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TYT'KPIZH ITAPAXKEYAXTIKHE XPQMATOI'PA®IAY ME TIX KAA-
TIKEL MEO®OAOYX AITOTEPIIENIQYXHX I'TA TON EEEYI'ENIEMO
TQN AIOEPQN EAAIQN

T.E. ATOAAKHZ, N.H. TZAMTZHX xo1 I'K.IIAPIZAKHX
Tunua Xnurdv Muyavikedy E.M. IoAvteyveiov.

(EMjodn 29 NoepPpiov 1983).

Hepiinym

10 GpBpo ovtd yivetor avaokdmnon oyetikd pe v amotepmevinon tov aidepiov
ghaiov kot dtcororoyeitar 1 omovdadtnta mov £xer to Bépa witepe otov EAAnwvikd
yopo. Tivetor avogopd ot khaoikég pebddovg amotepvimong, evd 1o kbplo Bépog
SivVETaL OTNV MAPOCKELACTIKY] YPOUOTOYpapie, TOov HE TNV TEYVOroYIKY avdrtuEn TG Td
tehevtoia ypoévia vrdoyeTal TOAKG.

Aétaic - Kieidid. Tlapookevaotiky ypopatoypagio - anoteprevioon - abépla £laia.

Eivar yveoto, éu 1o abéplo £hate £xyouvv peydin onuacio ot goppakopo-
unyovia xat Bropnyovio tpoeipmv, Wdaitepa to Terevtaia ypdévia pe Bdon
veviky] tdomn mpog avelrtnomn QuoKdv TPOTOV LADV.

Ttnv EXAddo to terevtaio névte - E€L xpdvia, Eyel exdnAmBel npoondleia yia
v kaAMépyela xor aflomoinoTn apOpoTIKOV ELTAV, pe Wwitepn éppacn
pévta -kap Aepdvta, drog @oivetar oto Sidypappo 1.

H pekétn tng Siebvoig xor EAANviKY|g oyopdc oe aibépia Elaia
ebng:

1. ov Tipéc tov aBepiov ehaiwv mowkilovy ot peydro Pabud, avdroyo pe tnv
motétnTa Toug mY. otV EAAnviky ayopd m mpdTng mordtmtag pévia axat
TETPATAGOLE T TNG KATOTEPNG

2. ot tpég tov abepiov ehaiov egoptdvrar oe peydro Babud and ™ oxéon
Tpoo@opdc kal Lftnong n.y. nayetdvag oto Oregon 1) Indiana ¢ Apepikiig,
omov kot e€oyn kaihiepyeitar M pévia, emnpedfovv v T g péviag
Siebvirc. Amotédeopa avtov, eival o ghevyevionds tov obepiov ghaiov va
oTpéPeTaL MPOC TN HETATPOTT Ttov oibepiov graiov ot pio otobepdtepn pop-
o1, yopic &tol va amateitar daitepn @povtida otnv anobrikevon tov

3. 1 EALGSa eEdyet aubipra Ehato youniiig motdtntog Kol £164yel cibépla Elaia

L3 ¢8e1ke 1ol
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VYNATG moLdThTag, SnAadt eCevyeviopéva, pe anotéreopa ToAbTINO GuVEANa-

Yua va ydvetot,
Amd 1o mopandve, Qaiveton N onovdudtnto mov TAPOVCLalel To Bépa Tov
eEevyeviopod tov wbepiov eraiov, 1dwitepa otov EMviké ydpo.

To cvotatike evéc aBepiov ehaiov umopody va ta&ivopundody, OTO¢ poiveTon
oto mivaka I otig mapokdto opddeg pe o e€ric xapokTnpiotikg 1316 17

ININAKAY 1. Ta&wépnon tov cvotatikdy Tov aléplov elainy

In Opdde 2n Opdda 3n- Ouddo 4n Opdda
Tepnevikoi Imtikég OFuvyo- Zeokuteprevikoi Mn Hrntucée
YdpoyovavBpaxec vobyeg evidoeig v3poyovavBpakeg EVOOELG
-Exouv yeviké tHmo 0.0, 180-250°C -£XOVV yEVIKG TO- ~0.0~300°C o¢

CioH ot aTHO0GY. micom po C;sHy, ATHOCQ.Ticon

-6.{ 155-180°C o¢ -TOMKEG EVHOELC 6.0 240-300°C o¢  -gite o€uyo-
aTHOCY. Tieom aTHOCQ. Tigom volyeg evip-
-un moAikég -Tpocdidovy cuvri- -un TOAKEC oe1g gite
EVdOELG Bog 10 yapaktn- vdpoyova-
-GKUKAEG 1) povoky-  proTiké dpopo oo -Grukdec Y povokv-  vOpakec
KAKEG 1 Sikvukhi- wBéplo daa kAMkéG 1 SikvkAi- T.Y. AOKTO-
Kég evhoeig T.X. HivOSAn, KEG 1 TpikuKALKEC VEG, TOAvue-
n.X. AEpOvévio, piveSvn. T.X. KapLoguAré-  pr tepméwia,
Tvévio. vio. APOOTIKEC,
Knpoi.

O ekevyevioude tov obepiov elaiov,
OTOTEPTEVIOGT, aPopd TV ATOPAKPLVOT GV
TPONYOUHEVOL TVAKO Kol GUVER
ofuyovovya custatikd. Kot auvtd 10

Baocikd ThEOVEKTHNATA, Omag:

L. xGver 10 oKoUpo ¥podu Tov &

0modekTé G610 eumbpLo

2. yivetu mepiocétepo Sahvtéd otg véatik
mov Slevkorbver xPTion tov raitepa

3. amoxtd otabepdtepn popor,
ofewddvoviar, oynuatifovy en

®¢ ™ ov

YVOOTOC uE ToOV avemtuy Gpo

STOTIKOV ¢ opddac 1,3 xat 4 tou
UTOKVOGT TOU afepiov elaiov oe
Vv Tp6mo 10 abépro EAaro amoktd opiopévo

XEL KAl YiVETAL avolkTéYpopo mov sival YEVIK®G

G 1 oAkoorikd Stadbpata, mpdypo
ot Blopnyavie xaAivvricgy 156 17:18
eneldny o1 tepmevikol v3poyovavlpakeg ebkoiy
ofeidio kar ot ovvéyela moAvpepifovtoy 198:17:20

4. yevikd n anoteprevimon odnyei o aBépra érono pe KaAVtepa yapoxktnpioti-

kd, emedn ot tepmevikol vépoyovav

yebon oto abépia Eror.

Hop®6ra avtd, 7 AMOTEPTEVIOON e

uetovektipato 2122, omog:

Opakes mpoodiSovy Spiueio ooprf ko

pLkég Qopéc cuvodedetar and opropéva
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1. 10 obépio €horo ydver Tn QuLOLKH OOUT} TOV

2. 1 AMOTEPTEVIOON BEV CLVENAYETAL OMAPOLTHTOC PEYAAVTEPT OTABEPSHTNTA OTO
aféplo £dono, m.y. pmopel va amopakpuvBovV e TOLG LEPOYOVAVOPOKES KoL
To. UOLKE avTtio&eldotikd Tov ofepiov eraiov

3. eivor moAV dbokoAN M Tvmomoinon TV onotepmeviopivov abepiov erainv,
£neldr] Ta ATOTEPTEVIOUE VO TPOIdVTA TOLKIAOLY avdioya pe Tnv motdTnta TG
npwtoyevode VANG kat TN HEBOBO AMOTEPTEVIDOEWG TOL YPTMOLHOTOLEITAL.
Tounepaopatikd Opme, pnopodue pe Befardtnta va modpe OTL Ta TAEOVEKTN-

HOTO THG ATOTEPTEVIOOEWS Elval TOAD TEPLOCHTEPO TWV UELOVEKTNUATOV, Y1~ avTd

kot ot péBodor amnotepnevioong Eyovv peydin Bropnyavikr onpaocio.

Ou xvpidtepor néBodoL AmOTEPTEVIDOEW®S Elval:

N xiaopatiky andotaén

n andotoén pe vdpatpoie

n ekybiion

N vépoTpomiky ekyLALION

N ypopatoypapio.

H smdoyn mog and t¢ mopondve pebédovg yia Propnyoaviky ypnon

Baciletar, 6mog eivar yvoot162? og oplopéveg mapapétpovg, SmEG:

— 0 pubuoég mapoydpevng mocdtntag afepiov graiov

anoaitodpevog Pabudc kabapdtnrag

otabepdInTa QLTOV

afia Toug

OYETIKT] TMTNTIKOTNTO TOVG.
H orotepnevioon morrég gopég cvunAnpdvetar pe d1fidnon katémy yo&swg

tov abepiov graiov, ondte kuping aropakpbvovial Ta cLOTATIKA THG 416G OpAdag

tov Mivake 1%,

halF bl e

333 O

Khaopotikiy Améoraty '>P21-264

Adyo g yopnihg mnTikdtnrog kai Oeppikrg gvaiobnoiog mouv £youvv. Ta
neplocdtepa ovotatikd tov abepiov ghoiov, N andotabn Oa mpéner va yivel
urd kevd. TMap’oha avtd, Oeppokpacics g tdEeng 250-300°C emBarroviat
ASYO TNG MapOLsiog TV AYOTEPO TTNTIKOV CLOTOTIKOV TV afepiov elaiov
(n.x. knpoi kor oeokvtepnévia). Ot nopondve Beppokpacies Spwg ToArEC Qopég
S1aomovv, moAvpepifovv 1} 10opEpLdOVOLY peEPIKE Bacikd cLCTATIKG TV a1depiny
chaiov, le OMOTEAECHO TO GPOMO VO, CALOLOVETOL Kol YEVIKG 1 moidtnta TOv
afepiov ehaiov va vmoPabuiletor. ‘AAlo pstovEkTnpo mov Exel avagepOei®
givat, 6T 10 PuoLKd avtiogednTikd Tov afepiov glaiov pnopel va Tapapeivovv
Aoyo TG Yapniig TTNTIKOTNTAG TOvg OTO Soygio andotagng, ue anotélecua To
anotepreviopévo afépio Erato vo mopovoldletor Alydtepo otabepd.
Ambotokn pe vdpatpobg PT231:364246

Ta pelovektipota mov ava@épdnkav mapandveo pmopodv va apbodv pe tnv
texvikry ¢ andotafng pe vdpatpovg. O otpdg otn mpokelpévn mepintwon
Aertovpyel wg opfog yio TV amdotafn tov obepiov eraiov oe yapniq
Oeppokpacio. "Opmg, 08 TEPITTOGELS Un TTNTIKOV obepiov elainv, 1| anaLtov-
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pévn mocdTnta oTHd@V Eivor TOAD peyaAn Kai O Xpovog omoéoTaENg MOADG, e
onotéleopa N dradikocio vo Bswpeitor ypovofdpo kot aviiotkovoptky. “AlAa
petovekthpata avagépovial 2:

— 1 odvvapia va 810an)plcrovv 0OpLOPEVE CLCTOTLKG Tov aifepiav elainv and to
vepo :

— n vdpdivon cvotatikdv TV abepiov elaiov

— n andotaén vdatodioAvtdv ofuyovolywv evioenv pali pe Toug TEPTEVIKOVG
vdpoyovavopakeg.

Exydhron | 5$-27P3647-53

Suoviibog P évo odotnpe ToAlkoU-pun moAtkol JtoAltn emituvyydvetor o
egevyeviondg tov afepiov ghaiov. Ot ofvyovolyeg evooelg dtohboviar cTov
moAk6 310AVTN, evd ot tepmevikoi vdpoyovdavlpakeg mapoiapfdvovtat and To
pn moiikd drarvtn. H anddoon tng anotepnevioong kat’ avtd tov TpdTo voTEPEL
oe oyéon pe tnv andotofn. Avtibeto, ta TPOPANHATO OV TPOKVTTOVV HE TN
0é ppavon kotd v andotaén (n.y. cAroiwon opiouévev CLCTATIKOV) KOl 7TOL
vroBadpifovv tnv mowdtnta Tov abepiov erainv, dev gpoaviloviar Katd Tnv
ekyvAon.

‘Opwg m yxpnogonoinon otoAvtdv kabdg kol 1o oTtddio daywpiopod
dtaAvtn - aibepiov ehaiov, mov yivetar cvvibwg pe khaopotiky andotaln,
oveBdlovv onuavtikd 10 KOOTOC TNG OTMOTEPTMEVIWOTNG OF OUYKPLOYN UE TNV
andéctaln. Eniong, peydhn nepiektikdtnta afepiov elaiov o knpovg dnpov-
pyei mpoPAfpota, AdYe GynuaTiopnod YeAaKToOpGTOV Katd Tnv exyOAiion M
Ydpotpomki ekyvrien 43+>7

Ta vdpotpomikd draddpoto o¢ yvootd sivar vdatikd draddpato aAdTov Kol
amoteELOOY Gprotoug SlodbTeg Yia Tic moMKéC EVHOELS > . Tuvende, 1 anoTepmevi-
oon Tov abepiov ehaiov propel moAD kaAd va emtevyBei pe TNV exAexTiky
exyVAlon TV oEuyovolywv svdoemV, TOY OTOTEAOVV TA TOALKG CLOTOTIKE TOV
ofepiov erainv, pe v3potpomikd Stalbpota, XTn CUVEYELD TO OMOTEPTEVIOUEVO
aféplo £rato gvkora maporopfdvetor and To vdpotpomikd ddAvpa pe apaioon
avtob pe vepd. Me avtd Tov TPOTO EMITUYYAVETAL KOl T avayévwinon Tov vdpo-
Tpomikol StoAdpatog, mov pmopei mAfov va emavayprnotponorndei 4

Ta nopandve oanoterodv kal To PACIKd TAEOVEKTHHATA TNG LOPOTPOTIKYG EK-
YOAONG Evavil TNg exkyOAIONG pe opyovikodg StaAddTeg.

Xpopatoypagia

H ypopotoypopio Srakpivetor and tic mponyodueveg pebddovg Adym tng
HEYEANG Say®ploTikic kovoTnTog mov Siabétel. Avtd Oe CLOYETIOUO HE TO
nAR60¢ TOV evOOE®V Kol TNV TOKIALD TOV 7pofAnudtov dtaywplopod mTov
eppavifovral ota aBépia Ehaia, od1ynoe otn kabiépwon tng aéplag YPOUATO-
ypagiac v v avéivon tov ofepiov edaiov 102 TIpdopata peydin
épupoaon 06Onke otnv avdivon tov aibepiov eroiov pe U\unlng nieong vypn
ypopatoypogia - HPLC 03118,

TMoap’ 6Aa avtd, mord Alyeg uské‘rsg £yovv avakowvebel avagopikd pe tnv ono-
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tepnevioon Tov abepiov eAaiov pe TapackevacTiky ypoporoypapic. O nepio-
obtepeg an’ avtég avagépovtal otn dekoaetio 1950-1960, dtav N teyvoroyia tng
TOPACKEVOCTIKTG XpopaToypagiag fTav oxedov avimapktn. O1 HeETaYEVECTEPES
dNpooteboElg, avapépoviol MEPLOCOTEPO OTNV aépla Y pOUATOYpapia, Tov ©¢
YVOOTO HELOVEKTEL O MAPOCKELAOTIKY KAipaka 0wl Tnv vypY YpoHaTOYpa@ia,
£101KG O TEPIMTOCELS dloyWPLONdV PN TINTIKOV Bepuikd gvaictntov evdoeoy,
émoc eivor 1o’ cuoTatikd TV afepiov shaiov.

H onpavtiky teyvohoyiky avdrntuEn the TapaoKELOCTIKTC Y POUATOYPAGiaS
10 tehevtaia ypévia !0 ESwoe ™ SuvatdétnTa oTn dnuiovpyio EUTOPLKDOV
Y POUATOYPAPIKOV CLOTNUATOV, HE TOIKIAIR TANPOTIKOV VAIKAOV KOl HE OYETIKG
YOUNAS KSoTog ayopdc kol Asttovpyké kéotoc? 2. O mivakac II amotehei
YN avagopdc yia Tig onpaviikotepeg Texvoloywkég efehifelg, mov Eyouv
gmtevyPel 010 TOpEQ TNC TAPACKELOOTIKYC Y pwuaToYpapiag. Eva o mivaxog III,
delyvel pepikég and TG Mo onuaviikéc gpyacisg mov. £youvv yiver pe B&pa 1o
Sroywpiopd - eEgvyevioud Tov afepiov eAaiov e TUPACKEVAGTIKT} YPOUATOYPO-
oia. Me Bdon 'ta mopomdveo PBifrioypa@ikd dedopéva, 1 TMOPAOKELACTIKH
ypouatoypapia Oewpeitor ofpepa pla and Tig TAéov cuvayevioTikéc pebddoug
c10 topén NG onotepmeviwong tov abepiov groionv. Avapévetar pdiilcTo
oloéva Kal MEPLOCOTEPO 1M €QappoYr Tng va emekteiverar, diaitepa yia v
noloTiky avofdfuion abepiov elaiov yaunirc moldtnrag.

INo v emPefoioon tov napandve ovunepacudtov, £ytve pa celpd
MELPAUATOV HE VYPA Y POUOTOYPOPIKG OvoThuata HETPLOG TIECTG YO TOV
egevyeviond Tov abepiov ehaiov g pévrag, Aefaviivng kot optopévev Eorept-
S0 HV 249,259-262 .

TTINAKAZ II. Baocwd onpeio avagopikd pe tnv eEEMEN NG TAPUCKEVACTIKYG Y POUATO-
Ypapiag

II.1 Teyvikég kMpdxoong g ypwpotoypagiag Biprioypoapikéc mapamounic
- avénon touv prikovg TG oTHANG 152

- Ypnowonoinon cvotipatog maporAiAov oTnidv 152

- adénon g dwpéTpov .Tng OTHANG 156 .

- 1eYVikég ovveyovg Aeittovpyiag 119-144 xon 180-203,224,233

- TeYVIKEG EMOVAANTTIKNG €l00y®y1ig delypotog ‘ 153, 155, 171-173

1.2 Meb6Sor Behtinong g amoteheouatikétntoc ype- Bipiioypagriiéc

HOTOYPAPIKOV OTNADV peydAng SrapéTpov TAPOATORTES
- VEEG. TEYVIKEG TANPOOENDS CTNAGOV 145, 151, 157-160, 150
- ovotipato dtavopng Porig TS KLvovpEVNS @Aong 161-167
- ovotjpate e10680v/eEGdov ™G oTHANC 152, 168

- U kvkAlkhg dtotopric ypouatoypaeikéc oTriieg 152, 169, 170
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11.3 Xpopatoypagikd ocvotipote ovveyovg Asitovpyiog Bipiioypaoikéc mopamopméc

Atdcraupé;g- -eAkoeldole porig 180-184
KLVOOUEVC  Hevng pomng -0KTWVOTHG POoTig 185-187
-Aowrnd 188
kAivng' Kat’avtipor] -pe kivodpevo mAnpotikd 119, 120, 128,
VAkS 189-195
-pe Kwvobuevn oTtiin 120-128, 135-138
-pe wevdokivolbpuevn 129-134, 139-144, 224,
omAn 1 TANpoTIKS 233, 176, 177, 196
VALKO
KukAiknig -TUpapeTPIK G GvTAnong 197-200
Trabeprig Aettovpyiag -Aoimd 201
KAilvng H\extpoypo- 202, 203

patoypogic
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IIINAKAYX III: Bifhoypagikd otovyeia pe 0&pa tovg droymplopovg - eEevyevi-
opotg mbepiov ehoiov pe TAPACKELACTIKY YPOUATOYPOQIO,.

Xpovo- Zuvyypogeic

Aoyieg

(Avogopéq)

Emitedypoto

Zydérha - Tapatnpriceig

1952

1955

Kirchner
and
Miller
(250,251)

Amnoteprevioon 8 SwapopeTti-
kov abepiov eloiov, oe mo-
obtnteg g T6Eeng tov 100 g
pe amhi] ypopotoypopio oTii-
Ang, dwotdoewv 53X 8.4cm,

minpopévy pe mopttikd ofd
kot dtaridteg Exkhovong Sado-
xikd, e€dvio kar ofikd ocbu-
Aeotépo. Ta exhovdpeva kAd-
GHOTO AVOALOTOV PE YpOHQ-
toypapia Aentiic otifddac.

H npdt kot icwg mi6 ovoraoti-
K1 epyacia mov éxel yiver pe Oé-
HO TNV aTOTEPTEVIOON TOV atbe-
plov eAoiov pe TOPOOKEVOGTIKT|
vypy ypopatoypagic. H epya-
oia éywve oe ypoviky mepiodo
MOV M YPOHOTOYPaPie 1TOV OE
vroBodiopévo TEYVOrOYLKG Emi-
nedo, pe anotéAeopo n OAn da-
Swaocia va eival eninovog, ypo-
voBopa kot &yt axpipric.

1957

Braverman
and
Solomiansky
(252)

Amnotepnevioon adepiov
ehaiov eonepdosddv og mo-
ootnteg péypt 41 pe amiéc
LPWHOTOYPAPLKEG OTHAEG,
Swotdoewv péxpt 4x 67 cm,
TANpOpEVEG pEe Sldpopa TAN-
potikd vAkd (m.y. ahodpiva,
nopttikd ofd) xar pe SohdTn
ékhovong metperaikd abépa
kot o&ikd atbviectépa.

H epyaocio powalet apketd pe v
TPOT YOUHEVT] KOl GUVETMG EYEL
ta 8o adbvata onpeia p’ovty.
"Opwg 1 peré eni nhéov nopo-
pétpov, OTwg m.yY. N diduetpoc,
10 priKog TG oTNANG, T0 €idog
TOU AN POTIKOL LAKOU, o Po-
Oué¢ kopeopov TG oTAng, £86w-
GE duvaTNTA OTOTEPTEVIOOT G
TOAD HEYOADTEPNG TOCOHTNTAG
adepiov eraiov pe moAD pkpo-
Tepn katovdioor Swwhvtdv. H
gpyacio neplopiletor oe abépia
élato peydAng mePLEKTIKOTNTOG
oe 1epnéVie .. EOTEPLOOELBT].

1961

A.B. Herric
and )
JR.
Trowbridge
(253)

Amnotepnevioon afepiov e-
Aaiov pe vypy ypopaToypo-
oila avtioTpoeng edong oe
otiin Swotdoswv 45.7 X5.7
cm mANpopévn pe moAvpep
npoidvTa T.X. PLOIKO EAQOTL-
k6, veompévio, Buna s xat
SraAbTn éxhovong pebavodn.
H aviyvevon tov mpoidvieov
gxdovong ywvotav pe Sabro-
oipetpo.

O Babpdg eEevyevionod tev no-
paydpevov afepiov eAaioy tay
mohd xaAdg. H pébodoc Spwg me-
propiletor, oe a1Bépra Elara pe
YounAd mocootd tepnevioy. Emi-
ongG &YEl TO PELOVEKTNUA, OTL 1
oTiAn éxel puepr yopnTIKdTN T
oe abépo Ehato (m.y. 5.1 g) xa
6TL N KATOVAAOOT TOV SLOALTOV
éxhovong eivar vyniy (m.y. 31).
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Xpovo- Zvyypoageic
royiec  (Avogopéc)

Emtedypato

Eyora - Tapatnprioeg

1963

G.L.K.Hunter O Sioyopiopds tepreviov ot

and M.K.
Veldhuis
(254)

noo6TNTEG TG ThEEmE TOV
25 g ueremifnke og mopo-
GKEVOOTIKS GEPLO YPOUATO-
vypdgo, arotehodpevo ond 8
og ogipd ouvdedepéveg ot~
Ag¢ daotdoswv 3.2X 30 cm.
O ypopotoypdeog SiEbete ob-
OTHHO TTPOYPAppATIopoD Bep-
pokpaciog kat aviyvevtn Oep-
piknig ayoywpdtntos. To a-
TOTEAECHATO TOV dlory®pl-
oudv kpibnkav mohd tkavo-
MO TIKG, KOTOmY ovykpioe-
¢ ME AVTIOTOLYOVG CVAAVTL-
Kovg dtoyopiopols Ue TpLyo-
€18€iC YPOHATOYPOPLKEG OTI}-
Agg. ’

H epyosia mepropiletar oe dio-
YOPLOROVG TTNTIKOV TEPTEVIKAOV
evGEOV pE avdTatn Beppokpo-
oio Agltovpyiog Tov YpoHATO-
Ypdoov péypt 160° C.

1964

R. Lasztity

J. Nedelko-
vits and

N: :Bogyo
(225)

H onoteprevivon tov abepi-
v ghoiov Aspoviod kol mo-
proxaiiov peretifnke pe
anéotakn, exyAiion kot Ypo-
poatoypoagia otniing. Kaidte-
pa armoteréopata o’ andye-
®¢ TOLHTNTOG OMOTEPTEVIOUE-
vov aibepiov eraiov £dwoe m
Ypopotoypopio pe TANPOTL-
k6 vk silica gel (evepyomot-
nuévo pe Béppavomn oTovg
150° eni 25 h) kot draidteg
£kAovong Tov mMETPErAIKS ot~
0épa kar ofelkd arbuvrecTtépo.

Y1oyeio oxeTkd pe 1o Pobud
amoteprevioong kat v % avd-
KTnon dev éxovv avakolvodei.
‘Etol, ovykpitiky perétn tng
gpyooiag avtig pue dAleg mapep-
@epeic dev eivor duvatry.
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Xpovo- Zvyypogeig
hoyieg (Avagpopéc)

Emtebypata

Iy6ma - TTopoatnpricelg

1966 J.M. Rayan
and
G.L. Dienes

a7s)

1966 G.R.
Fitch

(256)

1968 Dixon, Ma-
lone and
Umbreit

257

Aepevvirvtor ot duvotdtnTeg
epappoyc e aEpag Y popa-
TOYPAQiOG OE MOPAYOYIKY
kAigoka yio 10 dtaywplopd
Slopbpwv TEPNEVIKOV EVDOOE-
ov. Tivetar obykpion petafd
andéotaéne kol oEplog YpoUa-
TOYpOQIOG AVOQOPLKA HE TN
noldmTa Kot T0 K60TOg Sa-
XOPLopOY.

Tivetot ovaokdnnon oyeTIkd
HE TN TAPOy®YLKY aépla ¥po-
potoypaeia, TG didpopeg pe-
fodoroyieg ovveyolg Aertov-
pyiag ¢ kot Tig SuvaTdTNTEG

epappoyfic e ot Propnya--

vio KGAALVTIKOV.

Mehetdtor o raywplopds tov
abepiov elaiov Bergamot ot
nocoTnTeG péYpt S0 ml pe aé-
plo xpouayoypaeikr otiin
Staotdoewv 10 x 203 cm otovg
150° C, HE OKOTO TNV Omopd-
VOOT 0pPLoUEVOV GUOTATIKOV
tov. H avdivon tev exiovo-
pévev kKraoudtov ywvotav ue
IR, NMR 1 MS.

Aivovtatl opiopéva Teyvoolkovo-
HiKG oToYElo OYETIKG HE TNV
£QapHOYT ™G afplag YPOHATO-
ypagiag o€ Tapayylkn KAipakae
Extifevronr ou duvatdtnteg egap-
poyig g mapaymyikrg aéplag
YpopatToypapiag ot flounyavia
QOPHAKOV KOl OPOUATOV.

Ilap’6ia ovtd, ofjuepa moted-
ovpe,4TL o8 mopaywylkn KAipoko
n vypn Ypwpatoypapic TAEOVE-
ktel og TOAAG onpeia EvavTt g
aéplog, Waitepa o eQUPULOYES
7oV aEopodv TN PappakoPlopn-
xavio kot apopatonolio dneg
glvar 0 Sy wPLoPSG CLOTATIKAOV
afepiov graiov.

Tuykekppéva, 1 aéplog ypopa-
Toypagio £xel To pelovékTnua
™G PIKPOTEPTG LOPTTIKOTNTOG
oe Tpogodooia, To TpdPAnua mg
UM OTOTEAECUOTIKTG OLVAAOYTG
TOV KAOCHATOV KOl TNV avdykn
XPNOLUOTOINONG CYETIKA LYT)-
MOV BeppoKpacLOV TPAYUO TOU
emnpedlel oplopéva ovotoTikd
Tov abeplov eraiov.

1969 P.E. Barker
and S. Al-
Madfay

(124-126)

O Swympiopds oprouévev at-
Oepiov ehaiov peretribnke pe
afpLo YPOUATOYPAEO CLVE-
xobg Aettovpyiag, arotehod-
pevog and 44 otiieg daoTtd-
oewv 2.5 X 30 cm. O ypopato-
Ypdgog eixe peyiotn yopnti-
koTNTa Tpopodociag 150
ml/h kot avotdtn Beppokpa-
oia Aertovpyiog 250° C.

O ypopotoypdeog eEaocoparilet
TN ouvéyela ¢ Agttovpyiag Tov
pE éva ToOADTAOKO cvoTnua Bok-
Bidwv, mov mopovoldlel unyavi-
k& npoPpAnpata. ISwitepa, n kAi-
pndKoOoT TOL YPOUATOYPAPOV TE
TOPAYOYIKY) KA{HOKO TOpOLoLd-
oudler peydheg dvokorieg.
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Xpovo- Zuyypogeig

royieg:

(Avagopég) -

Emtedypara

Zyoiw - Tlapotnprioetg

1975

L.B.Rockland
and C.R.
Debenedict
(258)

MeXetdton 1 anotepnevioon
abepiov ehaiwv ye ypopato-
ypapia oTHANG o cuvdvoopd
pe popiokry andotaén. To
TANPOTIKS VAKS TG GTHANG
1Tav ovdétepn alovpiva, eme-
Eepyaopévn kotdAAnia pe o-
&k arbvkectépa. Xpnoiuo-
noujbnkav 800 katnyopieg
Sadvtdv £xdovong, o Tepne-
VioPLAkS¢ (Y. TEVTAVLO) Y10
TNV ANOUEKPUVOT TOV TEPTE-
viov kot o okvyovodyog (m.y.
atBavoin) yia Thv aropdKpLV-
on tov okuyovodywv evo-
GEQV. :

H perétn avt Bupiler v apyt-
k7 epyacia tov Kirchner - Miller.
BéBowa to aroteAéopata TG ANTO-
teprevioong eival moAd koAbre-
pa ASy®w NG poplakhc andoto-
Eng pe tnv omoia ocuvvdvdletar
€6 N ypopotoypapic oTHANG.
H Swdikacio enekepyaciog Tov
AN poTIKod LAKOY glvar gmimo-
vog kat ypovofdpa kat map’oro
mov 0dNyel o KaAAVTEPO ATOTE-
Aéopato Sev cuvicTOTAL OE T PO-
Yoy KAlpako.

1978

R. Bonmati
and

G. Guiochon
(245)

Alvovtar epappoyég evog ma-
PAYOYIKOD 0EPLOV YPOHATOYPE-
oov yopntikétntag 3-20 tons
/year, Y10 10 Swoywplopd Ko
anotepnevioon abepiov e-
Aaiov pe moAD kaAd amote-
Afopato.

Eival n npdTtn onpoaviiky mpo-
ORGOELD YIO TNV EQOPUOYT TNG
XPOUOTOYPAPIAG OE TapaAyOYL-
k1 kAipaka. Avtiotolyn agplo-
xpopatoypdeor dratibeviorl or-
UEPQ GTO EUTOPLO pE YOPNTIKO-

rta péxpt 300 tons/year.

Tlap’ 6io avtd, moredouvpe, OTL
1 vy p1| xpopatoypapia eivar TAé-
ov gvdederypévn o€ TAPAYOYLKY
KAipoka.
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Summary

Comparison between preparative chromatography and common separation methods
for the deterpenation of essential oils

S.E. Liodakis, N.E.Tzamtzis and G.K.Parissakis

A review on the deterpenation of essential oils and its industrial importance is
given. The most common methods of producing terpeneless oils such as steam
distillation, fractional distillation, solvent extraction and hydrotropic extraction are
critically presented. Preparative chromatography has several advantages over-the
other methods, (i.e. flexibility, high selectivity power), particularly for difficult
separations heat sensitive materials, when high purity products are required. Such
separations are encountered for the preparation of high quality terpeneless essential
oils. The various schemes for increasing the chromatography column utilisation,
the technological development of preparative chromatography and its applications
for the separation of essential oils are reviewed.

Key words. Preparative chromatography, deterpenation, essential oils.
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Summary

The inﬂuence of trivalent chromium ion on the in vitro cholesterol biosynthesis has been
studied, using ['*C] acetate and ['*C] mevalonate as precursors.

Cholesterol biosynthesis by rat hver 15,000 xg supernatant was 1nh1b1ted by
Cr?t at concentrations between 8.10*M and 8.10°M; 8.10°M Cr' inversely
caused an.increase of cholesterol blosynthe51s Differences were more pronounced
when using [*C] mevalonate instead of ['#C] acetate as precursor.

Since the cholesterol biosynthetic route involves certain microsomal enzymes
including cytochrome P450, requiring both NADPH and molecular oxygen, the
influence of Cr®*-on the activity of NADPH-cytochrome C reductase, NADPH-
oxidase and biphenyl-4-hydroxylase was studied. It was shown that Cr*t in all
concentrations used 1nh1b1ted the activity of the above enzymes except at the
concentration of 8. 10°M which caused a profound increase of the biphenyl-4-
hydroxylase activity.

Key words: Chromium, cholesterol, biphenyl-4-hydroxylase, cytochrome C reductase, NADPH-oxidase

Introduction

Among the essential trace metals, chromium is unique in that its concentration
in animal tissues declines with ageing!, and accumulating evidence suggests that
human chromium deficiency is an important factor in atherosclerosis>*. Chro-
mium ions have been shown to play a multifunctional role in lipid and
carbohydrate metabolism # by mechanisms largely unknown, since the strong inter-
relationships between these two processes, plus their inherent dependence on
insulin seriously hinder conclusive interpretation of experimental observations.
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In vivo observations have indicated that chromium deficiency induces glucose
intolerance’ , higher levels of serum cholesterol and of aortic lipids, and deposition
of aortic plaques®, while consumption of water enriched with chromium salts
restores these disturbances to normal %7,

In vitro studies have shown that besides the well-known activation of phosphoglu-
comutase ' by chromium ions, their critical role in glucose tolerance is most
probably exerted through a chromium-dependent glucose tolerance factor !', which
interacts with insulin in cell membranes'?. In contrast, early observations have
shown chromium ions (5.10°M) to stimulate-rather than inhibit the in vitro
hepatic biosynthesis of fatty acids and cholesterol from acetate 13 Later studies ',
revealed that upon addition of insulin alone, glucose alone, and insulin plus glucose
into the assay system, containing 10 %M chromium ions, the incorporation of [ *C]
acetate into the lipids increased up to 6%, 24% and 519 respectively. A reasonable
interpretation of these effects by the authors ' postulates that the stimulatory
action of chromium ions on cholesterol biosynthesis is a secondary effect, caused
by the increased NADPH-levels resulting from glucose, especially in the presence of
insulin. )

Therefore, in searching for an insight into the .opposite effects of chromium in
vivo, it seemed worthwhile to study the concentration-dependent action of
chromium ion on cholesterol biosynthesis from [ 4 C] acetate and [ ' C] mevalonate
as well as on several microsomal enzymic activities influencing the levels of
cytoplasmic NADPH. The latter possibility was suggested by the following
combination of the existing evidence: First, the involvement of -microsomal
enzymes, including cytochrome P450, in the process is manifested by the fact that
cholesterol biosynthesis is inhibited by carbon monoxide, whereas the rate of
hepatic biosynthesis of cholesterol from [ *C] acetate or ['4C] mevalonate in vitro
is highly increased by pre-treatment of the animal with drugs increasing the activity
of liver microsomal hydroxylases %7, Second, the in vitro activities of several
microsomal enzymes undergo changes highly responsive to changes of metal ion
concentrations in the assay system, thus suggesting an important role of essential
trace metals in maintaining the activities of microsomal enzymes at normal
levels '8:19:20 ,

The microsomal enzymic activities selected for this study are NADPH-
Cytochrome C recuctase, NADPH-oxidase and biphenyl-4-hydroxylase. Measure-
ments of the activity of the latter activity provides very useful information about
the liver microsomal enzymes since both, its rate and specificity. are largely
modified by exogenous inducers. Namely, pretreatment of the animal with
phenobarbital and other non-carcinogenic substances stimulates the 4-hydroxyla-
tion of biphenyl, whereas pre-treatments with carcinogenic agents (e.g. 3-methyl-
cholanthrene) stimulates the 2-hydroxylation of biphenyl 2,

Materials and methods

1. Materials

['*CJ acetate (spec. act. 55 mCi/mmol) and DL-[ *C] mevalonate (spec. act.
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12,9--mCi/mmol) were obtained from CIS company. ATP, NADP, NADPH,
Glucose -6-phosphate and Glucose-6-phosphate dehydrogenase were obtained from
Boehrlnger Mannheim. Biphenyl was recrystallized from 96% ethanol, m.p. 69-70°
(lit. 70°) and. 4-hydroxyb1phenyl was recrystallized from methanol, m.p. 166-167°
(lit. 166.5°). The organic solvents used were of the highest commercial purity
available. PPO and POPOP (Scintillation grade) were obtained from Packard
Instruments International. Rad«iqactibe products . were separated by thin-layer
chromatography using silica gel Hr

IL. Preparation of homogenates

Adult male rats of Sprague-Dawley strain, weighing between 150 and 200 g
were used. The rats were killed by a blow on the head and exsanguinated. The
livers were excised. The homogenates and subcellular fractions were prepared
essentially as described by Burke and Bridges ?', but keeping the pH at 6.5 to avoid
hydrolysis of chromium salt. The microsomal fraction was suspended in a 1.15%
KCL 0.IM potassium phosphate buffer pH 6.5 at a concentration of 10 mg protein
per ml. The protein content was determined as described by Lowry e al?* using
bovine serum albumin (Sigma) as standard.

For the preparation of microsomes from phenobarbital treated animals, five
animals were injected once daily, intraperitoneally with sodium phenobarbital (10
mg as a 1% aq. soln. per 100 g body wt.) for 5 days, while controls were injected
with saline (0.5 ml 0.99% NaCl). At least 20 h were allowed to elapse between the
last injection and sacrifice of animals in all cases.

III. Cholesterol biosynthesis

Clolesterol biosynthesis in the presence of chrorium ions was carried out as
follows: Chromium ions (as CrCl; - 6H,0) at concentration of 8.10%M, 8.10°M
and 8.10 M were added to 1.5 ml of the 105,000 xg supernatant _plus 0.25 ml of the
microsomal- suspension (2.5 mg of microsomal protein). After preincubation for 30
min at 37°C in a shaking waterbath, the precursors ['*C] acetate (500,000 cpm)
and [*C] mevalonate (500,000 cpm) were addéd and the incubate was fortified
with NADP, 1 pmole; glucose-6--phosphate, 10, pmoles; glucose -6-phosphate
-dehydrogenase, 0.25 units; ATP, 4 pmoles; MgCl,, 6 pmoles. [ '*C] mevalonate
solution in benzene was then added with 10 pl of propylene glycol. The final
volume of each incubation mixture was adjusted to 2.5 ml with the 105,000 xg
supernatant. Incubation was further continued for I h and terminated by addition
of 7.5 ml of methanol-chloroform, 2:1 (v/v).

Lipids were extraced from the incubation mixture with 2.5 ml chloroform. After
centrifugation, the chloroform layer was removed and evaporated to dryness
at 50°C under nitrogen. Lipid extracts were chromatographed on silica gel (250 p
thin layer plates) using ethyl acetate-hexane, 25:75 (v/v) as developing solvent.
Radioactive incubation products were localized on the plates by co-chromatogra-
phy of reference substances and staining with iodine (cholesterol, Ry 0.25;
lanosterol, R 0.38). The bands corresponding to the reference substances were then
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scraped ‘off and transferred to a scintillation vial containing scintillant (5§ g PPO
and 300 mg POPOP in 1 1 toluene). Segments of silica gel from the plates served as
blanks. Radioactivity was measured in a Packard Tri-Carb liquid scintillation
spectrometer. Quenching due to the presence of the gel scintillator was negligible.

V. Microsomal enzymes assays .

-Assay of biphenyl-4-hydroxylase activity.- Biphenyl-4-hydroxylase activity was
determined by a modification of a procedure described by Prough and Bruke (23).
Chromium ions (as CrCl;- 6H,0) at concentrations of 8.10*M, 8.10°M and
8.10°M were added to 1.5 ml phosphate buffer pH 6.5 plus 0.25 ml of the
microsomal suspension (2.5 mg of protein). After preincubation for 30 min at 37°C
in an air atmosphere in a shaking waterbath, biphenyl (3.25 mM) was added as a 10
ul portion of a 0.65 M solution in dimethyl formamide. NADPH was added as a
regenerating system consiting of NADP, 5.0 pmoles; glucose-6-phosphate, 25
pmoles; glucose -6-phosphate dehydrogenase, 2 units; MgCl,, 20 umoles. The final
volume was adjusted t0..2.0 ml, with phosphate.buffer. .Incubation was..continued
for a further 20 min period and terminated by the addition 0.5 ml satureted
Ba(OH); and 0.6 ml 5% ZnSO,. Incubation mixtures were extracted in centrifuge
tubes with 5.0 ml ethyl acetate using a Vortex mixer for 1 min. After centrifugation
at 2,000 rpm for 10 min at 5°C, 4.0 ml of the upper ethyl acetate phase were
removed and evarorated to dryness at 40°C in a 10 ml spherical flask on a rotary
evaporator. The residue was redissolved in 0.1 ml of ethyl acetate and the 4-hydro-
xybiphenyl formed was determined by GLC (Perkin Elmer F-17). An 1.0 ul portion
of the ethyl acetate solution plus 2.0 pl of the silylating agent (BSA) were injected
into a 6 ft 3% OV-1 column with N, as carrier gas (50 ml/min) and with
temperature program. This consited of 4 min post-injection pause at 210°C,
followed by an increase to 235°C at a rate of 10°C/min and a final 10 min at
235°C. Flame-ionization detector was used. The internal standard was benzylide-
neacetophenone in ethyl acetate. Corrections for any nonenzymatic formation
of 4-hydroxybiphenyl were made by subsutracting values from a’ blank tube
incubated under identical conditions with an equivalent volume of boiled microso-
mal homogenate. GLC retention times (min) were: 4-hydroxybiphenyl, 9.5; internal
standard, 15. The enzyme activity is expressed as nmoles of 4-hydroxybiphenyl
formed per min per mg of microsomal protein.

Assay of NADPH-cytochrome C reductizse activity. The activity of NADPH-
cytochrome C reductase was determined according to the method of Philipps and
Langdon?*. Liver microsomes were preincubated with chromium ions for 30 min
as described in the biphenyl-4-hydroxylase assay.

Assay of NADPH-oxidase activity. The activity of NADPH-oxidase wase determi-
ned under the same conditions as those of NADPH-cytochrome C reductase in the
absence of acceptor other than O,.
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Results

Inspection of the data depicted in Table I indicates-that high and low concen-
trations of chromium ions cause an opposite effect on the rate of cholesterol
biosynthesis from acetate and mevalonate in vitro. Namely, the stimulatory effect
(50% with [4C] acetate and 79% with [ *C] mevalonate caused at a concentration
of 0.008 mM Cr®', is reversed to inhibition (40% and 55% respectively) at the
100-fold concentration of 0.8 mM Cr>". Statistical analysis (t-test) yields a signifi-
cance level of P<<0.001 for these differences, while at the intermediate concentra-
tion of 0.08 mM Cr>', the observed effect is statistically significant only with
mevalonate as precursor (P<<0.01).

TABLE I. Effect of chromium ions on the incorporation of radioactive acetate and
mevalonate into cholesterol.
The results. are given, as,mean values.t SB of. 4 experiments.

Concentration '#C Acetate 14C Mevalonate

cr

(mM) cpm % cpm %
0 2,020 + 180 ) 100 5,585 + 565 100
0.8 1,210+ 200 (P<0.001) -40 2,515+290 (P<0.001) -55
0.08 2,210£210 +9 4,020 £ 430 (P<0.01) =28
0.008 3,020 £ 235 (P<0.001) +50 - 9,980+ 625 (P<0.0001) +79

Table II shows the effect of chromium ions on several microsomal enzymes. All
the concentrations of chromium ions used in this study caused a profound inhibi-
tion of the NADPH-cytochrome C reductase activity, being also inhibitory (to a
lesser extent) for the activity of NADPH-oxidase. Therefore, of the observed
concentration-dependent reversal of the chromium-ion effects on the rate of cho-
lesterol biosynthesis cannot be attributed to these two enzymic activities.

In contrast, the activity of rat liver microsomal biphenyl-4-hydroxylase was
influenced by chromium ions in a mode similar to that on tlie rate of cholesterol
biosynthesis from acetate and mevalonate.

The two higher concentrations of chromium ions were both inhibitory of the
biphenyl-4-hydroxylase activity to an extent similar to that on mevalonate incorpo-
ration into cholesterol. Statistical analysis (t-test) indicated- also a high significance
level of these effects (P<<0.001 and P < 0.0001 respectively for the high and low
concentrations and P<0.10 for the intermediate concentrations).
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Discussion

Among pre-existing evidénce on the effect of chromium ions on the rate of the
in vitro incorporation of precursors into cholesterol, most pertinent to the present
results is the early observation by Curran'3. According to this observation [ '4C]
acetate incorporation into cholesterol is stimulated by 0.05 mM Cr3t that
is, at a concentration expected also by the present data to yield stimulation rather
than inhibition.

On the other hand, higher concentrations of chromium ions (1 and 3 mM) were
reported?’ as causing aggregation of microsomes, and decreasing or abolishing
the activity of P-450 reductase. These observations support and give a most
probable explanation of the observed inhibitory effectes of high c¢hromium
concentrations on cholesterol biosynthesis, as well as of the inhibition of NADPH-
cytochrome C reductase and NADPH-oxidase activity observed in all the chro-
mium concentrations used in this study, which cover a 100-fold range. As has been
mentioned, the latter effects are not sufficient to indicate any relation of these two
enzymic activities with the reversal of chromium action on cholesterol biosynthesis.
However, the observed significant stimulation of the latter by response of one
single enzyme system, biphenyl-4-hydroxylase, to changes of chromium-ion con-
centrations provides important insights into a possible mode, by which chromium
ions may influence the entire- process of cholesterol metabolism. Namely, our
present findings combined with pertinent literature data permit postulating that
several microsomal mixed-function oxygenases involved in cholesterol biosynthesis
may resemble biphenyl-4-hydroxylase in its response to chinges of chromium ion
concentration, thus exerting a concommitant effect on the entire process. In such
electron-transport systems, one of the carriers is postulated to have an absolute
requirement for chromium, whereas reversal of stimulation occurs at increasing
chromium concentrations, which gradually diminish the activity of another carrier
of the system.

To support this concept and its implications with respect to the primary role of
chrouium resulting in its above effects the following data are taken into account:

Phenobarbital- treatment of the donor. animal is known to induce a 10 - fold
increase of the rate of incorporation of [ '*C] acetate into cholesterol in vitro!”,
whereas the data of Table II indicate a 3 - fold increase in biphenyl - 4 - hydroxyla-
se activity. This higher stimulation of cholesterol biosynthesis in comparison to
bipheyl hydroxylation supports the postulated contribution of more than one,
possibly -distinct to each other mixed - function oxygenases in the overall effect of
chromium on the rate of cholesterol biosynthesis.

The individual microsomal electron - transport systems may be distinct to each
other not only with respect to the substrate - specificity determining terminal
oxidase, but also to other subunits. For instance, a carbon - monoxide sensitiveZ
cytochrome P-450 involved in the 7 a - hydroxylation of cholesterol is distinct to
the cytochrome P-450 mediating drug hydroxylation?®. However, increasing
evidence suggests that at least one of the electron carriers of NADPH - cytochrome
C reductase may be the same for a whole set of mixed - function oxygenases. Thus,
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recent studies on microsomal squalene epoxidase, solubilized with Triton x 100 and
resolved into two fractions, F and Fg, by DEAE - cellulose chromatography?’
revealed that Fyis identical with a detergent - solubilized NADPH - cytochrome C
reductase and that squalene epoxidation is not inhibited by carbon monoxide??,
indicating that the oxidase of the system is quite distinct to cytochrome P-450.

A further implication of the so indicated involvement of a common flavoprotein
subunit, identical to NADPH - cytochrome C reductase in microsomal electrom -
transport systems is related to the earliest indication for a biological role of
chromjum in metabolism, reported by Horecker e a/*® in 1939. According to these
authors the flavoprotein - containing succinate - cytochrome dehydrogenase has an
absolute requirement for chromium .ions.

In such electron - transprort systems the terminal oxidase might have an
absolute requirement. for chromium ions, whose inhibitory action on the flavopro-
tein component at low chromium.concentrations is not capable to reverse the
overall effect, according to the data reported in the present paper, and furthermore
it would be counterbalanced by, the higher concentration of the common subunit.
Higher chromium concentrations gradually would abolish the activity of the
flavoprotein subunit, thus inhibiting the overall reaction.

An intriguing implication of the above postulated mode by which chromium
ions function in cholesterol metabolism lies in its inherent self - regulatory
mechanism of abolishing often fluctuations and thus serving as a coarse -
- control of the process. This is manifested by the very wide range in which
increasing chromium ion concentrations diminish their overall stimulatory effects
and then, gradually increase treir inhibitory influence.

Finally, of critical importance to us is the possible significance of the absolute
correlation of .the chromium - concentration dependent effects on cholesterol
biosynthesis in vitro reported in this paper, with the observed in vivo-consgquences
of chromium deficiency and its restoration (see INTRODUCTION). Although
there is no way to compare the concentrations of chromium ions used in this
investigation with those at the sites of cholesterol biosynthesis in the populations
used by several investigators of the metabolic role of chromium ions in vivo
(2,3,6-9), it is important that chromium is well - known to bind itself selectively
with specific cellular constituents, its highest reported concentration being as high
as 1200 ppm in complex protein - ribonucleic acid fractions'?. Therefore, any
attempt to obtain such information would be without any immediate significance,
while a reasonable speculation is that chromium concentration in the micro -
environment of microsomal electron - transpotrt systems is regulated by special
molecular species resembling the glucose - tolerance factor, probably identical with
some component of the microsomal electron - transport systems,



EFFECTS OF CHROMIUM ON CHOLESTEROL BIOSYNTHESIS 97

Iepitnyn

Emidpdozic 16viwv ypouiov oty frootvieon in vitro yodnotepdlng kai ota. pikpoow-
wikd 8vlopa ovktTIob apovpaiov.

H enidpaon tov 16viev tpiebevois ypopiov otn Proctvieon xoAnotepding
in vitro peretriOnke pe Tt xprion “C - ofikod kar “C - peParovikod okfoc wc
TPodPSpLV EVOCEDV.

Z10 vmepkeipevo puyokévipnong oe 15.000 x g opoyevomoinpévov cukmTion
apovpaiov N ProcHvBeon yornotepding avactéAretor and Cr' oe cuykeviph-
oeig petald 8 X 10™M kon 8 X 10°M, evd 1 CLYKEVTPOOT) Cr¥* 8 X 10*M mpoxohei
avénpévn PBroovvleon yoinotepoing. O dapopés avtég NTav MO YOPAKTINPL-
otikég 6tav mpodpopn évewon frav 10 1T C - peParovikd op.

Ened1} otnv mopeio ProocVvbeong yoinotepding maipvouvv pépog opiopévo
wmkpooopakd évivpa kot to-kutdypopa Pusy, mov anoitodv ket NADPH xat
poptakd ofvyévo, peletifnke n enidpaon tev W6viov Cr¥ ot dpactnpiémta
g pedovktdong NADPH - kxutpoypodpatog C tng ofeddong NADPH kot tng
Stporvorio - 4 - vpoEvidong. Amodeixbnke 611 T 1dvia Cr** oe 6heg Tig
TAPATAVO CLYKEVIPOOELS avaoTéAiovy Tn dpacTtikdTnta Tev evidpov avtdy, pe
pévn ekaipeon 6m oe ovykévipaon 8 X 10°M 1o 16via Cr¥* mpoxaiiodv pia
ToAD onuaviki al’)&nc‘rl G dpacTtikdtntag g dtpatvuiio - 4 - vdpo&vrdong.
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Sommaire

Etude de leffet d’ion commun sur la variation du coefficient de vitesse de di-
vers systtmes réactionnels constitués d’un alcoolate alcalin (ROM) et un halogénure
d’alcoyle (R'X) dans I'alcool correspondant 4 l’alcoolate choisi.

Variation du degré de dissociation o des formes associées de I’ alcoolate considéré dans
le cas ol le sel formé au cours du temps est partiellement associé en paires d’ions.

Détermination des régions des concentrations initiales en ROM qui sont les plus sensibles
pour les variations de o au fur et & mesure de I'avancement de la réaction.

Key words: Alcoxides, reactivity of ions and ion pairs.

Introduction

Acree a émis au debut du siecle I’hypothese que ““les acides, les bases et les sels

pouvaient réagir sous leurs formes ionisées ou non ionisées”!-
~ Cette hypothese dualiste a permis de donner une explication satisfaisante de
I’ “effet de dilution”? qui se manifeste par une variation des coefficients de vitesse
avec la dilution A température constante dans une réaction de substitution
nucléophile bimoléculaire, telle que la réaction d’un alcoolate alcalin, dans 1’alcool
correspondant, sur un halogénure organique.
En admettant que les formes ionisées et non ionisées de ’alcoolate réagissent
concurrement avec des coefficients de vitesse propres k; pour l'ion et k,, pour la

molécule, on aboutit, en adoptant le formalisme classique aux relations

dx/dt =k, (a—x) (b —x).(1- o) + k;(a —x) (b - X 1)
et
kg=kpt (ki—kqy)o @

olt k, est le coefficient de vitesse “global”’;, expérimentalement mesuré et a, le
coefficient de dissociation de I’alcoolate.
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Depuis l’introduction de la notion des f)aires d’ions, on considére volontiers la
relation d’Acree? des entités non dissociées ou paires d’ions, au lieu des molécules
(coefficient de vitesse k, au lieu de kp,).

Il est a2 noter que I’hypothese dualiste d’Acree, ayant été critiquée dans le
passé?, ne semble plus mise en doute grice en particulier aux nombreux travaux
de Beronius et ses collaborateurs parus ces dernitres années®.

Par ailleurs la relation 2 a été appliquée généralement avec bonheur dans un
bon nombre des réactions et a permis un certain nombre de raffinements méca-
nistiques®. ‘

Comme cela a été déja souligné, la relation d’Acree 2 traduit quantative-
ment ’effet de dilution observé lorsqu’ I’on fait réagir un alcoolate alcalin, en
solution dans 1’alcool correspondant, sur un derivé halogéné. En regle générale, on
observe un acroissement de la constante de vitesse globale, k,, avec la dilution (les
ions libres sont alors considérés comme plus réactifs que les paires d’ions).
A titre d’exemple on peut citer le cas de la réaction entre I’iodure de méthyle et
d’éthylate de sodium. Nous avons constaté que dans I’ éthanol 3 25°C les
coefficients de vitesse k, (Lmole™! .min"".10* passent de 96,3 pour la concentration
initiale en éthylate égale a 0,2 M et 115,9 pour 0,08 M.

Cet effet, observé sur une série d’expériences indépendantes, dévait, en toute
rigueur, se retrouver au cours d’une expérience unique, en fonction du temps, au
fur et & mesure de I’avancement de la réaction. Ainsi si 'on considere les constantes
de vitesse ci-dessus, on voit que, pour un essai dont la concentration initiale en
éthylate de sodium est de 0,2 M, déja a 60% de réaction (le concentration étant
alors de 0,08 M), on devrait avoir eu une croissance de 20,4% pour la constante de
vitesse.

Néanmoins, ce n’est pas ce que 1’on observe expérimentalement. Les coefficients.
de vitesse semblent rester constants jusqu’a environ 70% de réaction étant donné
que les courbes respectives représentant la dépendence log {b(a ~x)/a(b —x) } =f(1)
sont de bonnes droites en accord avec la formulation classique d’une réaction du
second ordre. Evidemment ces dépendences sont parfaitement linéaires seulement
dans le cas ot k, resterait rigoureusement constant tout au cours de I’expérience.

Nous avons pensé, en accord avec la littérature®, que cette situation apparem-
ment incohérente pouvait étre imputée a la formation du sel alcalin au cours de
I’avancement de la réaction. En effet, on peut imaginer que celui-ci agit soit par
effet de sel primaire, soit par effet d’ion commun avec I'alcoolate alcalin.

Nous n’avons pas retenu la premigre hypothese parce qu’ il est connu que pour
les réactions entre un ion et une molécule neutre, les effets de sel primaire sont, en
général, faibles et que lorsqu’ils existent, ils se manifestent surtout en solution
concentrée®.

Par contre, ’hypothese d’un effet de sel secondaire, en affectant par la loi
d’action des masses 1’équilibre de dissociation d’un des réactifs, nous est apparue
plus apte & donner une explication satisfaisante du phénomene.

Nous avons ainsi enterpris une étude systématique concernant I'influence du sel
alcalin formé au cours du temps sur le coefficient de dissociation, o, de I’alcoolate,
par effet d’ion commun et d’essayer de circonscrire par le calcul son étendue en
partant de la relation d’Acree.



SUR LA RELATION D'ACREE EFFECT DE DILUTION EN FONCTION DU TEMPS 101

" Notons encore que l’effet de sel secondalre et les répercussions de ce phénomeéne
sur le coefficient k, d’une réaction d’un alcoolate alcalin sur un halogénure
d’alcoyle (dans lalcool correspondant & l’alcoolate) a fait I’objet d’une étude .
antérieure’ . Cependant celle-ci n’était qu’une description qualitative du phénome-
“ne, étant donné que le coefficient d’activitt moyen de deux ions, yi, a été
considéré, grice a la simplicité des calculs, comme pratiquemment constant au
cours du déroulement d’un essai cinétique. Mais si cela est dans certains cas
particuliers une approximation qui n’affecte en rien le sens de variation de @, il ne
constitue dans le cas général qu’une approximation plus ou moins satisfaisante.

Nous avons ainsi été amenés, dans ce présent article, a compléter les résultats de
cette étude antérieure et d’en tenir compte de toutes les variations éventuelles du
coefficient d’activité y., en précisant ainsi, quantativement, la répercussion des
variations de a (coefficient de dissociation de I’alcoolate) sur la constante de vitesse
k, au cours de l’avancement de la réaction.

Influence du sel alcalin formé au cours du temps sur la dissociation d’un
alcoolate alcalin dans un milien réactionnel homogéne

Dans cette étude nous avons retenu comme réaction modele celle d’un alcoolate
alcalin (ROM) sur un halogénure d’alcoyle dans I’alcool, exempt d’eau, cor-
responda a l'alcoolate:

RO~ M' + R'X ek M, X°
Ke # /—>ROR + i - K, (A)
M* + RO™ + R'X’k; M + X

Tout d’abord, dans ce modele nous supposons que tant ’alcoolate (ROM) que
le sel alcalin (MX) formé au cours du temps se trouvent sous deux formes que nous
désignerons par ““dissociée” et ““non dissociée” sans préciser s’il s’agit d’ions libres,
de paires d’ions séparées par le solvant ou de paires d’ions de contact.

Nous admettons également que ces entités réagissant sur I’halogénure orga-
nique, conduisent par des processus semblables 2 des vitesses distinctes aux mémes
produits réactionnels.

Aussi, dans ce traitement nous avons considéré les équilibres entre les formes
non dissociées et dissociées tant de I’alcoolate que du sel alcalin dont les constantes
de dissociation sont respectivement égales a Ky et Kg:

_ ROM'] -
d — [RO' , M+] Yt (3)
+ -
K = _[M_]_[ZC_]_ 2 4)

T x

ol y. est le coefficient d’activité moyen de deux ions dans le systéme réactionnel
consideré.
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Si nous désignons la concentration initiale de 1’alcoolate par C,, nous pouvons
écrire pour le temps t de la réaction (A) les relations suivantes:

C,=[RO",M*],+[RO ],+[ROR ], (5)
et comme ’
[ROR'],=[X"1,+M", X ], (6)
on aboutit a
[RO™,M" -+ [RO" ]+ [X L +M',X 1, =C,. @)

Si x est le degré d’avancement de la réaction au temps t exprimé sous sa forme
décimale (ex. x =0,20 pour 20% d’avancement de la réaction), on a

Cox =[X1+IM*, X1, ®)
Par ailleurs :

[M"1=[RO™ ] +[X"],. ©

En désignant par o et Oy les coeff1c1ents de dissociation des paires d’ions,
respectivement, (RO™, m* ) et (M X" ], nous pouvons écrire:

[M"1,=Co (1 =x)a5 +xCo g, (10)
[X" 11 =xCo 0 (11)

[M*, X" 1,=xCo(l —0.,) (12)
[RO™1,=C, (1 —X)ay (13)
[RO™,M*]=Co(1-%)(1-0y) (14)

En tenant compte de ces relations, les constantes de dissociation K4 et K
s’expriment:
ax{ax(l —X) + Xasx}

Kq= - Co¥’ (15)

O 0y (1 —X) + Xty }
I —agy

- K= Cov2. (16)

Si I’on appelle p le rapport K;/Kg4, on obtient la relation

Ky oy l—oy
W= I(d B Oy 1_asx (17)

qui montre que
p=0° si o4,=1 (M*, X" entierement dissocié) ou si
a,= 0RO, M* entiérement associé)
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p=0 si-au=0(M", X" entitrement associé¢) et
p=1 si Ki=Kg4 (M+,X' et RO™,M* également dissociés).
De Péquation (17) il tésulte que
7 . — HOx
‘asxml——_—+ax(p—1) . (18)

En tenant compte des relations (15) et (18) on aboutit a

GCo |yt x P2 g =g (19)

1—oy 1+a,u-1) | # 4

ol le coefficient d’activité moyen de deux ions s’exprime par la loi de Debye-

Hiickel:

—~Az;2, V1
1+B3 ;/ I
dans laquelle les parametres A et B peuvent &tre calculés a 1’aide des formules
appropriées®, tandis que & s’identifie 4 la distance critique de Bjerrum®'® exprimant
a la réalité la distance d’approche minimale & partir de laquelle les deux ions sont
considérés libres

logy+= (20)

| Z12,] €2

S N W )

En ce qui concerne la force ionique I du milieu un calcul simple (4 I’aide
des relations précédentes) nous conduit a

_ Moy
I—Co{(l—x)ax+x TTa.u-D) } (22)
Finalement, en tenant compte des relations 19-22 on aboutit a
C,o wa, | _2-2303A /1 ~
—a, {(1 0NF TEe oD (9P | T itBg 1| KeTO (23)

qui permet de calculer tant les valeurs que les variations du coefficient d’activité
de ’alcoolate a en fonction du degré d’avancement, x, de la réaction pour diverses
valeurs des parametres C,, K4 et p.

Afin d’évaluer ’ampleur de ces variations, nous avons examiné tout d’abord la
réaction modele (A) effectuée dans I’éthanol, exempt d’eau, a 25°C. Dans ce
modele on a fixé la valeur de K4 & 1,0.102 qui correspond 2 une valeur moyenne
pour les éthylates alcalins & 259C'12, _

Il est & noter que les calculs de a4, 4 I’aide de Ia relation 23, ont été effectués en
nous servant d’une méthode itérative dite des sécantes. Nous avons ainsi obtenu les
valeurs du parametre Ao (Ao =0a,—¢—0y=) exprimant la variation totale du
coefficient de dissociation de I’alcoolate consideré pour toute la durée de la
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réaction. Ces calculs sont résumés par le diagramme de la figure 1. Dans ces calculs
on a fait varier C,de 0,01 a 7,0 M, c’est a dire dans une gamme des concentrations
couvrant les valeurs de C, qui sont usuelles aux mesures cinétiques.

Nous avons aussi examiné la variation de a, en fonction du degré d’avancement
de la réaction en tracant les courbes o, =f(x). La figure 2 représente deux
exemples de ces variations dans le cas ou C,est égal a 0,1 et 0,2 M respectivement.

Co =

&
T
]
VA
7

P
LA
S
S
S
N
7
=
%
a
v

1 \Jm‘:"\
9 TN N\
\n. \ \\
17
\
=5\ N
| "'—“‘L»... =2 \tt
3 \\\*
o
[—]
E , AT
-5 e —"—’.{‘I’F
q
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I\

-20

N r”

0,01 o1 - 1 - 10

3

FIG. 1. Variation du paramétre Aa(=ay=(~ax=1) en fonction de la concentration initiale C,, de {'alcoolate
pour diverses valeurs de uy=K /K .

Les valeurs rapportées-dans les figures 1 et 2 montrent que le coefficient de
dissociation, a, de ’alcoolate consideré reste constant, pour toute la durée de la
réaction uniquement dans le systtme réactionnel correspondant 3 p=1. Etant
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C,= 0,2 M

0,10 =

1 1 1 1 [} 1 1 1 1 1 1 1 Il 1 1 ] 1 1 I

0 20 40 60 80 0 20 40 60 80
X% =

FIG. 2. Variation du coefficient de dissociation a d'un alcooglate alcalin dans I'éthanol pendant I'avance-
ment de la réaction pour diverses valeurs de u. Kj=10"°.

donné que, en partant de I’équation d’Acree, la répercussion des variations de o sur
la constante k, peut s’exprimer 4 l'aide de la relation

Ak = (ki—k,) - Aa (24)

~on constate que uniquement dans ce dernier systéme réactionnel (avec p=1) le
coefficient de vitesse k, reste rigoureusement constant tout au cours de la réaction.

Par contre, si p7 1, les variations de a entrainent généralement des variations
sur k, qui sont plus ou moins importantes suivant les valeurs correspondantes de
n(=K/Kq). ‘

Mais il est intéressant de souligner que dans le cas des systemes réactionnels
correspondant aux valeurs de p voisines de 1, a (et par conséquent k,) reste
pratiquement constant-(figure 2) pour la durée habituelle des mesures cinétiques. a
savoir de 0 4 70% de transformation.

Il est également & remarquer que les variations de Aa(=ay=g—0y=1) en
fonction de C, atteignent, a toutes les valeurs de p, des maximums trouvés dans
une région, 8C, des concentrations initiales rélativement étroite. Nous avons
constaté que cette région 6C dépend sensiblement de K4 étant donné que lorsque la
valeur dé ce dernier parametre est modifiée 8C se déplace 4 des concentrations C,
différentes. Dans la figure 3 nous représentons ces régions des concentrations étant
les plus sensibles pour la variation de o en fonction de Kg .

Notons encore que tous les calculs effectués dans ce travail nous ont révélé que
le remplacement d’un alcoolate par un autre dans la réaction modele (A), un fait
qui se traduit au niveau des calculs par une modification de la valeur de Ky, est
peu important en ce qui concerne le comportement qualitatif des systemes
réactionnels correspondants.
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Kq 10° —>-
1,00
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FIG. 3. Diagramme montrant en chaque valeur de Kz la région des concentrations initiales en alcoolate,
oC, étant la pluys sensible pour la variation de a.

Conclusions

L’ensemble des. calculs effectués en partant de la réaction modeéle (A) nous
permet de formuler les remarques suivantes:

i. Le coefficient de dissociation, a, de I’alcoolate considéré reste rigoureusement
constant pendant toute la durée de la réaction uniquement dans le cas des systemes
réactionnels ou p=1. ) ’ -

ii. Dans le cas ot p7 | les variations de a peuvent &tre positives ou négatives.
Ainsi si I’alcoolate est moins dissocié que le sel alcalin formé (p =K/ Kys> 1), la
dissociation de I’alcoolate va regresser en fonction du degré d’avancement de la
réaction (Aa<<0). Par contre, si le sel alcalin est moins dissocié que I’alcoolate
(1<), ce dernier sera de plus en plus dissocié au cours du déroulement d’un essai
cinétique. Notons encore que ’ampleur des variations de o dépend-sensiblement
des valeurs des parametres C, (concetration initiale de ’alcoolate) et p(=K/K).

iii. En chaque valeur de K4 correspond une région des concentrations {nitialcs
en alcoolate, 8C,, étant la plus sensible pour les variations de a.

iv. La répercussion des variations de a (coefficient de dissociation de 1’alcoola-
te correspondant) sur le coefficient de vitesse k, qui est la grandeur expérimgntalé—
ment détérminée dépend de la différence k;—k, (relation 24). Si celle-ci est nulle,
c’est 4 dire si kj=kp, il est évident que le phénomene cinétique ne sera pas
affecté par les variations de o et si encore ces derniéres seraient trés importantes.
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Summary
Study of the dilution effect as a function of time by means of Acree relation

The subject of this work is to study the influence of the common ion on the
change of the rate constant of various reactions between alkali metal alcoxides
(ROM) and alkyl halides (R'X) carried out in solutions of the corresponding to
ROM alcohol.

The time dependence of the dissociation contant, a, of the associeted ionic
forms of the alcoxide is studied for all the cases where the alkaline salt formed is
partially associated in ion pairs.

The initial concentration ranges of ROM are determined, in which the greatest
variations of the o values is observed in the course of the over all reaction.

Iepiinym

Meléty Pdoer the oyéoewe Tov Acree Tov amoTEAEGUUTOS APAIDOEWS OVYAPTHGEL TOV
Xpovov.

Ttv epyacio avtr peletdrar n enidpacm kowvol 16vtog nave otn uetafolri
™m¢ kg toyvTnTag daedpov avidpdocnv petaéd alkotediov (ROM) kau
arkviaroyovidiov (R'X) péoo otnv aviictoryn mpog 10 ROM alkodin.

EEetdlovtor o1 petaforég tov Pabpod SlacTdoEmS O TOV ETALPIOUEVOV LOVL-
KOV popedv tov alkobeldiov cuvaptioet Tov xpdvov ot Gheg ekeiveg TG mept-
nThoELg, oL To oynuatiidpevo and tnv avrtidpaon drag (MX) PBpioketar pept-
K¢ oe kataotacn oviedienc.

IIpoodiopilovral akdpo o1 meployég apylk@v cuykeviphocenv tov ROM, otig
onoieg mapatnpovvtal ot peyordtepeg petaPorég otnv T Tov avricTolyov a
oe 6An 1n Sidpkewr NG mopeiag NG AVTIOPEOEHG.
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IXEXH XITAGEPAY GRUNEISEN KAI BAOGMOY AIAXTAYPQYIHX
AIKTYQMATQN IIOAYMEPQN

KQITAZ I'. AEAIAHZ

Kabnyyrijic Quonic TEI Koldvyg
(EAnio6n 2 NoéuBpn 1983)

Hepiinyn

TV epyooio auty eEetdlovtot o1 Beppopunyavikég 1818t Teg SikTvwpd TRV ToAvSIuEOL-
rocthoEdvng (PDMS) nov Bpickoviar o koppddn katdotacn (rubbery state). Ta mAéy-
pota pe SopopeTLKY m)lcvornm otavpodecpdv dnpuovpynonkay pe tn Borifeia v aktvo-
BoAliog amd mny1 Co®

H oVvdeon tov Oeppuca)v KOL TOV UNYovikev 18toTitov éylve pe ) ¢pnon g otade-
pdg tov Griineisen, mov givat yvoot) and 1t duoik Tov oTepeold cdpatog.

Eiducétepo £yivav ol mopakGTe pETPHoELS:

Métpnon g ewdikrig Beppdtntog pe t péBodo tng dwagopikiic Bepuidoperpiog
(Differential Scanning Calorimetry, DSC).

Métpnon ¢ taxdtntog Siddoong tov 1fxov pe vrepnyntikéc pebédovg (Ultrasonics)
ka1 pe tn péBodo e pn erootikrg okédaong Tov @atéc (Inelastic Light Scattering),
yvooty oo pébodog Brillouin yi vty v mepioy twv cvyvotitov.

Eni mAéov petprifnkav n nukvot e, o deikng Siabhaocng kar o cuvtereotrig Beppikrig
SeoToANC.

H ek Oeppdtnio tov diktvepdtov avEdvetar kabdg avédver n mokvétnte Ttov
otavpodeoudv. Avtd eEnyeitor pe v gloayoyy véov poviédoev d6vnong mov dnpovp-
yobvtar AOYe® emimpOCOETOV GTAVPOSEGHOV.

H ctafepd tov Criineisen eEATTOVETOL YPAPPIKG HE TNV TUKVOTNTA TOV GTAVPOSECUDY.
H tpn g otafepdg de dapépst mohd and Tig avriotoryeg otabepéc dAAov molvpepdv.

Ewayoyi

O1 Beppounyavikég 1816tmteg Tev SacTavpopévev tolvpepdv Ppickovrol
GTHUEPQ OTO EMIKEVTPO TOL EVILOPEPOVTOC KOl ATOTELODV OVTIKEINEVO UEAETNG
noAév Epjactnpiov . Edikétepa o Hartmann kar o1 cuvepydteg tov* ma-
pouctdlovv cuvéyeila aroteléopata Tov oyoitdfovtal pe fdon tnv npocleTikd-
mta dapdpav dotitov. Ta amOTELECHOTA SUOC 0LTE AvagépovTal o€ Selypota
pog Pévo TLUfC THE TUKVOTNTAS TOV OTAvpodeoudv kot eni TAEOV Ta TOAVUEPT]
Bpiockovtar otnv vaA®ddn katdotacn. Enedn péypt otiypric de Ppébnrav atn
Biproypagia epyacies mov avagépovtat oty eEdptnon opiopévev Bepuopnya-
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vik@v 1dtotfitev ko tng otobepdg tov Griineisen amd v mukvoTnHTA TOV
GTaLPEdECUDOV OF EA0OTIKG KGppEeo (rubbers), y1” outd Tpaypatomolnke avtr 1
gpyaocio.

Sav vAkS ypnoporotibnke n roAvdyuedvrociiotdvn (Polydimethylsiloxane,
PDMS), n 8¢ ciocayoyf tov otavpodeopdv £ytve He Y okTivofoAiia amd mnym
Co®. Aemrtouépeieg v T Swdikacio mopackevrg TOV 881’Y|JU.TCOV Kol TO
YOPOKTNPIOPS TOVG avapépovial Ge mpomyovuevee dnpocteboelc d

“O1 Aoyor 1ne ekAoyng tov PDMS coav vAiké ywa tn perétn m:av:

a) Ot otavpodeopol mov dnptovpyodvror e TV oktivoPforia y eivan amiol
yiati yivovtalr ympic v €wcaywyn emmrpdodetov atOpoV 1 opddov, yeyovég
mov S1EvkOoADVEL TOAD otnv g€fjynon Tov anoteAECHATOV.

B) Zkombdg pag ritav va uehetnbodv ol 1816TNTEG EVOG GLCTNHHOTOG MOV Vel
BpiokeTor 6NV KOPULOST KATAOTACT Kot vo. eivat dpopeo otn Beprokpacio Tov
gletdleTar.

v) H Sopixn povada (monomer unit) tov PDMS (-Si(CH 3) ,-O-) nov gnava-
AopBdvetar sivar oyeTikd amhi], ONUAVTIKO Yy TNV amAomoinomn opiouévev
UTTOAOYIGUDV.

Tw va yivoov or petproeig mov ypeldloviav epoapudéonkay Sbpopeg
teyxvikég: Anoppoenon vrepfyov (US), pn edoctiky okédaon tov gwtéc (Bril-
louin), Srapopikr] Beppidopetpio (DSC) kAn. Ov petpricelg £ywvav oe didpopo
Hepn:

H axtwoforio tev deiypdtov oto moavemotipio tov Salford kar oto
nupnvikd kEVTPo gpevvav Tov ZKOTCE(Ikov movemoTnuiov (East Kilbride).

O Us petpricerg oto ITav/po tng Glasgow kot tov Strathclyde.

Ot Brillouin kot DSC petpriceic oto ITav/pio tov Manchester.

Heipapotiké pépog
a) Iopaokevr Kol Xapaxktnpiouds twv Oeryudtwv.

To PDMS mov ypnoipomotrinke mopaywpribnke evyevadg and tnv ICILtd
(S273-11/1). To popraxd tov Bapog M, npocdiopictnke pe ™ péBodo TG Y pwpo-
toypagpiag S mnktric (GPC) kot Ppébnke 7.7 X 104, o 3¢ ovvtedeoTiiC KoTovo-
uic popraxkav Papdv My /M fjtav epinov 1.06. H axtivofoirio tev derypdtov
éyive o Beppokpaocia Sopotiov apov mponyibnke aropdkpuvon tov dtaivpévey
aepiov. O TPocdloplopdg TG TUKVOTNTAG T®V GTAVPOSECUDY TOV SIKTVOUETOV
Eywe pe Paon tn oyéon 86ong aktivoPoricg - MUKVOTNTOG GTALPOSECUDV,
émwc PeEATIOONKE pe TN Gewpia TOL KOpEGuOL Y.

B) Teyviki twv uetprioewv.
1. Metpiioeic deixty didblacng, ovvieleotsi Oepuuchic dlaoctorc kar mukvoTHTAG.

O Seiktng dudbhaong Shwv Tov derypdtov petpribnke pe to Sabracipetpo
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touv Abbé oe Bepuokpacio dopatiov. llap’6io mov o 8.8 petofdiietor Aiyo pe
MV TUKVOTNTA TV GTovpodsopdv, N petaBoAtr] ouvth mapbnke vROYn oTOV
vroloytopd tng taxdtntag Siddoong Touv Hyov.

O petprioelg tov ouvvieleoTy g Oepuikric dwoToAng (063) Eywvav pe
Sracterropetpo Hg, evd ot petpricelg tng mukvotntag Eywvav oe Beppokpacia
dopatiov (20 % 1 °C) Luyiloviag To Seiypo mpdta otov aépa kat petd Pubiopévo
og oAkoOAN. T'a dheg Tig TIREG TNE TUKVOTNTAG TOV CTAVPOSECUDY TTopatn prion-
ke kavovikr Bepuik cvurneprpopd. H oyéon e1dikod dykov - Beppokpaciog fitav
ypappiky kot ond v kiion g gvbeiag vroroyiotnke o 683. H akpifeia tov
petpricemv Tng mukvotntog ftav = 104g/cm3kat tov 8.5. % 0.0005.

2. DSC perproeis.

O DSC petproeig Eyvav pe Beppiddpetpo Perkin-Elmer DSC-2 kot toydtnta
- Béppavong 10 0C/min. To Bépog Tov Serypdtav Nty Tne Tdéng Tov 50mg Kot To
Staotnue BEppavone and toug 20°C péypt toug 150°C. H edikry Bepudtna
npoodlopioTnke ypnouonoudvtag Laneetpo yia tn Pabpovépnon, Snwg mept-
yYpdoetar otig 0dnyieg ypriong g ddtaEns. H mcptﬁswt TOV PETPNICEQV TTOV
+0.02 J/g K.

3. US perprioeis.

v mepintoon avth ypnoiponotnkav S14Qopec TEYVIKEG avaAoyo HE TNV
EPLOYY CLYVOTNTOV. AETTOPEPELEG TOV TEXVIKOV avTdV avagépovtal oAXod. H
TaybdTnTo dtddoong Tov 1Myov petpribnke o’ Eva gupd @dopa ocvyvotitev ond 5
MHz péypt 700 MHz. I'io ToAAG Seiypato petprifnke emiong kAl o CUVTEAECTI|C
AToPPOEMNONG TOL NYOv.

4. Merproeic Brillouin.

‘Ou petpricelg ovtég éywvav ypnoipomoldviac cupPordpetpo Fabry-Perot
tpihig SiaPacng pe Laser 16viov apyod ko purkog kvpotog 5145 A.H
TpooTinTovca 1oyVg ™G 6éounc ftav mepitov 100 mW kot dev mapotnprbnke
Tomiky] Oéppovon tov SerypdTOV.

H petatémon Brillouin (vg) cvvdéetar pe v TayoTnto Stddoomng Tov 1yov
(v) pe ™ Yvooty oyéon:

—_ VB)"o
" 2nsin(6/2)

6mov A, &ivol To prikog kOUOTog THG TpooTinTtovoag akTvoPoriag oto kevd, n
givar 8.8. xar 6 n yovio okédaomgc.
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Amoteriopata - Zyéla
1. Metpiioeic 0.0. mokvdtnras kar ovvieleots 0sp/¢llcﬁg o1a0ToAG.

Ztov mivako I @aivovtal ot Tipég TOV mapamdveo peyebdv pali ps v
nokvéTTA TOV oTavpodeoudv <n> ! mov avtictoryodv ce Sidgopeg Séoeig
aktivoporiac R.<n> eivar katd péco 6po o apibudg Twv povopepdv povddev
HETOED V0 SLa80YIKdV CTOLPOSECUMV.

ITINAKAX I Adon axtivoPoriog (R), mukvotnta oTavpodeoudv <n>71 3,
ddbraone (n), mukvoTta (p) xar ovvterestrig Oepuiknic Sractorric (B).

Agiypo =~ R <n>1x1072 n p Bx10*
Mrad kg/m?3 K
A0 0 — . 1.402 968.0 8.82
Al 4.5 0.80 1.400 968.5 8.78
A2 7.0 1.20 1.400 968.9 8.80
" Bl 21 1.52 1.398 969.3 8.67
A3 36 2.14 1.399 970.8 8.58
A4 54 2.60 1.397 972.5 8.42
B2 57 2.60 1.397 972.4 8.33
B3 72 3.55 1.396 973.3 8.22
A5 84 4.00 1.396 975.1 8.16
A6 140 6.48 1.394 978.2 7.70
B4 175 8.03 1.393 981.2 7.30
B5 220 9.33 1.393 983.8 7.10
B6 255 10.21 1.392 984.6 6.98
B7 314 11.50 1.392 986.1 6.65
B8 382 12.48 1.391 986.3 6.70
B9 455 13.00 1.390 986.3 6.45

B10 496 13.52 1.390 987.1 6.59

MoAovott T° aroterléopata avtd ypnoiporoiovvial fondnTikd yia Tov vToro-
vioud drrov peyebav, gv tovtolg pumopodv vo Pyodv pepikd moid yprioipo
cupumepdopata Kot and autég Tig peTpriosis. T Onwg gaivetar ota ZynAuata 1 Kot
2, n g&dptnon tov n,p kor B oand tn déon ¢ okTivoforiag eivon exBetikt). To
veyovde autd gvioydel T Bewpio Tov Kopeopod ooV apopd To CYNUATIONS TOV
oTavpodeopdv . '
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Avtifeta, 1 eEdptnon tov mopamdveo peyeddv and TNV TUKVOTNTO TOV
otavpodecudv eivar ypappiky péoa ota dplo TOV TEPARATIKOV CParpdtmv. And
v mapatipnon avtr Pyaiver 1o mold omovdaio cvpmépacpa 6Tt 1 eEdpTnon
TOAADV 1310THTOV TeV diKTLORATOV 06 TV akTivoPBoliia diénetal and Tov idio
vouo. .
To ocvunépacpa ovtd propel va ypnoonotnBel TPOKTIKA Yot TOV LTOAOYL-
oMb g mukvoTHTaS TV otavpodecpdv. ‘Etol av mponynBel po katdAAnin
Babpovépnon, kobéva and Ta mapamdve peyédn pmopel va ypnoonomBei ca
deikTng Tng MUKVOTNTOS TGV GTOVPOIECUAOV.

2. Merprioeig tng eidikrjc Oepudtnrag cp.

H e&dptnon tng e1diknc Oeppdtntog and ™ Beppokpacic oto JidoTnpe and
20°C péypt 150°C eivar ypappiii yio 6ha ta Seiypata. Avtd ftov kATl mTOUL
AVapEVOVTOV; ~kaB0TL-0T0 Bgppokxpociokd antd, didotnpa to vAké Ppicketal
oiyovpa oTnv Koppi®dN KATACTOON KO EMOPEVOC SEV LTTAPYEL KOUULE TEPLOYN
anoppoéenong. Ot tipég e e1diknig Bepudtnrag cp yia T Beppokpacia dopatiov
(ZOOC) Kot TOv ugyéeovg Ac_p=dC p/dT (pa{vow:mo otov mivaka II.

ITINAKAZX II. Ewdkéc BeppotnTeg Kot TayOTnTEG S1adoong Tov fyov otoug 20°C.

Agiypo cpx 103 Ac, v(US) v(Brillouin)

J/kg K J/kg K2 m/s m/s
A0 1.515 1.16 980 1010
Al 1.621 3.27 1030 1021
A2 1.576 2.32 1029 1034
Bl 1.600 1.96 1035 1013
A3 1.634 3.10 1040 1037
A4 1.617 2.76 1038 1025
B2 1.644 3.27 1035 1047
B3 1.626 4.01 1033 1042
A5 1.640 4.05 1030 1039
A6 1.671 3.50 1030 1034
B4 1.602 4.14 1037 1046
B5 1.670 1.27 1038 1029
B6 1.716 2.31 1046 1050
B7 1.703 3.36 1042 1024
B8 1.735 4.12 1037 1048
B9 1.715 1.75 1032 1039

BI10 1.700 4.18 1035 1042
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H petaPorry g edikric Beppdtntog ovvaptricel g mkveTNTAG TOV
otovpodeoumv gaivetar mo kobapd oTo oyfuo 3.
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IXHMA 3. H adikij Bepudtnra (cp) oa ovvdptnon T MUKVETHTAS TWV OTAVPOSECUGY <n>"

Zyeddv 6’ orékAnpo to didotnua, N advénon g ewdikrg Bepudtnrag eival
ypoppikry. Mo peyaldtepn advénon mapatnpeitar ota apylkd o1ddio NG
dnplovpyiog Tov TPLOBECTATOL TAEYHATOG TOL BeV LTAKOVEL GTO YPAUULKS VOO,
H abénon avt tng e1dikric Beppdtnrag oto oblvord tne pnopei va ogeirietal
TNV EAATTOOT ToL EAEVBEPOL E1B1KOD GyKOoL TToL elval emakdiovbo Thg dnutovp-
yiog Tov otavpodeopdv'®. .

M véa e€nynomn mov gaivetar emiong moAD mbovr| Kol Tov SCURTAT PGOVEL TNV
nponyodpevn eivar n e€rig: Me tnv ewcoyoyr 1oV otavpodsopdv oAAidler m
SUVOPLKY] KOTGOTAOT TV pakpopopiov: £ToL €10Gyoviol VEEC KOTOOTAGELS
(modes) 18i08oviioewv eviopoplakég (intramolecular), eviopovadiakéc (intraunit)
kat drapoprakég (intermolecular), ou onoieg npooTBEpeveg oTIc 81 VIG PYOLGEG,
ouvvterodv otnv adénon g edikric Beppdtntag. Mia évBeién yia Tnv gpedvion
VEV eVBopOVOSLOKAOV dovijoemV amoTelel TO yeyovag The avénomg TS Kopueng
ota 910cm ! oo vrépuBpo pdopa pe 1 d60m g aktivoBolriag, mov TapaTnpy-
ke moXondtepa’.

To péyebog Ac, de gaivetar vo petafdrletar pe tnv mVKVOTNTO TOV
oTaVPOdECUOV PECOH OTA 6Pl TOV TELPOUATIKOV COOANETOV.

H npq cp,=1515 J/kg K yua 10 apyké deiypa Ppioketor oe ovppovia
P avtég mov éyovv dmpooctevtel yia to 180 VALKS oAré SrapopeTikold poprakod

Bépouc!!.
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3. Metpiioerc taybtyrag Siddoong tov Hyov.

H e&éptnon g toyxdmrag d1ddoong Tov Myov amd v TLKVOTHTA TV
ctavpodeoudv @aivetar emiong otov mivoko II. Oi dvo opddeg dedopéveov
napOnkav evdelkTikd Kal avtiotolyovv oe ovyvotnteg S MHz (Ultrasonics) kot 5
GHz (Hypersonics) 1 uixpSotepT Kot 1 LEYAAVTEPT) OVTIOTOLYX A TOV Y PTCLUOTOLT-
kav. T'a dheg Tic ovyvéTnTEG N TAYVTNTO OTAVEL TOAD Ypriyopd pio oplokt) TIun
névo and 10 Mrad nepinov. 'Erot gaiverol 611 1 toydnta d1ddoong tov fyov de
petaPdAreTal pe TV mukvOTHTO TOV otavpodscumv. Me n péBodo tov ehayi-
otV TETpaydvov ot oplokég ovtég Tipég Bpédnkav 1030 £ 10 ms™! (5 MHz) kot
1040 =20 ms™! (5 GHz), mov pmopodv va Bewpndodv iceg péoa oto 6pio TOV
TELPAUOTIKOV CPAARATOV.

H ote0gpd Gruneisen

H obvdeon tov unyavikdv kol tov Beppikdv 10Titov 1oV KpUGTIAALIKOY
otepedv yivetar péoo tng otabepdg tov Griineisen y. 'evikég yvdoeg ylo tnv
napdueTpo avty divovral ond Tov Slater 12 ot y1o T UIKPUGTOAMIKE Kat VaAGSN
noAvpept] ané tovg Wada!, Hartmann®® ka1 GAAouc.

Tapakdto divetor pa mord covioun slcoywyn g otabepdg Griineisen. Av
vnoBécovpe 4Tt 10 pETpo eraocTikdTnTag dyKov (Bulk modulus) B eEaptatar povo
and tov 6yko, N otabepd Griineisen pumopel va mpocdiopiotel 1| and HETPTioELG
Oepuokpaciag and tn oyéon:

1 J0lnB
Y177 28 <61nT )P )
1 and perpricelg mieong andé tn oyfon:
1 0B

6mov B eivar o Bepuikdg cvvieresTrig SncTOANC.

o éva téAel0 KpvOTOAALKO OOpO glvol YyT=7Yp=Y.

YtV mepintoon Tov ToAvuepdV Ta Tpdypoata dev eival t6co amid 660 oTO
Kavovikd kpuotoAiikd oteped. Ymdapyovv Pacikés dtapopég mov mpokOITOLV
Kupiog amd TNV moAvmhokdtnTa TNG HOVOREPODS OHAdOG KOl TN HEYAAN avico-
tpomio. Tov mMediov TV SuVAUE®V OTa TOAVLPEPY.

ATmd dmoym .YopoKINPLOTIKOV Kvijoewv oto moAvpepr) Eexwpilovpe Tig
evdopovadiakég kar Tig doviioelg okeletold (sceletal). O dedtepeg pmopodv va
SrokpBobv mdM oe evdopoplakég kot dapoprokéc. Ievikd, ou doviiceig Tov
okeAreTod cuvdgovral pe TN otobepd tov Griineisen ¥, evd ot drapoprakéc pdvo pe
™ otobepd Y.

H ot00epd ¥ mov gunepiéyel 6ia To €18 TV doviioewv pmopei emiong va
npoodroplotel and n oyéon:

4)
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And ™ yevikf] oyfon petafd tov pétpov ehacTikéTTOC:
M=B+4/3G %)

enewdn] G<LKM,B kot M= pv?, yia To PDMS otnv koppiddn kotdotacn npokd-
nTeEL Yoo Tn otabepd ¥ pe moAd koA mpooéyyiom m oyéon:
Bv?

Cp

Y= (6)

Tipég Tov ¥ mov mpokdntovy and tn oyxfon 6, XPNOIHONOLOVTAG TA YVOOTE
A éov peyEbn tov devtépov péhovg, eaivovtal otov mivaka II kol ypagikd oto
oyque 4.

H oxpifeia mpoodiopiopod Tov ¥, AOYO TOV TEPOPOTIKOV CPOAUATOV TOV
PETPHOEQV TOV GAA®V PEYEODV Kal d1apdpav Tpoceyyicemy Tov ¥ pNciponoiin-
kav, givor g tééng tov 20%.

Yo yeviké ocvunépacpa TPOKVTTEL Amd TOLG LMOAOYIoHOYG, 6Tt M oTabepd
Griineisen pikpaiver kofdg avEdvetar 1 mTUKVOTNTE TOV OTOVPOSECHDV TOY
niéypatoc. IMopd To peydro AdBog mov LREICEPYETAL OTOVG LTOAOGYLGHOUC,
umopei kaveic va toyvprotel 6T N e€dptnon tov ¥ and to Pabud dwotadpwong
(TUKVOTNTA OTALPOSECHOV) TOL TAEYHOTOC €ivol YPOppIKT.

ITINAKAZ III. Twpéc tne otofepdc ¥, Onwg vmoloyiotnkav pe Baon Tig Tipég
v ané Ti¢ US ko Brillouin petprioeic.

Agiypa ¥(US) v(Brillouin)
A0 0.56 0.59
Al 0.57 0.56
A2 0.59 0.59
Bl 0.59 0.56
A3 0.57 0.56
A4 0.56 0.54
B2 0.54 0.55
B3 0.54 0.54
AS 0.53 0.53
A6 0.49 0.49
B4 0.49 0.49
BS 0.46 ~ 0.45
B6 0.45 0.44
B7 0.42 0.40
B8 0.42 0.42
B9 0.40 0.40

BI0 0.42 0.41
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EXHMIA 4. MetaPoli tnc otabepdc Criineisen y ovvaptiioel tov fabuob daotabpwone tov mAéyuatog
<n>"

To omovdaio avtd anotéAecpa mOu TPOEKLYE Yid TPOTN @opd yia o PDMS
npémel va eheyyfei e€etdlovrag katr dAla mopopold GLCTHHATA, OTWS TO PUOLKO
ghooTikO Képp kot dAra.

Ot tipéc oL ¥ yoo o PDMS egivor g idwag 1déng pe avtég mov &youv

dnpooctevtel yoo GAla mohvpepri 6.

Yopnepdopoto

Ta kupLOTEPA CLUTEPGOUATA TNG EPYOCiag avthig elval:

a) Opiopéva YopakTnNPLoTIKE peyEdn Tov mAéypatog 6mmg o deiktng d16Oha-
6N, N TUKVOTNTO KAl cLVTEAESTY|G BEpuiktig doaotolig eEapTdvtal ekBeTikd and
™ 86on g axtiforiog.

B) H taydtnta 8iddoomng touv fixov dev e€aptdtar oyedov kabdiov and tnv
TUKVOTNTO, TOV OTOVPOOECHAV.

H opiopévn eEdptnon pepikdv yopoktnplotTikdv peyebov unopel votepa
and kotéAAnAn Poabuovéunon va amoterécer tn Paon véag pedddov yo
PETPTION TNG TLKVOTNTAG TWV CTOVPOOECUDV TOV TOAULUEPDV.

v) H otofepd tov Griineisen 7 ghottdvetar ypappikd kabng oavdvet n
TUKVOTNTA TOV OTAVPOOECUAV.
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Summary

Relation between Griineisen constant and crosslink density of polymer net-
WOFKS.

In this work the thermomechanical properties of Polydimethylsiloxane (PDMS)
networks in the rubbery state are reported. The networks with different crosslink
densities were formed by y-radiation using Co® sources.

The thermal and mechanical properties are connected by using the Criineisen
constant known from the solid state Physics.

In particular, the following measurements were made:

Specific heat measurements by the Differential Scanning Calorimetry method.
Sound velocity measurements by Ultrasonic and Inelastic Light Scattering (Bril-
louin) methods.

In addition, the density, the tefractive index and the thermal expansion
coefficient have been measured.

Sound speeds are not sensitive to crosslink density but specific heat is: the
specific heat of the networks increases linearly with the crosslink density. This is
explained by the introduction of new vibrational modes due to new links.

The Griineisen constant decreases linearly with the crosslink density. The values
of the constant are very close to others reported for other polymeric systems.
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Summary

A new simple synthesis of I,I diacyloxy iodobenzenes from sodium carboxyla-
tes and I,I bis (trifluoroacetoxy) iodobenzene is reported. Using the same reaction
LI trifluoroacetoxy-acyloxy iodobenzenes are isolated for the first time. The spec-
tral data and some chemical properties of these new compounds are briefly discussed.

Key-Words: LI Bis (trifluoroacetoxy) iodobenzene. Sodium carboxylates.

Introduction

LI diacyloxy iodoarenes ArI(OCOR),, abbreviated DIA, constitute a well
known class of compounds the chemistry of which has been recently reviewed!. A
number of methods for the preparation of these compounds has been developed?”.
The use of each method depends mainly upon the nature of the acyloxygroups and
the substituents on the aromatic ring.

In continuation of the interest in our laboratory for the chemistry of LI
diacyloxy iodoarenes it is now reported a.simple method for the preparation of 1.1
diacyloxy iodobenzenes, abbreviated DIB, from the easily available® I,I bis
(trifluoroacetoxy) iodobenzene, abbreviated TIB. This method involves the
addition of two mol of the sodium salt of the appropriate acid to a stirred solution
of one mol of TIB in dry acetonitrile, according to the reaction;

2RCOONa + PhI(OCOCF;); —== PhI(OCOR),+ 2CF;COONa
(n (0))]

R=-CHj; (a), ~Ph (b), p-NO,-C¢Hy— (c), -CH=CHPh (trans) (d),
H—C15H31— (C), 2,4,6,tri MC—C(,HS— (f)

The reaction is carried out at r.t. and the DIB formed is usually precipitated
and filtered off. The advantage of the method is its simplicity and the mild
contitions under which the reaction takes place. The yields are generally good and
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this method may be the method of choice for the preparation of various DIB.

The only limitation of the method is that DIB with acyloxy groups from acids
stronger than trifluoroacetic cannot be grepared But in that case these DIB can be
prepared by the ‘“‘exchange” reaction

PhI{OCOR),+2R"COOH —== PhI(OCOR "),+2RCOOH

where R"COOH is a stronger acid than RCOOH. On the other hand few
carboxylic acids are stronger than trifluoroacetic. That was one reason for the
selection of TIB as reactant the other being the fact that the sodium trifluoroaceta-
te formed during the reaction is soluble in acetonitrile and thus the separation of
the products becomes very simple.

As for the mechanism of the reaction it may be either an Sy 1-like or Sy2-like
nucleophilic substitution at iodine, in two steps.

Ph(OCOCF;),+RCOONa —= PhI(OCOCF;)(OCOR) + CF;COONa
(N &)

PHI(OCOCF;)(OCOR) + RCOONa —=  PhI(OCOR),+ CF;COONa
() @)

In most cases the insolubility of the DIB formed, whereas TIB is soluble in
acetonitrile, shifts the equilibrium even faster towards its formation.

The first step of the reaction involves the formation of PhI(OCOCF;) (OCOR)
(3) the so called mixed LI diakyloxy iodobenzene.’ Such compounds are not known
in the literature with one exception; Merkushev et al® reported in 1973 the
preparation of the stable PhI[OCOCH ,Cl)(OCOCH Br) (4) by careful sequential

addition of the two different acids to PhI(OCOCH;),.

-2(CH3C0),0
2PhI(OCOCH;),+2CICH,COOH — PhI(OCOCH,Cl)-O-I(OCOCH,Cl)Ph
-2CH3COOH &)

PhI(OCOCH2C1)-O-I(OCOCH2)Ph+2BrCH2COOH —

— 2PhI(OCOCH ,CI)(OCOCH,Br)
4)

The prospect to isolate stable mixed DIB with a trifluoroacetate and another
acyloxy group led to the addition of one mol of anhydrous sodium acetate to one
~mol of TIB in acetonitrile.

PhI(OCOCF3),+ CH3;COONa —= PhI(OCOCF;YOCOCH ;) + CF3;COONa
(6)

The reaction was monitored by the complete disappearance of the insoluble
sodium acetate (5-10 minutes). The solvent was removed in vacuum, the residue
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was triturated with CHCl; and the insoluble in CHCIl; sodium trifluoroacetate was
filtered off. From the chloroformic solution white crystals m.p. 127-129 °C were
isolated. This compound proved to be I I-trifluoroacetoxy-acetoxy iodobenzene (6)
by its spectral data and by elemental analysis.

The synthesis of PhI(OCOCF ;OCOCH;3) (6) was effected also with other
methods, to exclude the possibility that the compound isolated was an equimolecu-
lar mixture of TIB and PhI(OCOCH 3),. Thus (6) was prepared by careful addition
of one mol of trifluoroacetic acid to one mol of PhI(OCOCHj3),.

PhI(OCOCH3),+ CF3COOH —= PhI(OCOCF;)(OCOCH3;) + CH;COOH
. (6)
Moreover (6) was later prepared'® from p-oxo-difluoroacetate di phenyl di
iodine (7) and acetic acid.

PhI(OCOCF 3)-O-I(OCOCF3)Ph +2CH3;COOH ~— 2PhI(OCOCF;)}(OCOCH 3)
(N ~H;0 (6)

Thus after the structure of (6) was established, the process was repeated with
the sodium salts of a series of carboxylic acids. In some cases, although the mixed
DIB was the major product, either it was not crystallisable or it was contaminated
with TIB and the corresponding DIB. Beyond any doubt the following mixed DIB
were isolated in crystalline form and in very pure condition.

PhI(OCOCF;)(OCOCH,CH3), PhI(OCOCF;)(trans OCOCH = CHPh) and
® ©)

PhI(OCOCF ;) OCOCH ;COOI(OCOCF3)Ph (10).

Although spectral data show the preparation of the mixed
PhI(OCOCF3)(OCOPh) (11) and PhI(OCOCF 3)(OCOCH ,Ph) (12) these compou-
nds are unstable and cannot be isolated in pure condition.

The salts p-NO,—C¢H,;—COONa and n-C 5H3;COONa gave only the DIB
(2b) and (2e), because of the great insolubility of the latter.

The isolated mixed DIB (6), (8), (9) and (10) were fairly stable at room
temperature in the absence of light but after 2-3 weeks tended to decompose. It is
possible that the stability of mixed DIB depends largely upon the nature of the
acyloxy groups. It is known'! that the nature of the acyloxy groups in DIB affects
their crystalline structure. In some cases the two different acyloxy groups cannot
“cooperate” to form a stable crystalline mixed DIB. That was confirmed by the
fact that these DIB could not also be prepared by using the p-compound
method ® e.g. ’ ‘

PhI(OCOCF 3)}—0O—I(OCOCF3)Ph +2PhCOOH > 2PhI(OCOCF ;}(OCOPh)

In these cases mixed DIB are formed but they have the tendency in solution to
disproportionate into TIB and the corresponding DIB.
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2PhI(OCOCF3)(OCOR) —== PhI(OCOCF3),+ PhI(OCOR),

Many attempts to replace the triﬂuoroacetdxy group in a mixed DIB with
another acyloxy group have failed.

PhI(OCOCF;)(OCOR) + R"COONa —» PhI(OCOR)(OCOR ")+ CF;COONa
(13)

The reaction proceeds and (13) with no doubt is the major product but it is
contaminated with small ammounts of other DIB e.g. TIB, PhI(OCOR),,
PhI(OCOR’), PhI(OCOCF;)(OCOR "), which are impossible to remove.

The spectral data of the mixed DIB are simmilar to those of DIB. The carbonyl
stretching band of the trifluoroacetoxy group appears at 1705 cm™ (25-30 cm™
lower than the highest band of the same grbup in TIB), whereas the other carbonyl
group appears at 1650-1680 cm™'. The n.m.r. spectra show the expected peaks. In
m.s. no molecular ions are detected. The main fragment is always iodobenzene
(204). PAITOCOCF 5 (317), RCOOH % and I* (127) are other minor fragments.

Mixed DIB have oxidation properties as all DIB. Their reactivity lies between
that of TIB and that of the corresponding DIB. Their most interesting reaction is
acetoxylation. Thus PhI(OCOCF 3)(OCOCH 33) (6) reacts with acetophenone to give
a mixture of the esters PhnCOCH ,0COCF ;and PhCOCH,0COCH ;, as monitored
by their n.m.r. spectra. (6) reacts with cyclohexene at room temperature to form a
mixture of cis-trans 1-trifluoroacetoxy 2-acetoxy cyclohexane (14) which cannot be
isolated but during the work up hydrolyses to cis-trans 2-acetoxy cyclohexanol (15).

LOCOCF 5 A3 0 H
+ PRI — R |
0COCH, -PhI Sococ,  ~CF 3600 “ococ,
(¢) (14) (15)

The reaction is a chemical proof of the existence of mixed DIB.
So mixed DIB can be used in one pot synthesis of mixed esters of 1,2 diols.The
practical aspects of this reaction are under further investigation.

Experimental

Lr spectra were recorded with a Perkin-Elmer 297 spectrometer (Nujol mulls).
Mass spectra were obtained from a Hitachi-Perkin Elmer RMU-6L(single focusing)
spectrometer at 70 eV. "H N.m.r.(60 MHz, Me,Si internal standard) were recorded
on a Varian A-60 ‘A spectrometer.

TIB was prepared by the standard procedure®. The sodium salts of acids
prepared from the corresponding acids and ethanolic solution of sodium hydroxi-
de. Acetonitrile was dried over molecular sieves (type 3A).
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Typical procedure for the preparation of DIB.

1320 mg (3 mmol) of TIB were dissolved in-dry acetonitrile (20 ml) and to the
stirred solution 6 mmol of the sodium salt of the corresponding acid were added.
After the complete dissappearance of the sodium salt (5-10 min) the clear solution
was evaporated under reduced pressure and the residue was triturated with an
excess of warm CHCI;:" The insoluble sodium trifluoroacetate was filtered off and
DIB was crystallised from the chloroformic'solution after the addition of hexane.
In cases where DIB was relatively insoluble in acetonitrile, the insoluble portion
was removed by filtration and the work up continued as before in the solution.

The following DIB were isolated:

2a yield 87%. m.p. 154-157°C, lit?>.m.p.158°C.

2b yield 68% m.p. 158-160°C, lit'2. m.p.158-160°C.

2¢ yield 92% m.p. 219-220°C. ir. veo 1660 cm™ (Found: C,44,64,

H, 2,35; N, 5,08. Co0H3IN,O, requires C, 44,77; H, 2,42; N, 522%)

2d yield 46%. m.p. 152-154°C. i.r. vco 1650 cm™!. (Found: C, 57,39;H, 3,81.
CyH 310, requires C, 57,84; H, 3,84%).

2¢ yield 42%, m.p. 79-80°C. i.r. vco 1660 cm™. (Found: C, 63,35;

H, 8,95. CyHg710,4 requires C, 63,86; H, 9,38%).
2f yield 20%. m.p. 92-95°C 1it". m.p. 93-96°C.

Typical procedure for the preparation of mixed DIB.

1320 mg (3 mmol) of TIB were dissolved in dry acetonitrile (20 ml) and 3 mmol
of the sodium salt of the corrresponding acid was added to the stirred solution.
After the dissappearance of the sodium salt (5-10 min) the clear solution
evaporated under reduced pressure and the residue was triturated with CHCI;.
Hexane was added to the chloroformic solution and the mixture was kept at -10°C
for 2-5 days during which time crystalls were deposited. The mixed DIB were pure
enough and needed no further recrystallization.

The following mixed DIB were isolated:

(6) yield 73%. m.p. 127-129°C. ir. vepyco 1705 em™, vemyco 1670 em™.
nmr. & (CDCl3) 2,02 (3H,s), 7,22-7,97 (5H, m). m/z 317 (5), 204 (100),
127(20), 77(65). (Found: C, 31,46; H, 2,03. C(HgF3;10, requires C, 31,93; H,
2,14%). '

(8) yield 64%. m.p. 93%. i.r. Vepco 1705 cm™, Ven, ciyco 1670 cm™ numer.
8 (CDCl3) 1,153H,t), 2,40 (2H,q), 7,25-7,94 (SH,m).m/z 317 (3) 204 (100),
127 (35), 77(85), 69(64). (Found: C, 33,65; H, 2,31; C;H yF 310, requires C, 33,87;
H, 2,58%).

(9) yield 28%.m.p. 92-94°C. ir. vcryco 1710 em™, Vepcp=cuco 1650 cm™.
n.m.r.8 (CDCl3) 6,43 (1H,d,J 16 Hz), 7,26-8,38 (11H,m).m/z 204 (100). 147 (8) 131
(15), 127 (90), 103 (24), 77 (95), 69 (45). Found: C, 43,82; H, 2,48 C,H
requires C, 43,96; H, 2,58%).
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(10) yield 22%. m.p. 110-111°C. i.r. Versco 1710 cmt, V.cH, co 1670 em”. n.m.r.
& (CDCl,) 3,47 (2H,8), 7,24-7,95 (10H,m). m/z 403 (traces), 317 (8), 254 (5),
204 (100), 190 (15), 127 (85), 77 (90), 69 (75). (Found: C, 30,76; H, 1,67.
C[9H12F61208 requires C, 30,98, H, 1,63%)

Reaction of (6) with cyclohexene.

750 mg (2 mmol) of (6) were dissolved in cyclohexene (4 ml). After the complete
reaction of (6), monitored by t.l.c., the solution evaporated under reduced pressure.
The mixture shows two carbonyls in i.r. (1795 and 1760 cm™). It was chromato-
graphed on column (silica gel, CHCl;—hexane) and after Phl the only isolable
product in high yield was cis-trans 2-acetoxy cyclohexanol, (15).i.r. 3500-3350

m ‘}, 1760 cm™. The latter was hydrolysed with sodium hydroxide to cis-trans
1,2-cyclohexanediol.

epidnym

Mid véa oivBeon II diaxvlolv 1wdofeviodiov kar uepikdv piktdv LI Swxviolo
1wdofevioliowv.

Avagépetar po arit} obvvbeon LI Swokvrobv wwdofevioriov and droto pe
vatpro kapPolviikdv oféwv kot LI Sitpipbopaketolu iwdopevioiio. Me tnv id1a
avtidpaon amopovdvovtol piktd I tprpbopaketolu I axvioly 1wdofeviéia. Ta
paopatookomikd Sedopbve kol peEpLkEG YMHLKEC 1816TNTEC QLTOV TOV VE®V
svooemv g€etdlovior pe ocvvropia. '
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Abbreviations:
Cu(Py2SH);NO; Bis(pyridine-2-thiol) Copper (I) nitrate

Cu(Py2SH)3NO3 Tris(pyridine-2-thiol) Copper (I) nitrate

Cu(Py2SH)3(NO3), Tris(pyridine-2-thiol) Copper (II) nitrate

Introduction

There has been considerable interest during the past few years in complexes
between pyridine-2-thiol and transition metals'!% stemming from the similarity
of this ligand with thiolated nucleosides*. The existence of pyridine-2-thiol (py2SH)
in tautomers indicates different potential bonding forms since coordination may
occur either through the nitrogen or sulfur atoms or through both. Indeed,
reported data®!%indicate that the mode of ligation with transition metals depends
on the central atom. Wilkinson and coworkers? have amply demonstrated that in
the case of Ru(Il) the py2SH ligand is bidentate, coordinating through both
nitrogen and sulfur atoms whereas in the case of some divalent metals of the first
transition series coordination occurs only through the sulfur atom*. The behaviour
of py2SH as monodentate ligand was also confirmed by a recent study'! of the
crystal structure of the Cul(py2SH);NO; complex. It was found that there is
little interaction between the metal ion and the nitrogen atom the bonding occurs
through the sulfur atom.

The versatility of the py2SH ligand, can be exploited by preparing new
complexes. In this work we report the preparation and characterization of
three new complexes of copper with py2SH.

Experimenial

Physical Measurements
Ir spectra were obtained in the region 4000-200 cm™ on a Perkin-Elmer 467
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spectrophotometer using KBr discs or nujol mulls. Electronic spectra in nujol
mulls were recorded on a Cary 17 spectrophotometer. Magnetic susceptibility
measurements were taken employing the Faraday technique at different magnetic
field strenghts. Hg[Co(SCN),] was used as the calibrant. Diamagnetic corrections
were made using Pascal’s constants. Thermogravimetric studies were carried out on
a Perkin-Elmer TG-2 thermobalance. Conductivity measurements in DMF were
made using a Radiometer- conductivity bridge (Model RC 216 B2). Chemical
analyses for C, H and N were performed on a Perkin-Elmer 240-B Elemental
Analyser. -

Preparation of the complexes
i. Prepatation of the complex | Cu(py2SH),| NO; (A)

This complex was prepared by dissolving 1 mmol of copper(Il) nitrate in a
small volume (15 ml) of water. Then, 2 mmol of py2SH dissolved in the minimum
volume (15 ml) of ethanol were added. The product was removed by filtration,
washed with .a..small. volume..of cold..ethanol.and was vacuum dried at room
temperature. Yield 70%.

N

ii. Preparation of the complex | Cu(py2SH)3;| NO; (B)

This compound was obtained by the addition of S mmol of py2SH in ethanol to
a solution of copper (II) nitrate (1 mmol) in water (15 ml). The resultant solution
was filtered and the filtrate was allowed to stand for about 24 hrs in the refrigerator
until the precipitation of crystalline product seemed to be complete. The yellow
crystals were removed by filtration, washed with a small amount of cold ethanol
and finaly dried at room temperature. Yield 55%.

This complex was also prepared by treating the previous product complex A
with an excess of pyridine-2-thiol in solution. The addition of an excess of
pyridine-2-thiol (more than 3:1 stoichiometry) always resulted in the formation of
complex B.

iii. Preparation of the complex| Cu'(py2SH);| (NO3), (C)

Preparation of this compound was achieved by following the procedure used for
complex B. After mixing the reactants and filtering to remove any undesirable by-
products, the filtrate was treated with an aqueous solution of copper(Il) nitrate
until the colour became dark green. Then the reaction mixture was allowed to
stand for fifteen minutes at room temperature. After removing the solid by-
products by filtration the filtrate was allowed to stand for two days by which time
the green complex C was separated. The separation could be speeded up by adding
diethylether (Et,0). The green solid was filtered off, washed with EtOH and then
with Et,O. Finally it was dried under vacuum. Yield 50%.

Results and discussion

The reaction of pyridine-2-thiol with Cu(II) nitrate gives more products than it
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was previously thought. Thus, following the previously reported procedure for
preparing complex B, a new complex corresponding to the formula Cu(py2SH),NO;
was isolated at the initial steps of the reaction. The new complex is a yellow solid
with a melting point 22 °C less than that of complex B. Complex A is insoluble in
ethanol and its dissolution in this solvent is achieved only in the presence of excess of
py2SH. .

The excess of ligand in a reaction mixture comprising py2SH and | Cu(py2SH),| NO 3
results in the quantitative formation of complex B, Cu(py2SH)3;NO ;. Any inhibi-
tion of the reaction by undesirable by-productsis prevented by filtering the reaction
mixture soon after the mixing of the reactants. Precipitation proceeds slowly and
complex B is obtained as a crystalline solid after a few days.

Totally different product is obtained when the addition of py2SH is followed by
an excess of Cu(NO;),. Thus, dissolution of complex A in the ethanol-py2SH
mixture and treatment with an aqueous solution of Cu(NO;),changes the colour
of the solution to dark green. After two days a green solid is separated having the
stoichiometry | Cu(py2SH),{(NO3),.

Attempts were made to prepare a fourth complex having the formula
Cu(py2SH)| NO; by changing the ligand-to-metal ratio. However, the only
products isolated were complexes A and B.

Complexes A and B are air-stable solids, insoluble in a wide range of solvents
including carbon tetrachloride, benzene, toluene, nitromethane, acetonitrile, ace-
tone, methanol and dimethyl sylfoxide. They are slightly soluble in dimethyl
formamide. The third complex C is a light hygroscopic polymer insoluble in both
polar and non polar solvents. It is insoluble even in dimethyl formamide. The poor
solubility of these compounds prevented molecular weight determination and other
measurements in solution. Nevertheless the calculated and observed analytical data
for the complexes show excellent agreement (Table I).

The formation of three complexes from the same ligand-metal ion pair may be
related to the structure of pyridine-2-thiol. The ligand can exist in two tautomeric
forms '®!? in a thione-thiol equilibrium:

X SN N SN
L = ':|+/S_ L
N u u NT =g

1 . ) 18 2

Coordination might involve either form. Ligation can be achieved through
either the sulfur or the nitrogen atom. In the deprotonated form 2 both atoms
could be coordination sites. Evidence on the mode of coordination in the new
complexes A, B, C may be sought from the ir spectra.

The most important bands in the ir spectra of the ligand and the complexes are
tabulated in Table II. The spectra of the complexes in KBr discs do not contain
the v(SH) band in the 2500-2600 cm™' region'#'S. The presence of medium
broad bands at 3440 cm™ and 3110 cm™ due to the v(NH) of uncoordinated NH
group ' as well as the characteristic four thioamide bands, indicate that the
thione form predominates in the complexes.



TABLE 1. Analytical

data and other

physical properties.

Analysis (%) Am
Compound Colour .
Cu C H N (ohm™ em?mol™y  M.psOC
Cu(py2SH), NO3 yellow 17,80(18,26)% 34,14(34,52) 2,84(2,89) 12,06(12,09) 72 86
Cu(py2SH)3NO3 yellow 13,15(13,84) 39,00(39,24) 3,10(3,29) 11,90(12,20) 84 108
Cu(py2SH)3(NO3)» dark green 12,40(12,19) 34,54(34,57) 2,60(2,88) 13,05(13,43) - decomp.
a. Theoretical values are in parentheses
TABLE II. Most Significant Infrared Absorption Bands (cm'l)
Compound v(N-H) Thioamide I  Thioamide II =~ Thioamide III Thioafnide IV yM-S)
py2SH v 3180 br 1460 s 1275 s 990 s 870 m -
Cu(py2SH);NO3 3160 m 1455 s 1265 s 970 s 820 m 330 w
» 3420 w ‘
Cu(py2SH)3NO 3 3180 m 1455 s 1270 s 960 s 820 m 330 m
Cu(py2SH)3(NO3)5 3100 m 1435 s 1260 vs 940 s 820 w 360 m
‘ 3480 m

(43!
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Although four thioamide bands usually appear in the ir spectra, those showing
the most significant changes upon complexation-are IIl'and IV.“Thioamide bands T
and II have a predominant contribution from v(C — N) + §(CH) and v(C — S),
respectively. These bands appear unchanged at the same wavenumbers as the
ligand. Thioamide bands III and IV have a major contribution from v(C +==N)
and undergo negative shifts in comparison to the absorption of the ligand.

Two medium intensity bands at 630 cm ™ and 600 cm ™! appeared. These bands
should be connected with the v(C-S) band of the free ligand that occurs at 610
em ™! which disappears upon complexation. The ir spectra of complex A did not
reveal any bands that could be assigned to (Cu-N) stretching vibrations and no
other evidence for the existence of (Cu-N) bond could be found. Apparently,
coordination takes place via the sulfur atoms. This is supported by the presence of
a band at 330 cm ™ which is assigned to the v(Cu-S) vibration '®. The ir spectra of
complex B was similar to that of complex A.

These observations are consistent with coordination to the metal through the
sulfur atom'. Since the shifts induced upon coordination are all in the same
direction the bonding pattern is deduced to be the same for the two complexes.

In addition to the bands due to the py2SH, both complexes A and B show the
characteristic strong absorption at 1360 cm ™! due to the asymmetric v(N-O) band of
jonic nitrate. Two bands at 830 cm ™' and 720 cm ™! are associated with the out-of-
plane deformation and the in-plane bend, respectively. These bands are typical of
the nitrate ion and show that it is not coordinated?®2*. The ir spectrum of
complex C shows some notable characteristics not occuring in the previous two
complexes. Thus, the strong band due to the nitrate in 1360 cm ' is absent whereas
two additional peaks appear at 1460 and 1280 cm™, indicating the presence of
coordinated nitrate group??*. Further evidence that the NO73 is not coordinated
comes from conductivity measurements. The molar conducatance of the complexes
A and B in dimethyl formamide is 72 and 84 ohm ™ cm?mol™ at 25 °C for 10* M
solutions respectively, indicating that they are 1:1 electrolytes .

The electronic spectra of complexes A and B are almost identical and are
dominated by strong charge transfer bands near the visible region with maxima at
25000 and 26300 cm™!. The electronic spectrum of complex Cu, is quite different
from the other two complexes as expected. It is dominated by a single broad band
(halfband width 3000 cm™!), with band maximum at 14000 cm™. This band is
indicative of structural differences and possible different coordination number of
the central atom in complex C. Despite the strong indications about the local
symmetry of the copper ion, it would be presumptious to assign the observed
absorption to a specific transition. ] V

Further evidence on the oxidation state of copper in complex C comes from
magnetic susceptibility measurements. Complexes A and B are diamagnetic as
expected for Cu(I) compounds whereas complex C is paramagnetic. The magnetic
moment of this compound, 4= 1,84 B.M., falls within the range of square-planar
copper (II) complexes 2627,

The insolubility of the complexes did not permit the determination of the
relative molecular mass. However, the stoichiometry of these complexes is in



TABLE III. Thermogravimetric Analysis

pel

Molecular Overall Stepped Mass Losses (%)
Mass Mass
Compound M; Loss (%) Probable
(Calc) (expt)(Calc) (T/ 0 C) (expt)(Calc) Fragment
Cu(py2SH)9NO3 347,88 77,5(77,1) 130-180 22,5(22,7) pyridine
180-250 21,8(22,7) pyridine
250-380 12,0(13,2) NO,
380-450 18,0(18,4) S
Cu(py2SH)3NO, 459,05 82(82,7) 150-180 16,5(17,2) pyridine
180-250 40,5(41,4) two pyridine , one S
250-380 10,0(10,2) NO,
380-420 6,0(6,9) S
Cu(py2SH)3(NO3)9 521,05 85(84,7) 150-240 22,0(21,3) pyridinethiol
240-300 8,0(8,8) NO,
300-450 24,0(24,3) NOj, pyridine
450-560 14,0(15,2) pyridine

SIINVIOVIVA d
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excellent agreement with the proposed formulae. Further support comes from the
results of the thermal analysis. The major features of the thermal decomposition of
these complexes are summarized in Table III. The thermogravimetric curves have
not shown any initial mass losses until 130 °C i.e. no trace of solvent retention. The
thermal curves indicate a four-stage thermal decomposition for all complexes. The
overall mass losses in the temperature range 130-800 °C show good agreement
between the theoretical and the observed mass values thus confirming the
compound stoichiometries. Subsequent heating of the decomposition products
produces CuO.

Further investigations on the preparation and structure of such compounds
with different anion, e.g. sulfate, perchlorate, halides are in progress.

Abstract

Copper Complexes of pyridine-2-thiol

The reaction of Cu(NO3), with pyridine-2-thiol, (py2SH), is more complicated than was
previously thought, resulting in three complexes having the formulae Cu(py2SH),NO;,
Cu(py2SH)3NO 3, and Cu(py2SH)3(NO3);. In all cases the ligand is sulfur bonded. The
complexes were characterized by chemical analyses, ir and visible spectra, thermogravimetric
analyses, conductivity and magnetic data.

Key words: Copper complexes, pyridine-2-thiol, spectra, thermogravimetric analysis, conductivity
and magnetic data.

Hepidnyn

Jdunioka tov yalkob ue mopidvo-2-Oeiddy

H avtidpaon tov Cu(NO;), pe tnv nupidivo-2-6e16\n, Py2SH, diver tpia
Stopopetikd obumhoka pe tOmovg Cu(py2SH),NO; (A), Cu(py2SH) ;NO ;4 (B) xou
Cu(py2SH);(NO3); (C). "Oro ta oOpmloka £yovv yopaktnplobel pe ynuikin
aviluon, Beppootabukt’ avéluon kol and 10 QUOHOTOOKOTIKE Toug dedopéva.

To odpnioxa A kou B givor kitpiva oteped npoidvia tov Cu(l), Swapayvntikd.
Eivar niektpordteg tov tomouv 1:1. ,

To obunroko C elvon mpdoivo oTeped, TAPAPAYVNTIKS HE payvnTiky pomy
Lee = 1,84 B.M. Avtr| 1 tiutj og cuvBuoopd pe To NAEKTPOVIKS QAOHO TOL EUPO-
viler pid tawvia pe A g, oto 714 nm Seiyver 611 1o odumroko C npénel va Exel
eminedn tetpoyoviky dopr.

References

1. Gilbert, J.B. and Wilkinson, G.: J.Chem. Soc. (A) 1749 (1969).
2. Gilbert, J.B., Rose, D. and Wilkinson, G.: J. Chem. Soc. (A) 2765 (1970).



136 P. KARAGIANIDIS

oL AW

—_ = \O 00 ]
—

24.
25.
26.
27.

. Fletcher, S.R. and Skapski, A.C.: J. Chem. Soc., Dalton Trans., 635 (1972).
. Evans, LP., and Wilkinson, G.: J. Chem. Soc.,, Dalton Trans, 946 (1974).
. Cotton, F.A., Fanwick, P.E. and Fitch, J.W.: Inorg. Chem. 17, 3254 (1978).

Brown, Ch. K., Georgiou, D. and Wilkinson, G.: J. Chem. Soc., Dalton Trans. 929
(1973).

. Kennedy, B.P. and Lever, A.B.P.: Can. J. Chem., 50, 3488 (1972).
. Lenhart, N. and Singer, H.: Z Naturforsch 30B, 2845 (1975).

Le Borgne, G. et Grandjean, D.: J. Organom. Chem. 92, 381 (1975).

. Canty, A.J. and Marker, A.: Austr. J. Chem. 29, 1383 (1976).
. Kokkou, 8.C., Fortier, S., Rentzeperis, P.J. and Karagiannidis, P.: Acta Cryst. €39, 178

(1983).

. Penfold, B.R.: Acta Cryst., 6, 707 (1953).
13.
14.
15.
16.
17.
18.
19.
20.
21
22.
23.

Spiner, E.: J.Chem. Soc., (A) 1237 (1960).

Rao, C.N.R. and Venkataraghavan, P.: Spectrochim. Acta, 18, 541 (1962).

Raper, E.S. and Brooks, J.L.: J.Inorg. Nucl. Chem. 39, 2163 (1977).

Singh, B., Rukhaiyar, M.M.P. and Sinha, R.J.: J. Inorg. Nucl. Chem. 39, 29 (1977).
Preti, C. and Tosi, C.;: Can. J. Chem. §5, 1409 (1977).

Bellamy, L.J.: The Infrared spectra of complex molecules, J. Wiley, N.Y. 1966.
Raper, E.S. and Crackett, P.H.: Inorg. Chim. Acta 50, 159 (1981).

Eilbeck, W.J., Holmes, F. and Underhill, A.E.: J. Chem. Soc., 757 (1967).

Lever, A.B.P., Mantovani, E. and Ramaswamy, B.S.: Can. J. Chem. 49, 1957 (1971).
Curtis, N.F. and Curtis, Yv.M.: Inorg. Chem. 4, 804 (1965).

Nakamoto, K.: Infrared and Raman Specira of Inorganic and Coordination Compounds,
3rd Ed., J. Wiley, N.Y. 1977.

Merrell, Ph. H., Alyea, E.C. and Ecott, L.:-Inorg. Chim. Acta 59, 25 (1982).
Geary, W.J.: Coord. Chem. Rev. 7, 81 (1971).

Flggls, B.N. and Harris, C.M.: J.Chem. Soc., 855 (1959).

Sacconi, L., Giampolini, M. and Campigli, H.: Inorg. Chem. 4, 407 (1965).



