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ITEPEOXHMEIA LYMITIAOKQN ME APIOGMO IYNTAZEQX OKTQ (8)

A. KAPAAIQTA. M. KAMAPIQTAKH, A. XATZHITANATIQOTH

Epyaotipio Avépyavng Xnueiag Iav/uiov ABnvaiv, Navapivov 13a

Maparfodnke 2 NoeuBpiov 1983
AvafBempndnke 29 OktoBpiov 1985

Mepiknyn

O apBuog TV cLUTAOKOV EVOCEDV, UE OKT® LTOKATACTATES YOP® 0nd Eva UETOAAIKO
KEVIPO, CLVEX®DG QLERVEL, YEYOVOG OV LTAyopevel v pedétn tng Wwaitepng ynueiog twv
EVACEWOV QALTAOV.

Zt0 GpBpo tolTO0, OVacKonobVTAL Ol Sopég mov cuVHOWG cLVaVTA Kavelg oe TéTor GON-
TAOKQ, KQL QVORTOGCOVTOL YOAPOKTNPISTIKEG 110TNTEG TOLG.

Ewcayoyn

Zounioka pe EEN LROKATOGTATES ameTélesay, Enl XpOVID, OVTIKEIUEVO EKTETOUE-
vov ko o PdaBog peretdv. TToAd Ayotepo pshetnuéva eivor to GOUTAOKO UE TOLG
«wovviifegr Aeyduevoug apfpodg cvvidEsng 7, 8, 9 kAn. O ovveyag, Oumg, oLEN-
vouevog aplBuog cOUTAOK®V EVOCEOV UE OKT® (8) LTOKATAGTATES amOoTEAEl TO Kivn-
Tpo Yo TRV Bedpnon g Wwitepng ynueiog twv eVOCEBY aTOV. Tkondg ToL dp-
Bpov eivauw 1 meptypapn TV doudv kaL N avanTuEN TOV XOPAKTNPLOTIKOV 1O10THTOV
TOV EVHOCEDV UE AVTOV TOV «aoLviBn» apBud covidEswg (A.X.).

O apuog cvvtatews 8 eivar cuvAng otic ondvieg yolsg Kol TIG aKTIVIdEG EVD
610 oTolXEla PETANTOCEWG EuPaviletal kuping 6To KAT® upPLoTEPS TUTHA (OYETIKOL
mivaxeg divovtan and tovg Kepert! kau Lippard? Oneodfrote vrdpyovv cdurioka
kat GAAOV petoAMkd®V Wvtev pe aplfud ocvvidtewg 8 (my. V(SSCR)} CalCu
(AcO),16H,0%) givar 6umg oxetikd Alya.

Ot otepeoynuikés SiapopPadcelg nov divovial otov Tivaka I givar o1 cuvhbog
supavifopeveg. Ttov ido mivaka divovton m ovppetpio ko 1o vpwdIKd Tpoylakd
OV XPNOIUOTIOOVVTAL Y10 GYNUATICUS G-deopudv> > .

Mia nopatfpnon naveo otov nivakae I Sgiyvel 611 yio Tovg deopodvc-c xpnctuo—
noovvtol téocepa Kat mévie d Tpoylakd. Avto onuaivel 1t To. peToAiikd 1WOva Ba
gxouv 1, 2, i xat kavéva d nhekTpovia kan cuvendg ot aptbuoi ofelddosng 0o eivar
ueyaivtepolr 7 icot Tov +3 yww to peTeAAikd avtd 16VIC.

XTIG TEPINTOOELG TOV YPNCWLOTOL00VTOL 10 T€ooepa d Tpoylokd yua o-0gcuode,
10 néunto d tpoylakd Ba £yst téTow cLUUETPIO MOTE VO UTOPEL- Ve CYMUOTICEL TT-
deopd pe tov vmokataotdtn. e 10 TETPAYOVIKS avTiTpoNa T.Y. TETO0 TPOYIKD
givar To dz? (coppetpia a;) eved Yo To dwdekdedpo sivar to dxy (cvppetpia b,). Tta
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IIINAKAYX 1
8-vmoKATESTNUEVD SOUTAOKC,

TTEPEOYTULKT iuuusrpia Tpoyraxd Mopadeiypata
dapudépowon c-deoudv
KoBoc Oh d’spf | dsp’f | UF2"
Evved-edpov Dy, 1 Cy, | spPdf 1 spd’f Rb,Na(acac),
Evteka-edpov C,, dSsz‘ M(acac),* 2H,0

(M=La, Nd, Eu)
EEaywykn
dunvpapic Dy, sp2d*
AwrTopaypévn Rb UO,(NO,),
sEayoyikn D, sp3d3f
Survpapic
Tetpaywyikd
avrinpiopo Dy dsp® 7 dp? NaTaF,, Zr"" (acac),
Awdexd-edpov D, d*sp? Na,(Zr(C,0,),)3H,0

K,[Mo(CN), - 2H,0

Oh D Dg D;h Cov D:h

tg —3 2 a TEg
| = =t =

R U
eg _2 P 2 eg

IXHMA 1. diaywpiouds twv d tpoxiaxeyv fdoer tng Gewpias Kppotaldikov nediov yia opiougveg oLev-
Oetrioeic 8-vmoxazreoTnudvewy ovpmléxwvz' 4,15,

udpia oto onoio To kKEVIPIKO GTopo £xEl 1 1| 2 NAeKTPOVIO, LILAPYEL SVVOTOTNTA YN~
UOTIOHOY T-OEGHOV. HETAAALOV TPOg LTOKATACTATH COvdAoya pe TV m-0ELTNTA TOL
vrokaTooTdTn. :

Mo Bewpnrikf] pekétn TOV nApayOVIOV TOL GLVNYOPOVLV oth dnuiovpyic Twv
UOPOGOV pe neyaAovg opfuovg ooviaEewng Exet 1dn dnuooievtel’. ESd, ko mpwv eke-
ta0Bo0v ou enl pépouvg otepeoxnuikés dievfetnioelg Tov cvotiuatog 8 VTOKOTOOTATOV
YOopw ano éve UEToAAKS Gtopo (16v), akiler va avapepBel o xaBopiotikde nopdywv
Yo Vv yeopetpia evog téTo10v cvotAuotog. IIpokeitar yuo TIg anWOTIKEG SLVAUELS
nov avantbiocoviol LetaEd TOV LTOKUTACTATOV KOl Ol Omoieg TPEMEL va EAAYLGTO-
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nomBodv. H anmotich) evépyeln petofd 500 aTOUOV-LTOKATACTOV i Kat j umopel vo.
SoBel amd v oyxéon:

Uy = Ug + Ug )

o6nmov U, elvar m evépyewn amd Tig KoviouPikég andoeig mov eivar ion pe

7. o2
_ Z;Z;e
o= —

Z;Z;e* glvar 10 ywvopevov tov goptiov kat d n andotacn petagd i kot j
ko U, elvon 0 6pog Born
.. o2
bjje

n

UB:

O 6pog Born ogeihetar o11g 0ndoelg TV eEMTEPIKOV NAEKTPOVIOV TOV ATOUWV,
bjj elvar po o10fepd ko1 n aképurog apBpdg Betikdg e TYEG TOL Kvpaivovtal Gv-
vifog and 6 g 12.

I'o moAdoipo 6vta, otnv oxéon (1) npénel va mepiAnebel Evog tpitog 6pog mov
nepthaiSavel Tnv dwwomopd evepyeiag. AAAG anTdg 0 6pog gival Tng idlag LOpPHG pe
Tov 6po Born yw n=6.

Av Bewpnbel 6Tt Odot o1 vrokatactdteg glvar idot, povooydelg kol anéyovv and
70 pétaAdo xatd r (ywr 6Aovg to id1o r) 1o dj; pmopel vo vohoyiobel kor 1 GUVOAL-
Kf} anowotiky gvépyeie U divetar and tov TORO:

2% ¢? be?
U =Z Ujj=x +y —
ij

r r

Av ot dapoprakég (intermolecular) andoglg OewpnBodv opedntéeg, ot apBunti-
Kol oLVTEAESTEG ) KoL ¥ unopel vo ddoovv uio. Gueosn pétpnon g otabepdTnTog
Tov. Sleopov yeopstpuov. To y Aéyetor xar oplBuntikdg GLVTEAESTHS OM®WOTIKNG
-gvépyelog® O
ITpéner vo. avogeplel 6TL 6TO EPYEOTAPIO NOG TOPUCKELASTNKAY, aropovodnkay
KoL yapoktnpiotnxav oounioka pe AL, okt

Trepeoynueia
Kuflog

To mo amAhd moAvedpo ywo tnv dievBétnon 8 vmokatactotdv givar o kvPog
(ovpuetpio Oh).

H évoon (Et,N),(UNCS),) Beopeitar g télewr kufikn o€ oteped. katdotoonl,
Avto amodidetar otig opddeg (Et,N) mov «tonobetodvian &w and kafe &dpa tov
kOBov. Zxedov xvPika Bewpodvton emiong ta Na,PaFy 1?2 xou to v UF: 13,
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O Swyopopés tov d Tpoxkdv, o mpoPfAenouevog and  Bewpia Tov kpvoToA-
Akod nedlov? 14 i kopik SievbBémon, aneoviletar oto oAU 1, EVG O OXETIKEG
gvépyeteg ya ta Tpoxkd avtd divovtia atov mivaka II'%. Agvkpivileran 611 m evep-
yelokn oouneplpopd eetaletal wg cuvapTNon TOL AGYOL p TV OKTIVIKGY OAOKAN-
popdtov p,(r) xor p(r)B . Tevika oyde?® 21 22

n

pa) =) "R - rar
0

6mov R(r)=10 akTviké TUAUO TG KUUOTOSLVEPTHONG TV d-TpoxlaKdV, I=an0cTa-
on uetéAiov-vrokortactatn, n=24. (Ot mapdyovtes pe n meprtd eEagaviCovrar).

To akTvikd aotd oAokAnpdpate cuvibng dev Advoviar oArd aphvoviar cav
gumelpikoi mo.pdueTpot V6 TV Tpovmdbeon 6Tt Ta amoteAéouato Oa ekepdfovtor
w¢ mpog Dg, 6mov Dg=1/6 p,® (n yvwoth eunelpikfy TAPGUETPOS) KOl OTOV UOVOV
oplopéves Twég Tov Adyov p Bewpovvronts.

And tov mivaka II paivetar 6Tt n GelPd TV TPOYWKOV givar idla (e TOV TETPOE-
dpov, o Swywpiopodg, dumg petald tev eg kor t,, oTov kLo &ivar dinhdorog?.

Amd emufKoven Tov kVBov TPOKLTLTEL TO TETPUYVIKO mpioua (D,h).

H évwon Na,PaF, Bswpeitar 611 TI:?x.T]GlaCSl N Soun ALTA UE XOPOKTNPIOTIKY Y-
via 56° (yovia kdpov -54.73°)5,

And 1o mordrona pe ovpuetpia D,h og ovosthuatae d’-d4, o KDBOQ Exel TV xa-
unAdtepn evépyen?s,

IMINAKAX II
Tyeukéc evEpyeleg twv d TpPOYOK®Y Yo TOV KOBO
Tpoyoko Touuetpia LYETIKEG EVEPYELEG
dz? eg —5.34 Dq
dx%-y? €g ‘ —5.34 Dq
dxy tg 3.56 Dgq
dzx trg 3.56 Dq
dzy the 3.56 Dgqg

Elaywviky dinvpouida

"AAAn duvatotnta Sievdetiocmg 8 vrokaTacTOV YOpw and Eva petaAroioy eivor
me eéayovikng dinvpauidag.

H e&oyoywkh dimvupapida, coupetpiag Dy, £xel dvo cHvora um 160dVVAL®OY LRO-
KATACTATOV, dV0 TOTOL A GToV KVPLO GEove Tov popiov kat £€n Tomov B 610 ton-
ueptvo eminedo. H Hopen Mg npocdiopiletar anod tov Adyo (M-A)/(M-B).

Av 10 eninedo 1wV 6 vrokatacTOTOV oTpefrnbdel kotd yoviav U, mpokvnTEL N
Swutopayuévn eEayovikn Sutvpauide cvpuetpiag Dy, (oxnua 2p).
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O dwopopedoelg avtég eppavitovral, oXESOV amOKAESTIKG, GE GOUTAOKQ TOV
Ovpavoriov 6mov t0 dbo ofvydvo maipvouv Tig Béceg A, evd ol vroholtot 6 vro-
kotaotdteg noipvouv Bcelg B. Ztov mivaxo I gaivetar 6Tt otnv efaywywt dimvpa-
uide povov €n tpoyakd «wPpdonolobvian yo vo ddoovv 6-decpods. Yrmoroyt-
ool NG anwoTikAG evépyelng mpoPAénovy 6Tl evacelg TG Lopeng M(A),(B)s (6rov
A kat B povooydeig vrokataotdteg) Sev punopovv va Siapopembodv oe eEayovikn
Sinvpapido. Avrifeta gvioels TG popeRc M(A),(B), (6mov A povooydng B doyt-
dfc vmokataotdtng) éxovv amopovebel kat  avoeépovial® ). Ol EVAGCEL
Rb[UO,(NO,),], Na[UO,(CH,CO0),l, (Me,N)[UO,S,CNEt,);,l. To 16E0 tovL
S15y1800¢ VIOKATOCTATN 6° QUTEG TIG MEPIATMOOELS eivar Uikpo (TeTpapernc Soktd-
Aog). '

(o}

ZXHMA 2. a. Evéexdedpo B. Awarapayusvy eéaywviky dimvpauioa.

O otdBpeg evepyeiog Tov d Tpoxlekdv Yo ™V kKovoviky sEayovikn Simopapida
(D) ne Paon tn Bewpio xpvotardikod nediov!® divovial oto oynua 1.

H yaunAotepn evepyewkt katdotacn eivar Sinké expoiioutvn (e,) anotelodue-
vn ano ta dzx. dzy, akohovbel n e,, emiong duthd expulicuévn arotehoduevn anod
a dxy, dx’—y? kot t€hog 1 @, mov avriotorxel 010 dz2 Ot oyetikég evépyeleg kat
oouuetpia divovtar otov ITivoka IITH,

NINAKAZY III
Tyetkég evépyewa tov d tpoxlokdv Y v gEayovikn Sirvpouido

Tpoxylokod Soupetpia © Iyetkég svépyeeg ot (Dq)
p=1 p=2
dz? ag 5.56 3.86
dx2-y? € 2.93 4.64
dxy €9 2.93 4.64
dzx €ig —5.71 —6.58
dzy € —5.71 —6.58
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Ewed-edpo — Evdexd-edpo

Ipokertar yia douég mov gugavifoviar oraviotepa oe 8-vmokatesTNUEVE GbU-
nAoka. Oewpeital 0TL Tpoépyovtal and 10 Tprywvikd mpiopa pe mpochnkm dvo emi
nmAfov vnokatactatdv. To evvededpo €xel coupetpia D, evd 1o evdekdedpo C,,.

To molvedpo ovpperpiog Dy, elvar dvuvatov va Bewpnbel 6TL mpoxdntel and 1o
TpLyovikd mplopa av otig dvo TpLywVIKES €Dpec ToL mpootebel and €vag vrokoTta-
oTATNG.

To moAbedpo cvupetpiag C,, mpokvmrel 61av, 6TIG dLO And TIC TPELS opBoydvieg
£6pec Tov TpLyVIKOD Tpicuatos, mpootebel and évag vrokxaractdtng (oyfhua 2a).

[Mopaderypo yeoperpiog gvvea-£dpov eivat to Rb,Na(B-diketovn), 6mov ta uodp
g B-diketovng oxnuatifovv to npicua yopm and to Na kat ta dropa tov Rb ano-
TELOVY TIG «oTEYEGy (UfKovg deopod Na-Rb 3.7 A)2,

[MoA)ég evdoelg, mov BewpniOnkav apylkd OC TETPAYOVIKG OVTITPICUATIKES, Ppé-
fnke 611 mAnouilovv mepiocdtepo v ovpuetpia C,,. Hpénet va onuetwdel 6Tt To
evdekd-edpo (C,,) eival evOlBueoT YEOUETPIKT LOPPT| KOTE TNV UETOTPOTT ddeKdE-
dpov ot TETpay®VIKO aviinpiopa?* (oxfuo 3).

Cav D.d

IXHMA 3. Zynuatniki ustatpomij dwdekaédpov oe evdexdedpo kal avimpioua.

O1 diedpeg ymviec mov kabopilovv tn nopen (shape) tov evdekdaedpov eivar Tpeig
ue Tinéc 21.8°, 48.2° kot 48.2° 6mwg vrohoyictnke and Tovg Mutterties kat oA.2* Bd-
GEL TOL «UOVTELOL TmV okAnpdv ceaip®v. Ot Hoffmann kot al.?? vroloyioav Tig
TWéC TOV TOAMK®V Yyovidv 6 kol ¢ Tov odnyodv 610 YauUNAOTEPTS EVEPYELNS EVOE-
kGedpo, ocvppetpiag C,, , 6tav Ohot ot vrokataotdtes sival idtot kot ovdétepot. Ot
kaBopiotikég Twég sivar 6,=69°, 36°, 57° ©=49° yo d? xor 6,=66° 34°, 57°,
@=49° 610 d° MAekTpovikn Swpdppwon tov petdAiov (B, eivar n ToAkn yovio Tov
n-ostob vrokotaotdtn n=1,5.8).

INMopadeiypota evooemv ne C,, coppetpia evdekd-edpov vIapYOLY APKETH, OTMS
M(acac), 1 M'(acac),"2H,0 (6mov M=Ce, Th ka1 M'=La, Eu), Zng”. To 16v g
evooeng Na, W(CN), 4H,0 Bswpeitai?® 2 cav evdidueon popet petad Tov TETpo-
YOVIKOD OaVTITpIoUETOS Kol TOL €vOEKAESPOL.

210 oxnua 1 divovrar ot otdBuec evepyeiog Tov tpoylakdv d yio ta dVo moAde-
dpa ovupetpiog Dy, & C,,.
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TpoPrénetor 6t Yy 10 Dy, M Bepehddng evepyelaxn otdbun Oo eivar Simhd
gk@uMouévn €', anotehoduevn and ta tpoylaxd dxy ko dx>-y? evd vynlotepa Bpi-
oketol M eniong NmAd ekpulopévn e otdBun mov amotelieitar ond T TPOYWKA
dzx, dzy. Télog m «, avtamokpivetar oto tpoxakd dz?. Emedn ta yaunAifc evép-
Yewg tpoylokd e aAAniemidpodv ue TOvG vToKATAOTATEG, otafeponoinen TOv ov-
oTANATOC ALTOD LIAPYEL WOVOV av 1 NAEKTpoviK Soudpemon eivar do.

O1 Hoffmann kot 6AA0t** Bewpovv (avtibeto and GAlovg epevvntéc!?), 61t yo o
evdekaedpo yaunAotepn otdbun evépyslag sivar M o, OTL LIAPYEL UEYGAO YAOUQ E-
ToED aUTAG KOl TNG AuécWOG EMOUEVNG EVEPYEIOKNG OTABUNG a,, KoL OTL TPOKELTOL VIO
éva ueiyuo tov dz? xar dxZy? Ot vrdhoineg otdBUEs EVEPYEWNS AVTIOTOLXOVV: 0,
oto dx*y? o, oto dxy, b, oto dyz, b, oto dxz.

Muw mbavh gERynen tov 0Tt oL moapandve devbetioelg gite dev cvvavidVTaL
kaBodov, gite supavifoviar g cOuTAoKa TV oToviov yoidv uovo, givar 6Tt YU’ av-
téc amolteiTol m ocvuuetoyf Tpoyokmv f yio Tov oynuatioud c-decudv. 1o, oTol-
xelo petamtdoeng N evépysr tov Tpoyek®dv d glvar ToAD vynAf Y va xpnoluono-
fovv og deopo. X116 okTIvideg Oums, Tov To, Tpoylokd f cupuetéyovv og decuovg, ot
Sievbetnoeg avtég eivar mo kowég. Akoun ektog and to 11-edpo (C,,) 6heg ot do-
uéc mov eEetdotnkav péypls £dd Exovv wa ekpuitouévn (e) Beueiiddn evepyelax
o1dBun. Avtd onuaiver 61t unopodv va Sexbodv 4 nhektpovia mov pe to. 16 nAek-
TpévIo, amd tovg 8 vrokaTooTdTeEG dnuovpyolv Eva cbvoro 20 nAektpoviov (aoto-
0&c).

Ta ropoxdte setalopeve noldedpa (kor to C,,) umopovv va éxovv Sopopeh-
oetg d%-d? Eivar otafepd kou te mepiocOtepo peAetnuéva oto obotnua 8-
VTOKATOCTUTAV.

Tetpaywvike Avtinpioua

To rarpaycﬁvmé avrintpiopa uropei va Bewpnbel 6TL TpokvnTel amd Tov kHo, O-
tav o E6pa oTparel katd 45° g mpog v mapdAAnAf g (oxfua 4a). H ooups-
tpia givar D,d.

IXHMA 4. a. Terpayovikd aviinpioua (T.A.) B. Swderdedpo.

Xy mepintoon mov ot VTOKATOGTATEG EivoL povooyidelc, TOTe vIdp oLV ioeg
mlavatnTeg vo mdpel xaveig teTpayovikd aviinpiopa 1 dwdexdedpo. ‘Otav oL vro-
kataotdteg eivor doyidelc tote, yia va gvvonbel n teTpayovikd aviinpiopatikn do-
_uf, npéner 1o 16Ea mov Ba oynuaticovv va eivar apketd - peydia.
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Tlapadeiypoto cOUTAOK®V TETPUYOVIKG OVIITPIORATIKOV Elval: pe povooyidelg
vrokotactiteg: Mo(CN) ™ (n=3, 4)@ Na,TaF,, Cs,(UNCS),)’, ue dioyideic vmo-
kotactdtes: Nb(dpm), 2, Zr(dipy), (NCS),, Nb(dipy), (NCS),’. Ze apketéc nepintd-
oelg 8-vnoKATEGTNUEVD, GOUTAOKY GTN 6Teped @doT cival Swdekoedpikd evd o O~
Lope elvol TETPAYOVIKG QVTITPLOHOTIKG .. t0 Nb(CN)g* %, .

Entonuaivetol 0Tl T0o TETpaywvikd ovtinpiopa £xsl 600 eWddv axuég, Tig 1 kot s,
KOL UTOPEL VO YALPOKTNPLGTEL PE TOV AOYO 1/s TV unKk®dVv 1oV akudv ovtdVv 1 gVor-
AokTikd ano ) yovio 8 mov oyxnuatifeTar and Tov kOpro daEova Tov popiov KoL ToV
OecUO UETAAAOVL-LTOKATAGTATT-

Zrov mivaka TV divoviar Twég g yoviag 0 tov tetpaywvikoy avtimpicuartog
vnoAoyiouéveg pe Sapopetikés uebodovc.

IIINAKAL IV
Twég g yoviag 0 Tod teTpay®VIKOD avTimpicuotog
MéBobog mpoadiopioiiod ]

I. ML.X. 59.3°

2. d%sp?® vppidioudg 57.6°

3. Andoeig petald tov
VROKATOCTATOV
n=1 : 55.9°
n==6 57.1°
n=12 57.9°

M.Z.Z.=povtéra okAnpov oaipdv (hard sphere model). no ekBétng oto dvvaukod Born (BA. elcayw-
7).

Y1 mepinTeorn nov LRApYoVY TEcoEplg O1o) Lol (MUK ovupeTpikoi LTOKOTO-
ot671ec, 10 mOave yeouetpikd wouepn eivar ta eEfg? 2 I, ssss, llss. "Ola avtd o
1oolEPT Elval OMTIKDG EvePYU.

o 1o teTpaymviko aviinpiopa M Bewpio Tov kpvotariikod nediov nmpoPrénet
Soympioud tov d tpoyloxdv, onwg ealvetor oto oxfpe 1. H katdtepn otdbun
gvepyeiag o, avtiotolxel oto tpoxloxo dz2 H endusvn otabun eivar SumAd ex@uil-
ouévn (e,) anotehovuevn and ta tpoylokd dxy, dx*y? xar T6hog M e; avTiGTOLYEl
ota tpoyakd dzx, dzy.

Yrov mivoke V divovior 1 ovpuetpic KOl Ol CYETIKEG EVEPYEIEC TV TPOYLUKDV
d s,

MetaBoArn otnyv napdustpo 0 éxel ¢ anotéhecua v uetaforn tmv oxETKOY
gvepyelov. IMolotikh noplaotacn avthig g uetafoins divetat oto oxnua 6. And 1o
oxfue eoaivetar o011, av n yovia 0 ueyakdos (uikpotepn axun 1) 1616 Ta TpoOYlAKA
dx2-y? ko1 dxy evepyomolovvral TEPLCGOTEPO ANO. T0 dzx kat dzy.

Me Baon ™ Bempio Tov-nediov twv vrokatactat®v (ligand field theory) 1o oyn-
o S Sivel TV GELPE TOV HOPLIKDY TPOYLEKOV GOUTAOK®OV UE TETPUYWVIKA QVTLTPL-

* dpm = dipivaloylmethane.
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(n+1)p n~&couoi

inri}s

nd

atouLxd Tpoxiaxd LogLand TEOoXLANG uopLamd TPOX Land
ueradloidvrog SUUTAGROL VOKATAGTATN

IXHMA 5. Moplakd tpoylakd tetpaywvikod avrimpiopatog (T.A.) (Dy,, d').

z
e,

»
Pl <
E | dav—"

daxy
2

- \

8 —»

IXHMA 6. Metafodsi tnc evépyeiag twv d tpoyiaxdy ovvaptiioe tne uetafiorrdc tne ywviag 6 oto T.A.

ouatixf) Soun (d' mAextpoviakn Swpudponon). Av and 10 oxfue avtd mopoier-
0Bobv 10 cvunAnpouéve poploxa tpoylaxd (toAhomAdtng spin S=0) kobbdg kol Ta
KEVO aVTIOECUIKA TPOYWKE, TOVL TPOEPYOVTOL KVpiwg amd T Tpoylexd (n+1)s ko
(n+1)p Tov petdrhov, mpokLNTEL N CEPG cTofudV evépyslag Tov oyfAuatog 1. Ot
Golebiewski ko Kowalski®® avagpepopevol 6to idlo costnua (d' niektpovikn Sio-
uopowon —D 4 ovpperpio) ko ypnoiponodviag yvoot?' pébodo, vnoldyoav Tig
EVEPYELEG TOV LOPLOK®Y TPOYOK®OV divoviag TNV mapokdton celpd (Exovv mapalet-
0Bel or mOAD younAég ko1 moAd vynAéc otdBueg evepysing).
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e, (*)
E a (n%)
T e, (%)
b, (m*)
e; (n*)
e, (%)

e; (d>0)
e, (d>o0)
a, (d)

a, (m)
b, (e>n)
€5 (m)

e, (o>m, d)
e, (n1>0) (Ot napevbicelg divovv 10 aTORIKE TPOYLAK(G TOV HE-

b, (n) TGAAOV- 7| TO HOPLOKG TPOYEKE TOL LTOKATOCTATN
e, (o>d, ) 7OV ENMPEGLOVY TO. MOPLEKE TPOYLOKE TOL GLUTAG-
e, (0, ) kov. H avicdtng deiyvel nold tpoylako Exel peyarvte-
a, (0>s) PN an{Spaqn).

@oiveral 6T vapyovY TEVTE POPLOKE Tpoylakd oTa omoic vreptepel o d yapa-
KThpag. Avto cupeovel ue tov Swywpiopd tTev tpoyxakdv d nov npoBAiéner n Oew-
plo. Tov xpvotariikod nediov. Xoauniotepa givar 1o a,(d) pe 86-88% enidpaon anod
10 dz? tov kevipikoV uetdAlov evd dAla 0vo «d» Tpoylaxd ennpedfovtar katd 37%
Ond TO. G-TPOYLAKE TOL LROKATOCTAT.

AnodelkVOETOL GUVENMG OTL GTIC TMEPLTTMOCELG TTOV TO KEVIPIKO HETOAALKS 16V é-
xet 6vo nAsktpovia d, Ba Bpickovral kor ta 6V0 o610 TpoYLEKD O, £iTE AVTO £ival Ka-
Oapa d (Bewpio kpvotodriikov mediov) site givar LOPLOKO TPOYLOKO LE XOPAKTHPL
kuplog d. Avtd onuaivel 611 cburhoka pe niekTpoviekn dSopudppwon d? xar doum
TETpayoVIKoD avrtinpiopotos Ba givar dropayvntikd.

O1 meplocOTepeg HEAETEG Yivovtal pe BAOT TO «OUVIKO» TETPOYMVIKO aVTimpioud
0T0 OTOI0 KUl Ol OKT® LWOKOTAOTOTES &ivar idiol, kor n yovie 8 ion pe 59.3°
M.E.Z. - nivakag V).

. IIINAKAXY V

Zoupetpioe kol evépyee tov d Tpoylak®dV, Yo TO TETPAYOVIKO GvTimpiouo
Tpoyloko Zopperpia ) Xyetikég evépyeeg (e Dq)

dx? a, —5.34

dx?y? e, —0.89

dxy €, —0.89

dzx €, 3.56

dzy e, : 3.56




8-YIIOKATEETHMENA EYMIIAOKA 167

‘Opwg ot oArnienidpdoelg petald TtV LTOKATAGTATAOV EXOVV G ATOTEAECUO
MV 4pomn Tov ekELACUOY oTIc oTdBues e, kot €. H e, Soywpiletor o1 o1d0pueg
a;(xy) kat a7’ (x2-y%). H e, duyopileta otg o;(xz+yz) kat o,(xz-yz). ‘Etol o1 dvva-
TG PETOTTMCEIG £VOG MAgkTpoviov mov Bo. Bpioketar oty Bepehddn xotdotaon 2o,
givol TEGGEPIC. '

Hpaypatt ta eaopoto. Kvavosouniokov, ue d! niektpoviky Sudpeomon uetai-
Aoi6vtog Exovv 4 anoppogrioe. Etot yio 10 odunroxo (Mo(CN),)~ avapépovro?® 30
ol towvieg 2B, ’B, ot 25800 cm~!, , ota 32000 cm™
B, E, oto. 36800 cm~! kat 39800 cm~

Awdexdedpo

To 8-vnokateotnuévo cdumrokae elvar cvvAbwg dwdekoedpikd, eneldf to dwde-
kGedpo elvar to Tpry@vomomuévo moAdedpo.

‘Onwg éxet avantoxbel oe AN epyacia’ ya kdbe cOoTUA N LTOKATAGTATOV
(n=4—12) 10 gvvooduevo moADESPO eival gkeivo mov £xel OAEC TOL TIg TAELPEG TPL-
YOVIKEG, TO TPLYOVOTOINUEVO TOADEIPO.

Yndpyet évag peydrog apBuodg Kord yapoxtnpiopévav 6(1)681<a£6pu<u)v SLUTAD-
kov onwg K,Mo(CN),, 2H,0%, K,Nb(CN),2H,0%, Na,Zr(C,0,),3H,0%, MoH
(PPh,Me),** Ta(S CNMez)4C1 CH,Cl,*», MCl,(dmpe),, (M=Nb, Ta)3* 7.

To dwdekdedpo mpokvRTEL OTAV otpsBM)Gouv Ta 0vo 1eTPhedpa and ta onoia
uropet va Bepnbei 61t amoteieitar évag koPog: H o1péfrwon cvvictatol otnv pe-
Takivnon tov vydv kdfe tetpaédpov, étol dote va oxnuaticBoov auPleieg yovieg.
To otpefropéva avtd tetpdedpa Aéyovial diognvoedn (bisphenoids). To svotnuo
v Vo oTpeProuivov TETPaidpmv mov Exovv aAiniokaAveBei Aéyerar SimAo-
Siopnvoedég (double bisphenoid) 1 dwdexdedpo (cvupetpia D,y).

2V yeoueTpio auTn Ol OKTA KOpLEES Ogv gival toodivaueg aAlG xwpiloviol o
dvo ouvora A xar B. Kabe cOvoro mepihaupdvel 4 iooddvaueg Bioeic (Zynua 4p).

To 8wdekdedpo yapaktnpiletar andé tov Adyo M-A/M-B 1oV anoctdoemy Tov
HETAAAOV oMo TIC KOpLPEG A kot B kot akopa ano Tig ymvieg 8, kat 0, mov oxnua-
tiovtaor and tov kOpto aova 1oL TOAVESPOL kAl Tovg despoug M-A kar M-B avri-
ototya. Xtov mivaka VI Sivoviar pepikés tiués tmv yovidv 8, kot 8, xavovikod dw-
dexagdpov 6tov M-A/M-B=1.

MNINAKAX VI
Twég mopopéTpov xavovikod dmdekaédpov

MéBodog 0 9

TPOGOOPIGLOV A B
M.I.x. 36.8 69.5
d4sp* vBp1BIOGE 34.6 72.8
Andoglg petald '
TMV LTOKOTOCTATOV
n=1 38.5 71.7
n=~6 37.3 71.4
n=12 37.1 70.8
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‘Onog avoeépdnke Kal TNV TEPINTMOON TOL TETPAYOVIKOD aVIIRPIoUATOS, OTAV
Ol OKT( LROKOTOGTATEG £ival Gpotol kot povooyideic 10Te vrapyel ion mbavdtnta
Vo TapovuE TETPOYWVIKG aviinpiope 1| dwdekdedpo. ‘Otav o1 vrokatactdteg givat
oot doyideic kar ta 10€0, mov oynuatifovv glvan uikpd, T01E guvoeital To dwdekde-
dpo. Axoun neplocotepo gvvoeital to dmdekdedpo Otav vIApYoLV dVO THTOL LTO-
kataotoatdv (my. TiCl(diars),”® * o6nov diars=o—C,H,(AsEt,),, MCI,(diars),*
(M=Nb, Ta). ‘

Av vrdpyovv 610 cOumAoko 4 dioyldeic LIOKUTACTATEG, XTULKG CUUUETPLKOL, TO.
nbavd woopepn eivar mmmm, gggg, aabb, mmgg, abmg. Ot F. Johnson xat E. Lar-
sen®? Sokinacav v’ aropovdcouvV sopepn 6Eaho-cbunioke tov Zr, Hf, Th, U, aAla
yopic emruyic. H actdbein tov icouepdv amodidetar otnv peydAn evkopyia
(fluxionality) T@v cLUTAGK®V OLTOV.

Ot ot6lueg evepyeiog twv tpoylakdv d yio dwdekdedpo D,,, 6nwg npofAémetat
ard v Bewpia tov KpuotaAdikol nediov’®, divovrtar oto oxnua 1. H katdtepn
otéBun b, avrictoyel 610 TpoxyLaKks dyy, akorovbel M @, mov avmicTOLXEL GTO TPO-
xokd dj2, evd m e glvar Sumhd expuliopévn anotehoduevn amd ta dyy ko dgy Kot
tého¢ 1 b, avtictoxel oto dx>yi

Merétn ooundokev tov VIV nepipardopévov and oxtd droua Belov, odiynoe oe
Tiuég CYETIKGOV evepyeldv tov d tpoyekdv? nov divovtol gtov wivako VIIL

TIINAKAZ VII
LyetikéG EVEPYEWEG TOV Tpoylok®v d ovpnidkmv tov VIV **

Tpoyako Zopuetpia Tyetikég evépyeeg oe (Dg)
dyzyz b, —6.67
dzz a, 0.16
dox dgy e : 1.06
dyy b, 3.86

Xvykpivoviog to oxfue 1 xat tov nivaxa VII aivetor 611 1 661pd o1ig 6TaOMES
gvepyeiog eivar dapopetikn. Mpdyuoatt 6nwg anodeikvoovv ov ueréteg twv Garner,
Mabbs*’, tov Randic kar Vuletic?® kar dAlov2, oto dwdekaedpikd ovumioka ot
gvepyeieg Tov d Tpoyloxdv petafdilovror 6tav petafAinbodv ol yovieg 0, xou 0,
kal 0 Adyog M-A/M-B, aAld oxoun ot gvépyeleg twv d Tpoylukav sEaptdviar omo
TIG TOPAUETPOVG TOL YPTMOLULOTOLOBVIAL GTOLG LTOAOYIOHOVS (OTMG To OKTLVIKG
oAokAnpduota p,, p, Kat oL TEPAUETPOL KPLSTOAAIKOD TEdiov Dg ka1 Cp)***. X0

* ko pdhoTo T TEPITMOEL OVTEG Ol pikpol vokatactdtes 0o mave oTic «Béceg» A evd ot peyaAd-

tepot ot «Bioeigy B.

** Ou Piovesana, Cappuccilli® ekppdfouv Tig evépyeleg TV TpoxlaxdV d cav GUVEPTAGES TOV TaPaué-
Tpov kpvotariikod nediov Dq kot Cp, kot axdun avagépovv 6t 0 Adyog Cp/Dq=5.4. Ot Tiuég otov
nivaka vroloyiotnkav Pacel tng oxfong avThg.

*** Da=1/6 p,(r), Cp=2/7 py(r).
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oxyfue 8 Sivetar-mowotikd n petaBorf tng evepysiog tov d Tpoxlak®V OTAV UETO-
BaAlovtor ot yovies 0,4, 85 0 A0yog TV OXTIVIKOV OAOKANpPOUATOV P,(r) KoL
P4(r)20- v

Me Bdon ™ Beopic tov nediov tov vrokatastotdv (ligand field theory) to oyf-
we 7 Sivel To poplokd tpoxlekd oe Swdekaedpikd ovurioke pe d! niektpovikf dia-

1opewao.

n-Geckol

atoutud TOOXLEMd nepLans fooxLadd HOPLAAE TPOX LAKA
ueralAcidutog OURTAGOKOU unckaTaaIdTn

IXHMA 7. Mopiakd tpoyiaxd dwderaédov (Dyy).

- g .
EIEY . ¥
/“'Y i Xy
\ xz yx X
—— . y*
/!v v /
L
z
SP/P
= = -
]

IXHMA 8. Metaflodrj tng evépyera twv d tpoyiaxdyv ovvapTioer a. the .ywvt'ag Bﬂ 700 dwdexaddpov
(6rav 1 yovia 0, eivar 40°) f. tov Adyov M-A/M-B na wpués 6,=45° & 85=175° . Tov Adyov p,/p,.

TG oOUTAOKEG Evidoelg Omov T ocvupetpio dev eivan D, aArd xauniotepn
o1dbun evepyelag Tov Tpoylakot e Swywpiletar oe dvo otabBueg (ovdroya pe to Te-
TPOYWVIKO QVTITPIoME) KOl GUVER®G B0 TPENEL VO LLAPYOVY GTO PACUL TOV SwE-
KOEOPIKOY CUUTAOK®MV TECCEPLS TALVIES ATOPPOPTHCEWG.
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10 odunroko NbX,(dieth),* o1 tawvieg avtég eupavifovion
cm~! 2B, E 14000, 15300 cm™! 2B, ’B, 18800 c¢m—%,

10 Nb Cl (Quin)* (H;0),% uapucég and TG taw{ag au(pav{Coth ota 19200
kot 15100 cm‘1

Xapaktnpliotikd tov dwdekacdpikdv cl)ur;?»oxmv gival n peyéAn éviaon tov
TOWIOV 0T0 QAoUATE, TOL amodidetal otnv EAAelyn KEVIpPOL ovupeTpiag.

O1 ovvigheotés anoppogiicemns yio tig (emtpentés and 1o spin) d-d towieg &-
yovv Tipég 100-1000 em . Z1o oyfjua 9 divetal to pdopa anoppoPficews vOATIKOL
Srerdpatog tov Ta(C,0,),% (19 42 ki paivetar n uetaBolrf) Tov cvviehestn anoppo-
PNCEDG CVVAPTAGEL NG CVYVOTNTOG.

or-T T iE(0) G

3310, APQ ikt

[o ;1 BN 1 . "
40 25 20
v 163%em™

IXHMA 9. @doua aroppoprioews a. véanikos dadtuatoc Ta(C,0,) —(109) p yefavodixol Siadvuaroc
Nb (Quin) Cl, (H,0),%F,

Téco n Bewpio Tov kpvotodikod nediov 660 kAL Ol VTOAOYIGUOL LOPLEKDV TPO-
xlakdv npoPAénovv 611 M Oeuehiddng kotdotaon oto Sdwdekaedpikd ovurioko dev
elval expuiiopévn. Xovendg £vo dwdexaedpikd odunioko pe d? mAekTpoviki
Sdwpopewon Ba glvar dropayvntiké.

H mpoPreyn tng yewuerpiag evog 8-vmokoteotnuévov counAidkov dev gival £0-
KOAM, Y10Ti Ol gVEPYELEG OTIG DAPOPEG GTEPEOYTULKES LOPPES, eEapTdVTaL amd apKe-
100¢ Tapdyovteg mov divouv aAinioavolpodueve anoTeEAECUOTE, TOAAEG POPEG Tov-
dvacuds napaydviev OTMG N NAEKTPOVIKT Sloudpewon, ol GTEPEOYNUIKES TAPEUTO-
dioeig (sterric effects) diver v eERynom yi0. tov opiBud aviimpoc®nwv oTlg Siapo-
peg yeopetpleg dnhadfn Awdexdedpo>, Terpayoviké oviinpiouo>, I11-e8po>,

KvBoc>, etay-dinvpapido>, 9-edpo?.

Ewwdtepa yio v wokatovour] evepyeiog petald dwdexatdpov kot TETpaymVL-

KoV avunmpiouatog vrapyet n kAaooikf perérn tov Hoard kar Silverton?” mov emt-

* Quin=2-k1voAtvo kapPovAikd, dieth=CH,S,Me,.
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BepordOnke and perénerta pelétec!t. Kar’ avtiv 1écoepig givar o1 facikol mapdyov-
TEG TOL EMMPEGLOVV evepyewnkd To dV0 avtd moAvedpa. 1) Aeoudg petdAiov-
VIOKATAGTATY, 2) ANOGELS LETAED LIOKATOCTATOV, 3) TEPOLGia UN SeCUIKOV NAEK-
tpoviov, 4) napovcia dioydOV LIOKUTUGTUTOV.

Eneidf ov vrokatactdteg Sev givar okAnpéc coaipes (Onmg ota poviéda), av ot
TOPAUETPOL GYALATOS CAAGEOLV oL EVEpYELeg oTa OV0 ToAVEdpa dev umopel vo. aAAd-
Eovv meproocdtepo omd 0.21%.

1o tetpayovikd aviirpiopa 1o d,. §ev gpnotuonoieitor yia o-8ecud pe Tov vro-
kataotatn. EE GAlov o m-deopdg pe o tpoylakd avtod eivar acbevic. "Etot ta niek-
POV oV eviexouévmg kaTtarapuPdvoov 1o Tpoylakd avTd elvol ovoLIGTIKG un de-
oukd. Kat otnv nepintowon tov dwdekaédpov @aivetor 6Tt N axpiffig nopen TOL
ennpedtetar amd 10 av 10 TPOXOKO dyy TOL KEVIPLKOD pet@riov givar katnAeiupuévo
amd un deopkd nAektpovia 1 Ol

Ot anwotikég evépyeleg 6Tovg dakTVAiong mov oynuatiCovy oL LVTOKATACTATES,
Sapépovv oto dbo moAvedpo katd 5 Kcal/Mol.

Eniong Oewpeitar dvvety pio ocvveyic oAAnioustotponn OnAadn wie cvvexng
kivnon (TaAGvioon) TOV LTOKATAGTOTOV YOp® amd 1O uérakko-dtoubiﬁnutoup—
ydvtag wa edkauntn (fluxional) doun. "Etor cuyvé yio Tig Soués avtég avapépetal
0 6pog moAbTOMO, pe TNV Evvoln OTL umopel va yiver yU' avté TomoAoyikh ovaAvon
£101 OMOG mepryphetol and T Bewpia Tov dwypapudtov (graph theory)**.

Summary
Stereochemistry of eight-co-ordinate complexes

A. Karaliota, M. Kamariotaki, D. Hatzipanayioti

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

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

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

The detailed shape of the coordination group of a real complex is never that of
the hard sphere model and it is dependent upon several factors such as the perturba-
tion introduced when a) (non bonding) electrons are present in the valence shell of
the central atom and/or b) other than monodentate ligands are present in the com-
plex. Many experimental structures are ascribed as “intermediate” between two idea-
lized extremes or as “distorted”. It is also assumed that the absence of a significant
potential energy barier permits a continuous interconvertion between (mainly) dode-
cahedron, bicapped trig prism and square antiprism.
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The characteristic spectral and magnetic properties of complexes w1th dodecahe-
dral or square antiprismatic structure are also studied.

1
Key words: eight-coordinate complexes, dodecahedral complexes, square antiprismatic complexes, mo-
lecular orbital of complexes.
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Resumé

Les coefficients de viscosité, les densités, les constantes diélectriques et les indices de ré-
fraction des mélanges éthanol-dioxanne ont été déterminés a 25°C. L’effet de la composition
du milieu solvant sur les diverses propriétés des mélanges étudiés a été exprimé a ’aide de re-
lations simples permettant la prédiction des divers paramétres dans n’ importe quel mélange.
L’analyse des résultats a permis de mettre en évidence les interactions se produisant entre les
molécules du dioxanne et de 1’¢thanol.

Introduction

Ce travail fait partie de nos recherches concernant ’étude cinétique de diverses
réactions SN, entre une molécule neutre et un réactif susceptible d’agir sous la forme
de paites d’ions et d’ions dissociés.!®

Dans le cadre général de ces études, la nécessité de relier de maniére précise les
propriétés physicochimiques du milieu réactionnel a Iallure cinétique des réactions
qui s’y déroulent s’est rapidement fait jour. Notons que cette influence du milieu so-
lvant sur la réactivité des diverses entités nucléophiles est couramment rattachée a
ses propriétés diélectriques ou moléculaires (moment dipolaire) ainsi qu’a Iinterven-
tion de divers phénoménes de solvatation spécifique.”

Dans cet esprit, nous avons entrepris trés récemment I’étude cinétique de la
réaction de I’éthylate de sodium sur Iiodure de méthyle dans les mélanges binaires
éthanol-dioxanne de constantes di€lectriques différentes.®

D’aprés cette étude antérieure, on constate que la réaction SN, est considérable-
ment accélérée par addition de dioxanne au milieu réactionnel. L’interprétation pro-
posée permettant une rationalisation des données cinétiques implique I’intervention de
divers phénoménes de solvatation des ions, le pouvoir solvatant du milieu étant con-
sidérablement augmenté par I’adjonction de dioxanne. Néanmoins, le dioxanne pur
n’a pas la réputation d’étre un bon solvatant d’ions.’!* Or, le pouvoir solvatant supé-
rieur des mélanges dioxanne-éthanol comparé au dioxanne pur a été attribué a la
possibilité qu’a ce solvant de s’associer a I’éthanol au moyen de liaisons hydrogéne.

Toutes les considérations ci-dessus précisent les motivations de ce travail et éclai-
rent le choix des mélanges retenus.
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En effet, par 1’étude systématique des variations de divers parameétres, intimement
liés aux propriétés moléculaires des solvants en présence (constante diélectrique.
viscosité, indice de réfraction). en fonction de la composition des mélanges éthanol-
dioxanne, on a cherché a mettre en évidence les interactions survenant entre les mo-
lécules des constituants de ces mélanges.

Cependant, un tel objectif ne constitue d’ailleurs pas le seul mobile de cette étude;
en effet. on sait que Papplication dans de tels milieux d’équations, soit cinétiques, soit
électrochimiques, requiert la connaissance des paramétres ci-dessus, leurs valeurs cor-
respondantes n’étant que rarement disponsibles. Or, la détermination expérimentale
de ces paramétres est un autre aspect du probléme justifiant notre intérét pour cette
étude.

I. Partie Experimentale

I.1. Réactifs

L'éthanol anhydre a été préparé, a partir de I’éthanol absolu (Fluka, p.a.), par
deux distillations successives, 'une sur sodium, 'autre sur calcium suivant une mé-
thode déja décrite.!’ »

Le p-dioxanne utilis¢é est un produit Carlo Erba de pureté > 99%,
Eb = 101°C/760 mmHg purifié peu avant ’emploi selon la procédure recommandée
par Kraus et Vingee.'¢

Toutes les solutions ont été préparées par pesée peu avant leur usage.

1.2. Mesures

Les mesures de la constante diélectrique ont été réalisées a I’aide d’un appareil
W.T.W. du type DM 01 qui permet de déterminer les constantes diélectiques par la
méthode d’hétérodyne a la fréquence fixe de 2,0 MHz. Le domaine de mesure s’étend
de 1.8 a 90 et est entiérement couvert par un jeu de trois cellules s’adaptant sur I’ap-
pareil; la précision des mesures est de Pordre de 0,2%.

Un viscosimeétre Schott Mainz Jena Glas C 2023 du type Ubbelhode a été utilisé
pour la mesure du coefficient de viscosité des mélanges. Dans toutes les détermina-
tions, la correction de I’énergie cinétique a été prise en considération; la précision des
mesures est de I’ordre de 0,1%.

Les mesures de l'indice de réfraction ont été réalisées a I’aide d’un réfractométre
Bellinghan and Stanley du type Pulfrich avec une précision au sixiéme décimal a peu
pres. ) '

Les mesures de la densité ont été réalisées a PPaide d’un pycnométre a capilaire.

Pendant toutes les déterminations, la température des mélanges a été maintenue
constante a 25,00 + 0,01°C grace a un thermostat Haake du type Ultra-thermostat
NBS.
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II. Resultats et Discussion

Il.1. Etude viscosimétrique

Les valeurs du coefficient de viscosité 1 et de la densité d™ des mélanges étudiés
sont consignées dans le tableau I.

A partir de ces résultats, nous nous proposons de déceler les associations ayant
lieu entre les molécules du dioxanne et de I’éthanol. Dans ce but, on a évalué pour
les systémes étudiés (Tableau I) le rhéochor RM, fonction connue pour étre sensible
aux intcractions moléculaires;'”!® elle est définie par:

(1-X,) M, + X,M,
= dM -

RM

Tl1/8 (1) ’

ou M, et M, désignent les masses moléculaires de P’éthanol et du dioxanne et X, la
fraction molaire du dioxanne.

TABLEAU I: Valeurs de densité, de coefficient de viscosité et de rhéochor des mélanges éthanol-
dioxanne a T = 25°C.

% dioxan. dM n RM
en poids X, (g.cm™3) (cp) (CGS)

0.00 0,0000 0,78507 1,0710 33,2839
12,64 0,07031 0,81264 0,95996 33,7580
24,57 0,14551 ©0,83599 0,88848 34,5798
35,82 0,22592 0,86000 0,85289 35,6226
46,52 0,31261 0,88303 0,83875 36,8584
56,51 0,40453 0,90864 0,83910 38,2476
66,12 0,50508 0,93182 0,84693 39,8089
75.44 0.61626 0,95287 0,88027 41,6838
83.78 0,72971 0,98063 0,94252 43,7697
92,16 0,8600 1,00288 1,04359 46,3374

100,0 1,0000 1,0269 L1969 . 493463

Dans le but d’exprimer ici, au moyen de relations simples, I’effet de la composi-
tion du milieu solvant sur les diverses propriétés des mélanges étudiés, on a recherché
dans quelle mesure une représentation polynomiale de RM en fonction de X, pouvait
étre satisfaisante. En effet, a ’aide de la méthode des moindres carrés et en nous se-
rvant des polyndmes orthogonaux de Chebysev, nous avons constaté que la courbe
RM=f(X,) est parfaitement ajustée (R?>=0,99996) a un polynéme du 3éme degré:

RM = 32,9549 + 10,5469X, + 6,2005X2 — 0,4451X3 )

D’autre part, par la méme méthode, on a pu constater que la courbe d™ = f(X,)
s’exprime également par un polynéme de 3éme degré:

dM = 0,78893 + 0,34530X, — 0,14647X? + 0,04050X3 3)
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dont le coefficient de détermination R2 a été calculé et trouvé égal a 0,9996.
Les polynomes (2) et (3) étant portés dans (1), on obtient la relation:

3 ) 3 .
(X AX:) (X 4i%)

= = @
(1—X,)M, + X,M,

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

Du point de vue pratique, la relation (4) peut étre considérée comme une formule
d’interpolation trés utile permettant le calcul de n en fonction de n’importe quelle va-
leur de X,. L’aptitude de cette relation a représenter les résultats expérimentaux peut
s’exprimer évidemment a Paide de I’écart quadratique moyen des valeurs calculées
(nicalc) par rapport aux valeurs expérimentales (n;) de m:

cale
s = ( Z(ﬂ;_l—ny )1/2 )

ou N désigne le nombre de valeurs de m;. Ce paramétre s trouvé égal a 5,05-103
poise montre qu’il y a concordance étroite entre les valeurs calculées et les valeurs
expérimentales de .

On sait que, dans un mélange de deux liquides 1 et 2 parfaitement miscibles ou
les constituants sont non associés et sans interaction (mélange idéal), le rhéochor du
systéme R peut se représenter en fonction des rhéochors R, et R, des constituants
purs 1 et 2 a laide de la relation:

R4 = X R, + X,R, (6)

qui est considérée comme définissant le rhéochor idéal (R'4) du systéme considéré!s.
En revanche, dans le cas ou, entre les constituants 1 et 2, se forment des liaisons fai-
bles (par ex. liaisons hydrogéne), ’application de I'équation (6) montre que les RM
déterminés a P’aide de la relation (1) s’écartent sensiblement des R9. TI est légitime de
considérer que le. paramétre

Rld . RM
o= TR 2

est une mesure des écarts des mélanges réels par rapport a P’allure idéale (absence de
toute interaction entre les composés du systéme).

On a évalué, a partir de la relation (7), le paramétre § en utilisant ’expression po-
lynomiale (2) de RM. La variation de & en fonction de la fraction molaire du dioxan-
ne X, est représentée sur la figure 1: elle est caractérisée par un maximum pour X,
= 0,42. Cette fraction molaire X32* (0,5 > X, > 0,33) correspond sensiblement a la
composition de deux complexes formés entre les molécules du dioxanne et de I’étha-
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nol de type 1:1 et 1:2 qui pourraient s’expliquer par la possibilité que présente le dio-
xanne de former des liaisons hydrogéne avec chacun de ses deux atomes oxygene.

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

Une telle situation étant admise, au moyen d’un calcul relativement simple, il en
résulte que le degré d’association B du dioxanne a une complexe du type 1:1 est égal
a 0,619 tandis que son degré d’association correspondant au complexe du type 1:2
est sensiblement égal a 1 — .

I1.2. Etude diélectrique
Les valeurs de la constante diélectrique D et de l'indice de réfraction (pour la raie

D) n, des mélanges étudiés sont rapportées dans le tableau II.

TABLEAU 1I: Valeurs de la constante diélectrique, de I'indice de réfraction (pour la raie D) et de la po-
larisation du milieu des mélanges étudiés & T=25°C. '

% diox.
en poids X, D np P
0,000 0,0000 24,55 1,359720 2,882
12,64 0,07031 22,91 1,365974 2,654
24,57 0,14551 18,97 " 1,371805 2,152
35,82 0,22592 15,77 1,377749 1,746
46,52 0,31261 12,35 1,383822 1,318
56,51 0,40453 ' 9,611 1,389872 0,977
66,12 0,50508 7,434 1,396030 0,705
75,44 0,61626 5623 1,402270 0,476
83,78 0,72971 4,163 1,408014 0,286
92,16 0,86000 3,056 1,413824 . 0,132

100,0 1,000 2,209 1,42060 ~0,0
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Dans le but d’ajuster les courbes expérimentales D =f(X,) et n,=f(X,) a des
polynémes de n® degré, on a constaté que les polyndmes représentant le mieux les ré-
sultats expérimentaux correspondent 4 n = 3. Ainsi, 4 partir de la méthode des moin-
dres carrés, on a obtenu les relations:

D = 27,061 — 62,892X, + 57,362X% — 19,392X3 8)
et
o= 1,360289 + 8,246 - 10-2X, — 2,267 - 10-2X2—9,61823 - 104X  (9)

dont les coefficients de détermination ont été trouvés respectivement égaux a 0,99980
et ~ 1,0000. Les relations ci-dessus sont de bonnes formules d’interpolation étant
donné que leurs écarts quadratiques moyen$ (respectivement égaux a 0,09 et 4.10~7)
se trouvent dans-la marge d’erreur commise lors des déterminations expérimentales
correspondantes.

On sait que le pouvoir solvatant d’un milieu est fréquemment rattaché aux mo-
ments dipolaires p; de ses constituants.” Il s’ensuit donc qu’en déterminant y;, on dé-
finit d’une certaine maniére I’aptitude du milieu considéré a solvater les diverses par-
ticules présentes. Les renseignements obtenus par cette voie permettent de mieux
comprendre I'influence du solvant sur les vitesses et les mécanismes des diverses
réactions qui s’y déroulent.

Dans cet esprit, on a utilis¢é 1’®quation d’Onsager-Kirkwood généralisée aux
mélanges:?°

(D-D_) 2D +D_)) _ 4N
D(D_+ 2y T okT

P= Z N1g1u1 (IO)

ou N désigne le nombre d’Avogadro, N; le nombre de moles du constituant i par uni-
té de volume du mélange, D_ la constante diélectrique a haute fréquence caractéri-
stique de la polarisation induite des molécules et g; le facteur de corélation de Kir-
kwood du constituant i en mélange. Ce facteur introduit par Kirkwood?' est défini
par la relation:

gi =1 + z<cosgji< (11)

ou z désigne le nombre moyen des plus proches voisins et y;j 'angle que font les di-
rections de deux dipdles voisins i et j. Dans les cas ou des forces directionnelles a
courte distance (assurant des liaisons hydrogéne par exemple) existent entre les con-
tituants du milieu, le facteur g; est sensiblement difféerent de 1.

La grandeur P, appelée aussi par divers auteurs “polarisation du milieu™, peut é-
tre évaluée directement a partir des données expérimentales de D et n, en adoptant,
en accord avec la littérature,'” 222 la relation D_ = 1,1 n2 Les valeurs obtenues de
P correspondant aux meélanges éthanol-dioxanne etudiés sont consignées dans le ta-
bleau II.
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L’¢tude viscosimétrique a permis de conclare a la formation de deux complexes
dioxanne-éthanol de types 1:1 et 1:2. On peut penser en outre que le maximum de la
courbe § =f(X,) pour X, =0,42 (cf. figure 1) traduit la disparition quasi totale de
I’éthanol libre qui est, dans ces conditions, entiérement engagé dans les complexes ci-
_dessus. Si te] est effectivement le cas, la valeur de P de ce milieu (ou X, = 0,42) cor-
respond directement a ces complexes, tandis que la relation (10) prend la forme:

4nN _
P = ng (PJ[:] gl:l u%:] + N1:2 gl:Z u%:z) (12)

N,.,, N, désignant le nombre de moles par unité de volume des complexes 1:1, 1:2
et g,... g,, leurs coefficients de Kirkwood.

En ce qui concerne le complexe 1:2, on peut penser que son moment dipolaire est
presque nul, étant donné que la structure dudit complexe est parfaitement symétrique
“(forme chaise). Cette hypothése parait légitime si 'on se rapporte a des données bi-
bliographiques® ou, dans des cas analogues, les moments dipolaires de complexes
formés par le dioxanne du type 1:2 sont considérés comme pratiquemment nuls.

A Taide des valeurs du tableau II et de la méthode d’interpolation de Lagrange,
on a pu calculer, pour X, = 0,42, la valeur de P qui a été trouvé égale a 0,940.
D’autre part, la valeur de N, correspondante dans ce méme mélange, égale a
3.72-107% mol/cm?, a été évaluée a I'aide de la relation:

BX, dM

N, . — BN, = P2
i = BN =M oM,

(13)
en utilisant I’expression polynomiale (3) de d™. Ces valeurs de P et N, portées dans
I’équation (12) conduisent a:

g, ui, = 1237.10% (C.G.S.) (14)

En admettant que la possibilité d’auto-association de ce complexe, dans le milieu
considéré ou X, = 0,42, soit négligeable, on peut écrire g;., = 1 et calculer a partir de
I'équation (14) le moment dipolaire:

U, = 3.52.10-'® C.G.S. = 3,52 Debye

Les hypothéses formulées précédemment et les calculs effectués impliquent que,
pour tous les mélanges ou X, < 0,42, les constituants sont les deux complexes 1:1 et
1:2 et I’éthanol.

Dans ce cas, la “polarisation du milieu” P pour ces mélanges pourrait étre éval-
uée d’une part a partir des données expérimentales de D et n, (cf. tableau IT) et d’au-
tre part par le calcul a 'aide de la relation (10) sous la forme:

4nN '
P:—gﬁ—‘(Nm ui, + Nygud) (15)
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Dans ces calculs, le moment dipelaire p, de ’éthanol, égal a 1,70.107'® C.G.S., a été
extrait de la bibliographie.? D’autre part, a partir de la relation (10) appliquée dans
le cas de I’6thanol pur, on a pu évaluer la valeur de g, trouvée égale a 2,86.

La confrontation de ces deux séries de valeurs de P permettra d’infirmer ou de
confirmer les hypothéses de départ. Les résultats obtenus sont illustrés dans la figure
2.

T 1 ¥ T

2.6k e point calculé i
3

B point exper-

2,21

o
1,4} .
1,0 _
0’6 1 1 1 -
0 0,1 0,2 0,3 0,4

FIG. 2: Variation de la “polarisation du milieu” P en fonction de la fraction molaire X, de dioxanne.

En effet, 1a figure 2 montre qu’il y a excellente concordance entre les valeurs
expérimentales et les valeurs calculées de P, étant donné que celles-ci portées en fon-
ction de X, se placent parfaitement sur une courbe unique (cf. figure 2).

En conclusion, cette étude a permis de déceler les interactions survenant entre les
molécules du dioxanne et de I’éthanol. Les renseignements obtenus dans cette étude
permettent de relier les particularités, en tant que milieux réactionnels, des mélanges
dioxanne-éthanol a ’allure cinétique de quelques réactions SN, qui s’y déroulent. En
effet, nos résultats cinétiques® et les données bibliographiques™ ® montrent que les
réactions de substitution bimoléculaires, faisant intervenir des anions libres et des pai-
res d’ions en milieux hydroxylés, sont considérablement accélérées par addition de
dioxanne. L’interprétation proposéeS implique une augmentation de la solvatation
specifique de la partie cationique des paires d’ions en augmentant ainsi la réactivité
de ces derniéres. A la lumiére de nos résultats, on peut attribuer tous ces phénomé-
nes de solvation spécifique a I’apparition dans le milieu réactionnel du complexe 1:1
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dont le caractére polaire est manifeste vu la valeur de son moment dipolaire (3,5 De-
bye); ceci est en outre compatible avec des données bibliographiques® postulant que
Papparition d’entités considérablement plus polaires que les constituants purs d’un
mélange entraine généralement un accroissement de la réactivité des nucléophiles io-
niques.

Summary
On the viscosimetric and dielectric properties of ethanol-dioxane mixtures

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

Key words: Viscosities, densities, refractive indexes, dielectric constants, molecular interactions,
ethanol-dioxane mixtures.’

Mepilnyn
Iéwdopetpiéc kar dimAextpikéc 1010tHTeg petyudrwv atfoliktic alkoding - diwoéaviov

v epyacic avtf] TpocdlopioTnKoV TEPOOTIKE Ol Guviehestés EdSovg, oL
TUKVOTNTES, oL dimhektpikéc otabepés ko ou delkteg SwbAdoews dopdpwv perypd-
tov aboliknig aAkooAnc-Siokaviov otn Beppokpacio tov 25°C. And v eEétaon
g EMOPACENMS TNG TMEPLEKTIKOTNTOS TOV dloAvTiKod pécov mave oto didgopo peyé-
n mov peAetRbnkav npoékvyav onAéc oyfoelg oL ONoleg EMLTPENOLY TNV TPOPAEYN
TOV TILOV TOV TopORTdve mapopétpov péco o éva onotodfrote pelypa afovoing -
SoEaviov. Téhog 1 ovaAven tng EmdopeTpikfg kol SNAEKTPIKAG GLUTEPLPOPAES O-
AOV QUTOV TOV PEYHATOV OBNYNGE GE GUUTEPGOUATO CYETIKG HE TIG LOPLOKES GA-
AnAemidpaoeis mov Aapfavovv yopo petaEd twv popinv tov Siokaviov kol NG ot
fovoing.
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MODIFIZIERUNGEN IN DER KLASSIFIKATION DER ELEMENTE.
I. KANN KALIUM ALS UBERGANGSMETALL EINGEREIHT WER-
DEN? POLAROGRAPHISCHES VERHALTEN DES KALIUMS ALS
NACHWEIS.

ANA MEDVED
Institut fiir Anorganische Chemie, Technologische Fakultdt Universitit Zagreb, Jugoslawien
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Zusammenfassung

Die polarographischen Wellen des Na* und K* Ions in wisserigen Ldsungen haben
wegen. der Ahnlichkeit der Reduktionspotentiale zusammenfliessende Form. Die Méglichkeit
-der .Unterscheidung dieser Wellen durch selektive chemische Bindung ist durch den Un-
terschied der Ionenradien oder der Electronenkonfiguration bedingt. Die orientierte koor-
dinative Bindung des K* Ions mit der Saccharose, mittels des Elektronenpaares auf dem
Sauverstoffatom, resultiert in der Verschiebung der Welle des K* Ions, wihrend Na* keine
solche Bindung formt. Die Erklidrung dieses selektiven Effektes, wire nicht in dem Un-
terschied der lonenradien zu finden, sondern koénnte der Elektronenkonfiguration 3s? 3p® 3d
des Kaliums zugeschrieben werden.

Vorwort

Die Tabelle der Elemente mit langen Reihen, die in modernen Textbiichern
verwendet wird, zeigt die Elemente geordent nach steigendem Atomgewicht, bei
welchen die Electronen das 4s Niveau vor dem 3d Niveau fiillen. Bei solcher
Klassifikation der Elemente ist also der Parallelismus des «Aufbauprinzipes» und der
Reihenfolge nach der Ahnlichkeitsordnung nicht volstindig, doch wird in etlichen
Textbiichern solche Klassifizierung als Aproximation bezeichnet.!?

Theoretisch wiirde die Reihenfolge nach dem Aufbauprinzip vorzuziehen sein,
wenn die chemischen Eigenschaften entsprechend erklédrt wiirden.

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

Die Ausnahme von dem «Aufbauprinzip» beginnt mit den Elementen Kalium und
Calcium, die in die erste und zweite Gruppe eingereiht sind, als enthielten sie das 19-
te und 20-te Elektron in der 4s Orbitale, ohne dass vorher die 3d Orbitale aufgefiillt
wire.

Ahnliche Ausnahmen von dem «Aufbauprinzip» der Elektronenbahnen bilden
auch die Elemente Rb und Sr, J und Xe u.a.

Es ist aber mdglich die Ahnlichkeit der Eigenschaften auch dann zu erkliren,
wenn die konsequente Anwendung des «Aufbauprinzips» befolgt wird, wie zum
Beispiel durch spherische Symmetrie der Elektronenkonfiguration.
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Nihmlich, das Einreihen des 9-ten Elektrons zwischen das stabile Oktet in der
Oberflachenschicht des Kaliums, verursacht die Lockerung und Dilatation der
Elektronenhiille und dadurch wird die Ionisationsenergie des 9-ten Elektrons kleiner,
d.h. dhnlich der Ionisationsenergie des 4s Elektrons.

Die Literatur enthdlt zahlreiche Angaben {iber die aussergewShnlichen
Eigenschaften von Jod und Xenon z.B. die Stabilitit des J~, Ions, oder die
chemischen Bindungen des Xenons mit Fluor, zum Unterschied von noblem Gasen.
Auch iiber Kalium sind Literaturdaten vorhanden,’” die darauf weisen, dass Kalium
nicht ganz charakteristische Eigenschaften der Alkalimetalle besitzt (Kompressibilitét,
Anisotropie, u.a.).

In der polarographischen Literatur ist Kalium als das Element beschrieben,
dessen Welle untrennbar von der des Natriums ist. Das Halbwellenpotential des
Natriumions betrdgt -2,10 V und das des Kaliumions -2,13 V, bezogen auf die
gesittigte Kalomelelektrode (vs. S.C.E.) Dementsprechend ist die Messung der Kon-
zentration des Na* und K+ Ions in wisserigen Losungen nicht mdglich. Die Separa-
tion ermdglichen die Nichtwésserigen Medien, wo Na* und K* differente Halbstuf-
fenpotentiale wie auch differente Adsorptionseigenschaften awfweisen®’. Auch kom-
plizierte Cycloverbindungen wie 1,2 diaminocyclohexan-N,N.N’, N’-tetraessigsdure®
und 18-crown-6-dther® bilden mit Na* und K* Chelate von ungleicher Stabllltat was
auf dem Unterschied der Ionenradien beruht.

Wenn es aber mdglich wire, mit geeignetem nichtcyclischem Reagens in
wisseriger LOosung die Separation zu erzielen, wire dadurch auch der Beweis fiir den
Unterschied der Elektronenkonfiguration des Natriuns und Kaliums erbracht. Der
Agens der mit Kalium Verbindungen formt und mit Natrium nicht reagiert, kann auf
Grund der Klassifizierung des Kaliums als Ubergangselements erwihlt werden. Die
Unsymmetrie der 9-elektronigen Hiille des Kaliums, gegeniiber der Symmetrie der 3s
Konfiguration des Natriums, erlaubt die Voraussetzung, dass Elektrondonorverbin-
dungen mit Kalium reagieren, oder dass solche Verbindungen das K+ Ion spezifisch
zu orientieren vermégen und dadurch das Halbwellenpotential verschieben.. Als
Reagens mit freiem, sterisci: orientiertem Elektronenpaar am Sauerstoffatom war die
Saccharose gewihlt. Auch die experimentellen Messungen mit Ather haben die
Hypothese bestétigt.

Experimentelle Messungen

Die Polarogramme waren mit dem Polarographen PO4 «Radiometer»
Kopenhagen, in derivativer Schaltung aufgenommen. Die derivative Polarographie
ermdglicht die naheliegenden Halbwellenpotentiele genauer auszuwerten. Die an den
derivierten Polarogrammen erscheinende Maxima, entsprechen den Halbwellenpoten-
tialen, wennauch sie etwas negativer sind. Die nichtvollkommene Symmetrie der
Maxima und die geringere Empfindlichkeit der derivierten Polarogramme im
Vergleich mit der klassischen Polarographie stort aber nicht, in Betracht auf den
Zweck der Forschung in dieser Arbeit.

Fiir die Quecksilberelektrode war das Quecksilber griindlich gereinigt,
chemisch mit NaOH und HNO, und durch zweifache Destillation.
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Die FEletrode hatte folgende Werte der Ausflussgeschwindigheit und der
Tropfdauer: m = 1,67 mg.s™!, t=4,84 s, in der Lésung von KCl (¢c=10"! mol
dm~?), beim Potential O V vs. S.C.E. Die Temperatur war kontrolliert auf 298
K+0,2K.

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

1 T T T f

FA

[mA-

|
-2.5 -2,8
Volts vs. S.C.E

Abbildung 1. Polarogramme aufgenommen in den L&sungen:
a) 10" mol dm—* LiOH
b) 107" mol dm~* LiOH und 2.10~2 mol dm—* C,H.OC,H;
c¢) 107" mol dm— LiOH und 2.102 mol dm™* C,H,,0,,
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Ergebnisse

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

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

IUJA

1 1 L 1 |
-1,3 -1,6 -1,9 -2,2 -2,5 -2.8
Volts vs. S.C.E.

Abbildung 2. Deriviertes Polarogramm von K* und Na* in der
Lésung: 10~2 mol dm~—* LiOH
5.10~* mol dm—* NaCl
5.10~* mol dm-3 KCI
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Der Effect der Saccharose ist aus Abb. 3. ersichtlich.

'
| | 1 J

-~——— Volts vs. S.CE.

Abbildung 3. Effekt der Saccharose in der Ldsung von:
1072 mol dm—* LiOH
5.10~* mol dm~* NaCl
5.10~* mol dm=3 KCI
2.1072 mol dm~* C,,H,,0,,

Dieser Messung waren zahlreiche Messungen vorangegangen, um die richtigen
Konzentrationsproportionen festzustellen. Ndhmlich, in dem Bereich von grisseren
Konzentrationen der Saccharose oder Athers, wie auch in verdiinnteren Léungen,
wurden die oben gezeigten Effekte nicht beobachtet. (Abb. 7). Die relativen Mengen
von den iibrigen Komponenten der Losung, d.h. des Li* und K+ Tons, waren auch
entscheidend fiir den Mechanismus der Reaktion. Wenn die relativen Mengen im
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Bereich der Konzentrationen die unter Abb. 3. angefiihrt sind entsprachen, waren op-
timale Effekte sichtbar, d.h. zwei getrennte Wellen geformt. Um die Reproduzier-
barkeit der Wellen zu veranschaulichen, wurden drei aufeinanderfolgende
Polarogramme in gleicher Losung aufgenommen.

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

IUJA

1 |
-1.3 -1,6 -19 -2.2 -25 -2.8
Volts vs.S.CE.

Abbildung 4. Polarogramm aufgenommen in der LOsung mit vergrosserter Konzen-
tration von KCI:
5.1072 mol dm—* LiOH
5.10~* mol dm~—?* NaCl
1.5.10% mol dm~ KClI
2.1072 mol dm~— C,H,,0,,
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und Abbildung 5. zeigt das Polarogramm das in der Losung mit vergrosserter
Na* Konzentration aufgenommen war.

MA

It ! 1 |

I
-1.3 -1.6 -1.9 -2,2 -2,5 -2,8

Volts vs. S.CE.

Abbildung_5. Polarogramm aufgenommen in der Losung mit grésserer Konzentra-
tion von NaCl:
5:10"2 mol dm— LiOH
1.5.10—* mol dm—3 NaCl
5.107* mol dm~=3 KClI
2.1072 mol dm~* C,,H,,0,,

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

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

L 1 I L 1
3 -1,6 -1,9 -2.2 -2.5 -2.8
Volts vs. S.CE.

Abbildung 6. Effekt des Athers auf die polarographische Welle von Na* und K*:
10~2 mol dm~* LiOH
5.10~%mol dm~—® NaCl
1,5.1073 mol dm~ KCl
1,8.10~" mol dm~* C,H,0C,H;,
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Wenn die Losung konzentrierter an Ather ist, zeigt das Polarogramm keine -
gespaltete Welle, sondern das Maximum bei negativerem Potential und von etwas
kleinerer Hohe. (Abb. 7.)

}‘l A t T T T T T T I

?

10F -

] 1 1 1 1 1 | ]
-4 -6 -1,8 -2,0 -2,2 -24 -26 -2,8 -3,0
Volfs vs.S.CE.

Abbildung 7. Effekt von grésserer Ather Konzentration:
2.107%2 mol dm~3 LiOH
5.10~* mol dm~—3 NaCl
5.10~* mol dm— KClI
10~" mol dm—* C,H;0C,H,

Diskussion

Der Effekt der Saccharose ist ersichtlich aus dem Vergleich von Abbildung 2.3,
und 4. Er besteht in der Resolution der simultanen Wellen des Na*und K* in zwei
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Wellen. Der Reaktionsweg der solchen Effekt erkliren kann, ist auf Abbildung 8.
gezeigt.

C12H22011

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

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

Na®+ K+*— Na* +K°

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

2 1 2

Lo (N O\
e A/ N

1

a) b)

Abbildung 9. Die antisymmetrische und symmetrische Anordnung der Elektrone.

Die giinstige Orientation des K* Ions fiir die tangentielle Elektroniibertragung,
wird durch die Bindung mit dem grossen Saccharosemolekiil oder Athermolekiil,
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erreicht. Die mit dem valentem Elektron rechtwinkelige Bindung stabilisiert die d-
elektronige Konfiguration. (Abb. 10).

I
~0~.
_ CHy " CHy -
CH3 CH3

Abbildungl0. Die mit dem valentem Elektron rechtwinkelige Bindung des
Saccharosemolekels.

Bei grosseren Konzentrationen von K+, wird das Elektron auch zwischen dem
Na+* und zwei benachbarten K™ Ionen iibertragen, wodurch die singlete Structur

entstehen kann. Die entsprechenden Wellenfunktionen wiren:
YV=NWa1 ¥p2+ Ya1° Va2 + ¥p1- ¥pp) Grundzustand

WY =N (Pa2- ¥pi— Vo - Pp2)  Triplet

W =N (Wa- Ppo+ Py - Pa2)  Singlet

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

Na°+ K*— Na*+K?°

von der Konzentrationsproportion abhédngt, also mit dem beschriebenem
Reaktionsmechanismus tibereinstimmt.

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

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

Summary

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

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

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

Key words: Polatography. Kalium as Transition Element

Hepidnyn

Meratponyj oty taéivdunon twv otoyeicwv. I. Mnopel 10 kdAio va kararayel ota
oToLYEla UETATTWOEWS; ATOdely n molapcypapikyj cvumepipopd tov.

v epyacia avth amodeikvdetor 0Tl N cakyapoln N o abépag pmopovv va
duywpicovv ta molapoypagikd kopato Na* kar K+ o vdatikd dwAvuata. O -
Xopwouds opelheton oe £vo TPOSOVATOMOUEVO CLVTOKTIKG Jeoud NG oakyepolng ue
o K* pe ™ ovppetoxfi tov erebbepon Lebyovg mAektpoviov emi Tov KevIpKoD
atopov ofvydvov tng caxyapolng ko avtictoryo tov abépo. ALTA 7 eKAEKTIKN
enidpaon pe 1o K+ dev umopel va ogeiletar oe dwpopd peyébovg eAAd eivar ev-
dewkTikf Sapopds petakd tov dutdEewv TV NAEKTpoviov varpiov kol KoAiov.

Av AneBovv voyn ot Wwitepeg 1810TNTEG TOL KOAIOL 7OV TEPLYPAYOVTAL GTT
BiBroypaoia, ov emdpdacelg mov mapotnpndnkav Sikaodoyovv 1 Oedpnon Tov
KOAIOL Gav GTOLYEIOL PETUMTOCEMC. '
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Summary

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

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

Introduction

The rapid development in computer techniques during the past two decades has
caused enormous changes in analytical chemistry and especially in the processing of
spectroscopic information. Most of the spectrometers now available are equipped
with computers.! Library searching remains the method of choice for rapid, on-line
computerized compound identification by chemical spectra.?

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

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

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

The first published suggestion of a computerized mass spectral search has been
attributed to Abrahansson et al. (1964). In the years following the publication on this
brief note, a variety of data-encoding methods and comparison algorithms were in-
vestigated. Although a wide variety of different search methods have been described,
only limited effords have been made to compare these techniques.* The choice bet-
ween various computational routines used for comparing mass spectra usually
reduces to a compromise between speed and reliability. The most time-consuming
calculations involve comparisons of whole spectra, including intensities as well as
masses, whereas the fastest comparisons incorporate algorithms which consider only
a few important peaks and neglect intensities. Accuracy of identification is sometimes
lost in making the comparison too simple and in practice the methods adopted
usually lie between the two extremes mentioned above.58

The correlation coefficient

The correlation coefficient (c.c.) is a way of estimating the resemblance degree of
the mass spectrum of the examined unknown compound, with the mass spectrum of
each of the compounds stored in the magnetic file. Consequently, the c.c. (or
similarity index) can be considered as an attempt for mathematical formulation of
the empirical approach of the problem by the researchers. It can be defined as a
function of the characteristics of the correlated spectra or in other words as a func-
tion of the criteria used for the mass spectrum interpretation. The value that the c.c.
takes after its use for each pair of known/unknown mass spectra states a possibility
which fluctuates between O and 1. The value O corresponds to two spectra that have
no common characteristics and the value 1 to two completely identical spectra, on
the\basis of the used criteria.

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

The creation of correlation coefficients -

For the creation of a correlation coefficient some of the following elements can
be used:
— the parent ion peak (M)
— the basic peak (B)
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— the number of common peaks (C)
— the total number of peaks (T)
— the peaks’ intensities (I)
— the peaks near the parent ion peak
— other characteristic peaks
The various c.c. can be classified according to the degree of their complexity,
which in general increases as the number of the spectrum’s elements used for their
mathematical formulation (in other words the number of the criteria used for the
spectrum’s interpretation) increases.
In the following the creation of some c.c. of increasing complexity is analysed:
In the simplest case the number of the common peaks is compared with the total
number of peaks.’ That is: ‘

cC., = % )

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

That'is: cC,= (—T(;—) (—;:—) = TC; ()
1 2 152

C2

T,

and if T,=T,=T then CC,=

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

That is: C.C,= % [-Tl— (Ci ST —fi—il)]
k=1
1 G .
—m g T @

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

That is: CC,=1-> [Tse— Tyn @
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One should note that in this case the peaks’ intensities are normalized so that:

Ny =
n-|l

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

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

A proposed correlation coefficient

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

The proposed correlation coefficient has the following general form:

c Noag-fy
ki
C.C.p]—: T R (6)
N oay
=1
1
=Lif Ty L
Lgr
where. fp =
1
i i Ty > Ty
Tun

“un™ stands for “spectrum of the unknown compound”

“sf" stands for “spectrum from the spectra file”

and ay is a participation coefficient which can take several forms. The form to be

used cach time is up to the researcher and depends on the nature of his problem.
Some of these forms are:

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

C 1 C’ 1 C‘
CC..p = — — N f, =— \
pr T C k T = fi (7)

=

2. ag = [2(T + 1) — (i — ))x|/2. the participation depends on the rank of the com-
mon peak in the two compared spectra, which means that the most intensive peak
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has the greatest participation, the first less intensive one has a smaller participation
defined from a,, etc.

3. ay = (Ig+ Iyy)/2, the participation depends on the intensity of the common
peak, in the two compared spectra.

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

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

( START ’

READ THE DATA
OF THE UNKNOWN
COMPOUNDS' SPECTRA

I= 1,2

! J= 1,X

CALL SUBROUTINE
FOR THE CALCULATION OF
THE CC(1,Jd)

ZPRINT CC(I,J)/

END

FIG. la: Logic diagram I. Main program.
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AP(I,L)'}—‘EP(J,K

| caucuatron or F(L,K) |

?

YES

R=R+F(L,K)

AI(I,L)YEBI(J,K)

S=S+F(L,K)

N B1(J,K)
S=5+F (LK) |

AT(I,L)
BI(J,K)

FIG. 1b: Logic diagram II. Subroutine for the proposed correlation coefficient.

The symbols used are:

I: unknown compound

J: compound from the spectra file

Z: number of unknown compounds

X: number of compounds in the spectra file
N: the total number of peaks (the same for
L: index referring to the unknown compound
K:
AP(L. L): the L peak.-in decreasing order of

both spectra I, J)

index referring to the compound from the spectra file

intensity, of the I unknown compound

BP(J. K): the K peak, in decreasing order of intensity, of the J compound of the spectra file
AIl(I. L): the intensity of the L peak of the I unknown compound

BI(J. K): the intensity of the K peak of the
CC(I, J): the c.c.’s value for the comparison

J compound of the spectra file
of the spectra of the I, J compounds

F(L. K): the participation coefficient for the pair: L and K peaks

C: the number of common peaks
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Applications — Results

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

i) Essential oils

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

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

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

UNKNOWN COMPOUND: p-cymene

SPECTRA
FILE cC,,
cc, cc, -
a1 &k &2 8l &3 A,
a-PINENE 0.250 0.219 0.190 0.191 0.191 0.195 0.191 0.194
CAMPHENE 0.000 0.000 0.000 0000 0.000 0.000 0.000 0.000
B-PINENE 0.375 0.266 0.175 0.195 0.183 0.186 0.159 0.181
MYRCENE 0.375 0.250  0.173 0.171 0.151 0.138 0.105 0.118
LINALOOL 0.125 0078 0.022 0.053 0.022 0.053 0.022 0.053
CINEOL 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
OCIMENE 0.250 0.219 0.195 0.188 0.214 0.194 0.210 0.193
LIMONENE 0.000 0.000 0.000 0.000 0000 0.000 0.000 0.000
v-TERPINENE 0.250 0.219 0.191 0.182 0.216 0.182 0.206 0.182
p-CYMENE 0.875 0.813 0.694 0710 0.750 0.750 0.800 0.775
OCTANOL-3 0.125 0.094 0.035 0.060 0.035 0.060 0.035 0.060
CAMPHOR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
LINALYL ACETATE 0.125 0.063 0.019 0.034 " 0019 0034 0.019 0.034
TERPINEOL-4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
a-TERPINEOL : 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B-CARYOPHYLLENE 0.250 0.094 0.089 0.121 0.075 0.106 0.069 0.109
BORNEOL 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
GERANIOL 0.125 0.047 0.013 0.020 0.013 0.020 0.013 0.020
TERPINYL ACETATE 0.125 0.125 0.040 0.098 0.040 0.098 0.040 0.098

GERANYL ACETATE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Remarks: a, j =1, a; ,=[2T+1)—G(—)1/2 , a 3 =05 +1,)/2

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

UNKNOWN COMPOUND: camphor

SPECTRA -
FILE CCyr
cc, cc, ,
a Ak &2 ak2 a3 af 3
a-PINENE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
CAMPHENE 0.i25 0.047 0.028 0.040 0.028 0.039 0.028 0.039
B-PINENE 0.250 0.219 0.237 0.181 0.237 0.181 0.237 0.181
MYRCENE 0.250 0.203 0.158 ©C.110 0.157 0.110 0.157 0.109
LINALOOL 0.375 0328 0.353 0.354 0354 0.354 0.353  0.355
CINEOL 0.375 0.266 0.274 0.327 0.273 0.328 0.273  0.329
OCIMENE 0.000 0.000 0.000 0.000 0.000 0.000 0.000. 0.000
LIMONENE 0.000 0.000 0.000 0.000 .0.000 0.000 0.000 0.000
v-TERPINENE 0.000 0.000 0.006 0.000 0.000 0.000 0.000 0.000
p-CYMENE 0.125 0470 0010 0.027 0.010 0.027 0.010 0.027
OCTANOL-3 0375 0266 0.273 0330 0.271 0330 0.272 0.330
CAMPHOR 0.625 0.534 0.492 0462 0.531 0470 0.527 0473
LINALYL ACETATE 0.250 0.219 0213 0.201 0.215 0.197 0.215 0.198
TERPINEOL-4 0.250 0.189 0.092 0.143 0.092 0.143 0.092 0.143
a-TERPINEOL 0.125 0.094 0.063 0.089 0.063 0.089 0.063 0.089
B-CARYOPHYLLENE 0.250 0.203 0.181 0.161 0.177 0.157 0.176 0.158
BORNEOL 0.250  0.219 0:136 0.076 0.174 0.081 0.198 0.078
GERANIOL 0.250 0.188 0.181 0.118 0.178 0.114 0.176 0.116
TERPINYL ACETATE 0.125 0.078 "~ 0.065 0.065 0.065 0.065 0.065 0.065
GERANYL ACETATE 0.125 0.078 0.069 0.035 0.069 0.035 0.069 0.035

Remarks: a, (=1 ., a ,=[2T+1)—(—j)1/2 , a3 =g+ 1,,)/2

*: the peaks intensities are normalized.

ii) Methylated sugars

In order to verify and confirm the effectiveness of the tested c.c. a second
category of compounds, the methylated sugars, has been chosen:. For this reason a
spectra file'? of the following compounds' was created: D-glucose (1), 1,4,6-tri-o-
methyl-a-glucose (2), 1.3,4-tri-o-methyl-a-glucose (3), 1,2,3-tri-o-methyl-a-glucose (4),
1.3.4.6-tetra-o-methyl-a:glucose. (5), 1,2.4,6-tetra-o-methyl-8-glucose (6), 1,2.3.6-tetra-
o-methyl-B-glucose (7). 1,2,3.6-tetra-o-methyl-a-glucose (8), 1,2.3.4-tetra-o-methyl-a-
glucose (9), methyl-2,3,4,5-tetra-o-methyl-a,D-galactoseptanoside (10), methyl-2,3,5,6-
tetra-o-methyl-o,D-galactofuranoside (11), 1,3,4,6-tetra-methyl-B,D-methyl fructoside
(12), methyl-1,3,4,6-tetra-o-methyl-B,D-fructofuranoside (13), 1,3,4,5-tetra-methyl-B,
D-methyl fructoside (14), methyl-1,3,4,5-tetra-o-methyl-B,D-fructopyranoside
(15), methyl-2,3,4-tri-o-methyl-5-methoxy-D-xyloside (16), methyl-2,3,4,6-tetra-o-
-methyl-a,D-glucopyranoside (17), methyl-2,3,4,6-tetra-o-methyl-o,D-galacto-
pyranoside (18), methyl-2,3,4,6-tetra-o-methyl-a,D-galactofuranoside (19), methyl-
2,3,5,6-tetra-methyl-o,D-galactofuranoside (20), methyl-2,3,4,5-tetra-o-a,D-galactofu-
ranoside (21), methyl-2,3,4,6-tetra-o-methyl-D-mannopyranoside (22).
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TABLE III: Results given by the various correlation coefficients in the case of the essential oil linalool.

UNKNOWN COMPOUND: [inalool

SPECTRA
FILE CC,,
cc, cc,

A1 ag | A, 2 ag a4, 3 ay, 3
o-PINENE 0.375 0297 0.158 0.195 0.178 0.171 0.191 0.145
CAMPHENE 0.250 0.156 0.107 0.106 0.113 0.112 0.117 0.116
B-PINENE 0.375 0.297 0.297 0.293 0.284 0.281 0.279 0.277
MYRCENE 0.250 0.219 0.175 0.173 0.175 0.173 0.175 0.173
LINALOOL 0.625 0.531 0.496 0.464 0.501 0.448 0.505 0.447
CINEOL 0.250 0.172 0.238 0.143 0.238 0.140 0.238 0.141
OCIMENE 0375 0313 0.243 0279 0232 0.239 0227 0.209
LIMONENE 0.250 0.234 0.221 0.228 0.229 0.233  0.231 0.234
y-TERPINENE 0.375 0.219 0.173 0.138 0.179 0.144 0.191 0.152
p-CYMENE 0.125 ' 0.031 0.009 0016 0.088 0.016 0.009 0.016
OCTANOL-3 0.250 0.188 0.159 0.157 0.159 0.157 0.157 0.156
CAMPHOR 0.000 0.000 0000 0.000 0.000 0.000 0.000 0.000
LINALYL ACETATE 0.500 0422 0425 0432 0402 0405 0.392 0.395
TERPINEOL-4 0.375 0.313  0.271 0.275 0302 0.301 0.308 0.302
a-TERPINEOL 0375 0297 0215 0216 0.258 0.259 0.271 0.272
B-CARYOPHYLLENE 0.250 0.219 0.194 0.230 0.192 0.230 0.191 0.229
BORNEOL 0.500 0.313 0.115 0.156 0.100 0.150 0.064 0.124
GERANIOL 0.250 0.203 0.146 0.144 0.152 0.148 0.157 0.151
TERPINYL ACETATE 0.500 0.328 0.174 0.207 0.193 0.233 0.192 0.239
GERANYL ACETATE 0.500 0453 0.288 0.334 0.271 0.337 0.259 0.334

Remarks: a, =1, a_,=[2T+1)—G(—i}1/2 , 8 3=+ 1;z)/2
*. the peaks intensities are normalized.

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

Discussion and Conclusions

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

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

UNKNOWN COMPOUND: 17

SPECTRA
FILE CC,,
cc, cc,
ac;  ak1 A2 a2 &3 a3
1 0.375 0.234 0.171 0.172 0.171 0.150 0.167 0.157
2 0.500 0.328 0.230 0.242 0.242 0.228 0.246  0.227
3 0.500 0359 0306 0.302 0.303 0.314 0309 0313
4 0.750 0.578 0.510 0.515 0.561 0.549 0.600 0.583
5 0.625 0469 0.372 0350 0.359 0.383 0352 0.370
6 0.500 0359 0.273 0242 0.243 0.275 0.237- 0.271
7 0.750 0.609 0.543 0.543 0.562 0.563 0.592 0.587
8 0.750 0.672 0.584 0595 0.617 0.600 0.647 0.621
9 0.750 0.656 0.530 0.569 0.616 0.574 0.649 0.592
10 0.625 0.500 0.321 0228 0.222 0.289 0213 0.231
11 0.375 0.297 0.249 0218 0.223 0.248 0.217 0.226
12 0.375 0219 0.145 0.144 0.152 0.152 0.145 0.145
13 0.250 0.118 0.126 0.126 0.116 0.126 0.125 0.125
14 0.375 0297 0.229 0304 0311 0.228 0.317 0.228
15 0.375 0.281 0.230 0302 0308 0.228 0.316 0.229
16 0.625 0.484 0343 0.339 0.368 0375 0391 0.399
17 0.875 0875 0.772 0.770 0.785 0.786 0.809  0.803
18 0.750 0.672 0.615 0.607 0.654 0.661 0.679 0.682
19 0.750 0.688 0.650 0.650 0.670 0.671 0.691 0.690
20 0.500 0.328 0.254 0221 0.234 0.260 0211 0.226 .
21 0.750 0.594 0.389 0274 0.268 0.355 0.260 2.295

22 0.250 0.172 0.083 0.068 0.074 0.091 0.072 0.089

Remarks: a, ;=1 , a o= [2T+1)—(—j}1/2 , 3 3 =(Isf'+ In)/2

*: the peaks intensities are normalized.

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

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

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

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

Mepiinyn

Zovtedeotés ovoyETIONS Yo TADTOTOMON AYVDOTWY EVOOEWY UE XPHON PACUATWV
udlag oe apyeta H/Y

v epyacic auth) UEAETATOL T JLVOTOTNTO  TALTOMOINGTG UWEG YXTMIKNG
EVOCENG - UEAOVG ULKG OPLGUEVIG KOTYOPIag OpyavikdVv evdcemv, and 10 Qacud
uélag g, ypnowonoidvtag apyeio pacudtov ualog Kol cLvieesTn CLGYETIGNG.

Ieprypaoetar 1 dnuiovpyia CLVIEAEGTOV GLOYETIONG Yla TNV OLYKPLOT TOL
eaopatog nalog g Ayvemotng EVOoEmg HE To paouato palog OAwV ToV eEVOSEmV
NG OLYKEKPWEVNG KATNyopiag mov givar amobnkevpuéva og va payvntikod dicko, M
omnoia mpayuartonoteital pe v Ponbeia niekTpovikod vTOAoyioTf. AvOADeTal KOl
npoteivetor éveg VEOG OLVIEAEOTNG o©LGYETIONG, O Omoiog eEUupudéebnke o©Tlg
TEPITOCES TV afepiov shaiov kol tov usboMouévov cokydpov.
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Summary

The quantum yields of the lucigenin light reaction in 1072M didodecyldimethylammonium
bromide lamellar (unsonicated), vesicular and y-irradiated vesicular aggregates are affected by
progesterone in the concentration range 0—20x 10~*M. The presence of progesterone in the
oriented systems results in increased quantum yields, the effect being more pronounced in the
sonicated system where the increase is as high as 60% at higher concentrations. The effect of
y-irradiation with a dose of 30 Krad on the sonicated system is negligible. Quenching of the
fluorescence of N-methylacridone, the light reaction’s primary emitter, by progesterone was
observed with a quenching rate constant equal to 2.16 x 101°M~'s™!. The quantum yields
herein reported are corrected for self absorption and for the quenching effect above.

Keywords: Chemiluminescence; Lucigenin; Membranes; Progesterone.

Introduction

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

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

Experimental

Solutions: Progesterone, to cover a final concentration range of 0—20x10~*M,
was added to aqueous 10~2M DDAB, stirred at room temperature for 72h and the
mixture was divided into two portions. One portion was centrifuged (3500 rpm; 1.5
h). a small volume of 10~*M lucigenin was added to reach a final lucigenin concen-
tration of 10—M and the mixture was stirred for 0.5 h prior to the chemiluminescen-
ce measurement; this solution will from now on be refered to, as “lamellar”. The se-
cond portion was sonicated (M.S.E. sonicator; 0.5 h), it was then centrifuged (3500
rpm:; 1.5 h) and lucigenin was added as described above to give the test samples
designated as “vesicular”. Finally, a portion of the sonicated mixture was dearated
with Ar and was irradiated in a °®°CO y-irradiation source (ca 700ci; dose rate 500
rad min—'; total dose 30 Krad; dosimetry was performed with the Fricke dosemeter
using Gp3+=15.6). Lucigenin was then added as described above to give the test
samples designated as “irradiated”.

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

Stern-Volmer plot: Solutions for the Stern-Volmer plot were prepared by the ad-
dition of 2 ml ethanolic solutions of progesterone to Iml ethanolic 10—°M NMA solu-
tion to cover a final progesterone concentration range of 0—20x 10~*M. Excitation
A ax was 273 nm; fluorescence g, was 423 nm. The solutions employed were not
deaerated and all measurements were performed at room temperature. The quenching
rate constant was calculated from the linear part of the plot.

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



CHEMILUMINESCENCE IN MODEL MEMBRANE STRUCTURES 209

Results and Discussion

The lucigenin-NaOH-H,0, light reaction leads to excited NMA. De-excitation of
this primary emitter results in light emission with Apax ca 430 nm plus energy
transfer to other species with subsequent emission at ca 500 nm. In cationic oriented
systems such as the DDAB aggregates employed here, the lucigenin cation is
repelled from the positively charged interface; it seems therefore, that a non-ionic in-
termediate of the light reaction migrates to the Stern layer of the aggregate resulting
as shown earlier! 2 % in NMA emission from this region. In any case, the chemi-
excitation and de-excitation steps occur both in the aqueous and oriented phases.
Progesterone, on the other hand, being insoluble in water is solubilized by the
aggregate. Although, lack of absorption by progesterone prevented us from es-
tablishing the exact location of this addend in the oriented phase, it is reasonable to
assume that it resides in the aqueous interface as is the case with other steroids®.
Finally, any effect of the hydroxide anion on the structure? !° of the oriented phase is
automatically nullified, as the parameter reported here is the ratio of quantum yields
with and without progesterone in the same system, under the same conditions.

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

Io

—1= kq r(Progesterone)

The Stern-Volmer plot is shown in Fig. 1 for ethanolic solution (since this solvent
simulates as far as the polarity is concerned the Stern region of micelles and very
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FIG. 1. Stern-Volmer plot for the NMA fluorescence quenching by progesterone.
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possibly of DDAB aggregates); substituting 14.1x10~% for 7, the NMA fluorescence
lifetime in ethanol'!, the quenching rate constant kg becomes equal to 2.16 x 1010
M-~!s—! for the linear section of the plot with a correlation coefficient r>=0.99 (the
last experimental point not included). The slight curvature introduced by the last
point at higher quencher concentrations indicates some additional “static” quenching
in small extent. ‘

The reaction was studied in lamellar, vesicular and fy-irradiated vesicular
aggregates and the results are shown in Fig. 2 for the first and in Fig. 3 for the later
two, as ratios of quantum yields in the presence and absence of progesterone, versus
progesterone concentration. The plots shown here are based on the experimental
points corrected for self-absorption (curve a) and on the points of (a) corrected for
the fluorescence quenching of NMA, the primary emitter, by progesterone (curve b).
The second correction should only be taken as a gross approximation representing
maximum values as the quencher (progesterone) is mainly located in the aggregate-
aqueous interface®, while the emitter (NMA) is partitioned between the aqueous
phase and the aggregate’s Stern layer. Although NMA is highly insoluble in water
and a partition coefficient between aggregate and aqueous phase is expected to be
much in favour of the aggregate, it should be noted here that lucigenin, its precursor,
is highly soluble in water, so that part of the excited NMA is produced in the bulk
phase; the lifetime of this excited state is too small to allow entry in the aggregate
before light emission (cf lifetime of NMA™* in the order of a few ns!!; rate of entry of
organic molecules in vesicles must be of the order of the entry of the same molecules
in micelles!? i.e. 105~

b
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F1G. 2. Ratios of chemiluminescence quantum yields in the presence and in the absence of progesterone
as a function of progesterone concentration in lamelar aggregates. Curve (a) Corrected for self ab-
sorption: Curve (b) Corrected jor self absorption and fluorescence quenching of NMA.
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FIG. 3. Ratios of chemiluminescence quantum yields in the presence and in the absence of progesterone
as a function of progesterone concentration in vesicular and y-irradiated vesicular aggregates. Curve (a)
Corrected for self-absorption. A vesicular, o irradiated; Curve (b) corrected for self-absorption and fluo-
rescence quenching of NMA: X vesicular, @ irradiated.

A peak at lower progesterone concentrations in the lamelar aggregate (Fig. 2),
reminiscent of a similar behaviour of cholesterol?, estrone and 17a-ethynylestradiol®
in this system is not observed in the vesicular system. As in phospholipid membranes
(the DDAB aggregates are simple models of such membranes) the effect of steroids
has not -yet been reported at very low concentrations so that any interpretation of
this peak would be too tentative. It should be noted here, however, that in
phospholipid membranes, chain fluidization starts at cholesterol concentrations over
7.5% w/w*3, corresponding in our system, to a steroid concentration of ca 5x10—*M.

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

» Finally, the little effect of y-irradiation on our system observed in Fig. 3 is ap-

parently due to the inefficiency of the dose employed (30 Krad). Indeed, electron
microscopy reveals that DDAB aggregates are unaffected by doses under 67 Krad
(I. Anastassopoulou, unpublished results), while it has been shown lately that the
same is true for the basic steroid skeleton (A.E. Mantaka-Marketou unpublished res-
ults).
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@

In conclusion, ‘the presence of progesterone in DDAB aggregates, affects the
quantum efficiency of the lucigenin light reaction in said aggregates due as we have
argued earlier to modification of the fluidity of the membrane mimetic agent.
Furthermore, although the peak appearing in the lamellar system at very low concen-
trations (Fig. 2) is absent in the sonicated system, the latter seems more convenient
for such studies as the effect is more pronounsed here, while the correction factors
required are much smaller.
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IepidAnyn

Xnuipwravdyeia oe Soués upunmikés ueufpavav. Xnupwravyela g lovotyevivyg na-
poVGIa TPOYEGTEPOVNG OE EmdAANAQ Kal KVOTIOlAKdA CUOOWUATAUATA.

Y& moladtepeg Odnuootevoelg pag €xel deiybel OTL M yNueoTadyEl o K-
KOUMOKG OGLGTAUOTA, OE OVIWOWGTOA pE TO B0 QUIVOUEVO OF OUOLOYEVN
GLOTAUOTO, JAPOPOTOLEITOL TOCO KOTA TS QPOTOVIAKES ATodOCE; 000 Kal Kotd T
(QACUOTIKA KOTOVOUT) TOV EKTEUTONEVOD @m1oc. Etol, o1 pwtoviakég anodocelg g
INUeOTaLYoLs  aviibpacng tng Aovoryevivng mopoveoidlovial  avEnuéveg o€
OVIOVIKG KOl KOTIOVIKG ULKKDALOKG CLUGTHHOTE EVEO GTO QOGO Y¥MULPOTAVYEWRG EU-
Qoviletar M EXTOUTT) TOL SIEYEPUEVOL TPOIOVIOG, EKTOUTY TOL GE OUOLOYEVA
GUGTANOTA KOADTTETOL OO UETOQOPG evEPYELNG o8 GALovg pBopiotés. Ta pavopeva
aUTO, EVTEIVOVTAL OTPAVTIKG 68 péce wuntikd TV Broloyikdv pepfpavav omng ta
cuocouaTOUoTe  Bpouiodyov  didwdexvlodipebviaupwviov, cbotnuo  Oepuodvvoukd
ot0Bepdtepo and 1o pikkvAako. H mapovsia ¢ avtd 10 obotnue napaydviov mov
ennpeatoov ™ otofepdtnta kot pevotdtnTa TV POAOYIKOV  ueufpaviv
Swapoporotel ™ QoToviokn anddoon tng xNuieetadyelrg g Aovoryevivng kabag
KOl TN QacpaTIKT Kotovoumn tng mopdtt avtol ol ntapayovieg dev mapeufaivovv otn
ynuipotavyn avtidpaon. ‘Etor, m mopovsic yoAnotepding, owotpdvng, 17a-
atbvovorotetpadiodng, Brrauvov C xar P kot vikotivng mpokodel Bstikég M
apvnTikég dlapopomoificels otig potoviakés anodocelg tng aviidpaong oto pfoa
avTd o LPNTIKE Tov PloAoyiwkav pspfpavov.

£’ auth Vv Epyocia yivetor cOykplon tng emidpoong g TPOYECTEPOVNG OF
eninedo, kvoTdlokd kol y-oxTivofoAnuéva KVOTISWKE GLGCOUOTOUNTE OTMG AVTN
OVTOVOKAGTOL OTIC QOTOVIOKEG OmOodOCELS GE GLVAPTNOT UE TN GLYKEVIPOOT 1TNG
TPOYEGTEPOVNG 010 obotnua. To anoteAéouata, TOv TN cLYKEKPLUEVN TepinTmon
deiyvouv avEnon g E®TOVIAKNG anddoong oe GLVAPTNON LE TN CLYKEVIPMOON TNG
opuovng, Oivovtar dwopbouéve Yy avtoomoppéenon. Eniong, dwmnictdvetat
anocBeon tov @bopiopod e N-uegborakpdovng mov eivar 10 dieyepuévo mpoiov,
ané 10 oTepoedég, Oivetar m otabepd  toyvINTAg NG OméoPeong kot Ta
anoteléopato  mopovsidfovtor dopbopéva kat YU avté 1O QOLVOUEVO.



CHEMILUMINESCENCE IN MODEL MEMBRANE STRUCTURES 213

Awmiotdvetoar eniong 6Tt 1@ KLoTOOKG CLCCOUATOUOTE TOPOLGLELoLVY  TO
nALOVEKTNUO TNG UEYOALTEPNG Blodysiog mov to kaBoTd KATOAANAGTEPA Yo TIC
CYETIKECG UEAETEG TOL YIVOVIOL POTOUETPIKA.
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Abbreviations: halogenobenzoylhydrazines (X-BH), 2-halogenobenzoyldithiocarbazic
potassium salts (X-BDTC™), halogenobenzoylhydrazones of: 2-furaldehyd (X-FBHH), 2-
thiophenaldehyd (X-TBHH), 2-pyrrolaldehyd (X-PBHH), 2-pyridylceton (X-DBHH). Dicloro-
benzoylhydrazines (Cl,BH). Infrared (ir).

Introduction

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

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

%O)-CONHNS
|

where X is F, Cl, Br and I in ortho, meta or para position.

The investigation aims to define characteristic bands of each halogen in ortho,
meta or para position and of the type of substitution in the group I. In addition, it is
believed that useful informations could be given by an analogous study of four
dichlorobenzoylhydrazines which are also comprised in the present paper.

Experimental

The compounds which contained the group I are: halogenobenzoylhydrazines, X-
CH,-CONHNH, (X-BH), 3-halogenobenzoyldithiocarbazic potassium salts, X-
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C(H,-CONHNHC(S)SK (X-BDTC-)*, halogenobenzoylhydrazones of: 2-
furaldehyd X-C(H, CONHN—CHO (X-FBHH), 2-thiophenaldehyd, X-C.H,-
CONHN—CHO (X-TBHH), 25pyrrolaldehyd, X-C,H,-CONHN=CH £} (X-
PDHH) and di2-pyridylceton, X-C,H,-CONHN=C \@\ (X-DBHH). The four
dichlorobenzoylhydrazines, Cl,C,H,-CONHNH, (Cl,BH), are the 2,4—, 2,5—, 34—
and 3,5— disubstituted benzoylhydrazmes

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

Results and discussion

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

The characteristic bands of the halogen as substituents® 1° range in 1100-1035
cm~L The frequency range of the characteristic band of each halogen at a certain
position is generally narrow. This band is, reasonably, shifted into lower frequencies
from fluoro to iodo compounds, following the order of decreasing electronegativity.
For the same halogen the frequency of this band increases (with the exception of o-
fluoro compounds) according to the order Vo < Vmera < Vpgrg This could be at-
tributed to the increasing charge transfer from the aromatic nucleus to the halogen
as the latest retires from the carbonyl group.

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

The type of substitution in disubstituted benzenes is generally characterized by
several bands' 24 In our assignments the number of these bands is limited because
some of them are overlapped by other absorptions. Thus, we can take under con-
sideration only two bands due to the ring-stretching frequencies v(C-C) (a strong in
1625-1590 cm~! and a medium to strong in 1500-1464 cm™1), two bands due to in-
plane hydrogen deformation frequencies B(C-H) (one in 1190-1155 cm~! and the

- other in 1135-1095 cm ™!, both varying) and two bands due to out-of-plane hydrogen
deformation frequencies y(C-H) (one in 855-780 cm~! and the other in 768-730
cm~!, both medium to strong).

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

* In the case of p-Br and p-I substituents the prepared salts are of the formula Br or
- - C(OK)=NNHCS(S)KH,0.
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TABLE 1. Characteristic ir absorption bands due to the nature of the substituent
(region 1110-1035 cm™Y).

Substituent BH BDTC FBHH TBHH PBHH DBHH M and o*
o-F 1108m 1106m 1105m 1100st 1108st 1110m 1106+3
o-Cl 1052st 1052m 1065st 1050st 1065st 1054m 1056+7
o-Br 1048m 1048m 1045m 1040st 1035st 1050m 104416
o-1 1050st 1048st 1045m 1045m 1035st 1055m 104617
m-F 1080m 1078m 1075m 1080m 1085st 1075m 1079+4
m-Cl 1074m 1074m 1075m 1080st 1075st 1080m 107643
m-Br 1070st 1070m 1068m 1078m * 1060st 1075m 1070+6
m-I 1060m 1060st 1064st 1065m 1055m 1062m 1061+4
p-F 1100m 1098st 1100m 1100m 1100m 1110m 1101+4
p-Cl 1094st 1098m 1095m 1100st 1100st 1085st 109545
p-Br 1076st 1072st 1065st 1072st 1070m 1075m 1072+4
1072m 1064+5

p-I 1062st 1070sh 1060m 1062m 1060m

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

pounds (the first in the region 835-780 cm~! and the second in 760-730 cm~') and
two bands in para compounds (one in 855-835 cm~! and the second in 755-730
cm—Y),

The frequencies of the band in the region 768-730 cm~! show negligible differen-
ces in ortho, meta or para substitution. A distinction of the type of substitution could
be provided by the presence or the absence of the band in 855-780 cm~' and,
further, by the different region of this band in meta or para compounds. Thus, in

- meta compounds this band ranges in 805-780cm~! (except m-fluoro compounds
which absorb in 835-822 cm~!), in para compounds ranges in 855-835 cm™! and in
ortho is disappeared. The nature of the halogen influences the precise position of the
band within the frequency range. As a conclusion, worthy informations for the
recognition of the type of substitution could be afforded in this region.

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

' v(C-C) v(C-C) B(C-H) B(C-H) y(C-H) y(C-H)
Substituent range range range range range range
Mand o)* M and ¢)* M and @)* (M and @)* (M and @)* (M and ao)*

o-F 1615-1610** 1492-1472  1175-1155  1155-1104 - 758-752
(161242)  (1483+8)  (1165+8)  (1110+5) (755+2)
o-Cl 1610-1590  1495-1470  1175-1155  1135-1100 - 752-740
(1600+9)  (1486+7)  (1165+8)  (1123+12) (743+4)
o-Br 1616-1590  1500-1470  1170-1160  1130-1120 - 768-740
(1604+12)  (1480+10)  (1165+3)  (1123+4) (751+7)
ol 1625-1598  1490-1470  1170-1160  1122-1110 - 768-740
(1610+10)  (1478+8)  (1167+4)  (1118+4) (754+10)
m-F 1625-1590  1485-1475  1170-1150  1125-1102  835-822 755-736
(1608+14)  (1482+44)  (1160+8)  (111546)  (829+4) (745+6)
m-Cl 1625-1590  1480-1468  1180-1160  1135-1095  805-790 752-740
(1615+14)  (1473+7)  1173+11)  (1117+17)  (801+5) (745+5)
m-Br 1625-1590  1480-1468  1180-1160  1135-1105  805-792 750-732
(1611+11)  (1472+6)  (1167+8)  (1119+12)  (800+4) (740+6)
m-I 1625-1590  1480-1464  1180-1160  1122-1095  805-780 740-730
(1605+14)  (1468+7)  (116346)  (1109+9)  (794+9) (735+3)
p-F 1615-1605  1500-1475  1170-1160  1145-1120  855-842 760-740
(1608+5)  (1490+11)  (1164+4)  (1136+12)  (848+5) (750+7)
p-Cl 1620-1590  1495-1475  1185-1170  1140-1116.  850-840 750-730
(1607+11)  (1485+7)  (1176+6)  (1126+12)  (844%3) (742+6)
p-Br 1620-1590  1490-1478  1185-1180  1135-1110  850-835 752-735
(1606+10)  (1483+5)  (1182+2)  (1124+10)  (840+6) (743+6)
p-I 1615-1590  1485-1465  1190-1180  1135-1110  847-835 755-740

(1601+9) (1477+7) (1184+4) (1121+10)  (838+2) (748+5)

* (M and «)=arithmetical mean and standard deviation.
** Frequencies in cm ™\

Summary

In the ir spectra of seventy-two aromatic compounds which contained the group
*©-connng (where X=F, Cl. Br or I in ortho, meta or para position) there were found
characteristic bands of the nature and the position of the halogen.

The characteristic bands of the nature of the halogen range in 1110-1035 cm~!. The
characteristic bands of the type of substitution are: the ring-stretching vibration bands v(C-C)
in 1625-1464 cm~', the inplane hydrogen deformation bands B(C-H) in 1190-1095 cm~' and
the out-of-plane hydrogen deformation bands v(C-H) in 855-730 ecm™’. The band which could
be considered as a characteristic one for the recognition of the type of substitution is that in
855-780 cm~'.

Analogous characteristic bands were also found in four dichlorobenzoylhydrazines.

Keywords: IR spectroscopy, halogens compounds.
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Hepidnyn

Y& pdouata vrepvlpov £BSOUNVTIA-OVO CPOUATIKOV EVHOCE®Y TOV TEPLEYOLY TV
opdda x~<-contne (6mov X=F, Cl, Br ka1 I o¢ opbo-, peta- i mapa- 0éon) Bpébn-
KoV Towvieg XapoXINPIoTIKEG TNG Gvong ko g Béong tov oAoydvo.

Ot xapoKTINPLOTIKEG Tavieg TG QUONG TOL aAoyovov Bpickovial TV TEPLOYA
ovyvottov 1110-1035 cm~L H gapoktnpiotikyy tovio yie tnv ida 0om
VTOKATACTACTG HETOTOTILETOL 08 YAUNAOTEPEG CLUYVOTNTES OO TIS @Bopo- TPOG TIg
1wdo- svdoeig kar yw 10 do ohoyovo avEavetor (e e€aipeon Tig opbo- @Bopo-
EVAOEIG OOUOPOVA UE TN OELPG Voplo- < Vyera- < Viapa-

O yopaktnplotikég Tavieg g vrokatdotacng Ppickoviar otnv nepoyn 1625-
730 cm~! xou givar ot gERG: dvo Tarvieg otnv meployn 1625-1464 cm~! nov ogsilov-
T oty d6vnon tdong tov SaxtvAiov v(C-C), dVo otnv meproyf 1190-1095 cm™!
nov oeidovtol og gvtog emnédov dovnon B(C-H) xar 600 omnv meproyn 855-730
cm~! wov ogeiloviar oe extdc emmédov dovnon y(C-H). Qg kpitipo yue tov
koBoptopd g peta- vrokatdsTacng uropel vo Anedel n napovosia taviag oto 805-
780 cm™! (ek10¢ amo TG p-9bopo evacelg nov Ppicketar ota 835-822 cm!), g
napa- VTOKOTaoTaong ota 855-835 cm! gvd otnv opbo- vrokatdotacn m Tovia
avthy eagavietar. H axpipfic 8éon g touviag kebopiletmr and T @von* tov
atoyovov.

Avddoyeg yopoktnpotikéc towvieg Eyovv emiong emonpevlel oe Técoeplg
SiyAopoPeviobAovdpalives.

Bibliography

.-A.R. Katrisky and P. Simmons, J. Chem. Soc., 2051 (1959).

. ibid. 2058 (1059).

A.R. Katritsky and J.M. Lagowski, J. Chem. Soc. 2421 (1960).

. LJ. Bellamy, The infra-red Spectra of Complex Molecules, Vol 1, 2nd Ed., John Willey, NY, 1964,

p. 328.

G.E. Manoussakis, D.A. Haristos and C.E. Youri, Chim. Chron. 1, 182 (1972).

E. Hoggarth, J. Chem. Soc., 4811 (1952).

L.K. Tzavellas, D.A. Haristos and G.E. Manoussakis, unpublished results.

1.A. Tossidis, Chim. Chron. 12, 197 (1983).

. C.E. Youri-Tsochatzi, PhD Thesis, Aristotelian University of Thessaloniki, 1984.

. L.J. Bellamy, The infra-red Spectra of Complex Molecules, Vol. 1, 2nd Ed., John Willey, N.Y.,
1964, p. 81.

11. ibid. p. 79.

LN~

Swmaaw



NOTE

Chimika Chronika, New Series, 16, 221-225 (1987)

ARYLATION OF OXIMATE ANIONS WITH ARYLIODONIUM SALTS
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(Received October 1, 1985)

Introduction

Alkylation of oximate anions (1), is known!? to occur at both oxygen and
nitrogen, leading to mixtures of oxime ethers and nitrones. Although in principle
C - alkylation is also possible, the corresponding nitrosocompounds have not been
observed. »

In this work we study the arylation of mainly aliphatic oximate anions with
aryliodonium salts (1), which affords predominantly aryl oxime ethers (3) and not the
unstable N - aryl nitrones;*® instead triaryl amines (4) and/or azoxycompounds (5)
are obtained.

Ry Ra Ry

CBG Ha > CH-0 N2 s \g—ii_—()' A R R
\R= R= Ré
(a) (b) ()
(9] )

R,
—_— C=8-0-Ar + ArsN + Ar-R=N-Ar

R. 0

(3) 4) ()

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

Dimethyl glyoxime gives mixture of mono (6) and diaryl oxime ether (7), while
B - dioximes give predominantly triaryl amines.
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1 2 3ca—t> Ar dcr-a> B5cr—a>
R:/R=z Ar/X Ph 1 i
p—NaPh 2 2
Re/Ne a
p—ClPh 3 3
Me/Et b
Re/t-Bu c
Ne/Ph Ph/Cl d
PhCH=/PhCH= e
H/=ClPh b 4
—(CHz)s— g
Et/Et b

The synthesis of ethers involves probably nucleophilic attack from the oxygen of
the oximate anion to hypervalent iodine.

R: Rz R, Re
-HaCl \ICI/ ~Ph1I \ﬁ/
(1) + {2) ———— Ph —
R Wb LY
NoT. L T4 OPh
|
Ph
®) 3

The intermediate (8) is unstable and may give heterolytically (3) and Phl. The
retention” of oxime configuration is evidence against a covalent intermediate (8a),
which is known to split homolytically®® since iminoxy radicals equilibrate to cis -
trans isomers.

o

/d

—_— CN-O

o]
M\
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The unexpected products (4) and (5) are thought to arise via the unstable N - aryl
nitrone which isomerises to the corresponding oxaziridine (9):

R] R2 R1 RZ Rl =
I Ph | ~PhI Cll\ — ./ \\
A T N N 0
NoToa pr” Mo~ Ph

|2

Fh

8> W)

R1 R2

~ -Phl o Cl]  -ReRzCO

@ + @ — /N Phz BC1
v
Ph-H 0
~p
Phz1 C1°

PhzNC] ——— PhzN" CI” _— Phs§ + Clz + PhI

It is known!®!! that amines are arylated by iodonium salts, an arylation that
also could occur in haloamines which have «positive halogen». On the other hand,
the homolytic fission'? of N - X bond of haloamines as well as the homolytic splitting
of C-X bond of iodonium salts give support to the last step of the mechanism
suggested above.

Both N -chloramines and N - phenyl oxaziridines are not stable!>!4, so that
neither (9) nor Ph,NCI could be prepared, in order to test the feasibility of their
arylation by iodonium salts.

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

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

Experimental

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

General procedure for the reactions between oximates and iodonium salts.

In a two necked flask, provided with a reflux condenser and a calcium chloride
drying tube at the top, 5 ml of absolute EtOH and 200 mg (8.7 mmol) of sodium are
added. The oxime is then added from a dropping funnel as an ethanolic solution and
in a equivalent quantity with sodium. Equivalent amount of the suitable iodonium
salt is then added gradually with simultaneous stirring. A change in the color of the
mixture and a small increase in temperature is observed after a while. The reaction is
considered finished after about 24 hours. The mixture is filtered, concentrated and
chromatographed on a column (silica gel, hexane, hexane - chloroform: 50:50) for the
isolation of products. )

Most of the ethers (30.- h) as well as (6) and (7) are new compounds: (3a) yield
57% b.p. 84 - 85 °C/10 mmHg, Lit.'” 84 - 85 °C/10 mmHg. (3b) yield 41% b.p. 90 -
91 °C/10 mmHg, ir. vo_y 1600 cm~1. nm.r. & (CCl) 6.93-7.08 (5 H, m), 2.00 -
2.50 (2 H, m), 1.90 (3 H, s), 1.00-4.42 (3 H, m). m/z 163 (14), 105 (35), 94 (64),
77 (68), 70 (32), 65 (100). (Found: C, 73.10; H, 8.10; N, 8.61. C,,H,;NO requires
C, 73.62; H, 7.97; N, 8.59. (3c) yield 86%. ir. vy 3020, 3000, 2900 cm™, v._y
1600 cm~!. n.m.r. § (CCl,) 7.08 (5H, m), 1.96 (3H, s), 1.17 (9H, s). m/z 192 (12),
191 (74), 94 (94), 65 (74), 57 (100). (Found: C, 75.41; H, 8.72; N, 7.03. C,,H,;;NO
requires C, 75.39; H, 8.90; N, 7.33).

(3d) yield 40%. b.p. 94 -96 °C/3 mmHg, lit.?” 95-96 °C/3 mmHg.

(3e) yield 42%. m.p. 85-86 °C. ir. voy 3040 cm™), vo_y 1600 cm™'. n.m.r. 8
(CCl,) 7.35 (15H, m), 3.82 (2H, s), 3.54 (2H, s). m/z 301 (4), 208 (15), 182 (70),
117 (100), 90 (42), 65 (85). (Found: C, 83.68; H, 6.36; N, 4.51. C,,H,,NO requires
C, 83.68; H, 6.36; N, 4.65).

(3) yield 35%, m.p. 50 - 51 °C. i.r. vy 3030 cm™, v _y 1600 cm™'. n.m.r. § (CCl,)
8.22 (1H, s), 7.10-7.70 (9H, m). m/z 231 (11), 229 (16), 139 (30), 137 (69), 94
(100). (Found: C, 67.12; H, 4.35; N, 6.14. C,,H,,CINO requires C, 67.38; H, 4.32;
N, 6.05).

(3g) yield 79%. b.p. 84 - 85°C/6 mmHg, lit'” 84 - 85°C/6 mmHg.

(3h) yield 56%. ir. vo_y 1600 cm~L n.m.r, § (CCl,) 7.30 (5H, m),0.50- 1.25, 1.42 -
2.42 (10H, m). m/z 177 (100). (Found: C, 74.25; H, 8.48; H, 7.92. C, H,;NO re-
quires C, 74.58; H, 8.47; N, 7.90).

(6) yield 51%. m.p. 30°C. ir. vgy 3120 cm™), ve y 1595 ceml. nmr. §
(CCl, + DMSO -d® 11.60 (1H, s), 7.20 (5H, m), 2.20 (3H, s), 2.30 (3H, 5). m/z 192
(13), 141 (21), 94 (50), 65 (100), 58 (100). (Found: C, 62.32; H, 6.32; N, 13.99
C,oH;N,O requires C, 62.50; H, 6.25; N, 14.58). (7) yield 45%. m.p. 120°C. i.r.
Ven 3030 ecm~) v _p 1590 em™. n.m.r. § (CCl,) 7.00 - 7.30 (10H, m), 2.34 (6H, s).
m/z 268 (1), 175 (0.5), 94 (22), 93 (27), 65 (100). (Found: C, 71.64; H, 6.24; N,
10.23. C,H,(N,O, requires C, 71.64; H, 5.97; N, 10.45).
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Triarylamines (4) are known compounds as well as azoxycompounds
(5):

(4,) yield 8% m.p. 127 -129°C.

(4,) yield 4% m.p. 116°C, lit.'8 117°C.

(4,) yield 5% m.p. 147°C, lit."» 147°C.

(5,) yield 15% m.p. 36°C, (trans).

(5,) yield 10% m.p. 70°C, lit.2" 69 - 70°C.

(5,) yield 7% m.p. 156°C, lit.2! 158 - 159°C.

Summary

Arylation of aliphatic oximate anions with iodonium salts leads mainly to aryl
oxime ethers. Triaryl amines and/or azoxycompounds are also obtained, probably in-
stead of the expected N -aryl nitrones. o - Dioximes give mixtures of mono and
diaryl oxime ethers, while 3 - dioximes give predominantly triaryl amines. In some
cases C - arylation of oximate anions may also occur but attempts to isolate these
compounds were unsuccessful.

Key words: Oximate anions, Aryliodonium salts.

Tepiinyn
Apvriwon avioviwv oludv ue 1wdwviarxd diara.

H apvrioon tov avioviov oAewpatik®v o&udv Le 10dnviokd dlato odnyel oto
oxNUOTIoNd apLAaBépwv TV ofludv, evd ovti 1OV avauevouévev actabdv N -
apvho - vitpovdv eugavifovtor tplapvrapives kot alokv - evaoels. Ot o - Sroineg
divovv piypato povo- ‘kar Ot- apviaBépwv, evd ot P - dokipeg divovv xvping
TpLapLAQNIVES.

To npdaowo yxpopa mov gupaviletor oto piyua tOV  ovidpdoeny,
XepaxtnpoTikd tev vitpofornapaydywv, vrodnidver 61t C - apvrioon AouPdve
xopa og ukpo Pabud. Qotoco Tétoleg evdoelg dev amouovdinkav.
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Einleitung

Die Stabilisierung der bei der elektrophilen aromatischen Substitution entstehen-
den o-Komplexe ist durch sterische und elektronische Faktoren zu beeinfluf3en.!
NR,—Substituenten stabilisieren besonders stark kationische Zwischenstufen.? Wenn
diese Substituenten zusétzlich noch planar gebaut sind (wie bei der Pyrrolidinogruppe
der Fall ist), so ist die Wechselwirkung des freien Elektronenpaars am Stickstoff mit
der positiven Ladung im Aromatenkern optimal und die kationische Zwischenstufe
kann abgefangen werden. So gelang die Isolierung der o-Komplex-Zwischenstufen bei
der Protonierung, Alkylierung und Bromierung von 1,3,5-Tripyrrolidinobenzol.? Ist
die Planaritdt im NR,-Substituent nicht erfillt (wie z.B. bei der N,N-
Dimethylaminogruppe), so ist zu erwarten, dal} die Isolierung der o-Komplex-
Zwischenstufe schwieriger wird.

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

Diskussion

1,3,5-Tripyrrolidinobenzol und 1,3,5-Tridimethylaminobenzol ~wurden aus
Phloroglucin und vierfachem Uberschufl an Amin im Autoclav bei 200°C in 90%
iger bzw 65% iger Ausbeute erhalten.’

Beim Zutropfen einer LOsung des Chlorierungsmittels (Chlor oder Sul-
furylchlorid) in eine wasserfreie Chloroformlésung des Tris-(dialkyl)-aminobenzols bei
—70°C entstehen rote Losungen, aus denen im Fall des 1,3,5-Tripyrrolidinobenzols
durch Zugabe von wasserfreiem Diethylether der o-Komplex als rotes Pulver ausfillt,
withrend die gleiche Aufarbeitung beim 1,3,5-Tridimethylaminobenzol ein amorphes,
zihes, Oliges Produkt liefert.



228 G. PILIDIS

AR

+ 502612

RN NR2 (C]Z)

—(CH,), — SO,Cl- 3a
R,=—(CH,), — 1 —(CHp,—Cl-  3b
_(CHp),—BF7 3¢
—(CH,),~ClO; 3d
—(CH,), BFy 4c

R,=—(CH,), 2

Durch Anionenaustausch mit AgBF, oder AgClO, in CH,CN bei Raumtem-
peratur ist aus 3a bzw 3b das stabilere und analysenreine Tetrafluoroborat 3¢ und
das Perchlorat 3d zuginglich. Ahnlich 148t sich 4¢ beim Zutropfen von AgBF, in
CH,CN zu der roten Losung des o-Komplexes von 1,3,5-Tridimethylaminobenzol
mit Sulfurylchlorid analysenrein erhalten.

Aus 3b und 4c¢ erhidlt man durch Deprotonierung mit Natriummethanolat bei
—70°C die Halogenaromate 5 und 6 als gelbes bzw oranges Pulver in guter
Ausbeute.

P

H H°
+ NaOCH; ——>

NR
R N 2

Cl
R,=—(CH,),— 5
R,=—(CH), 6

Versetzt man in einem typischen NMR-Experiment eine chloroformische L&sung der
Halogenaromaten § und 6 mijt einigen Tropfen Ameisensiure, so kann die Bildung
der o-Komplexe 5a und 6a spektroskopisch beobachtet werden.
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NR2

HCOOH HCOO™

R,=—(CH,),— 5a
R,=—(CH,), 6a

In den !'H-NMR Spektren der Verbindungen 3a bis 3d erscheinen die
Kernprotonen als Singuletts bei 5.3-6.13 ppm (H!) und 4.79-5.83 ppm (H* 3). Der
Wert fiir die chemische Verschiebung des H!-Protons wird von der GroBe des
entsprechenden Anions im ¢-Komplex beeinfluB3t; wie erwartet, erscheint die Absorp-
tion des H!-Protons bei zunehmender Grofle des Anions tieffeldverschoben, wéhrend
die Anderung der chemischen Verschiebung der H3-S-Protonen bei Anionen
verschiedener GroBe geringfiigig ist. In Tabelle: T sind die TH-NMR Daten der Chlor
o-Komplexe 3 und 4 und der Chloraromaten 5 und 6 zusammengefalt.

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

Verbindung H! g* 3 N-CH, C-CH,

3a 5.90 4.3 3.68 2.09
3b 6.13 4.79 3.65 2.03
3¢ 5.81 4.77 3.61 2.04
3d 5.43 4.83 3.66 2.07
4 5.51 5.03 3.26/! -

5 - 5.90 3.40 1.98
6 - 6.19 2.80lb! -

[a] 8-werte (ppm) in CDCI, bezogen auf TMS als internen Standart
[bl Absorptionen fiir die —N (CH,), - Gruppe.

Samtliche Versuche den o-Komplex bei der Chlorierung von 1,3.5-
Tripiperidinobenzol oder 1,3,5-Trimorpholinobenzol zu isolieren oder spektroskopisch
nachzuweisen bzw aus der Losung mit Natriummethanolat 1-Chlor-2.4.6-
tripiperidinobenzol oder die entsprechende Trimorpholinoverbindung zu erhalten
schlugen fehl. Ob fiir dieses Verhalten sterische oder elektronische Effekte
ausschlaggebend sind wird noch untersucht.

Experimenteller Teil

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

Eine Losung von 10 mmol SO,Cl, in 15 ml wasserfreiem Chloroform bzw 4.5 ml
einer 15% igen chloroformischen Chlorldsung* wird zu 10 mmol Tripyrrolidinobenzol
in 15 ml wasserfreiem Chloroform zugetropft. Die Ldsung férbt sich rot. Durch
Zugabe von wasserfreiem Diethylether féllt ein rotes Pulver, das unter Stickstoffat-
mosphdre abgesaugt und im Hochvakuum getrocknet wird. Nach dem
Umkristallisieren aus wasserfreiem Acetonitril verbleiben bei 3a 1.7 g (40.4%), und
bei 3b 2.3 g (64.6%).

'H-NMR Daten: siche Tabelle 1
Analytische Daten fiir 3b
Schmp.: 90-92°C
IR (KBr): 1620, 1535, 1430 cm™!
UV Apax in nm (g) in CHCI,: 250 (13200), 348 (13850), 466 (6100).
Fir C,;H,;N,Cl, Ber. C 60.7 H 7.64 N 11.79 Cl 19.90
Gef. C 59.94 H 7.45 N 12.34 CI 18.92
Da die Analysenwerte nicht zufriedenstellend waren, ist der Anicnenaustausch mit
AgBF, vorgenommen.

Eine Lésung von 0.7 g (3.6 mmol) AgBF, in 8.5 ml wasserfreiem Acetonitril wird
unter Rihren bei Raumtemperatur zu einer Losung von 1.2 g (3.36 mmol) 3b in
15 ml wasserfreiem Chloroform zugetropft. Wihrend des Zutropfens fallt AgCl aus.
Nach 30 Min. Riihren bei Raumtemperatur wird der feste Niederschlag abgesaugt,
das Filtrat am Rotationsverdampfer eingeengt, in wenig wasserfreiem Chloroform
aufgenommen und mit Diethylether in der Kilte versetzt. Das ausgefallene tiefrote
Pulver wird unter Feuchtigkeitsausschlufl abgesaugt und im Hochvakum getrocknet.
Ausb. 1.10 g (80.3%)

Analytische Daten fiir 3¢
Schmp.: 131°-133°C
'H-NMR Daten: siche Tabelle 1.
IR (KBr): 1620, 1545, 1440 cm™!
UV Amay in nm (g) in CHCl,: 250 (17200), 347 (17500), 464 (7900)
Fiir CH,;,N,CIBF, Ber. C 53.02 H 6.68 N 10.31 Cl 8.70
Gef. C 52.94 H 6.72 N 10.21 Cl 8.88
Analog verlduft der Anionenaustausch mit AgClO, zum o-Komplex 3d.

Darstellung des o-Komplexes 4c¢

Zu -einer Losung von 1.035g (5.0 mmol) Tridimethylaminobenzol in 10 ml
wasserfreiem Chloroform wird bei —70°C langsam eine Losung von ca 0.355g
(5.0 mmol) Cl, in 2.5 ml wasserfreiem Chloroform zugetropft. Nach 30 Min. Riihren
bei dieser Temperatur 143t man eine Losung von 0.97 g (5.0 mmol) AgBF, in 12 ml
wasserfreiem Acetonitril langsam zu. Das ausgefallene AgCl wird abgesaugt, das
Filtrat eingeengt, in wenig Chloroform aufgenommen, von eventuellen Riickstdnden
abgesaugt und mit wasserfreiem Diethylether geféllt. Das rote Pulver wird im
Hochvakuum getrocknet. Ausb. 1.34 g (81.7%)
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Schmp.: 115-117°C
'H-NMR Daten: siehe Tabelle 1
IR (KBr): 1620, 1552, 1435 cm™!
UV Amax in nm (g) in CHCI,: 247 (12620), 343 (9500), 460 (3850)
Fiir C,,H,,N,CIBF, Ber. C 43.72 H 6.42 N 12.75 CI 10.76
Gef. C 43.19 H 647 N 12.97 CI 10.81

Darstellung des Halogenaromaten §

Zu einer Losung von 1.78 g (5.0 mmol) 3b in 8 ml wasserfreiem Methanol (von
eventuellen Riickstéinden sollte abfiltriert werden) tropft man bei —70°C eine Losung
von 0.3g (13.0 mmol) Natrium in 8 ml wasserfreiem Methanol zu. Die
Reaktionsmischung férbt sich rotbraun und nach kurzer Zeit bildet sich ein gelber
Niedcrschlag. der mittels einer Vakuumfritte abgesaugt wird. Nach Umkristallisation
aus Petrolether 80/100 und Trocknung des gelben Pulvers im Hochvakuum erhilt
man 1.2 g (75.5%) 5.

Schmp.: 110°C

'"H-NMR Daten: siche Tabelle 1

IR (KBr): 783 cm~! (C-Cl Schwingung)

UV Aniax in nm (g) in CHCl;: 267 (15950)

Fiir C4H,(N,CIl Ber. C 67.59 H 8.20 N 13.13 CI 11.08
Gef. C 67.74 H 8.18 N 13.16 CI 11.96

Darstellung des Halogenaromaten 6

Zu einer Losung von 1.65 g (5.0 mmol) 4¢ in 8 ml wasserfreiem Methanol tropft
man bei —70°C unter Ruhren eine Losung von 10.3 g (13.0 mmol) Natrium in 8 ml
wasserfreiem Methanol zu. Die Reaktionsmischung farbt sich braun und nach kurzer
Zeit bildet sich ein oranger Niederschlag. Man riihrt noch eine halbe Stunde bei
obiger Temperatur und saugt den Niederschlag mittels einer Vakuumfritte ab. Nach
Umkristallisation aus Petrolether 80/100 erhilt man farblose Kristalle, die unter
Stickstoffatmosphédre mehrere Tage stabil sind. Ausb. 0.8 g (66.6%).

Schmp.: 120°C

'"THNMR Daten: siehe Tabelle 1 _

IR (KBr): 1588. 1558, 1440, 782 (C-Cl Schwingung) cm™!

UV Amax in nm (¢} in CHCI,: 275 (15850)

Fiir C,,H,,N;Cl Ber. C 59.60 H 8.34 N 17.39 CI 14.67
Gef. C 59.54 H 8.36 N 17.46 Cl 14.48

Zusammenfassung

Bei der Chlorierung der aromatischen Titelverbindungen mit Chlor oder Sulfurylchlorid
konnten die entsprechenden o-Komplexe isoliert und spectroskopisch nachgewiesen werden.
Durch Deprotonierung dieser o-Komplexe mit Natriummethanolat gelang die Darstellung der
entsprechenden 1-Chlor-2.4,6-tris-(dialkylamino) benzole. Ein #hnliches Verhalten konnte
beim 1,3.5-Tripiperidino und 1,3.5- Trimorpholinobenzol nicht beobachtet werden.
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Summary

Isolation, characterisation and evidence of o-complexes during the chlorination of
1,3,5-tripyrrolidino- and 1,3,5-tridimethylaminobenzene

The o-complexes that are formed during the chlorination of 1,3,5-tripyrrolidino-
and 1.3.5-tridimethylaminobenzene with chlorine or sulphuryl chloride are isolated
and studied spectroscopically. From these o-complexes 1-chloro -2.4,6- tri-
(dialkylamino) benzenes are synthesised with sodium methoxide in methanol. The
same results are not observed during the chlorination of 1,3,5- tripiperidino- and
1.3.5 trimorpholinobenzene.

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

Amoudvawon, yaparxtnploucs kar ancdeily a-oourddxwy katd ) yAwpiwon twy 1,3,5-
pmvpporidwo- kar 1,3,5-tpidwedviauvofevioiion

Ta o-cOunroxa mov oynpatifovior katd t yAopioon tov 1,3,5-tpnvp-
poAdivoBevloriov xat tov 1,3,5-tpidiuefvramivoPfevioriov pe yAmpo 1
covApovpvroyrwpidlo aropovabnkav kar anodeiyfnkav eacpartockonikd. And
autd 10 o-cvuTAoko Tapackevdcdnkav ot cvvéyew ue gnidpaocn pebokediov Tov
vatpiov oe ueBavodn ta aviictoyya 1-yAwpo- 2,4,6-tpuSroikvroouivo) Bevioia. Ta
idwe amoteréopato Oev mapatnprfnkov kotd TR yAopiwon Tov  1,3,5-
tpuminepdivoPevioiiov kot tov 1,3,5-tpruopporivofevioriov.
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. Der Chlorgehalt kann quantitativ folgendermaflen bestimmt werden: 1 mi der Losung wird mit wenig
NaHSO, versetzt und soviel 5% ige AgNO, L&sung zugegeben bis kein Silberchloridniederschlag
ausfillt. Der Riickstand wird mit etwas konz. HNO, eine Stunde geriihrt, um mitgefilltes Ag,S in
Losung zu bringen, mit Wasser verdiinnt, abgesaugt, mit kaltem Wasser nachgewaschen und zwei
Stunden im Trockenschrank getrocknet.
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