighbour pairs and g (z) the number of con-

figurations with z nearest nelghbour pairs. The total partition function Q 1s the sum
of the partial functions Qg, ie. :

@

exp '(¥z'w/kff) =

Q=) Q ©)

For the determination of Q we can make use of the well known maximunr term
method, i.e. by replacing InQ by the logarithm of the largest Q.
Thus if Néi corresponds to the equilibrium distribution, we have:
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. L N,
IIIQ = \_ {Li l[lL —‘N{:n In N§+ NE_n In (qin(i) qt(i))

i— Ng Li—-
@
Ne U; } Z'W
kT kT

In order to proceed further, the way in which the sites with different energies are dis-
tributed on the surface and. also the nature of the adsorption layer are to be deﬁned

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

Random site distribution

1. Mobile adsorption

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

2nmkT

qt(i) :T afi =A- afi (5)

where ar, is the free area available for ‘the motion of the molecule within its cell.
When the adsorbed molecules are almost spherical and non polar, then an ap-
proximation of the free area af, is given by the relation”':
—(1-N
afi = —r @,

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

"z = cNY/2L (©)
where ¢ for a given site, is the number of the. nearest neighbour sites.

~ On the basis of the above approximations the partition function of the adsorption
layer, Eq. (4), takes the form:

N
InQ = N {L ln — Ng_ Ng, In L —§N§+ NgIn (ging Aw)
7
~ N,  NeU cN2w (
N 1 o )| - M
* 5*“(1' L)+ KT ! 2LKT

The chemical potential of the adsorbed molecules of the L 51tes may riow be
calculated from

v onQ
S e (— ®

KT &N, )L, T, Ng# N,
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which results to:

‘ 0 0 U :
L;: In ! + + i 0 L In (qin(l) k(l)) (9)
kT (1-8) (1-8) (1—-8) kT kT
| whe_:re 0,= Ng/L , . (10)
and . 0 =NL=\ Lg/L (11)
|

The adsorption isotherms result from the equilibrium relations:
HE = Hgas (12)

For a perfect gas we have:

%ﬂf = InP — In (AT qg (T)) (13)
where P is the pressure of the gas in equilibrium with the adsorbate and gg (T) is. the
internal partition function of a molecule in the bulk gas phase.

The partial adsorption isotherm which results from Egs. (9), (12) and (13) can be
expressed by:

i AM2KTqe (D), 8. U—cwd,
0,= 1/{ (l—(-))P "ot ¢Xp(1 9) exp (— o ) + 1} (14)

Obviously Egs. (11) and (14) define the overall adserption- isotherm: In Eq. (14) we
can approximately set

Q;n(l)/QG(T) = Quy (15)

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

ey au =1 | (16)
and the total adSorptibn isotherm may be expressed by:
- f (U) dU .
9P equGD T ( —9) exp ( KT )

The above integral can receive only a numerical solution if the distribution function
f(U) is known. This function is either determined by experimental means, or it is
selected from, the already. known distribution functions.
" For this purpose the Gaussian, the Maxwell-Boltzmann and the exponenual dlS—
tribution functions are more frequently used.

If f(U) is the Dirac delta function and the limits of integration are taken from 0
to +o0, then Eq. (17) results to the isotherm of the hole theory for the adsorption on
‘homogeneous surfaces®:
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(] 0 cw o
D exp =0 exp.( T 9) = PP (18)

where B= (mqv (U, T) /A2 KT) exp (U/KT) 19

2. Localized adsorptioﬁ

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

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

Q= X' {Lin— 20)

. N&U; cN?w
~ Ngln + Ngilnqin(i) + } —
&

— Ng, Li—N kT 2LkT

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

. A7\.3/2kT U[—CW% ‘
and’ .
f(U)dU
b= f 1 AY2KT exo |- “U—cwb . (22)
P g T P (-

This isotherm was first derived by Hill® by the use of undetermined multipliers.

As in the case of mobile adsorption, Eq. (22) cannot be solved analytically ex-
cept of the case when f (U) is the Dirac delta function. Then from Eq. (22) we obtain
the well known Frumkin isotherm!" '%

e (559
where. B= (q‘, -(U, T)/A*T) exp (U/KT) (24)

An interesting case is also' when w=0 and qy U, T} = q, ().

In this case it is proved that Eq. (22) can be used to reproduce thé isotherms of
Temkin ‘and Freundlich?.
" The Temkin isotherm'> "% results from Eq. (22) when f (U) = C where C is a
constant and by integrating from 0 to U. '

Then at low pressures, Eq. (22) reduces to:

Pq, (T).

6 = CkTln (= exp (U/kT)) @25)
which“is the Temkin’s isotherm.

If f(U) is of the form f (U)= Cexp (-AU) _ (26)
where C, A are constants, then Eq. (22) gives as a first approximation the Freun-

dlich isotherm!®:
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o= (et @

Patchwise site distribution

1. Mobile adsorption

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

Ng,

=1 —— 28
= (1-4") e (28)
In this case we also have: z' = \ ¢cNE /2L; (29)

Therefore, from Eq. (4) we obtain: '

L; Neg Ne

nQ = N {Liln——"— Ngln—35 & Ngln (quoAo) + Ngln (1 —2
Q T { ! L;— Ng, 5 Li— Ng &1 (Ao Ao) & ( L; )
(30)

N:U;  cNiw

+ GYi & }
kT 2L, kT

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

as follows:

9, 9, cw U, A2 KT
+ 0, — + In 31
=6y " 1-8, " kT ' kT oqy () S8
The total adsorption isotherm results from Eq. (31) and (11) or for a continuous dis-
tribution of the adsorption energies from Egs. (31) and (32)

0= 0w du. (32)

The study of mobile adsorption for the case of a patchwise surface can also be per-
formed by the simple cell theory of the liquid state'®. For this purpose we ‘must
assume that a) the number of the adsorbed molecules is equal to the total number-of
the adsorption sites, i.e. N=L, and b) that, as a first approximation, the energy per
adsorbed molecule due to latteral interactions with the other adsorbed molecules is
proportional to the surface density of the adsorbed molecules, N¢/S;, where S; is the
area of the adsorbing surface with an adsorption energy U,

The first assumption implies that in the cell model each adsorbed molecule moves in
its cell and due to N=L every change of the surface density of the molecules
necessarily results to the change of the cell dimensions. On the contrary in the
previous model the variation of 6 implies the change of the number of the empty
cells. In the cell model an approximate expression fo ayp is given by:

af, = n (a;—d)? (33)

P —In
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where a; is the average distance of the adsorbed molecules in the group of sites w1th
energy U; and d is their diameter.
In a regular hexagonal lattice the following relations are valid:

a? =¥3(si/N¢i) | (34)

& 2 35Ny (39)

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

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

2\/ 3m 2\/ 3ma, '
ap = va (SM2 — S12R = ;I/\I_ (N3 — NJ2p. . (36)
Assumption (b) implies that the energy term z'w/kT in Eq. (4), must be replaced by:

YNzi YN%i

N8 N s 37
B S]kT T aoNs(,') kT
where y is a proportionality constant.
If we account for the above reasoning then Eq. (4) becomes
InQ = ha {NE.-i In (Qingy Aao 2{311/3 — Ng lnN;= + 2Ng In (NV%) — Né’z
NeU; N
P A N - (38)

kT a,NpkT
while the partial adsorption isotherms resulting from Eq. (38) can be written as:
A2 KT3e U, 0 A 2y
dunao2y/ 3m T s —/ 8 1= —/ 0 akT
An analytical solution for 8; is again not possible. Therefore the use of numerical or
graphical methods is necessary for the determination of the total adsorption isotherm

from the system of Egs. (11) and (39) or (32) and (39).
In the case where f(U) is the Dirac delta function Eqs. (32) and (39) reduce to

InP = In

6, 39)

the cell isotherm!'”: '8
0 v 8 2y .
a—/ o (/9 ™ ( —iT ) = PP (40)
where
B = (a.a, 2f3n/?»"2 kT3e) exp (U/T) (41)

The above model is valid only for patchwise surfaces. It is evident that this model
cannot be applied to a random surface because this contradicts the assumption (3) of
the general model, especially for low values of 0.

2. Localized adsorption

In this case we have q,; = 1, while in parallel Eq. (29) is satisfied. Thus we have:
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Q= N {Lin—— Ngin—_ 4 Ng NeU _ ow Nz}(4)
n = in In + .In in(i +
— DTN LN T T T L
and ‘
cw U, A KT
InP = In— - 1 . 43
n n 1-—9|+ T 0, T + In P~ 43)

Again the total isotherm is determined from Egs. (11) and (43) or (32) and (43).
If w=0 and q,q=q,(T), then from Eqs. (32) and (43) we have:

f(U)dUu

9:[ 1 7\_3/sz (44)

P LM C (_k—T)+1

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

Numerical examples

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

f(U)=

1 2 2
con exp (— (U—U,)/20?) 45)
with U, = 2000 cal-mole~% In the above relation the 6 parameter describes the width
of the distribution and thus it accounts for the heterogeneity of the adsorbent. The
function (45) is somewhat physically unreal since it predicts that a finite number of
sites of positive energy will be present. However as an approximation, it appears to
give a reasonably adequate representation and for this reason it has been widely
used.

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

u(®) = 4e {(t,/02 — (r,/r)} . (46)

with r, = 3.405A [19] and &/k = 100 [20].

Therefore as far as it was accepted that only the interactions between the nearest
neighbour molecules contribute to the total energy of the system,; we have: w/k = —
g/k = — 100.

In addition for a hexagonal close-packed configuration of the adsorbed molecules

we have c=6 and m—\[ 3a%/2 where a=2Yr,.

For the case of the cell isotherm the approximations a,= = (a/2)? and 2y/a, k =
— ¢/k were used.

- The q, function in the isotherms developed above includes vibrations normal to
the adsorbing surface and it can be approximately expressed by: -
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q, = e /(1—e™) 47)

where x=hv/kT and v is the vibration frequency of the adsorbed particles. The fre-
quency v depends on the energy U [31.

However here due to the selection of the gaussian function (45), which allows for
positive site energies. it was approximately assumed that v is constant and equal to
1-10"%sec . »

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

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

Independently of the adsorption model the theoretical curves of the isotherms for
heterogeneous adsorption are lying on top of the corresponding isotherms for
- homogeneous adsorption (6=0) at low pressures, while the inverse holds for high
pressures. This means that with increasing heterogeneity of the adsorption surface
the adsorption is favoured at low surface coverages. This is due to the fact that at
low coverages the molecules are adsorbed preferentially on the most active sites,
whereas as adsorption proceeds and these sites become occupied, the less active sites
come into play.

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

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

The isotherm curves corresponding to heterogeneous adsorption on random sur-
faces present a common intersection point. This point is located at 6=0.5 and it
corresponds to pressures determined by the following relations:

2AVKT U,—cw/2
P = ———— | —————
Qv exp ( kT ) (“48)
for mobile adsorption, and
AT U, —cw/2
pP— _ oW 4
gy exp ( kT ) “9)
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for localized adsorption. For patchwise surfaces the isotherms present a common in-
tersection point only for the case of localized adsorption. This point has the same
coordinates as for the case of random surfaces. It is also observed that at low
coverages the adsorption on patchwise surfaces is slightly stronger than that on ran-
dom ones for the case of localized adsorption, while the opposite holds for the case
of mobile adsorption. In any way these differences between random and patchwise
isotherms, is the significant shift of the critical tamperature and pressure to lower
theoretical isotherms.

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

Hepidnym

IMeyuatikéc Bewpliec yia 0 LLOVOUOPIAKTY TPOCPOPNON OE ETEPOPVEVEIC ETLPAVEIES

v . gpyacia avti perstdtor Bewpnrikd M mpoopdenon aepiov mAvVe of
EVEPYELOKA ETEPOYEVEIS EMEAVELES. Me Baon tn otatiotikn feppodvvapki aventoo-
GETUL Eva YEVIKELUEVO TAeypatikd poviého tng otnPadag npoopognone. To npoo-
popnuéve copatidia Bempovviar 6Tt oxnuatiloov pie Sididotarn otPdda, xata-
AapBdavovv cuykekpluéveg nigypatikés Béoeig kot aAAnAemdpovv nhevpikd petald
toug. Ymobétoviag pia toyeie kotavopn tev copetdiov ong mieypatikis Oéoceig
npoodlopiotnkav ot Bswpnrtikéc 16obepueg 1060 TG KvNThg 060 KOl TNG TOMIKTG
npocpOEnong. Ot 1310TNTeg TOV Wobéppov avtdv aveddbnkav pe ™ Pondea apid-
UNTIKOV TOPAJELYUATOV.
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Summary

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

Key words: B-Lactamases, enzyme detection and characterization

Introduction

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

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

Experimental

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

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

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

) Chromosomal
Strains Number cephalospo- Various plasmid types
. rinases

E. coli wild 13 2 10 TEM-1, TEM-1+0OXA-3

: K1p RC85 6 0 "4 TEM-1, PSE-2, b-lacta-

~ mase of R22K (11)
Klebsiella and 1 8 : TEM-1, TEM-1+0OXA-1, TEM-2
Enterobacter sp.
Proteus sp. 9 2 5 TEM-2, TEM-1, PSE-3
Citrobacter ) 2 0 TEM-1, TEM-1+OXA-1
E. coli Kpz 8 0 HMS-1, SHV-1,0XA-1,0XA-2,0XA-3
(Reference strains) PSE-1, PSE-2,PSE-3
Totat 49 12 37

Plasmid location of B-lactamase genes for certain wild type strains was confirmed by
conjugal transfer experiments™™'2 Type -of enzymes produced by P-lactamase
reference strains are also shown on Table I. On pl determination traces of host
cephalosporinases were detected on most of the clinical and reference strains which
mediated plasmid type [B-lactamases. “



RAPID METHODS FOR (-LACTAMASE CHARACTERIZATION 35

Rapid f-lactamase tests: Three rapid methods were tested for their ability to
detect and identify the known PB-lactamases produced by the 49 Enterobacteriaceae
used in the study.

Nitrocefin test: Several colonies of the tested bacteria from an overnight growth on
‘trypticase-soya agar (BBL) were suspended in 0.5 ml sterile saline. Aliquots of 50 ul
of the cell suspension were mixed with equal volumes of nitrocefin working solution
(5 mg of solid nitrocefin -Glaxo Co. - dissolved in 0.5 ml dimethylosulfoxide was ad-
ded to 9.5 ml phosphate buffer 0.1 M, pH 7). The color change from yellow to red
within 30 min was regarded as criterion of f-lactamase production.

Rapid acidimetric method: Beta-test strips (Medical Wire and Equipment Co., Both
Ltd, Wiltshire UK) moistened with normal saline were placed on slides. Two or three
colonies from 18 hour growth of tested bacteria cultured on trypticase-soya agar
were spread on these strips. A change in color from purple to yellow within 10 min
was regarded as positive for the presence of B-lactamase.

Todometric assay: A modification of the method described by Catlin' was applied.
Two separate solutions containing 10,000 IU/ml pericillin G and 5 mg/ml
cephaloridine, both in phosphate buffer of 0.05 M, pH 7, were dispensed in volumes
of 0.5 ml in small tubes. The tested bacteria from an 18-hour growth on trypticase-
soya agar were suspended in the above solutions to make densities of approximately
10° cells. After one hour at room temperature, two small drops of starch indicator
(1% W/V) were added and immediately afterwards one drop of iodine reagent (2.03
g iodine and 53.2 g KI in 100 ml distilled water). After mixing the solution well,
decolorization within 10 min was regarded as positive for the presence of (-
lactamase.

Results

Results gathered from the application of three rapid methods, nitrocefin test,
Beta-test (acidimetric) and iodometric assay (cephaloridine substrate and penicillin
substrate) are shown in Table II, based on their ability to detect the presence of
known B-lactamase in the Enterobacteriaceae strains. The nitrocefin test detected the
B-lactamases in 94% among 49 strains used. The iodometric method with penicillin
G substrate alone detected in 82%, with cephaloridine substrate alone in 76% of the
strains, while cumulative results from the application of the method with both sub-
strates revealed the presence of -lactamase in 92% of these strains. Beta-test detec-
ted only 51%. Of the three strains, in which the nitrocefin test didn’t detect f3-
lactamase presence, the one, an E. coli strain, produced a TEM-1 B-lactamase, detec-
ted by the Beta-test, the uther, an Enterobacter strain, produced two plasmid B-
lactamases, TEM-1 and OXA-1, detected only by iodometric test with cephaloridine
substrate. The third was an Enterobacter producing a cephalosporinase; also detected
by iodometric method with cephaloridine substrate.

On Table II, analysis of the three rapid methods’ results, based on their ability to
differentiate between chromosomal and plasmid-mediated B-lactamases and between
different types of plasmid mediated P-lactamases, is shown. The nitrocefin test detec-
ted 92% of the chromosomal cephalosporinases and 95% of the plasmid mediated 3-
lactamases. The Beta-test detected only 8% of the chromosomal, but 65% of plasmid
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TABLE II. Results of the three rapid methods for detection of B-lactamase presence and differentiation
between types of B-lactamases.

Detection of Type Type of plasmid
Rapid method P-lactamase of B-lactamase detected B-lactamase detected
(% positive (% positive reaction) (% positive reaction)
reaction)

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

Nitrocefin test 46/49(94%) 35/37(95%)  11/12(92%) 24/26(92%) 11/11 (100%)
Beta-test (acidimetric) 25/49 (51%) 24/37(65%) 1/12(8%) 21/26(81%) 3/11(27%)
Jodometric Assay 45/49 (92%)  35/37(95%) 10/12(83%) 25/26(96%) 10/11(91%)

{cephaloridine and »
penicilline G substrates)

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

Discussion

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

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

- Among Enterobacteriaceae causing urinary tract infections, the production of
chromosomal cephalosporinases and plasmid mediated B-lactamases is a very com-
mon resistance mechanism to B-lactam antibiotics. It has been reported that 75% of
the isolates owe their resistance to plasmid mediated B-lactamases 3. Recently, a lot
of clinical studies are using B-lactamase inhibitofs in combination with B-lactam an-
tibiotics against Enterobacteriaceae pathogens producing B-lactamases. The action of
B-lactamase inhibitors is influenced by, among other factors, the type of B-lactamase
produced®!4, Pechere et al has shown that clavulanic acid is more effective against
plasmid mediated B-lactamases than against chromosomal cephalosporinases!s. This
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has also been shown in our laboratory®. Therefore, it becomes essential to know the
type of B-lactamase produced by an isolate causing clinical infection.

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

Tested Strain

Nitrocefin Test

positive

presence
of p-lactamase

Beta-Test
positive negative
plasmid chromosomal
B- lactamase p-lactamase

Fig. 1: After the detection of a f-lactamase by the Nitrocefin test, the commercial acidimetric method of
Beta-test can give an indication for the genetic origin of this f-lactamase, since it is almost specific for
plasmid f-lactamases (it detects 67% of the plasmid, but only 8% of the chromosomal enzymes).
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MepiAnyn

Xprion tayeiwv uefodwy yia aviyvevon Kai xapaktypioud f-Aaxktapacwy ota eviepo-
Baxtyproeidn.

O 10mo¢ TV B-AOKTOMOCOV TOL TaPAyovVIol amd 16 EVIEPOPAKTNPLOELdN
anoTeEAEl oNUAVTIKO TOPAYOVI®, TOL TPOAEYEL TNV OATOTEAECUATIKOTNTA TOV
avaostodémv B-Aaktapdong. IZnv mapovoa epyosia, tpeg uébodor taxeiag ava-

" yvopong B-Aaktapacodv —m Sokiuacic TG LPOUOYOVOL VITPOGEPIVIG, N 0ofgope-
Tpik1 dokipacio Beta-test kot pia taxeio wdoperpikn dokpacio— ektiunbnkov og
7pog TNV CELOTMIOTIOL TOVG OGNV AVIXVELON KOl OTOV YUPUKTNPIOUO YVOOT®OV V-
TEPOPOKTINPLOEDIKOV B-AUKTAUACHV, Ol OTOiEg YoV AmO TOAOLOTEPO. YO.POKTNPLOTEL
Baoel Tov PACHATOS LVTOGTPOUATOV TOVG KUl TOL WOONAEKTPIKOD TOLg onpueiov. ITo
gvaictntn and 1ig Tpewg uebodovg, doov apopd TV aviyxvevon TG mapoveing TV
B-Aaktapacov, anodeixBnke n- dokwwaocia Tng vitpooepivng, evd M Aydtepo
gvaicnn Mtav n dokwaoio Beta-test. QQotdoo, n un evoichnn avtn Soxuacio
Beta-test Bpéfnke va eivar M 7mo anotehecpotikn Y TN Sudkpion petald B-
AKTOUACOV XPOUOCOUATIKOD Kal TAacudiakod tinov, xapn oty ot Td g va
unv avixveder oxedov kaborov Tig xpPOUOCOUATIKES P-AAKTOUGCES KAl VO OVIXVEDEL
VYNAO mocooTo TV TAacwmdlokdv B-Aaktapacdv. Koppio and g tpeg pedoddoug
dev Ppébnke weavn ywo Aentouepéotep SlAKPLOT OVAUESH GE SLOPOPETIKOVE THTOVG
nAocudokov B-Aaktopachdv (TEM xar un TEM).
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Summary

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

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

Introduction

In a recent communication! we reported the synthesis and antimicrobial activity
of compounds of the general formula 4 (R2:CH,COOH,CH,COOC,H,). In the
present paper we wish to report an extension of this project with the synthesis and
biological evaluation of a new series of derivatives 4 where RZ:alkyl (Scheme 1).
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Scheme 1. R':H,CHs,Cl, R*:alkyl , R®:H,CH, .

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

As reported elsewhere the 3-alkyl-2-benzothiazoline hydrazones (3) are prepared
by reaction of hydrazine hydrate either with 2-methylmercapto-3-alkyl-
benzothiazolium iodides®® or with 2-imino-3-alkyl-benzothiazolines(2)?. Initially we
followed the latter method with a slight modification i.e., using ethanol as a solvent
instead of 2-methoxyethanol. However we found that direct reaction of hydrazine
with the 2-amino-3-alkyl-benzothiazolium iodides (1) (Scheme 1) gave higher yields.
Besides the intermediate step of formation of the free base 2 was avoided. Therefore
this method was preferred to those mentioned above.

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

TABLE I: Products of the general formula 4.

Yield Melting
L R R R % point/°C
a H CHs H 95 234-5
b " CuH " 90 210-12
c " CsH, ™ 90 193-5
d " CgHy O 85 163-4
e " CHs CH, 90 215-6
f " C,Hs CH, 75 V14-5
g " C:H, CHs 70 219
h " C.H, CHs 70 144~5
i. CH, CHs H 70 255
j €1 CH v 70 227

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

Antimicrobial Screening

Inoculation cultures were prepared by incubation of the bacterial strains in Brain-
Heart Infusion broth (BHI) at 37°C for 18 hr and the yeast strains in Sabouraud’s
maltose broth (Sab.) for 18 hr at 30° or 37°C depending on the optimal growth
temperature of the strain. To stimulate ‘the growth of Streptococcus pyogenes 10%
horse serum was added to the broth. The fungi were grown on 10 ml Mycological
agar containing 0.05%eo inositol, 0.01%o0 thiamine, 0.5%0 cycloheximid and 0.1%eo
chloramphenicol for 5 days at 22°C (phytopathogenic strains) or 30°C
(dermatophytes) in 100 ml erlenmeyers.
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The microbial inoculum, with the exception of fungi, consisted mostly of approx-
imately 10° colony forming units per mlIn that respect, unless otherwise specified
(Table III), the overnight bacterial and yeast cultures were diluted 10° in BHI broth
and Sab. broth respectively. The 5-day fungi cultures were suspended in 15 ml saline
and used undiluted. Microtiter plates were used for MIC determinations. For each of
the tested compounds a 2000 mcg/ml sterile stock solution in DMSO was prepared.
After dilution with sterile distilled water to 400 mcg/ml, serial twofold dilutions in
BHI broth (bacteria) or Sab. broth (yeasts and fungi) were prepared (100-1.5
mcg/ml) and pipetted in 50 pl quantities into the wells of the microtiter plate. Then
50 ul freshly prepared inoculum was pipetted into each well, followed by covering
with a plastic film to prevent evaporation. Plates were incubated at the appropriate
temperatures and results read after 24 or 48 hr (Table III).

‘Inoculated blank 5% ‘solvent solutions and blank media were used as controls.

The MIC was defined as the lowest concentration of the compound under ex-
amination at which no visible growth of the microorganisms appeared.

Resuits and discussion

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

Experimental

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

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

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

TH NMR data of the final products 4 are listed in Table II.

3-alkyl-2-benzothiazoline hydrazones (3)

A solution of 0.03 mole of a 3-alkyl-2-aminobenzothiazolium iodide and 0.12
mole NH,NH,.H,O in ethanol was refluxed for 1 hr. After cooling the precipitate
was filtered off. An additional crop was obtained after addition of water to the
concentrated filtrate. The combined solids were recrystallized from benzene-ligroin.
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2-(5 “nitrofurylidene) azino-3-alkyl-benzothiazolines (4).

For the synthesis of compounds 4a-d,i,j (R*:H), 0.012 mole of a hydrazone 3
and 0.012 mole 5-nitro-2-furfuraldehyde diacetate were dissolved in 50 m! ethanol, 2
ml concentrated HCI was added and the mixture was refluxed for 1 hr under stirring.
The coloured precipitate was filtered off, washed with water and then with methanol
and the solid was dried and recrystallized from THF. The methyl analogues 4e-h
(R3:CH,) were similarly prepared in non-acidic medium employing 0.012 mole 2-
acetyl-5-nitrofuran.

TlepiAnyn

Zvvleon kar avtigikpofiaxog EAgyxog vEwy  2-(5 -vitpopovpvridevo)alivo-3-
aixviofeviobeialolivay

H napovoa gpyacio neprypapet ™ odvleon kot tov aviykpopioko EAeyyo véwv
2-(5"-vitpopovpuiidevo) alivo-3-oAkvAoPeviobeialodvav (4). H oOvleon toug
npoypotonowmbnke pe avridpaon tev 3-oikvio-2-PevioBeialoivo-vdpalovav (3)
gite ue Ok  S-vitpo-2-povpeovpardedon (4a-d.ij) eite pe 2-uxstvro-5-
vitpogovpdvio (4e-h). ApBuog emAeyuévov evocewv, vroPAnbnke oe
TPOKOTOPKTIKO EAEYY0 avTiwikpoPiakng dpdong oe Paktipa, {Vueg kor LOKNTES.
Awmiot@dnks EAeryn SpactikOINTOg TOL Umopsl va anodobel otn ducdarvToTnTa
TOV EVOGEOV CGTO VEPO.
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Trivalent iodine forms a variety of ylids with several types of organic com-
pounds. The most widely studied iodonium ylids are those derived from iodobenzene
and 1,3-diketones;2-phenyliodonio-dimedonate, I, has received much attention
because of its accessibility and relative stability.

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

0 ~— o

Scheme 1

Thus, triphenylphosphine?, triphenylarsine®, pyridine and substituted or conden-
sed pyridines® and several types of sulfur compounds®’ react with I displacing
iodobenzene under formation of new ylids. New iodonium ylids may be formed by
reaction of I with active methylene compounds, which are stronger acids than
dimedoneS. These reactions apparently involve nucleophilic attack to a carbanionic
centre but it is more probable that prior dissociation of I into iodobenzene and car-
bene or a carbenoid acceptor takes place. The formation of a cyclopropane
derivative with cyclohexene® as well as the thermal decomposition of several
iodonium ylids in various solvents’ are in favour of a carbene mechanism. 7 is fairly
basic and it is protonated even by weak acids to form iodonium salts which may
react further, e.g. H,S gives initially 2-sulfhydryl-dimedone? and HCI gives 2-
chlorodimedone’ etc, whereas p-toluene-sulfonic acid gives a stable iodonium
tosylate!®.
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Todonium ylids may react also with electrophiles, their nucleophilic site being the
carbonyl oxygen rather than the carbanionic carbon, as is the case with ylids of
other elements. Thus O-ethyl and O-benzoyl iodonium salts are formed with
triethyloxonium tetrafluoroborate and benzoyl chloride, respectively!!. Participation
of O has been also noted in the reactions of I with several heterocumulenes, under
formation of a variety of heterocyclic compounds!?. Finally, reducing agents such as
SO, convert I into dimedone!3, whereas oxidising agents such as ozone and HNO,
afford generally 1,2,3-triketones’.

The enhanced reactivity of iodonium ylids in comparison with ylids from other
elements such as P,N and S as well as their versatility made desirable a further in-
vestigation of their chemical properties. Three reactions of a novel type are described
below, all with the iodonium ylid 1.

Results and Discussion

Among the several reagents tested some did not react at room temperature (car-
bonyl compounds, oxiranes, Grignard compounds), whereas other gave a mixture of
products which were not due to a reaction between I and themselves (diazocom-
pounds). Triethyl phosphite, acetyl hypoiodite and diaryliodonium salts react
smoothly with 1, each in a different way, affording products of various types. Their
reactions are described below. ;

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

JOEt
1+ p(oEt)3  —— O—l + Po(oa)2
A\
o]

3 4
Scheme 2 - -

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

Phi(OAc), + 1 ————=  Phl + 2Acol

o+
I—Ph + AcO!

A/‘\\

i ol
i N\ _ . ~Ph
OAc  or \ I\O or
OAc Ac 2
) 5’ 6 6
acol  |-(ac0),
AcO! | —Phi (OAC 2
|
]
B or
l { -
0
L 7’
Scheme 3

diiododimedone!® 7, as the main product along with varying amounts of 2-
iododimedone!!, 8, and 2,2-diiodo-bis-dimedonyl,9, a new compound.
2.2-Diiododimedone has been given the assigned structure'® but on the basis of
spectral evidence it is highly probable that its actual structure is that of the isomeric
2-iodo-O-iododimedone, 7. Indeed, a,0-dihaloketones!® are known to exhibit a car-
bonyl stretching frequency at the region of 1750 cm™ !, whereas compound 7 (7°) ab-
sorbs at 1685 cm” ! which value is in the region of a,B-unsaturated ketones.
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Diiododimedone was not the expected product from the reaction of 7 with AcOlI,
since jodo-acetoxydimedone, 5 or 5, appeared a more reasonable candidate.

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

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

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

H
Ho0 l +  Hol
I (o]
8
|

0

o] Io

A I dim.

1

Scheme 4

It is of interest to note that the carbonyl stretching frequency of 9 appears at
1760 cm’ !, which is against an isomeric structure with -O-I bonds.

Reaction with iodonium salts. Several iodonium salts, Ar,I*X~, did not react
with I in chloroform at room temperature, whereas at reflux 7 was converted into 2.
However in a mixture of MeOH-EtOH at reflux temperature a reaction took place,
which gave not any C-or O-arylated derivative but instead 2-halogenodimedone, 11,
along with some 2, i.e. a product coming formally from nucleophilic attack at C, of
1 by the anion of the iodonium salt. The formation of 7/ may be explained taking
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into account the basic character of I. It is known!® that the conjugate acid 10 of 1
has a pK,value of 1.4 in aqueous EtOH. Therefore it is suggested that 10 is initially
formed, for which no rearrangement is possible and then it is attacked by X~ under
displacement of PhI (Scheme 5). This reaction must be accompanied by formation of
Ph,IOR, which is known to be unstable?® decomposing into PhOR, PhH and Phl. A
search for these by-products was not attempted.

OH |
+ P H ("
1 + ROH —_— ~{-Ph RO _hZL_x___, X + [thlOR]
~— Phl
10

10 1 (x=01,8r,1)
Scheme 5

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

ArCHN, + Ar,J*X~ B8 ArCH,X

By contrast, phosphonium ylids react with iodonium salts in a different way, af-
fording O-phenylated products®!.

Experimental

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

Reaction with P(OEt),. Compound I (2.92 mmol, 1 g) was stirred in excess
P(OEt); under a N, atmosphere, until it dissolved. The excess of P(OEt); and Phl
formed were removed by distilation in vacuo. From the residue 3 crystallised out in a
65% yield, m.p. 130°C (lit.!! m.p. 130-131°C). The filtrates after collection of 3 were
chromatographed (silica gel column, hexane-chloroform) and 4 was collected in a
65% vyield (oil, characterised by nmr spectroscopy, identical with an authentic sam-
ple).

Reaction with AcOl. Compound I (1.75 mmol) in CH,Cl, (6 ml) was treaied
with Phl(OAc), (0.88 mmol) and I, (0.88 mmol). The dark colour due to I, afier some
time of stirring turned to yellow but after 45 min the dark colour appeared as=ta
The solvent of the reaction mixture was then evaporated and the residme
chromatographed (silica gel, hexane, hexane-CHCl, and CHCI) 23
Diiododimedone 7 or 7 was obtained first in 40% yield, mp. 137°C, (li.*® mn 139
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140°C) and then 2,2"-diiodo-bis-dimedonyl 9, in 20% yield, m.p. 192 °C (from
hexane-CHCI,) IR (Nujol) 1760,1730,1670,1650 cm™ '; MS (m/z) 530(M™*), 403(M-
127), 266,254 etc. Anal. calc’d for C,;;H,,1,0,: C 36.22; H 3.77. Found C 36.18;H
3.45.

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

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

Summary

The iodonium ylid 2-phenyliodonio-dimedonate, I, undergoes three reactions of a new
type. It reacts: (a) with triethyl phosphite to afford benzene-phosphonate and O-ethyl-2-iodo-
dimedone, (b) with acetyl hypoiodite to give 2,2-diiododimedone and 2,2"-diiodo-bis-
dimedonyl and (c) with diaryl iodonium chlorides, bromides and iodides to afford the
corresponding 2-halogenodimedone. Possible mechanistic pathways for these reactions are
briefly discussed.

Key words: Acetyl hypoiodite, Diphenyl iodonium salts, Triethy! phosphite, O-Ethyl-2-iododimedone,
2,2-Diiodo-dimedone, 2,2"-Diiodo-bis-dimedonyl.

Tepilnyn
Néeg avridpdoeig tov gavvioiwdwvoilidiov tHg SedSVHG.

Tty epyacio  ovth efetdloviar  TpElg VEEG OVTIOPAGES TOV  POIVLAO-
imdwvovdiov tng Swedovng. Me @wo@op®ddn Tpiorbviestépa mpokORTEL piyua
O-a10vA0-2-105001uedO VNG Kat SroBvlestépa tov Pevioropwopovikod oEEog.

Me 10 wiktd avodpitn ofikod ko vrolddovg offog oxmuoatifovrar 2,2-duw-
doduedovn kar 2,2-6umdo-81¢-01uedoviiio. Me Sapvioimdoviakd Ghato mov Exovv
®¢g aviov aAoydvo oynuatifovior 2-aloyovo-dipeddves. _

Me Bdon to mepapotikd dedouéva mpoteivoviar unyxavicpoi tov aviidpioemv.
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A STUDY ON THE ACTION OF SOME REDUCTIVE REAGENTS ON
1-AROYL-5-AROYLAZO-3,4,4,5-TETRAMETHYL-2-PYRAZOLINES

JULIA STEPHANIDOU-STEPHANATOU
Laboratory of Organic Chemistry, University of Thessaloniki, Thessaloniki, Greece

(Received 13 January, 1984).

Recently we have studied! the oxidation of some bis-aroylhydrazones of 3,3-
dimethyl-pentane-2,4-dione (1) with lead tetra-acetate (LTA) to 1-aroyl-5-aroylazo-
3,4,4,5-tetramethyl-2-pyrazolines (2) in good yields (50-60%).

We now report that reduction of the aroylazo-pyrazolines (2) under mild condi-
tions and with several reducing reagents such as sodium hydrosulphite*>, sodium
borohydride* and by catalytic hydrogenation®” leads to the formation of the starting
bis-aroylhydrazones (1) in high yields (85-95%) (Scheme 1).

Me\ P Me Me Me

; N7 Me
Me-C” C-Me } LTA = Me- ¢’ \C’
h I (-») A.Ne, s 204/ ELOH, 20° ! | SN=NCOAr-X(-p)
(p~-)X-ArCONHN NNHCOAr-X(-p N—N
, B. NaBH4/Et 0, 20° ~COAr-X(-p)
(1) C.H /Pd/Et 0, 20 (2)
(a) X=H
(b) X=Me
(c) x=C1
(d) ¥=NO,
SCHEME 1

Attention should be drawn to the fact that this Treversible oxidation-reduction
system between the bis-aroylhydrazones of 3,3- dimethyl—pentane 2,4-dione (1) and
their oxidation products, the 1-aroyl-5-afoylazo-3,4,4,5- tetramethyl 2-pyrazolines (2),
is the first ever observed reversible system between hydrazones and their oxidation
products. _

" However, when other reducing agents such as titanous chloride or lithium alumi-
nium hydride are used a reductive aroylazo cleavage is observed. ‘So, by. titanous
chloride reduction4s the 1-aroyl-5-hydroxy-3.,4,4,5-tetramethyl-2-pyrazolines® (3) are
formed in good yields (68-81%), whereas in the case of lithium -aluminium hydride
reduction*S two products are isolated the 1-aroyl-5-methylene-3,4,4-trimethyl-2-
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pyrazoles' (4) (15-29%) and the 1-aroyl-3,4,4,5-tetramethyl-2-pyrazolines' (5) (37-
439%). In all cases the aroylazo-moiety is: isolated as the corresponding acid
hydrazide (6) (Scheme 2). However one exception is observed, namely the isolation
of the hydroxy-pyrazoline (3d) instead of the tetramethyl-pyrazoline (5d) by the
lithium aluminium hydride reduction of the nitro-substituted aroylazo-pyrazoline (2d).

Me\c/Me Ve
. o Me-c” ¢7 +  (p-)X-ArCONHNH
D. T1C13/EtOH, 20 i I\OH i : 2
N— N (6)
/// S COAr-X(-p)
(2) (3) |
\ Me\ Me Me\ /‘Me
< 0 AN ZUN A Me
E. LiATH,/EL,0, 20°  Me- f C=CH, +  Me-C cl +  (6)
| ] I { “H
N — N TN N

S COAr-X(-p) NCoAr-X(-p)
(5)

(a)

(b) X=pe

{c) x=C1

(d) Xx=no,

SCHEME 2

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

It is also worth mentioning that reduction of the aroy]azo—pjrrazolines (2) should
give the corresponding amino- or hydrazo-derivatives®”. Therefore the behaviour of
these compounds (2) towards reducing agents is interesting and unusual.

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

Experimental®

Reducticn of 1-Aroyl-5-aroylazo-3,4,4,5-tetramethyl-2-pyrazolines (2).

A: Sodium hydrosulphite reduction™*. To the yellow aroylazo-pyrazoline (2a-d)
(0.001 mol) in ethanol (20 ml) a solution of sodium hydrosulphite (0.002 mol) in
water (10ml) was added under stirring and the stirring was continued until a
colorless solution was obtained (~1 h). The ethanol was evaporated and the water
layer was extracted with chloroform. The chloroform extract- was dried and
evaporated to leave behind the bis-aroylhydrazone (la-d) in 89-93% yield (1a 91%:;
1b 90%; Ic 93%; 1d 89%).

B. Sodium borohydride reduction®. To a stirred solution of the aroylazo-pvrazoline
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(2a-d) (0.001 mol) in dry ether (20 ml) sodium borohydride (0.01 mol) was added
and the reaction mixture was stirred for 24 h. The suspension was quenched with
water and the ether was removed in vacuo. The precipitated bis-aroylhydrazone (1a-
d) was filtered off, washed with water and dried. Yield 85-95% (la 85%; 1b 87%:; 1c
95%; 1d 85%).

C. Catalytic hydrogenation™. A solution of the aroylazo-pyrazoline (2a-d) (0.001
mol) in ether (40 ml) was hydrogenated under pressure 3 atm in the presence of
palladium on charcoal (40 mg, 10%) for 2 h. The catalyst was filtered off and the
solvent was evaporated to leave behind the bis-aroylhydrazone (la-d) in 88-95%
yield (la 89%; 1b 92%; 1c 95%; 1d 88%).

D. Titanous chloride reduction®s. To the yellow aroylazo-pyrazoline (2a-d) (0.001
mol) in ethanol (20 ml) a titanous (III) chloride solution (5 ml, 12.5%) was added
under stirring. The stirring was continued for another 5 min and then the solution
was made alkaline with lithium hydroxide solution. The ethanol was evaporated and
the remainder was extracted with chloroform. The chloroform layer was dried,
evaporated and the remainder was subjected to column chromatography on silica gel
(starting with petroleum ether-ethylacetate 7:1) to give the 1-aroyl-5-hydroxy-3,4,4,5-
tetramethyl-2-pyrazolines (3a-d) in 68-81% vyield (3a 76%; 3b 81%; 3c 68%; 3d
70%) and the corresponding acid hydrazides (6a-d).

E. Lithium aluminium hydride reduction*>. To a stirred solution of the aroylazo-
pyrazoline (2a-d) (0.001 mol) in dry ether (20 ml) lithium aluminium hydride (0.001
mol) was added and the stirring was continued for 30 h. Addition of wet ether was
followed by addition of water. The organic layer was dried , evaporated and the
remainder was subjected to colum chromatography on silica gel (starting with
petroleum ether-ethylacetate 7:1) to give Ain elution order the 1-aroyl-5-methylene-
3.4,4-trimethyl-2-pyrazoles (4a-d) in 15-29% yield (4a 21%; 4b 19%; 4c 15%; 4d
29%), the 1-aroyl-3,4,4,5-tetramethyl-2-pyrazolines (5a-c) in 37-43% yield (5a 43%;
S5b 38%; 5¢ 37%) and the corresponding acid hydrazides (6a-d). In the case of the
nitro-substituted aroylazo-pyrazoline (2d) the hydroxy-pyrazoline (3d) was isolated in
52% vyield instead of the tetramethyl-pyrazoline (5d).

Summary

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

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

Hepiknyn

Melétn g Emdpdosws  Avaywyikdv Avrzépaompzwv otig  1-Apovlo-5-
apovralw-3,4,4,5-tetpauefvlo-2-nopalodivec.

Ot 1-apotiro-5-apobrale-3.4,4,5-teTpapcboro-2-nupalodive (2) petatpémovrol
ue v emidpacn fAmwv avoyoyKov avidpactnpiov npog Tig Srapotro-vdpaloves
mg 3,3-Swweboro-neviavo-2,4-516vng (1). H avtidpaon avty omotehe mv av-
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tiotpoon g ofeddoewg twv dapotlo-vdpaloviv (1) pe tetpaofikd poAvBdo
npog T opobralw-nupalodiveg (2).

Avtifeta, 6tav yia v avoyoyn toev opodralo-tupalorivov  (2)
LPNOLOTOOBVTOL o SPaCTIKG avaymYkd avidpactiplo napatnpeiton oxdon g
opovlalo-onadac.
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Introduction -

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

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

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

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

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

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

Experimental

Apparatus

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

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

Procedure

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

Sample preparation

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

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

Results

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

TABLE 1. Recovery of Cd

Cd added Cd found recovery
(ne/D (ne/1) %
4.0 4.6 ' 115
6.0 5.8 .96.7
8.0 8.2 102.5
10.0 10.3 103
12.0 12.6 105
104.4+ 5.7%

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

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

Sample Cd added Cd found (ug/l)
(ug/D DPASV TOA/MIBK/AAS
1 - 5.0 4.7
2 2.0 7.4 7.3
3 4.0 9.2 9.3
4 6.0 10.3 11.8
5 8.0 13.0 12.9
6 10.0 14.1 15.0
7 12.0 16.1 17.3

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

The statistical regration of the two methods gave: intercept a=-0.77 slope b=1.11,
r=0.992 (n=7) The results obtained by the two methods are in good agreement and
within the relative error of each method.

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

TABLE III. Cd in whole blood (ug/100 mil)

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

All values are in the normal range for Cd in blood.

Work in progress shows that Pb, Cu, Bi and Zn can also simultaneous extracted
from 0.5 ml blood with 0.5 ml trioctylamine and determined by flameless AAS.
That is the advandage of the method since it makes possible the determination of five
metals from 0.5 ml blood. That is desirable specially in cases of taking blood from
young children when small blood volumes are available.

Summary

A method is described for Cd determination in blood. The method involves acid digestion
of the blood sample and extraction by trioctylamine in methylisobutylcetone, and flameless
atomic absorption spectroscopy. Results obtained by this method are in good agreement with
those taken by differential pulse anodic stripping voltametry.

Key Words: Cadmium in blood, extraction, Atomic Absorption Spectroscopy.
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MepiAnyn
IIpoadiopiouds Kaduiov oto aiua ue deloyy PaduaTooKonia ATOWIKYG AT0PPOPHONG

Ieprypaoetor nébodog mpocdiopisiiod kaduiov oto aipa. H pébodog mepthop-
Bavel kataoTpoemn tov -ainotog ue oféa, mapoiafi tov vrmoAsiupatog pe HCI xat
avakmon tov Cd pe ekyOMon upe tpoktvAduivn oe peBuvlcoBovtudkeTovn.
Axohovbei pétpnon tod Cd otnv opyavikfp @don pe agroyn QooupaToCKOTiR
atopikfic amoppdenone. To amotelécuota mov AREONKav pe TNV TPOTEWVOUEVN
uéfodo Ppickovrar e koA cvpgmvie pe avtd mov AREOMKAV pe avodighvtikh
BoAtauetpia dopopikod TAALOD.
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