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REVIEW

Chimika Chronika, New Series, 13, 3-26 (1984)
OYXIKOXHMIKOI NOMOI THY BIOAOI'TKHE META®QOPAY

B.M. KATIOYAA, AK. TEZOYKATOY
Epyaatiipio Bioynuetag Iavemiotnuiov Iwavvivov.

(EAYjobn 22 Zentepfpiov 1982)
Hepianym

Ttnv epyocia avty entokonobviatl ot puotkoynpikol vépot Tng PLodoyikrig HETAQOPAG.
Eidikdtepo otny Srampaypdtevomn g «petoforikd cvlevypévng petagopdc» pe 6poug
¢ OepUodLVOKNG TOV [N OVTIOTPETTOV SlEPYacI®V GLVAYETOL N GYEom
—T@L, /Ly)

A.=
° L,,=(L;/Ly) ch

ov cuvdéel TN ovyyévelwr Ao prog ovoiog O yopw and ™ pepppdvn pe ) taydtnte Vch
wog petoBorixiic nopeiag otny onoia N ovoia O Sev ovppetéyet dueca. H odlevtn yive-
Tl PECO TOV QOLVOUEVOLOYIK®OV ovviereotdv Lij, Ly kot tov dwwydviov cvvieleotn
L.

H oyton avtr anotelei xor  Beppoduvapikryy Baon vy v e€rjynon tov Spov
«EVEPYOC PETAPOPE», TTOL YiveTol aUECOG PETH, deiyvovTtag TeEAkd 6Tt 1 yMUIKY) cuyyéveln
yopo and £vo Torveootkd cvotnua, 6Twg ot Proroyikéc pepPpaveg, ivatl plo AVOCHOTIKT
TOPAUETPOG.

«@uowkoynuikoi vopor g Proroyikig petagopds»

H petaforikt dpactnptdTnta TOoL Opyovicpold aroTeAsital and Tn pia peplé
andé ynuikéc avtidpdoelg dniodr Sadikacieg OVOKATAVOUTIS TOV OPYOVIK®OV
yNUIKdV Sopikdv povddov kar on’ TNV GAAN ond Swudikacies HETAPOPEC.
Aniadt petotémon 6viov ko popiev and €va onpeio mpog Eva diro.

O1 dwadikacisg Proloyikiig HETAPOPAG TPAYHATOTOLOVVIAL O TOALPOCIKE
cuoTHpOTO pHE EB1KO pLBUSTIKG Yo To peTafoAlcpd pdhro.

Z1n Broroyiky peTagopd Stakpivovps TV madnTiKy, T SlELKOALVOUEVT Ka
TNV EVEPYN® TOUG PUOLKOYTHIKOVG Toug S vopoug Bo eEetdoovpe oty gpyacio
auth.

A. oyt Awayvon
1. O vduog tov Fick.

Mikpd opyovikd pépia (1) kabdg Kot 16vTa KoL To vepd mepvoidv SLOPECOD TNG
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pepppdvne A6yo tng dtoeopdsg cvykévipwong oto dkpa tng. Mo tétola didyvon
koleitor mobnTiky kar vmakovel otov vopo tov Fick.

Me tov 6po «duamepoTdOHTNTE» EVVOOVUE TNV TAXVTNTO HiaG TETOWNG TofNTIKYg
dudyvong. O ovvrereotric dranepatdtntag (Permeability Coefficient) P eivar o
ap1Opog popiomv the dayedpuevng oveing, Tov TEPVAEL GTN LOVASA TOL Y POVOL T
povddo emipdvelag TG pepPpdvng, Otav oto dkpo TG LmapyeL Sapopd
ocuykévipwong ion pe tn povdda.

O P ekaptdrar 1600 am’ TV 1kavoéTNTO HGG OLUCLOG VO TEPVAEL M
ovykekpipuévn pepppdvn, 0o kot and To TAYOG NG pepPpdvng. Av Tdpa TO
TdyY0G TOL «@PPAYHaToc» TN HEUPpdvng eival yvwoTd, propodie va HETOTPEYOLE
T dapopd cvykévipwong oe ma «kiion» (gradient) cvykévipmong. O cuviehe-
otfi¢ SlomepatdInTag Umopel TOpa va avitikotaotobel am’ Tov ouvieleoTi
Sudyvone (Diffusion Coefficient) D. Me doopévo, 411 T0 mdyog Tov UepBpavodv

D
50A -

O ovvteleoTiic P, obpgova pe tov opiopsd tov Bo £xer povédec: ML T M
L3 1 LT nhadr povédeg tayvtnrag m.y. m s™', evéd 1o D o eivar m s, “Otay
N EMPAVELD TOV KUTTEPOV eV €ivol YvooTh ypnotponoteitol yia to P n povédoa:
mmoles min”'/ mM gr! Enpod Bdpovg KutTdpoV.

Ioyvel ' (vépog Fick), 6T o opiBudc Tov popimv, mov mepvév TNV povddo
EMPAVELNG TNG HEUPPEVNG oTN povdda Tov Y pdvov, eivar anevbeiog avaioyog Tng
drepopdg ovykévipwong 1:

o
glvar mepimov 50A, téte eivoar: P=

dn

F——P~A~dc (1.1)
1 pe tov ovviereot dwdyvong D

dn dC

o T DA (1.2

dn
O 6pog I Hes diver o «kaBapr| porp»* tng droyedpevng ovoiag dia pécov
™¢ peuPpdvne. Mo tétowa kebapr] pon (npog to péoa kivnon peiov mpog Ta
£Ew) umopei va avaAvBel oe pia giopor] Kot pia €Kpor|, dBpoiopa TOv oToimv
givar n oyéon (1.1).

d

Ewpon: T?_ =-P-A-C, (1.3) (C,: eEotepikn} ovykévipwon)
d

Expon : E?_ =-P-A-C, (1.4) (C: ecotepikty cvykévipwon)

2. Cewpnriry meprypagli e Owdyvons pe Opovs THG Depuodvvauikric twv un
AVTIGTPERTDV S1EPYaAcIDY.

Tovhdyiotov Tpelg ouvtereaTés ypetdlovtal yio TNV TePLypo@t} TNG CLUTEPL-
Qopdc pog pepppdvng onévavilt og pua ovcio: o) M mapdpetpog, mov fa
kaBopiler ™ oyéon pepPpdvnc/ovoiag. P) Mia dAAn mapdueTpog, vty TOUL
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Stohvtn pe tn pepPpdvn. y) Kar pua tpitn yuo t oyéon Swrdtn/ovciog.
Avvatétnto yie tov kafopiopd tov Tpudv avtdv mapapftpov pag diver 1
Oeppoduvapikny Tov pn avtiotpentdv diepyactdv. (2,3). 'Onwg eival yvwoto, M
Oeppoduvapiky TOV un avToTPENTOV dlepyacidv mEPLypdeel Tig petafolré
pokpld on’ to onueio wopponiag kot coav pétpo tng e&EMérig Tovg naipvet Tnv
TaYHTNTA TAPOYOYHG TNG EVIPOTiag otn SoCHEVN U QvTIGTPEnTY| diepyacio
(6mwg m.y. otn didyvon péco amd pio peuPpavn).

H obvdeon tng taydtntog mapoywynic Tng evipomiag pe tnv toydinta
SteEaywync Tng un oviioTpentrc diepyaciac diver t Bdon yia Tnv BewpnTiky
MEPLYPUPY] TETOLOV QALVOUEVOV.

"Oleg o1 diepyaocisg petopopdc VANg, Oepudtntog, evépyelog 1| kot Oykov
umopoby va fewpnboldv, 6Tt dnuiovpyodvial and CLYKEKPLUEVEG SUVAUELS, TOL
géyovv cav ovvérewa o kabopn pon tng ovykekpipévng mocsdtntag. Tétoleg
dvvdpelc kohodviol kal katevBivovaes dvvdueic e porjc (Affinities 1| generalized
forces 1} conjugate forces). H mocdtnta tdpa tng porig (Tovhdylotov o pikpég
Tinéc) elvor avaroyn tng xkortevBivovcag dbvoung, mov tn dnpovpyei kar o
ovvieheothic avoloyiog koheitar parvouevoloyikde ovvredeatric (Phenomenologi-
cal coefficient) Tng ouvykekpluévng pong. '

"Ecto, 6Tt g€etdlovpue TN pETaQOPd Mog. StoAeALPEVNC OVCIOG § KOL TOU
dlarbTn TG, TOv VEPOY, péco omd wa pepPpdvn'l. Av J, n olikr pori éykou
(darvtng + ovoia) pe katevBdvovoa ddvaun tn drepopd wieong AP ota dxpa tng
pepPpdvng ko Jp 1 oyxetiky pon ovoiog mpog Sardtn pe autic tn Srapopd
ovykévipwong AC, ota dkpa tng pepuPpdvne (cav katevBivovoa dbvapn o 6pog
RTAC;), N taydtnTo Topayeyhc Tng evipomiag pag tétotag diepyaciag Ba eival:

d;S =
O eivar 8€:
JV=LP'AP 6tav AC,=0 2.2)
Kol
Jp=Lp'RTAC; 6tav AP =0 (2.3)

O gaivopevoroyikoi ocvvieheotéc Lp kot Lp avtiotoryodbv o npdtog oto
cuvtereoty StamepatdTnTag Tov vepobd Pyw. O debtepog dev avtiotoryel dueca oe
kdmoto kAaolké ouvvieheotr| and tov vopo tov Fick. Av thpa n dogpopd
ovykévipwong AC# 0, dev Ba éxovpe pévo pia okt porj Jy Adym tng AP, aird
Kot plo emmpéobetn oriky] por AOYw Tng kivnong tng ovoiag aAAid kot TOL
ovuropoovpouevoy poll Tng vepod yua va e€iooppornricel avty Tn AC, Ba eivol
dniadn:

Jy=Lp-AP +Lpp-RTAC; (2.4)
6nov Lpp kaheitar Swoydviog ovviereotric (Interference coefficient 1) cross
coefficient) xat cvvdéetor pe tqv aAAnAenidpoomn tov deAdtn kol ¢ ovolag.
Iapdpota, av AP #0 Ba éyovpe, AOyw aAAnAemidpaong, GAAAyY] OTN OYETIKH
pof] tn¢ ovoiag oe oyéon pe T0 Jarvtn, Ba eivar dnrodi:

Jp=Lpp'AP+Lp-RTAC 2.5
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6nov Lpp avéroyog Sioydviog ovviereotric tov Lpp. Meta€u touvg 1oydet:
Lpp=Lpp (Bedpnuo tov Onsager) (2.6)
"Eyovpe £101 TOUg TPELG GLuVTEAECTEG 12; L p, mov koBopilet T oxéon pepppévne/
vepov. Lp, mov kabopilel ™y oyéon pepuPfpavnc/ovoiog kot dtordtn kot tov Lpp
1 Lpp, mov kabopilel ™ oyéon ovciog/drordtn. O Tpelg avtoi ovvrereotég
TEPLY PEYOVY TAT pOG TH GLUTEPLPOPE TnG peRPpdvne. A’ avtodg dpwg ot Lp
ka1 L pp mpocdiopilovior dvokoro melpapotikd. Me 16080vapovg pHeTaoynNuaTL-
cpovg (2, 3, 4), uropobue vo mepdoovue o€ GAreg TpLadeg CLVTEAEGTMOV, mOL
rwpocdiopifovial mo eVkoha TELpapATIKG, Omeg emeEnyeitor ot cuvéyela.

a) O ovvteleatic aviavdkAaong o (Reflection Coefficient)
Ty mepintoon tng doavikhc nuimepatng pepppdvng (n ovoia dev mepvd,
Topd povo o SadvTng) apkel évag CLVTEAECTNG Yylo TNV TMEPLYPOOT) TNG.
®a &yovpe Tdpa poévo pon vepol kot n pot] ovoiag tpog drarbtn Ba givor ion
ka1 avticTpo@n pe TNV oMKn poi.

Jv==-Jp .7
kol Adyw tov (2.4) ko (2.5) Ba eivar:
(Lp+Lpp):AP+(Lp+Lpp):RTAC,=0 (2.8)
H (2.8) givar 0 otav:
Lp=-Lpp «oi Lp=-Lpp (2.9)
kol AMoyw g (2.6) 8o eivor:
’ Lp=Lp=—-Lpp=-Lpp (2.10)

"Apa povo évag cuviereoTrig sivol ovaykaiog yio tnv mepLypo@r g 1dovikd
NUTEPOTg ¢ mpog pia ovoio pepppavnc.

To va meprypdyoupe Tn oxetiky dlanepatoéTNnTa o€ pio pn wdavikt peppfpdvn
NG ovoiog TPog To SLaADTY, ELOAYOLHE TO CUVTEAECT] OVTAVAKANCTIG O aT6 T1)
oyéon:

L
c=-22 (2.11)

T tnv nuinepoty pepppavn sivor Aéym g (2.10) 6 =1. O o an” g (2.11) xon
T (2.4) ko (2.5) pmopei va ypoagei kot

= —Lro _"Jp

L, J,

H (2.12) pog deiyver, 6tav AC,=0, ™ oyéon peta&d ng oyetikng porig
ovoiag diahbtn mpog v orikty pory. "Otav n pepPpdvn dev pmopei va drakpivel
petafd ovoiog kat dtaidtn téte eivar: Ip=0 kot dpa o o =0. "Otav drakpiver
aréivta (16avikd numepoty) t01E 0= 1.

O ¢ npoodiopiletar an’ gubeiag meipapatikd -, av cvykpivovye Tnv oopmTi-
k1 potj dra péocov piag pepPpdvng, étov dev vrapyer drapopd mieong (Lpp RTAC),
pe v ponf Oykov ywpic dagopd ovykévipmong (Lp AP).

btav AC,=0 @2.12)

13



OYZIKOXHMIKOI NOMOI THE BIOAOIIKHE META®OPAZ 7

IMa v wavikd nuirepath pepfpdvn n taydTnTa TS OCHOTIKNC POTic diveTan
an’ 1o vopo tov Van’t Hoff cav Lp RT AC,. e éva mpayuatikdé cvotnpa o
vépog NG oopoTikig pong mpémel va ypdeetar: 6 Lp RTAC, 6nov ¢ petafdai-
Aetar ané 0 £oc 1.

B) O ovviedeotiic @

H ocvoyétion tov ovvteheotq Lp pe Tov cvvteleotr| Py elval apketd oavepr).
Avtifeta o cvvtedeotric Lp the oyetiktg kivnong ovoiag Siadvtn dev éxet an’
gvbeiag oyfon pe £va cvvnbiopévo cvvreleotny tov vopov tov Fick. ‘Etor 0 Lp
TPETEL VO LETACYNUATIOTEL OE GVVNOLICHEVO, TELPONATLKG PETPT)OLLO CLVTEAESTY].

Ekeivo, mov gbkora mpoodiopileral, eivar n Taydtnta pon¢c g ovoiog dio
pécov tng pepPpavng, mov pmopovpe va tnv ovuBoricovpe cav Jg, Ba eivar

J,=0y+Ip)C, (2.13)
A’ 1 (2.4) xar (2.5) mpoxkvrTel OTL
J,=(1-0)-JyC,+(Lp—02Lp)C4-RTAC, (2.14)

Av Jy=0 1618 M J { eivan avéroyn e AC, étol mdpa 0 6pog (Lp—62Lp)C,-RT
eivar ovvnbiopévog ovvtereotrg damepatdTNTAS, HETPOLUOC MELPOUATIKG Kal
naipvel 10 obpporo o. ‘Exe thdpa 1peig kavodpylovg cvviereotés (o, ©, Lp)
TELPANATIKE peTprioiovg kKot 1oodbvapovg pe tovg (Lp, Lp, Lpp).

3. H katavousj twv 16viwv

Andi ko1 dimAf xatavourj Donnan.

H Swadikaoia didyvong tov iévteov nepimhéketal and 1o yeyovds, 61t givol
niextpikd @opticuéva. "Etor n nhektpixr] ovdetepdinta mpémel avaykoia vo
naipvetar v’ Oyn yiwe kdBe mhevpd Tng pepuPpdvne. Anhadrh M petagopd
Qoptiov, TOL PEPVEL M KIVNOT TOV 1OVIOV, VTOYPEOTIKG TPENEL VO GLVOIEVETAL
ané avdroyeg xwvrioelg BeTikdv 1 apvntuca)v goptiov yo va 81a'cnp81w1 n
niextpikn ovdetepdtnta. I1.y. N e1opoif No* TpEMEL Vo cuvodedetal ite an’ TV
TALTOYPOVT EKPOT| K’ eite and cuvelspory Cl .

@) H anl¥ wazavouri Donnan

’ 4 ! 7 4 r z +

Eoto o anh nepintoon nov, cav elebbepa drayedpeva tévia £xo ta Na
kat Cl . Adyo g avdykng yro niektpiky ovdetepdtnta ta WOvVia avtd O
ovppetapépovial. Oa eivol tdpo ocdugova pe to vépo tov Fick:

Expot} =Pna(Na);-(Cl); (3.1
Kot Ewporl =P Ny (Na),-(C), 3.2)
Iy otdown kataotacn Ba eivair: Expori = Eiwcponi. "Apa:
Na)(Cl) =Na)o(CDho 1
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(Na); _ (CD,
(Na),  (CD);

H oyton (3.3) avagépetal oTn KATOVOUr TOV EVKIVNTOV 10VIOV Kol KoAeital
onAn kotavopry Donnan.

Av tHpa am’ ™ pia pepté g pepPpévng éxe axivnta optia pn danepvivio
W6vto 1 QopTiopévo. apvnTik peyahopdpio (YAPAKTNPLOTIKS QOIVOUEVO Yia
Bloroyiké ovotipata) Oo epeaviletal pa GVioT KATOVORH TeV BETIKOV 10VTOV,
apob pio mocdTnTd Tovg Ha mapapével oto ecmTEPIKS Yo vo eovdetepdvel O
peyoropoplakd avidv. Ta de sukivnta avidvto Ba eivar Aydtepa oT0 £00TEPIKS
an’ 4,1t o10 sEwteplid.

Tuykekppéva, av (X); n cuykévipaon Tov peyoropopiakod aviévtog, fa Exo:

3.3)

oto goatepikd (Na);=(Cl);+ X); 349
Kt oto efwtepikéd (Na),=(Cl), 3.5
fa 1oybel ka1 N kotavopry Donnan, émov r o cuvteAeothg ™G

_(Na), _ (CD); _ (&)

T ®a) @, (@F (X (-6)
1 (Cho=r((Ch; + (X);) (3.7
. (C); —
! (@+®@) o

| _ (Na), _ (CDi _ (CD;
! T Na)y; (@), V@i X); (3.9

Biémovpe, 61t N katovopy Donnan r e€aptdtol an’ ) oyéon (Cl); mpog (X);.
‘Otav (C1);>(X); t6te 1=1. "Apa dev £xouvpe Gvion Katavour. Av Opag
(C);€(X); 10 r# 1. TéHte ovupwve pe 10 vépo tov Nernst epgaviletar éva
dvvapiké Donnan:

RT
ED= ?‘ Inr : (3.10)

Av thpa givar (5, 6) X),=p ta Na*, mov Ba kpatdst Oa eival np (6mov n To
goptio tov aviévtog). "Eoto x n ovykévipoon NaCl kot y to nocéd tov NaCl,
mov Kiveiton yopw am’ TN pepfpdvn. Adye g dviong katovourg Oa eivor
oYNUOTIKAE:

Ecotepixd E¢wtepixd
x™ P
Na' np Na' x+y
Na' X-y cr x+y
cr X-y
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Adyw tdpa tng kortovouric Donnan 6o eivou:

(x+y)’=(x-y+np) (x-) (3.11)
. _ _np-X
n y= ——np+4x 3.12)
Hopatnpobue, 611 10 y cvuneprpépetor avdroya pe 1o r. “Otav x <np, 161€ 10y
ovédvet, doo av€dver 1o x. ‘Otav x>np, 161e otabepornoieitar oto y= £4p_

aveEdptnto an’ Ty mopanépo avgnon tov x (avtd £xgl cov cuvingla N dvion
xatavour] vo teivel vo eagpaviotel r=1). )
H Swgopd tng oopwtikig micong otig dvo pepiég Ba givor an’ ™ oyéon:
An=RT(p + np —4y) 3.13)
IHapatnpobpe dniadr, 6Tt exnpedletor an’ tnv dvion KATavopr] TV 1OVIOV: av
T0 Xx2np 10 4y=np dpa
Arn=RTp (3.14)
(yivetor ion pe v oopmTIKY TiEoN TOL pEYAAOPOPLAKOD OVIOVTOG, aV 0UTO 1TaV
apdépTicTo). Av 10 x=0 101E
An=(n+ 1)RTp 3.15)
gival n oopwtiky migon, mov deiyvel T0 POPTICUEVO OVIOV AEY® KOl TOV LOVI®V
nmov ovykpotel. Téhog, 6tav x<np, T0TE y=X kol 1

An=RT(p +np-x) (3.16)

eEaptdrar anevbeiag an’ Tn ovykEVIpwoTN Tov Ghato¢ oto mepPiBdAiov.

B) H éinAvi watavourj Donnan

Av tOpo pavractovue pia avtiia, TOL HETAPEPEL YOPIC VO KATOOTPEPEL TNV
NAEKTPLKT] OLOETEPOTNTA Ne' an” 10 e00tepks oto eETeplkd Snutoopyd)vwﬁ
pia kAion m. Av otnVv xotavour to poro twv evkivntov dviev nailovv 1o K
kat CI”. Av o610 pdio TOL OKIVITOU TOALOVIOVTOC TPOCOEGOVUE POGPOPIKOLC
eotépeg RO—P™, éyovue éva povtédo, mov mAnoidlel nepiocdTepo otn Proloyt-
K1 TpoypatikoTnTe. Oa eivol TOpo OYNUOTIKA:

Eoowtepikéd EEwrepiicod
x™ p
Na) — > Na’ m
K’ np cr m
K’ x+y K X-y

cr x+y cr X—y
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x: N ovykévipwon tov KCl oto e€wtepikd y: n mocdtng mov kiveitor mpog o
péoca Abye g dviong kotovournc.
Oa 1oyvel yio o evkivnto dvro mAAr M katavopr) Donnan:

(mp +x+y) (x+y)=(x-y) (x—y+m) @3.17)
_ (m-np) x
~ m+np+ax (3.18)

Mapatnpodue t@pa, 6Tt kabopiotiké poro mANV tng oyéong x/np mailer 1
avtiio Na dnrhadh To m. Av Eyovpe m =np té1€ 10 y = 0 madet dnAadn n kivnon
tov wWvtev. To i8lo 1oydeL kar yia TNV OCH®TIKY Tieomn:

An=RT (p +np +4y-2m) (3.19)

H sldttwon ¢ eaptdror topa an’ tov mopdyovia tng avtiiac.

B. Awgvkolvvopevn Audyvon

Yvothiuato, mov gAEYXOLV TNV TayxiTnTa PETAQOPES KAl TOL GLAAEYOLV TNV
ovoia, Tov Ta damepvd otn Baon pag vrdpyovoag kKAong cuykévipoong (kot
6yl evévtid 1tng) koAovvial cuoThpoto dlevkoALVOpEVTG dtdyvomg.

4. Kpitipia yia 10 YOpaKTHpIoud TOUG

lo Ta cvotfuata dievkoAlvvopevng Sidyvong Asttovpyody otn Bdon wog
doopévng niextpoynuikiig kAiong kot £xovv TV Tdon oTnVv Agltovpyic Tovg va
v e€ovdetepdoouvv. Aev yperalovrtar ehedBepn evépyeia yio v datripnomn
T0Ug, &KTOC OmMO TNV YEVIKG amapeitntn vy ™ Satrpnon g Soprg g
pepppdvnge.

20 H toydtmte eivar tdpa peyordtepn an’ tnv mobntiky petagopd, o
ovvtereotiic Beppokpaciag eival pkpoétepog, oto de népacpa mailer péro ka1
otepeoynuiky douny g Srayedpevng ovoiag.

30 H toydtmra tepdopatog akorovBel kivntikt kopeopod-dev toydel dnradn
o vbpog tov Fick.

40 H taydtnta mEQTEL ONEAVTIKG e TV mopovsia mapdpotmv pépiev. Io-
povoidletal dnrad 1o @oVopevo NG mapepnddions.

50 Epmodiletor and ymuikolg avacTtoAeic.

60 Yrnépyovv capeic Sropopéc petokd tng kabapng porg kat Tng povodidota-
™me.

70 Mnopei péow tov pnyavicpod dievkoluvopevng didyvong va yiver peta-
popd avtibeta 610 NAexTpoyYMULKS Buvapkd péoo an’ tnv aviictpogn petagopd
Kdmolov avdAoyov péplov.
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5. Kok uerétn

a) Movodidotaty potj (Unidirectional flux)

TMa to cvothipate dievkoAlvvouevng didyvong n povodidotatn por J puag
ovoiag St péoov tng pepuPpdvng divetor amd pia Ekppacn NG HOPPNG:

— S -V max
J “K.+S (5.1)

Smov S N ovykévipwon an’ TN pepLd ™ PeRPpavng, mov Eexivd N pon} Kot V oy
ko K, otabepéc.

"Evog 1tétol10¢ vopog dapépel govepd arndé 1o vopo tov Fick: J=P.AS
(ypappikn e€dptnomn g pofg am’ n ovykévipwon).

¥t Bdon tng oxéong (5.1) n J=£(s) akorovBei pra KivnTiKy Kopeopol
Michaelis-Menten (oy. 1) pe Ao to Boocikd Tng YOPAKTNPLOTIKA.

!

max

max

()

IXHMA | : H xaunidny xopeapod yia v Sevkolvvduevy Sidyvor.

Vax: BEoptdtor an’ T0 ouvoAikd aplBpd tov Kuttdpmv, To €1d0g TOug, TNV
Katnyopia Tng ovoiog kor glvar 1 péytotn porj, mov pmopodue va
OTAOOLE.

Kon: Xopaktnpifer aveEdptnto an’ tov aplBpd tov xuttdpov to Levydpt
kottapo/ovcia cav évo pétpo Tng ovyyéveldg tovg. Eivor n avaykoio

max

GUYKEVTPWOOT TNG OLOIOG Yl VO QTACOLUE OTM

H avahoyia petafd ng sv(;upa'cucﬁg KIVNTIKNG KAl TNG S1evkoAvvOpuevng
petapopdc emekTeiveTol Kol otov Topéa NG Opdong tov avactoréwv Tng
petagopag (7).
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Aviayoviotikol, avactoldeic. Ehottdvouv tnv ovyyévela kdTtapov/ovoiag, KivnTi-
k& avEGvouv mv K - Tlapeprodilovv-tig evepyovs BECELG TOV GUCTANOTOG HETO- .
Qoplc kaL £yovv oav cLVENELD TNV EAGTTOON TNG CUYYEVELAG TOL GLOTHUOTOG
«xOTTOApo/ovciar, AvEdvel 101 N ToodTNTA THG ovoiag, N avaykoio Yo Vipm,,/2.

I
Ztov twmo n Km aviiketootiéror on’ v <1+ TI) Kn, 6mov I n

ovykévipmorn tov ovoctoréa kot Ky n otabepd Tov (ovykévipeon avactoléa
avoykaio yie vo dimhaciactel n eowvopevikny Kp).

Avioyoviotikol ovaoctoreic ouvrifog eivar pn avéioyeg ovoieg pe 1
HETOQEPOUEVT.
Mpn aviayoviotixoi avactoleic. Elatidvouv tov 0p1Opd TeV BECEOV PETOQOPAC
Kot Exovv cav ouvénelo, EAGTTOON TG V max. H V oy Staipeitorl wd po pe tov 6po

I
(1 + -f(—> OVAAOYO TOL TPOTYOVUEVOV.
1.

B) H xabapij porj

Méypt Td@pa Y10 TO GOOTNHO TNG SLEVKOAVVOUEVNG HETAPOPAS dEV elGoydyoue
tirota mepiocdtepo an’ v anhn evivpatiky kivntiky. H katdotaon nepinhé-
ketor 6tav meprypdpovpe v kabapn por, tnv olyePpikn dnradn GOpoion
£L0POTNG KOl EKPOTG:

kaboapry por} =Jin—J o (5.3)
SeVmax SiVmax

KntS.  KnTS; (5-4)

(o mepimtoon ovppeTpikdINTAg TNG MEUPPAVNC) TEMKA:

(Se"Si)Kmeax

kabapn pony = (5.5
PPN K, FS ) (K +S) )
av topa egivar S, S;<K, n oyéon petacynporiletor oe:
v
koBapr] pofy = (S—Si) (5.6)

Kn

avdioyn p’ avty tov vépov tov Fick.
"Eocte 1Opo. oov PETPO TNG OALKNG ponfg O «xpévog MUIANPAOCE®S» TOL

5 . . Se . . .
kuttdpov. O xpdvog dnhadry, Tov S;= —2—e ovpgova pe To vouo tov Fick B sivat:
S. V
kobopri pof} =—= X 5.7
ppon == ¥ 5.7

kot Oa avEdver ypoppikd pe thmv S..
Avtibeta, av woyder n oxéon (5.5), 6tav 10 S, av€dvel, n k p Ba teivel oto
undév (or dvo poég Ba teivouv va g€ioopponnbodv) (oy. 2).
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4 1
100
9
Y nax
50 -
//"————‘\\\"-______555‘—~—__—_-_~__-—__—-]L

TXHMA 2 : O fabuds xopeouod atn povodidorary (I) xar oty kabapyi (II) por] piac oveiag mov vrmaxover
0TOVG VOUOUS THG S1EvKoAvvOuevHS S1dyvong.

y) Adbyoc povodidotarns mpog kabapi potf
Tivetol gavepd, 611 0 Adyog povodidotatng porig npog kabapt, pe avEavépe-
vo S. 1eivel oto dmeipo.

Movodidotatn _ S (Kn+S))
kabopry Kn(S.—S;)

Tomikd Oa. eivan (5.8)

H xafapt} pori petpiétar pe ynuikd Tpomo, eV 11 HOVOSIACTATN HE EMOTHACHEVD
podroicdétona (oy. 3).
KACuano ypdvou
yud n ynuunr &Eucoppdnnon o€ min

3

-2

L 0 _ 50 100
Q — AN ™ - Al Al - v al
“w

> 160 ¢

w

-

o L

3 .

Q g !

E 3

- ¢ .

53 * I am
5 3

e /

- © &

2 v

2 ¢

e X

> 9

W x

2 2 A 1 Y " 5 A S W
> T 0

= - 1 Ly 8
[2¥]

Kiluana ypdvou
yud 1 padievepyd £ELooppdmnon o€ min

IXHMA 3 : H dapopd perali povodidoratng (1) mov mapaxoAovbiérar ue padievepyri yAvkoln rxar tng
xabapric eioporic (II) mov uetpiérar pe ynuixd tpomo (I).
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H évtovn Swgpopd petald povodidoratng kot kobaprg porig Seiyver tnv
Kuplapyio Tov vépov tng dievkohuvdpevng petoeopds. Eivor modd peyaiidtepn

an” v mpoPrenduevn an’ tov vépo tov Fick. S —eS~
€ 1

o) Aviayoviotikij didyvon aviaddayric (Competitive Exchange Diffusion)

H expor m.y. g yAvkding amd to kOTTapo, HETPNUEVN HE YNMUKS TPOTO,
givar n kaBopr ekpory. Avtr] tovtiletor pe n povodidotatn, pévo av dev vmdpyet
YAukéln oto eEwtepikd péco, kATL SPOG SUGKOAO VO TO METHYOVHE TELPAUOTLKG.
Av Spog topa évo dAho odkyapo pmopel va kopéver To cbotnpo an’ v £
mhevpd, 10t mapepnodiletor n e1opon) YALKOING KAl M HETPOVUEVN HE XMULKA
péoa ponf tovtiletar pe v povodidotatn (oy. 4). e éva téTolo choThua avia-
YOVIGTIKHG didyvuong aviorliayrig, n apyiky xaunin ok pon petatpénetol ot
pro peydAn povodidotartn.

)
°
-
a
D
o3
S
o
3 51
-
° 1
D 4 J
°
a
a»
a
P 3
=
N 2 4
w
= prs
j
)
= 11
D
(;
A 2 . —
) O "O"
=] 10 z

Xpdvog (min)

IXHMA 4 : To garvduevo g aviaywviotiklg didyvonc aviallayrc katd tnv expof] yAvkdlne and epvbpd
apoopaipia otovg 0° (D): Xwpilc avraywvi{ouevo odryapo (II) Mec aviaywvi{éuevo ().

g) To pawduevo tnc avti-porc (counterflow)'™

e avaloyo unyoavioud pe T Sidyvon avtorhoyg LIOKOVEL TO PALVOUEVO THG
avti-poig. ‘Etol katd tnv mpdoknymn cokydpov n mpocbrikn evdg dAlov
avtayovifépevov 10 TpOTO pmopel va OBNYNOEL OTN UETAQOPE TOL TPOTOUL
gvavtia ot1o YMpkd tov dvvoulkd (oy. 5).

Zmnv apyn otav dev vmdapyer aviayoviiopevo cdkyapo Exovpe pia xabapri
poti (and £€w mpog Ta péoa) Tov apyikod chkyapov. Av T@pa TPocBEGovpE GTO
e€otepkd enapkr moodTNTR TOL avtaymviiopevou (neyordtepn and 1o K ,,), 161
0o deopevbei n and ta £Ew mpog Ta pEca Kivnon Tov apPYIKOL CaKYOPOL, EVH M
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avtiotpogn Oyt 'Etot Oa £yovpe TEAKE o OAKT] EKPOT| TOL 0PYLKOV CAKYOPOL
EVAVTIO, OTNV KAIOM OCLYKEVTPOGONG TOVL.

w

countS/ .
min
dpou
w
[0
o

gemg Enpol B
N
(83
(o]

-
.
Q
o H
=
[ ¥a]
0 10 20 30

Xpdvos (min)

IXHMA 5 : To pavduevo tqe avuipporc. Ilapatnpeitar drav katrd tny eoporj D-yAvkélnc oe
Tetrahymena pyriformis npoc@éoovue 0 ypovikr otiyurf mov Jeixver to féloc D-ppovktdly (14).

To @ouvopevo autd gival QUOIKY CLVETELL TNG KIVNTIKAG KOPESHoD yia TN
Sroyedpevn ovosia. IN'a va cupPei avtd, mpénel va TAnpovvral ol Tapakdto dpot.

a) O1 8o ovoieg va £yxovv kowvd cOGTNUE BLEVKOAVVOUEVTG HETOPOPES.

B) TIpémet va udpyet dlaPopd GLYKEVTPOONGS Yia TV aviayoviLouevn ovsia.

v) péner oty pe 1 oty GAAN mwAevpd m ovoio ovth va €xel VYNAN
CLYKEVTPOOT).

&) H ewopor] ko 1 ekpon} and 1o GVOTNHO SIEVKOAVVOHEVNG HETAPOPAS OEV
npénel vo aAiniogunodilovrot.

g) Zuvénela Shov avTtdv eivar kol 6TL 1 evepydg Béon 1 0 mapdyovtog NG
LETAPOPEC TPEMEL VO, «KLVOUVTAL» O’ TN Hid HEPLE TPOGS TNV GAAT HETUQEPOVTAG
610 «mhyoive Edor mpog T pia f v dAkn katebBuven tnv Siayedpevn ovoia.

S
31N otdowun kordotacn av eival S—'o AOYOG CUYKEVTPOONG TOL apPyLKOV
e
i
G.
TOno NG KN OVTAYOVIOTIKHG OVAGTOANG OTN OTACIUN KOTEoTACT:

S, 1+Gi/Ky
5. T¥G./K, (5.9)

chKyapov Kot Tov aviayovi{olevou, oyVeL 1 GYECN, OV EQAPULOCGOUVLE TOV

6rmov K, 1 otabepd tng ovoiag G.

6. H vnéBeon tov kwvntol petapopéa

To v e€fjynon tov gowvdpevou g S1evkoAvvopevng Sl VONG KAVOLHE TNV
vrebecn, 6Tl To chotnue amotereital amd PETOQOPEIS HE TNV KAVOTN T
1) No evavovtalr pe tThv TPog HETOQOPE ouvoid.
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2) To opmhoko avtd Exst TNV duvordTnTa va dracyilel tn pepPpdvn pe ToAD
peyorbtepn toyxvNTO an’ 6,11 1M ovcio pévn Tng.
Tynuatikd av E etagopéas xar S m ovocia, Bo eivol

k
T ES_.
~ e

k" /ES.
R : k-2
i L k-3 .
Ei  n—— E y
ecdwTEpLNUd ucuﬂpgvn EEwtepLne MEOO
xdTTapov

k k k
"Onov k—'pétpo ¢ ovyyévelag ovoiag petapopéa kal E-z—, k—3pérpa
-1 2 K3

yie TNV Tayxdvtnta dudyvong 1660 Tov oOumhokov, 660 Kai Tov gAevBepov
petogopéa, dia péoov tng pepPpdvng. Go sivar dniadn:

k.
K= # (6.1) n otabepd drdoTacng Tov GUUTAOKOL
k k.
Ko r= k_2 = 1<_2 (6.2) n oyxetikn TayvLTNTA S1dYLONG CUUTAOKOL TPOG
3 3

Tov gAebbepo petagopéa.

Ba 1oyvovv o1 oyéoelg:

TotE=E.+E;+ES.+ES; (6.4)
211 OTGoun KatdoTtoon:
k 3E.+k,ES.=k;E; +k,ES; (6.5)
1 E.+rBS.=E;+1ES, (6.6)

Abvovtag 10 ovotnuo tov sEicdosov o Exo:

(K,+1S.)K, TotE
K t18)(K+Se) T (K + 1S ) (KT S5)

Ei = (6‘7)

K, +1S.) S;TotE
(Ks+rsi)(Ks+Se) +(Ks+rSe)(Ks+Si)

ES;= (6.8)

Avdroyeg 3¢ exkppdoeig Oa Exo ya to E, kot ES.. H 8¢ povodidotatn pory
an’ 10 go@TEPKS Bo eival:

J=k,ES; (6.9)
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dnhadi:

k,TotES (K +1S.)
K+ r18) (K +8) + (K +1S) (K tS))

J= (6.10)

Hapatnpo{)us emopévag, 6t av ko povodidotatn e€aptdtal an’ T cuykév-
Tpoon kal an’ Tig 8060 mAevpéc. Av Tdpa kGvovue tnv vndBeon 6t r=1 (1600
10 obumloko 600 xai o ehevBepoc petagopiag £xovv Ttnv 8w taydTnTa
didyvong). Tote an’ tnv (6.10) xatairyovpe otn yvopun popew:
k, TotE §;
2(Ks+85)

Av 1dpo 0 grebBepog petapopéac dev pmopel va Kiveital, dtav eivor eAevBepog,
via va mapardfel kawvovpyla Tpog petapopd popia, téte Eyoviag: k3 =0 xai
r=o maipveo ™ oyfon:

I= 6.11)

k,TotE-S,S;
K,(S.+S;)+S.S;

OV €ivol CUMUETPLIKY TPOG T ML KAl TNV GAAN katevbuvon wg mpog S, kat S;.
Ttnv axpaia avty nepintoon aveEdptnta an’ Ta S katl S; dev £yovue ohiky poi
napd pévo otoryewopetpikyy 1:1 avrariayny tng ovoiog.

Kalovpe éva 1é€T010 QUIVOUEVO aVTOALOYT|G «OVOYKACTIKT didyvon avialia-
v1e» (Compulsory Exchange Diffusion) oe avtifeon pe 1o yapjropa tng ohikrig
potic, OTAV Kal oL dvo TAEVPEG EYOVV KOPETTEL, TOL TNV KAAOVUE «AVTAYOVIOTIKY
didyvon aviarrayric». «Emtayvvépevn Sidyvon avtorraynic (Accelerative Ex-
change Diffusion) eppaviletar oe cvotipata, mov o ghevBepog petapopéag Kivei-
ol AMydtepo ypfyopa an’ 1o odumhoko. H Siapopd petafd «aviayoviotikhic»
KOl «ETLTAYVVOUEVTG» TLOTOTOLELTAL, bTav 1) ula TAELPG € Exer Yapniy cvykévipo-
o1 ™G ovoiag hote va anokAeieTar avioyoviopdg koL top” 6ia avtd éyovue pio
avtoArayt.

Tvvoyilovtog v vmdBeon tov Kivntol petaopéa £ywm:

1) O petogopeic vrdpyovv oe memepacpévo apbud otig pepfpdvec.

2) Bpiokoviar oe ovykekpipévn kar e€erdikevpévn ovyyéveln pE TNV TPOG
UETAPOPA ovoia.

3) To odumroko pmopei va dracyiler T pepPpdvn npog N pia kot Tpog v
dAln xatebBuvon.

4) Mropel va Srapéper M Taydnta kivnong péoa otn pepPpdvn Tov
obumhokov an’ Tov glebbepo peTOQOPEQ.

J=

(6.12)

. X6levén petald evepyod petogopds kot Srtevkorvvépevng drayvenc.

H acdppetpn katavopt tTov 16viov péoo and dradikacieg evepyod HeTapopdc
éyEL oav CUVEMELD TNV CULUUETAQPOPE pEoa omd pnyaviopol’s dlevkoAuvopevng
didyvong ovoldV kOVIpA OTNV NMAEKTpOoYNUIKY Toug kAiom.
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7. O umyovioudg tqg ovv-uetapopds (Co-Transport)

T TV €€1yNomn 1oL POLVEUEVOD TG CLV-UETAPOPES JEYOUOOTE Eva COOTHHA
Sievkodlvvépevng Sudxvong E;, mov yia vo AEITOLPYTIOEL SEGUEVOVTOS TNV TTPOG
peTo@opd ovoia G xpsre’tl;erdl on’ Tnv (8ig mAEvPd Kol 1OVTO Na'. Av Topa pic
avtiio SiaTnpel oTto ecwTEPLKS YOUNAT TH CLYKEVIPOON TOV LOVTAV TOTE AT’ TO
eEmtep1kd s1opiovy 16via ovpumopacvpovrag péco and to ovotnua E; kot tnv
ovcia G, mov peta@épston TOPo pEca OnG To OVOTNUE SLELKOALVOUEVNG
dudyvone, aAlé evavtia otnv xAion ovykévipoorc tne. (oy. 6).

EowT. _ Yo d EEwTt.
Na; -—Xk - Na, £
\ EiJ
G; o Ge
Nai ,%\ > Nﬂ.e
[
l\.!: ’!' ll

“\V/zf},(

YXXHMA 6: IapdlinAn ovv-uetapopd

e ta 6vra K, mov 1 Kivno1 tovg «gvepyd» givar avtioTtpoen on’ avtrj Tov
Na', £vog UNyoviopog cvppswtpopag pnopm v AELTOLPYEL KAl OVTITOPGAANAC
(o petogopéog va evepyonoteital an’ To K an’ v eocntepikt| Thevpd). (oy. 7).

|7 A
K; Fliid—— K
/ \
L e
\ /
G,:A——%—A Ge
AY
(e
(
2

YXXHMA 7: Avunapdiinin ovv-uetapopd

O1 amopaitnteg evdeifelg yio pto tétowa vmdbeon eivou

1o) No vrdpyet otorysiopetpikt] oyéon petatd Tov mol Tov cakydpov 1 Tov
opvoEEOG KOl TOL CUUUETAQEPOVTOS LOVTOC.

20) H ovppetapopd va eivor ocoppetpikry (pory No va ocvprapactper 1o G
0AAG KOl OVTIIOTPOOQ).

30) H ohikrj porj tov G unopei va oAralel pe alioyr Tov NAEKTPOYMULKOD
dvvapikod 1ov Na (to idto woyder ko ywo Tnv oiiky por tov Na).

40) Xt otdoun xatdotoon o Adyog ouvykévipwong tng G mpémet vo
Bpioketor o€ ovykekpipuévn arinroeEdaptnon Ue 1o AGyo cvykévipoong tov Na.

50) H petogopd tov G mpémer va exkmAnpovel dieg Tic mpoiimobéoelg tng
dtevkolvvépevng dudyvong.
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8. H wxovyrintf ueAéty g ovv-petapopdc.

"Eva 600TNHE CUV-HETAPOPAS, STmG TEPLY PAPTNKE TPLY, Ba xuprapyeitat an’
TIg TAPAKATO 1COPPOTiES:

E+Na = ENa 8.1)
E+G = EG 8.2
ENo+G = EGNa 8.3)

EG+Na == EGNa : (8.4)

kg

Baoikd vrépyovv 8o dpopor: O évag, vo oynuatiotel npdta to ENa kat ot
ouvéyela vo mpootifetar to G. T mepintoon ovty éyovpe pio an’ to Na
eEapTOpevn ovyyévela vtooTpdpatog petagopéo (to No emnpedlel Tnv K e
KivnTiknig Sidyvong tng ovoiag).

O éXhoc 8pdpog va oynuatitetar tpdta to odpnhoko EG kat to No anAid va
emTaybvel T Sidyvon tov ovpmhokov Slo pécov tng pepPpdvng npoocTiBépevo
petd. “Eyovpe dniadn pia on’ to No egoptduevn KvnmikoTnTa Tov GOUTAOKOL
Kot ennpeaoud TG V pax.

Av givol ks 1 oTafepd ToydTNTAG PETOTOTIONG TOV TATIPOVG CUUTAOKOVL Kat
gival {81a ywa To oOpmioko koi Tov glevBepo petagopéa, Bo Exo

TotE = E + EG + ENo + EGNa (8.5)
11
TotE-G-Na (——— +
— k|k3 k2k4 )
EGNa = Ne G GNa  GNa (8.6)
1+ — + — +

k| k, k, ky * k k-
H toydtnto tdpa petagopds tng ovoiag G Oa eivau
Ks-EGNa (8.7

“Eoto tdpo, 61t mdue an’ to dedrepo dpdpo, oynuatifetar Snradn EG xat to
Na tevkoAvverl T Sidyvon tov. Téte ta k¢, k 37 % kot 1 (8.6) petacynuatifetat:

Na
Taydtnto Sidyvong ksTotE ( k, + Na ) G
an’ to 20 dpdpo = ' Kk
< 2kq > +G
k, +No

(8.8)

It oyéon avt, av to No <k, moipvovpe pia oyéon, mov 1o Na ennpedlet
YPappIKS T V oy VO a@rjvel avernpéactn v K, otnv xivnrikn Sidyvon g
G.
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Av 1dpo Tyaive ar’ Tov lo dpopo 10 Na ennpedler tn ovyyévelo E ko1 G
dniadn ki, ky—o. H oyéon yivetar

Toyotnta Swiyvong _ _. KsTotE-G 89)
on’ 1o lo 3pduo k, + Na .
Na k3+G

BAémovpe dNAadn, 61t 10 V .y HEVEL avVERNPENCTO VD TO

. (12 K
K.,=k; <1+ Na) (8.10)

9. H oyéon katavouric oty otdowun KATdoTaot.

Av topa m ovoia G ypnowponoiel Tov devtepo dpopo (oymuorifeTor kot
apyds 10 EG) ywa tnv giopor, pumopoldue va ypayouLE:

Vmax'Nae’Ge
KntGe.

Av 1 ovoia G 3ev ypnowonotei dAro dpduo e10porg 1| €kporig puwopole va
ypawoupe pia avdroyn oyéon yio TNV £KPoti, KOl 0T OTACIUT KOTACTOOT VO T1G
géiodoovpe. Av 10 cvotnua dev ival kopsouévo o€ ayéon pe v ovoia G kot
ave€dptnta an’ 1N ovykévipwon Na, Ba £yo:

Gi — Nae

Eiopor) = 9.1

G. Na (9.2
Av Spog 10 obotnua ypnowwonolel Tov npdTo dpduo TéTE:
Gi _ Nae ) kl +Nai (93)

G. Na; x k,+Na,

T mepintoon avth pévo av Na <k, éyovpe pia avaioyn Katavour pe T
oyxéon (9.2), ariog

L= (9.4)

Tov 6po Na; tov kabopiler éva mpwtoyevég ocvoTnua evepyod PHETAPOPES Kot
o1 oLVEYELD BEVTEPOYEVAOE TO CVOTNHG CLUVHETOPOPGS KoBopilel Tnv xaTavouy
Tov G 01N oTdown KOTACTAOCT).

Av 1dpa ot otdoun kardoracr to No e1opéel pow TG CLV-UETAPOPAES KaL
ekpéel péoo am’ TNV ovv-petagopd kol TNV oviiia (oe mepimTEOM, MOV TO
ovotnpa dev £yel kopeotei) Ba €y otn otdoun kotdoTach:

Vmax — Vmax
X, G.Na.=ks K.,

omov kg n otabepd tng aviiiac. Oa sivou

k5 Gi -Nai+k8-Nai (9.5)
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A%
k5 —_max ,GE.Na:
m

K
No;= v (5.6)
kgt ks K":x G;
Av topa 10 kg eivar apketd peydho Bo éyo:
ki V
Na;= k—5 E‘“—’L G.-Na, 9.7
8 m
Na; ks Vi
Kot == —0G 9.8
Nae k8 Km € ( )

Av n eiopor) tov Nao yivetar kvpiapyo ond éva dpdpo SiapopeTikd amn’ Tnv
cuv-petagopd, tote 10 Na,/Na propei va eivar aveEdptnto an’ 10 G.. H oyéon
(9.8) pag divelt OAOVLE TOVG OCLVIEAECTEC TOL CULCTNHHATOG TNG CLV-UETOPOPEC.

A. H mpotoyeviig evepydc peto@opd.

Méypt t@po ovapepdikope oTn SLVVOTOTNTO TPOTOYEVOLS GVIANOMG T.Y.
16viev Na' aveEdpTnTa Kol €VAVTIO GTO TAEKTPOYNULKS TOLG Suvapikd. Ag
neplypayovpe tpdta BewpnTikd To avouevo ot Bdon tng Beppoduvoutknic Tov
PN OVTIGTPENTAV Slepyacidy .

. 10. H oblevén oty otdown xatdatacn podv Kal Ynuikdv avtidpdoewmy.

H olAnkenidpact tov dw@dpwv pn OvVIICTPERTAV dlepyoolav €kTég and
dueca pe tnv oblevEn pHEco SlaydVimv CLVTEAESTAOV PTOPEL va yivel katl Eppeca
GTN OTACUN KATAOTAOT.

"Eoto avoiytd obotnua, mov naipvel cvotatiké M an’ to meptfdiiov kot 1o
peETaTPETEL pe GEPd dradoyikmv avtidpdoewv o1o N (HEco pag petaBoitkrig
nopeiag). To N anoBdrietar oto nepifdirov. "Eotw ovotatikd O, mov alinie-
mdpd pe v eicodo Tov M 1} v £Eodo Tov N péoa an’ ™ didyvor| Tov pEcw Tng
uepppdvng xwpic vo ovpuetéyel népa népa otnv petaforikr mopeio. H taydtnta
napayoyfi¢ Tng eviponiag Bo eivat:

. dIS _ denM denN denO -
T at =Am- T +Ay a +Ap it + Ap V>0 - (10.n
A
6mov Ay, Ans Ap 0L ouyyéveleg (T ol kotevflvovoeg SUVdpeug) tov M,N,O
den

petaEb gomteplkot kot meptfdilovrog, ar © avaroyes poéc, A, N ovyvévela
TOV YNUKOV avTdpdoeny kot Vg, 1 1oyxdtntd Tovg.
Mnopd vo ypdwe TIg TOPAKAT® (UIVOUEVOMOYIKES OYECELG:

d.n A A
Lyl 5 (10.2)
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6mov Ly o cuvvieheotiig aAAnAienidpoong g porig tov M pe avty tov O.

220 =1y Tt Ly S (10.3)

d;‘;“ =LN’—§-IN— (10.4)

Kat Ven=Len I;fh (10.5)
Ba eivor de: L p=L,; (Bedpnuo tov Onsager)

21 otdown katdoraon Oo eivau:

d;“ = dc‘;fM V=0 (10.6)

d;” = d(;’?” +vep=0 (10.7)

%)_: d;:’o -0 (10.8)

1 Ven= d;?“ =- dgf” (10.9)

Kot d:itno =0 (10.10)

Av Mboovpe Tdpa T0 ovotnpo tov eglcd@oenv, Bo £x® Yia TG CLYYEVELEG:

T
Ay= ———F——— (10.11)
Ly —(Li2/Ly) Ven
T _
AN=- Ly Veh (10.12)
-T(L,,/L .
Kol Ap= M Veh (10.13)

Lll_(Lﬁz/Lzz) '

H tehevtaia oyéon £xel diaitepo evdragé pov, 16T deiyvel, 6TL  cuyyéEvela
Tov O ka1 Kotd CuVETEL KOl I 610p0pE CLYKEVIPMOOTC TOL PETAED cLOTHATOG
Kot mepipdiiovrog arAnioennpedletal Gueco HE TNV TOXOTNTA TNG YMMLIKYG
avtidpaong omn ordoiun kartdotact, yopic o O va cuppetéyel otn petaforiki
nopeia. "Etol Aowdv punopel m.y. 10 nhekTpoynpksd duvapkd evog 16vTog yopw
ané pio pepPpdvn va sivar dueca depévo pe ynuiky aviidpoon. Mropodpue vo
pidpe dniadn yia «petafoiikd ouvlevypévn peTaQOPE».

11. H svapyo’g UETAPOopd

Mia tétora oblevEn, mov pe damdvn Tng EVEPYELOG TNG YMILKYG avTidpaong
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wmo ovcia 1 éva 10v, UTOPEl Vo KATOVEUETAL EVAVTIA OTO TAEKTPOYXNMULKS TOV
duvopikd yopo orn’ n pepPpdvn, xoreitor kot «evepydg petogopar. Me 1
royikry méA Tng Oeppoduvopikic TOv un avIloTpENTOV depyoctdv, av Bewpii-
covpe 6reg tig mbavég ovyyéveieg, Tov odnyodv pia kabapry por} evdg cvotatt-
© xo0 1, mov pmop® vo ovopdle J;, avtég Ba eivau

1) H niextpoyxnuiky ovyyévewr tov idov tov i, dnhadt
A5=A|,1i+ZiFl|l (ll])

2) H arinlenidpoon pe tqv pof J; drhov ovotatikdv pécw daydviev
OUVIEAECTAOV.

3) H evépyea pag ynuueric ovtidpaong éote J., pe tnv omoio sivon
ovievypévn.
®a givor dniady:

J;=L;A;+ Z L;J;+L;J, (11.2)

j=0
J#1

O mpdTog 6pog avapépeTaL oIV nabnTKr] didyvomn, o debTEPOg 0T dlevKOAL~
VOUEVT] GLV-PETAQPOPE KOL O TPITOG OTNV «EVEPYO».

H avdlvon ovtod tov rpnou 6pov amacyGAnce £VIOve TOVg EROTHHOVEG S,

Ered1 n J; eivan Stavvopotiky mroodnta (Exel popd mpog ta PESH 1| TPOg T
gEw an’ To x0TTAPO), T Yvopeve L), Tpémel Kot avtéd vo givor Stavocpatikd
peyEdn (dniodn ywépeva evog Sraviopotog eni apiBud), yua va skrAnpodtar To
Oecdpnpa tng Curie «Eivar adVvatov yia pro $Ovoun evog S0oUEVOL TOAVLOTIKOV
XopokTipo vo odnyroet pua por} Sl@opPETIKOV TAVLGTIKOD YOPOKTH pa».

Ia to L;J; 1o Lj; eivar apBunmikd péyebog arkrd n porj Jjdidvuopa dpa dev
vrdpyer TPOPANUa.

It mepintoon tov L J, ta npdypata dev eivor cagn. Av ¢ep’ eweiv n J,
givoar N ToyVINTO Vo, pag avtidpoong, Bo mpémer o ovvtereotig Ly va éxet
AVUCHOTIKS XapoKTHpa. Mo mpmtoyeviig evepydg petapopd yivetor pe drotd pa-
EN NG OTACIUNG KATACTACNG TOV CUGTHHOTOG, MOV EYEl oAV CLVETELD alhayr|
Mg A, kar petagopd ¢ ovoiag O. INa va yivel dpwg avtd, mpénet 10 cvoTATIKSO
O va ovlevyPei pe acdpetpo cvotnua totobetnuévo ot pepPpdvn ocovvdedepévo
pe TNV mapayoyr kdmowov petaforitn 1) to mépacua kdmowov petaforitn, wov
cuppetéyel oe po kataforikr, dpo kar eEepyovikn mopeia, mov kabopilel
otéown xatdotacn (o ovviereotric Ly thg mponyoduevng mapaypdeov). H
acOppetpn ddtaln oto ydpo evég 1ET0100 GLoTHNATOG divel 61O ouvtereot Ly,
dtavouopotikéd xapl)mctnptcmcd.

12. Kintixdj tv ovotiudtov «dviAnons» Kai «S1apporicm.
H npaypatonoinon g otdopng katdotacng mpodmobéter ektdg an’ T0-

cbotnpa «dviinong» (“Pump”) xou éva obotnpo «Srapporic» (“Leak™) mov va
eEloopponel T ocvoodpevon 1 T ekpor] pe aviiotpogn Asttovpyia. H Srappor
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Aoy givor pio puoloroyikT] avoykeldtnTa Sepévn pe TNV avTiid yio onolodn-
TOTE LNOOTPOUA.,

"Eva xivnTtiké mapddeiypa: £0T® ovcid § MOV OCLOCEOPEVETOL UECEH MGG
avtiiag Ba eivau

V naxS
Yo TV €iopot pécw TN aviiiog: Tm%-SE_Q_ (12.1)
! , m e .

6mov S, N cvykévipoon 1o eEwtepikd Koy 1 otabepd Michaelis V .4 1 peyiom.
Tay0TNTa oTNn povdda ovykévipwong kdmolov petafolritn Q, mov kabodnyei Tnv

gvepyd HETOQOPA.
H Swappor] an’ to sowtepikd Bo eivor:

kS; (12.2)

6mou k 1 otabepd expong kal S; 1 CLYKEVTIP®ON TNE OLGIOG GTO ECMTEPLKS. TT)
otdown katdotactn Bo eivau:

Vinax'SeQ -

kS;= K, +S, (12.3)
KOl O GUVTEAECTIG KATOVOUTG
, V...
DR= Si—__VmxQ (12.4)

S.  k(Kn+S.)
A’ 1 oyéon (12.4) pmopodv vo Pyodv Poocikd dVo cvvémeleg:
Mpidtov: "Otav S,— 0 o ovvrekeotg katavopun DR — maximum icov pe

Vimax Q
k Kp

Agdtepov: “Otav S, o ovvtereotiig DR — 0, avtd onpaivet, 611 av€avopévou tov
S . otafepomoieiton o S

H wxvnuiky ovt gpnowonoteitol cav pio pébodog yia tnv meEPLypoer] Tov
GULCTHHATOC HETAPOPAS Na kot K.

Av ™ oyéon (12.4) ™ ypdvo

(12.5)

1 k k-K 1
<= + Sl 12.6
S; VmaxQ VmaxQ Se ( )
£yw po oyéomn, mov propei va pe fondrjcel va Tpocdiopicw Ypapikd Tovg 6povg:
k k-Kp

Kal

V maxQ VmaxQ
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Summary

“Physicochemical laws of biological transport”

The physicochemical laws of biological transport are reviewed.
Especially a treatment of the “metabolically coupled transport” in terms of
Irreversible Thermodynamics leads to the relation

-TL,,/L,,

Ao= oL, /L,

This relation connects the affinity A, of a solute O across the membrane with
the rate Vch of a metabolic route in which the substance O does not participate
directly. This coupling takes place through the phenomenological coefficients L 1,
«:Ligy and.the cross coefficient Ly«

The relation gives a thermodynamic basis for the explanation of the term
‘““active transport’” showing that the chemical affinity across a multiphase system,
such as biological membranes, is a vectorial parameter.
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H XPHXH TETPAIIOAIKOY KAI MAI'NHTIKOY TYIIOY ®AXMA-
TOMETPQN MAZAX XTON EAEI'XO THX KAGAPOTHTAYX TOY IIO-
AYBINYAOXAQPIAIOY (PVC)

MK. ZTAGEPOIIOYAOZ
Epyaotiipiov Avépyavng kar Avaivtixrc Xnueiag, Tunua Xnuicov Myyavikdv, EMII, Abfjva.

Received March 29, 1983).

Hepiinyn

Kéxkor PVC ané Sidpopa €idn molvpepiopod, dwagdpov maptidev, Beppaivovrol
an’evbeiag oV TNYY toviopod dHo SrapopeTikdv THNOV PacuaTopéTpeV pdlag, TeTparo-
Aikod kot poyvntikod. H Béppavon tov kdkkov otnv neployr 70-120 © C (uepikéc oopég
vynAdTEpR) aneyrkhopPilel Tig Sidgopec mpoouifelc (VtoAleippote ToAvpepIoNos, TPSGHE-
Ta) and Tovg KOKKOLG ENLTPENOVTOG TNV Tay UTATH TovToRoinot Tovg. E&etdlovtatl ol duva-
TN TEG oL £x€L 0 KGBe Evag and Toug dVo TVToUG acuatouiTpev palag oe cuvdvaouod e
vroroyioty (DATA SYSTEM).

AéEerg khewdid: Avéivon moAvpepmv. PaopatdpeTpa palog TETPATOALKOV Kot Hoyvn koD TOnot.

Ewayov

Eivar yvootd 611 1 mapovoio mpoopiéenv (VTOAAEUPATOV KAl TpoobETwv)
o10 moAvPvvroyhwpidio (PVC) ennpedlel 1600 T yipaven Tov vitkod', oo
kol TV TofikdéTTa?, 10 YpOUE Kol TN YEVIKOTEPN amodoy1 Tov.

H tayvtatn kot Aentopgpelakyy yvdaom tov eidovg twv npoouifewv, propei vo
Bonbrioel otov éheyyo Trg mMOLGTNTAS TOL TOALHEPOVS and mapTide o TapTida
Tov 1810V N dragopetikdy mpounbevtdv. I'a tov Tpocdiopiopsd tev npocpitewy
o€ d16popa molvpept) £xovv Tpotabel Sidpopot péBodot, Stwg exydAlom Kol GTNV
ouvéyEln Ypopatoypadia, gacpotookonia uvnepvfpov (IR), mupdivon -aépia
ypopotoypagia (PY/GC), NMR,X-RAY?. "Eyel emiong mpotabei 1 ypijon
atplog ypopatoypagiac (GO)* 1 o ovvdvaopdc aépuag ypopatoypagiog -
paopatopetpiag palog (GC/MS)5™8, IIp6éogata éxer ypnowomoinbel n teyvikn
¢ mpocappoyng Sutdewv an’ evbeiog atnv eicodo Tov gacpotopétpov pudlag
MS)*!%. Koppid ané tig mopondve Satdleic Sev eixe yevikii amodoyn, pepikéc
divouov moA0 koAd amoteléopata, arAd sivor ypovoPdpec, evd o’ OhEg TIC
TMEPLITMOELG AMOLTEITOL M KATAOKELY] €dik1g didtagng.
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Ly pébodo mov mapovoidletar omv gpyacia ovty dev ypnoipomnoeitol
Kapd Waitepn didtaln, addd ofomotobvial ot dvvatdtnreg §Vo moAd dnpogr-
Aov tOnov gacpotopttpev pdloc tov TETPATOALKOD Kal TOvL poyvntikod. To
TPOTO KGVEL By ®wPLoUS TOV ToPAYOpEVOY 16VTOY pe t BonBewa evog «piltpou
paldv», evéd o dedtepo Sraywpilel T 16via pe tn Pfonbeio payvnikon nediov !,
Loppovo pe ™ péBodo avt kékkor PVC glodyovror on’ evbeiog otnv Ty
LOVISHOD  TOV  QooUaTOpPETPOL palag, Smou Beppoivovrar pe yopnké pubusd
Béppavong otnv meproyry 70-120°C (nepiég popég vynAbTEpQ). Ot ovoieg mov
elvol moydevpéveg otovg kékkovg Tov PVC gxAdovton pE wavomoinTiké dayw-
piopd. To QAopoTa TOV oLGLdY Tov Aappdvovtor guidooovial o HayvnTikég
Siokétteg pe ™ PoniBeia tov Data System tov opydvev. H an’ svbeiag Bépuavon
oY INYN oVIGpoD Exel Ypnoiponondei otnv AVAALOT TOV TINTIKOV oV elval
Taywevpéve oto vaihov, Ta molvkapBovikd to TOALTPOTVAEVIO, TO TOAVGTVPE-
VIO Kol To ehaotikd 2. "Exer emiong ypnowomonBei otov TPOGOOPLGS
uovouepdv oe FOAM molvovpebdvn kat otov npocdiopiopd kukhkdv ohtyops-
phv_oe moAv-g-kanporakthyun.' >4

Amotehéopato ko ovltnon

Katd ™ 6éppavon towv kdkkov tov PVC umopodue vo Srakpivovpe Tpelc
Beppokpaciakés meployés. H mepoyry 70—120°C eivon ovTy, otnV omoia
exAdovtal to maydevpéve vioAAeippata Tov TOLLPEPLOHOY. TNV mEpLoy T avTr
dev Aappdver ydpo Sidonacn tov PVC.Avto oto QUOHATOUETPO pudlac paivetal
and v apeAntéo mapovsia Tov Kopupav 36 xar 38 (ue Adyo 3:1), mov
avtiotoryobv oto HCI, facikd kot mpotapyiksd npoiov tng Beppikiic Sidomaong
Tov PVC. Ztnv Sedtepn (120-270°C) kon Tpitn (270-400°C) TEPLOYN, OVTLOTOL-
X0G, yivetor didoracn tov PVC. (ExkAvovton HCI, Beviéro ka1 drrot vdpoyo-
vavOpakec). H didkpion avtdv tov TEPLOYOV yivetar pe mopoxolodOnon kat
ouvex KoTOYpagy HE TO QOOUATOMETPO udlog SAev TV MINTIKGV, mov
Tapdyoviar Katd thv Oéppaven kéxkwv PVC pe otabepd pvbud 5°C/min. H
TapakorodOnon avt yivetor pe cuveyr Kataypoet tov ohkod pedpotoc 1évimv
(TIC) mov mpoépyetor arm’6ra o TINTIKG Tov 1oviloviar 6To goopatdueTpo
palag.

Zro oxnpo 1 divetar to TIC ya B¢ppavon tov PVC cuvaprtricet tov xpdvou
xo1 g Beppoxpaciag. H xpndén e neproyric 70 éog 120°C yevikd eacpalile
éklvon tov mpoopifeev kar byl TeV TINTIKOV Tpoidviev g Sidonacng Tov
PVC.

Zrov mivaka I kot IT Sivovrar T anotedéopata avorboeng mévie SlopopeTikdv
ewdov PVC (A;, A;, A;, B, I, evd ota oynpoto 2 kait 3 Sivovior to
AopBavépevo pdopata palac.

Zto delypa A, tavtomoieiton moAvfivorikr} adkodAn (PVA), tpiydmpoatBudé-
vio (TCE) kor évag vdpoyovévlpakac (H/C) pe MB 198. H PVA ypnowionoteita
oav alwpnpoTonoNTikt ovcia, evd to TCE ypnowonoeital TOAAEG Popég oTNY
Tapayoyr yapniot MB PVC. Zta Seiyuota A, kou Aj tavtonoeitan PVA kot
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évag H/C pe MB 198. O H/C pe MB 198 £xer M.T. C14Hyp. Tty nepintoon

avtn yivetor n vrndBeomn 6t o H/C pe MB 198 eivar To mpoidv enavavtidpdoeng

TV TUNUETOV Tov KataAbtn evépéeng nokousplcpo(),C7H15!COOlCC7H15 (vme-
1

poeidio tov oktavoiko® oféwg) ochpewve pe v avtidpoon:

C7H15COOOOCC7H]5 - 2C7H15+2C02
2C7Hjs — CuHa

H vréBeon avtn yperaleror BePaiong nabattépm HEAETT).

10]

TIC

22

J20 A A

20 40 60 - ‘80 MNN

IXHMA 1. ‘Exlvon olikdv woprikdv (TIC) ovvaptioer tov ypdvov kar the Beppokpadiac xatd why
Bépuaven xdkxwv PVC an’evBeiag atnv mnyn 1oviouol tov tetpanoiixod pacuatopétpov pdlac (Pubudc
Bépuavone 5 oC/min, Oepuoxpagia mnync 10viauod 2200C, Pebua exnournnc 0,7 mA, Evépyeia 1oviguod
70eV).

1o deiypo B Tavtomoieitor PVA o évog kekopeopévoc H/C ue MB 310. Me
Béon v mapamdve vrébeon avtég o H/C pTOpEl Vo mPoEPYETOL OGNS TOV
supitoto ypnoiponotovpevo katorttn evapéeng CyHy COOOOCC 1 Hy;z (vne-
pokeidio Tov Aovpikol oféwc) pe emavavtidpact ToV aAKLVAiov oL mopdyovTal
Kotd tnv avtidpoon evapEemc TOALUEPLGHOD.

To Seiypo T mepiéyer éva avtiofedotikd (2,6 di—t—podtvro—n—xpeldin)
kot éva miaoTikonointh (@Baiikdg difovtvieotépag).

Ané tn perétn tov mvdkev I kot II ropoatnpovpe 61t ka1 ot dvo TtOmOL
QaopatopéTpev pakag tavtomolodv Tig avtég mpoopielc. H yprion Beppompo-
ypoupuoTicpob Katd T  0&ppavorn tov deiypatog sEacealriler To mAglovékTnpa



M. ZTAGEPOIIOYAOZ

30

29

00C gorlowor Sudlix vjovdorldsg ‘puil') Shurouxs prgsq ‘439, gorlowor vddag ‘D ocr

-0, WXowdax alino EE\UQh Shoavridzg Sorigad “(pp IVW) S09pri aodagrio1priond goxtyoundiar goroior
bdhy abao So13gaa, up ‘D AJ 49X Uoapridzg U pipx 10240apgripy aox 503pr vi01iopd BI ‘7T VINHXT

00t

002

2,071 ¢
=) 'Y

00

062 0pi

2,071 L
85 =) W

001

002

i

LX) m—: _

3,66
8S =) Ly

0ct




31

ANAAYIH YITOAAEIMMATON TIOAYMEPIZIMOY PVC ME M.S.

1007 100 9 03
_ IV
] B K65 o B K=65
107°C ] 18°C
L ¥ dﬁw 19
Lo 1 TIRTA T
1 200 0 100 T 200
100 J
B N B
~ T L L) [ T
f 100 149
5
_ I ks
[ ¥
. F | 1 N_N 1 120C
100 200 121
3
J} 2B I k=65 1M1°C B L Nﬁ J
_ ' ! 0 " 10 200 T
100 100
PVA
91°C
Wodl o .

100

)

éxeia,

ZXHMA 2 (owv



32 M. STAGEPOIIOYAOZ

100 1001

A1 K=58

1 A K70 B K65
3

s 183 197 2 225 239 I
1H—v 5 W e

8 h

9
H
F r Top s i

169

100

[ Kes PVA
220 .
- l T L L_,___
ol

4 7,

97
NI R 1 W “‘?Sﬁfﬁa K

190 0 W !

TXHMA 3. Ta gdopatra pdlag nov Aapfdvoviar xard ty  6épuaven xdxxwv PVC an’evBeiog oty anyi -
1oviauob payvyticod tonov gacuatouétpov pdlac (RMU-6M). Evépyew wviouod 70eV, Pebua exmouniic
0.7mA, @epuoxpacia mnyrc wviouod 200°C.

Tov Kehitepov Srayapiopod Tev exkhvdpeveov ovot@v. H ypion mxpdy mocoti-
tov deiypatog eEdAhov elvar anapaitntog yia va pnv dnpiovpyndody mpofiripa-
t0. uélovone oty mnyy oviopot. H Suvatdtnta ypriong HEYEA®OV TOXLTHTOV
COPOOENG EMITPETEL TNHY TOVTOYPOVT} TOVTOTOINGT TOAAGY OLGLHV, VG 1) Y p1ioN
poayvnTikov tomov opydvev diver koAritepn evodnoia. Te kdbe nepintwon eivat
avaykaio molAéC gopég M «opaipeon» petatd §bo eaocpdrov,yo v eEdieiyn
tov Background kou tnv koAlitepn Tavtomoinom tev ovoidv. Auvtd pmopel vo
viver pe ™ Ponbeia vroroyiot mov emefepydleTal TG HETPNOELG.
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IMINAKAY 1. Tavtonolovpeveg ovoieg oe Sidpopa Selypata kékkov PVC  pe yprion
teTpanoiikod @acpatopitpov palag. @féppavon Odeiyparog and 70-120°C pe pvBuéd
Btppavong 5 °C/min.

Agiypa

A (K=358)
A, (K=165)
A3;(K=70)
B(K=165)
I'(K=165)
PVA

Ogppokpacia  Tavtomolovpévn ovoia

(°0)
70-120
70-110
90-120
70-120
90-120
70-120
90-120
70-120
100-120
70-110
70-120
70-120
70-120
70-100
80-100

80—120
100-120

TToAvBivoAikr) aikodin
TprylwpoarBurévio

Kex. H/C C14H30
TTolvBvoiiksy aikodin
CuHszg

IToAvBivuiikny oAkodin
CisHzp

ITolvBrvoiik aikodAn
CxnHys

2,6 Ai-t-Bovturo-m-kpeloin
®0oiikdc difovTvrecTépag
Axépeotor H/C kar ofvyovopéva mpoidvta
"Yéwp

Otix6 o&Y

OE1x6¢ pebuvrectépog
Apopatikég eVOOELG
MeBavéin

IMINAKAZ II. Tavtomolovpeveg ovoicg oe Sidgopa delypato kéxkwv PVC upe yprion
payvnTikob goaopatopétpov palag. Afyn goacpdtov oe Sideopeg BEoerg Tov cLoTHRETOG
etoayoyic (apiBpéc odpwong), Katd tnv €oaywyy Tov otV TNy oVicpoo.

Aslypa
A(K=58)
A, (K=65)
A3(K=170)
B(K=65)
I'(K=165)
PVA

Ap16uég
Zdpwong

_—d N = W N = W= W N —

w N

—

Tavtomolovpévn ovoia

IToRvBvoriky aikodin (PVA)
PVA, tpiyropdauburévio, C4Hay
PVA

PVA, C4Hy

PVA

PVA

PVA, C;Hs

PVA »

PVA

PVA, Cy»nHyg

PVA, CpHyg

PVA, CHy

2,6 Si-t-Bouvtvro-n-kpeldin (DBC),
POarikdg Sifovtvrectépag (DBP)
DBC, DBP

DBC, DBP

Axépeotor H/C kot ofvyovepéva
npoidvta, VIWP.

Axépector H/C kor ofvyovopéva mnpoidvra,
Vdwp, oEix6 0ED, o&ikdg pebureotépog, apw-
poatikég evoelg, peBavoin.
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TToAb evBiagépov Tapovctdletl eniong n LPNHON TOV SLVOTOTHTOV LTTOAOYLOTY
(Data System) yia T Arjyn kor arobfikevon (Library) evég peydiov apiBpob -
poopdtov ot dokéto. Ta edopata pmopodv va eneéepyacTovv PeTd To TEPAG TV
petpfiosnv. Avty akpifdg n SvvardTnTa eMTPEMEL TNV TAYDTINTA TOLTOTOINGOM
tov mpoopifewv.

Iewpopatiké pépog
a. Ylikd mov ypnoiuomoniyrav

Xpnotpornodnkov 5 drapopetikd deiypate PVC. To delypoto Ay, Ay Aj
npoépyovior and Tov 810 kaTackevaoTy, eival TOAVUEPICUOD OLOPTUOTOG, Un
TAUCTIKOTOINUEVE KAl avTloTotyobv o€ Younid, péco kat vyniéd Pabud Toivue-
piopo? (éyovv K-Values 58,65,70 avtictoiyws). Ta deiypata A, ka1 B €xovv tov
{810 Babud morvpepiopot (K-Values 65), elvar-un nioctikonotmpéva kat-Tpoép-
yovtol oné Srapopetikodg kataokevaotés. To I eivar molvpepiopod péing Kot
gyer K-Value 65.

p. ‘Opyava mov ypnoiponowibnray

INa v avéivon ypnopomorinkav 360 YoUUNANG SLaX®PLOTIKTG KAVETNTAS
oaopatopetpo palag (LRMS). To terpamoiikod tomov MAT 44 kai To payvnti-
koV tomov amArg eoTidoeng, Hittachi RMU-6M.

y. Xpnowonowobuevor uéBodor

H pébodoc mov ypnowomounibnke oto MAT 44 ntov n ewoayoyny tov
delypatog otnv mny1 ovicpold kar n Béppavon tov otnv mepoyr) 70 £wg 120°C
(HEPIKEC POpéC LYNAGTEPD) pe puBud BEppavong 5°C/min. Ot cuvBrikeg Afymg
Tov pacpdteov frov: Evépyewr woviopod 70 eV, pedpa exmopnnc 0,7 mA,
Beppokpocia myig 200°C, Svvapiké niextpovomorramiaciacts 1800 V. H
cGpoon g meployng polodv 33-499 ywétav oe ypoévo 0,99 sec. H mocdnta
deiynotog mov ypnopomorinke 1jtav pikpdtepn tov 0,5 mg.

H pébodog mov ypnotpomronr|dnke oto Hittachi RMU-6M 1tav i eicayoyn tov
deiypatog an’ egvbeiag otnv mnyf ovicpod kot N ANYN TOV QOCHATOV OF
Sidpopec BEocelc TOL CLOTHHOTOC gloay®YNE kKobhg ovtd mTAnoldler tnv anyn
tovicpov. Ot cuvBrkeg Ajyng tov pacpdtav pdlog ftov: Evépyeio tovicpot 70
eV, pedpo ekmopmrg 0,7 mA, feppoxpacio mnyrg 200°C, taydtnta capdoeng 4
Kol ToocotnTo deiypatog pmikpotepn tov 0,1 mg.
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Summary

The use of quadrupole and magnetic mass spectrometers for purity analysis of
polyvinylchloride.

Two widely used mass spectrometers (quadrupole, magnetic) are used for purity
analysis of PVC grains. Different types of PVC are used (suspension and mass
polymerization polymers of different K-Values). Among the substances identified
are suspencion agent, molecular weight regulator, hydrocarbons, antioxidant,
plastisizer. The -advantages of those two mass spectrometers are presented.
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REVERSED - PHASE HIGH PRESSURE LIQUID
CHROMATOGRAPHIC DETERMINATION OF TETRACYCLINES IN
EGGS
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ki, Greece.
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Summary

Separation and quantitative analysis of tetracycline, oxytetracycline and chlortetracycline
from eggs were accomplished by reversed - phase ion - pair liquid chromatography. Samples
fortified with tetracyclines were subjected to a complexation with calcium ions and ion
pairing with phenylbutazone. Extraction of the tetracycline - phenylbutazone ion pairs was
effected by dichloromethane, followed by back extraction into acid.

The method is rapid, sensitive and reproducible. As low as 16, 50 and 80 ppb of
tetracycline, oxytetracyclin€ and chlortetracycline can be measured respectively.

Key words: Tetracyclines, antibiotics, residues in eggs, HPLC.

Introduction

The extensive use of tetracyclines in poultry, mainly for the prevention of early
mortality and the treatment of diseases, has raised the possibility that traces of
these antibiotics might be present in eggs 2. Because antibiotic residues in foods
can be a potential health hazard to man?, an assay procedure capable of detecting
the presence of as low as possible amounts of oxytetracycline I, tetracycline II and
chlortetracycline III in eggs would be of great value.
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Much work has been carried out on the chromatographic separation of the
tetracycline group of drugs. Previously reported chromatographic methods 436.789:10.11
have proved laborious and generally not sufficiently sensitive or precise. Among
the more recently developed techniques for the analysis of tetracyclines, high
pressure liquid chromatography (HPLC) seems to have the most promise 1213141516

Several HPLC procedures allowing quantitation of tetracyclines in pharmaceuti-
cal preparations have been reported /13192% put they were unsuited to the analysis
of eggs, because endogenous ultraviolet absorbing components were eluted with
the drugs.

A few HPLC methods have already been applied to the analysis of tetracyclines
in biological materials such as urine 2?2?24 blood ?' and tissues**. They were
usefull, but lacked the sensitivity required to study the low concentration of
tetracyclines expected in eggs, during the final stage of drug elimination.

This method involves an extraction procedure?®, slightly modified to suit eggs
analysis, and an HPLC system which provides increased sensitivity.

Experimental

Apparatus

A modular liquid chromatograph (Perkin Elmer, Series 3) was used in this
study. A HC-ODS-SIL-X-I (Perkin Flmer) column, 2.6 mm wide and 250 mm long,
prepacked with octadecylsilane chemically bonded on 10 um silicagel, was attached
to a Rheodyne valve injector fitted with a 175 pl loop.

Column eluants were monitored with a single beam variable wavelength UV-
Visible spectrophotometer (Perkin Elmer LC-55B) through a 8 ul flow cell.

A digital scanner (Perkin Elmer, LC-55-S) provided background correction for
the spectrophotometer to produce true spectra of the eluted compounds on stop -
flow conditions.

The detector signal was recorded on a varfable - span recorder (Perkin-Elmer,
023). A column oven (Perkin Elmer, LC - 100) was used to control the column
temperature.

Reagents and materials

a. Mobile phase. 200 ml distilled acetonitrile (p.a., Ferak) and 700 ml distilled
water were mixed with 100 ml 0.1 M sodium d1hydrogen phosphate dihydrate
(p.a. Ferak).

The resulting solution was adjusted to pH 2.6 with concentrated n1trlc acid
(p.a. Merck) and used after degassing.

b. Calcium chloride (p.a. Merck) solution 49 w/v.

c. 5.5 - diethylbarbituric acid sodium salt (sodium barbital, p.a., Serva) 0.8 M
aqueous solution.

d. Phenylbutazone sodium salt solution 209 w/v. In a beaker containing 10 ml
water and 2 gr phenylbutazone (p.a., Serva), the quantity of sodium hydroxide,
just needed for the phenylbutazone to be dissolved, was added in small portions
under stirring. The pH of the resulting solution must be 8.2.
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Dichloromethane (p.a., Merck)
f. Oxytetracycline hydrochloride, tetracycline hydrochloride and 7-chlortetracycli-
ne (pharm., Serva)

Quantities (7-9 mg) of tetracyclines were accurately weighed in 100 ml
volumetric flasks and diluted to the above volume with distilled water just prior
to use. Aliquots of these stock solutions were diluted to 25 ml with distilled
water to make working standards containing 0.5-12.5 pg/ml. Volumes of 0.2 ml
were used to. “‘spike™ eggs.

o

Chromatographic conditions

The column temperature was adjusted to 30°C. Each analysis was performed
by programming the flow rate of the mobile phase as follows: for the first 4.7 min.
the flow rate was 0.5 ml/min. and then, for 1 min. the flow rate was lineary
increased from 0.5 ml/min. to 1 ml/min.; for the last 2.5 minutes the flow
remained constant, 1 ml/min. :

The column eluants were monitored at 361 nm. Recordings were made at a
chart speed of 30 cm/h and at a sensitivity of 0.020 a.u.fs.

At the above conditions, oxytetracycline was eluted in 4.1 min., tetracycline in
4.6 min. and chlortetracycline in 7.0 min.

Extraction procedure and preparation of standard curves for eggs

Samples of 5 gr of the homogenized hens eggs (yolk and albumen) were weighed
in 50 ml glass - stoppered centrifugal tubes. A 0.2 ml portion of a tetracycline
working standard was added to each tube so that the resulting fortified samples
contained 0.02-0.5 pg of tetracycline per gr of egg.

Calcium chloride solution (1.0 ml), sodium barbital solution (3.0 ml), phenyl-
butazone sodium salt solution (0.5 ml) and dichloromethane (25.0 ml) were
added successively to the tubes containing the “spiked” eggs. Then the tubes were
vigorously agitated for 10 min. and centrifuged for 15 min at 2,500 g. Three layers
were formed; an upper aqueous layer which was discarded, a cream - like mass
which was detached from the walls with a glass rod and a lower organic layer
containing the tetracyclines. Portions of 20.0 m! from these organic layers
were filtered through Whatman No 42 filter papers into round botton ground
glass flasks. The filter papers were rinsed with 6 ml of dichloromethane and
the washings were collected in the flasks. The solvent from each flask was removed,
using a rotary evaporator, at a temperature of 30°C. Distillation was interrupted,
when a viscous liquid remained in the flasks. Then, the contents of the flasks were
redissolved in 4.0 ml of dichloromethane and transferred into 15 ml glass -
stoppered centrifugal tubes containing 0.5 ml IN phosphoric acid. The distillation
flasks were rinsed with an additional volume of dichloromethane, (2.0 ml) which
was added to the tubes. The tubes were agitated for 3 min. and then centrifuged for
15 min. at 2,500 g. From the upper acidic layers containing the tetracyclines, at
Ieast 200 pl were pipetted into Durham tubes. A volume of 50 pl from the content
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of each tube was injected into the valve injector of the liquid chromatograph.
Each analysis was done in duplicate and standard .curves were prepared by
plotting the concentrations of tetracyclines (ug/gr) versus average peak heights.

Results and discussion

The extraction of tetracyclines from eggs was most efficient when samples were
buffered to pH 9 with sodium barbital solution in the presence of calcium chloride
and phenylbutazone sodium salt solutions. No tetracyclines were detected in the
extracts of fortified eggs, to which only calcium chloride solution had been added;
the addition of sodium barbital solution resulted to a better but still poor
extraction efficiency.

When the extraction process was repeated.on aqueous solutions of tetracyclines,
the efficiency of extraction arrived its maximum; however absence of phenylbuta-
zone sodium salt solution resulted in a less efficient extraction.

From the above it was concluded that phenylbutazone increases the extraction
efficiency, but cannot competitively displace tetracyclines from sites of protein
binding. These results are in good agreement with the findings of previous
investigators >

Usage of ethylacetate?® instead of dichloromethane as extracting agent should
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FIG. | Chromatograms of an aqueous solution of tetracycline extracted with ethylacetate (a) or dichloro-
methane (b) ; a chromatogram (c) of control water extracted with ethylacetate is presented. Mobile phase:
CH3CN-H »0 (20:80) with 0.0IM NaH ,PO 4, pH 2.6 with HNO 3; column: 2.6X250 mm HC-ODS-SIL-X-
1 (16 pm); column temperature: 30°C; flow rate: programmed (see text); detector: UV, A =361 nm;
recorder sensitivity: 0.020 a.u.f.s. i
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be avoided because, as it is shown in Figure 1, extraction with ethylacetate
results to .a change of..the chromatographic -behaviour :of tetracycline, by
decreasing its retention time. This can be explained by considering the different
solubilities, in water, of ethylacetate (5 ml dissolved in 50 ml water) and dichloro-
methane (I ml dissolved in 50 ml of water)?. It seems that a certain amount of
ethylacetate is dissolved in the phosphoric acid solution during the reextraction
process. Consequently an injection volume of 50 pl- of the acidic solution will
contain enough ethylacetate to change the chromatographic behaviour of tetracy-
cline, apparently due to alteration in the partition process. The HC-ODS-SIL-X-I
column, used for this analysis, had a constant activity over the entire period of this
work. After each assay day, the column was washed free of buffer solution with a
mixture of 20% acetonitrile - water to avoid unnecessary exposure of the packing
material to low pH buffer overnight. Special column preconditioning such as
washing with EDTA'® was not required since no tailing was observed.

" The absorption spectra of tetracyclines in the mobile phase, taken between 325-
425 nm, indicated that the absorption maxima of oxytetracycline, tetracycline and
chlortetracycline were 357, 361 and 377 nm respectively. The wavelength of 361 nm
was selected for their simultaneous determination.

Linear calibration curves were obtained (Figure 2) when the concentrations
of oxytetracycline, tetracycline and chlortetracycline in the fortified eggs were
plotted against peak heights.

PEAK HEIGHTS(cm)

TETNAGVCLINE!(B]I')

T T T T T
ol «2 #3 od 5

FIG. 2. Calibration curves for the determination of tetracyclines in eggs. (a) Chlorietracycline; (b)
oxytetracycline; (c) tetracycline.

The limits of assay sensitivity in eggs were 0.016 ug/gr for tetracycline
0.050 pg/gr for oxytetracycline and 0.080 pg/gr for chlortetracycline.
The precision and accuracy data of this method are presented in Table I; chro-



TABLE I: Presicion and accuracy data for the determination of tetracyclines in eggs.

Tetracyclines Tetracycline Number of Mean tetracy- Standard Coefficient = Mean Relative
' added determi - clines found deviation of error error
(ppm) nations (ppm) variation % %
Oxytetracycline 0.080 6 0.082 0.0036 4.43 +0.002 2.50
0.160 6 0.162 0.0076 4.72 +0.002 1.25
0.320 6 0.333 0.0121 3.63 +0.013  4.06
0.480 6 0.476 0.0273 5.73 —0.004 ~ 0.83
Tetracycline 0.040 6 0.038 0.0020 5.39 —0.002 5.00
0.080 6 0.085 0.0031 3.60 +0.005 6.25
0.160 6 0.170 0.0089 5.21 +0.010  6.25
0.320 6 0.300 0.0100 3.35 —0.020 6.25
Chlortetracycline 0.080 6 0.079 0.0067 8.46 —0.001 1.25
0.160 6 0.152 0.0159 10.42 —0.008 5.00
0.320 6 0.330 0.0102 3.10 +0.010 3.12
0.480 6 0.457- 0.0429 9.40 —0.023 479
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matograms of control and fortified egg extracts as well as of a standard aqueous
solution of tetracyclines are shown in Figure 3. A single determination by thls
method can be completed in 1 hour.

RESPONSE

o /o et WM

T 7 T T T L4 x P Lt T —T v

O 2 4 6 8 0 2 4 6 8 S T 1 & &
T 1 M E (min)

FIG. 3. Chromatograms of a control egg extract (a) a fortified one (b) and a std. aq. Fhixture of tetra-
cyclines (¢): chromatographic conditions as in Fig. 1. Peaks: I, oxytetracycline: 2. tetracycline: 3. chlorte-
tracycline.

Iepidnym
Ioootikds mpoadiopiouds TeTpakvKAvdy ge avyd pe vypr xpouatoypagia vwnisic
nigong

H ovyvi Bepaneutikr] ¢ pion TOV TETPOKVKALVOV KOl CUYKEKPLUEVE TNG YA®-
POTETPOKVKAIVNG, NG 0€uTeTpakukAivng Kol TnG TETPaKLKAIVNG OTNV TEPinTOON
TOV TOLVAEPLKADY, G CLVILACUO HE TOVG KLVEOVOLE TOL EYKVHOVEL Y10 TOV GvOpe-
ro 1} Omapén kKataroinwv TETo10V GapUdKkeV oTa £3M31u0 TPOIOVTA TOV TTNVOV
poag ®Bnoav otn perétn prog pebddov pe peydin evarcbnoia vy tov mpocdiopi-
opé authv tov avtiflotikdy ot avyd opvibov.

O Sy op1opde Kol 1 HETPNOTN TOV TETPAKVKAVAOV 0Ta avyd £yive pe TNV LvYPY
ypouatoypopio vynivc nieong. IIponynbnke oyxnuatiopds {evydv éviov Tov
TETPOKVKALVOV pe @aivoioPouvtaldvn, mapovsia 16vieov aoPectiov, kat akorov-
Onoe exyVviion pe diyrwpopeddvio ko emavekyOAlon pe apoid pwoeopikd o0&,

Xpnowpomoribnke, yia 1o S ®piopd, vypo-ypopatoypaeog (Perkin-Elmer
Series 3) pe otiin ypoparoypogiog (HC-ODS-SIL-X-1, Perkin Elmer) ecor.
Stop. 2.6 mm ko prixkovg 250 mm. To viikd mAipwong g oTiing Nrov silicagel
10 pm ynuikd evopévo pe vépoyovavBpoka pe 18 dropa dvBpoka. To vypd
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£KAovong G OTNANG QOTOHETPNENKOV HE QUOUOTOPOTOUETPO (Perkin-Elmer
LC-55B) amkrig:déopng -0e pijkog kdpatoc 361 nm.

H xwvnt1] edon ftav éva pubpuotikd didivpa aketovitpiiiov - vepov (20: 80)
0.01 M og NaH,PO,, pH 2.6.

TV €1K. 2 CNUELOVOVTAL KAUTOAES OVOQOPAS TOV TETPAKVKAMVAOV O avyd.

Ot maparaPéc tev ovoidv avtdv and avyd mov emPapbvbnkav texvnTtd exdé-
Tovtalr otov mivaka I, EVD YPORATOYPAPTHATE EKYVAICPATOV antd avyd pe Kol
ywpic TeTpokvkiiveg mapovoidlovtal otyv sik. 3.

Mze 115 cuvBiikeg porig mov ypNooroLifnkay oTov Ypopuatoypdeo n ofute-
TpakvkAiivn gikoletal o€ 4.17, ) teTpakvkAiivy og 4.67 kal 1 YAWPOTETPAKUVKAIVY
og 77. Ta 6pra pétpnong tov napandve avtifrotikdv ota avyd eivor 16,50 kot 80
ppb, avrictoiya.
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INVESTIGATION OF THE ELECTROCHEMICAL BEHAVIOUR OF
NITROBENZOIC ACIDS AT CARBON FIBRE AND MERCURY
ELECTRODES
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Laboratory of Physical Chemistry of the Aristotelian University, Thessaloniki
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Summary

The reduction of the isomeric nitrobenzoic &cids in aqueous, methanolic and acetonitrile
solutions at carbon fibre electrodes — obtained by graphitization of polyacrylonitrile (PAN) -
as well as at mercury electrodes, is comparatively studied.

For this purpose, the techniques of Cyclovoltammetry, Polarography and constant
potential Electrolysis are employed.

It is found out that, in acid aqueous solutions the reduction of all three isomeric
depolarizers takes place at the carbon electrodes in one four-electron step to the corre-
sponding hydroxylamine, while at the mercury electrodes this reduction is also followed by a
characteristic two-electron step to the corresponding amino- compound.

In methanolic solutions the reduction of the nitrobenzoic acids is facilitated at both
electrodes, because the carboxylic groups existing in the depolarizer molecules act as pro-
ton-donors.

In acetonitrile solutions the behaviour of o-nitrobenzoic acid is greatly different from
that of m- and p-isomers. In the case of the o-isomer a three-step reduction takes place,
while in the case of the other two isomers only a two-step reduction occurs.

The different behaviour of the depolarizers studied at the above electrodes in all three
solvent systems is discussed in detail.

Key words: Nitrobenzoic acids, carbon fibre and mercury electrodes, electrochemical reduction

Introduction

During our recent studies in the field of nitrocompounds electroreduction
at several electrodes - particularly at carbon fibre and mercury electrodes ~ the
behaviour of nitrophenols and nitronaphthols, having in their molecule in addition
to the electroactive also an electroinactive acidic group, has been investigated 3.

Continuing the above research we wanted to study in the present work the
electrochemical behaviour of the three nitrobenzoic acids. These depolarizers
contain in their molecule besides the electroactive also a carboxylic group, which in
both forms - dissociated or not - considerably influences their electrochemical
behaviour.
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This behaviour of the three isomeric nitrobenzoic acids (o-,m- and p-NBA) was
comparatively studied at carbon fibre and mercury electrodes in aqueous, metha-
nolic and acetonitrile solutions.

. Experimental

The whole investigation was carried out using the techniques of cyclic
voltammetry, polarography and constant potential electrolysis. Bundles of carbon
fibres (GY 70 fibres, Celanese Corp., USA) obtained by graphitization of
polyacrylonitrile (PAN), were used as carbon electrodes. The current densities in
the corresponding cyclic voltammograms refer to the electrochemically effective
area of the carbon electrodes, which was determined companng the peak currents
of the reversible reaction Fe(CN)6 +e = Fe(CN)¢ at carbon fibre electrodes
with those obtained at a Pt wire electrode having a fixed surface area.

--Fhe - nitrebenzoic-acids--{+puriss. p.a.”,-Fluka AG) and methanol (“zur
Analyse”, Merck) were used as received. Acetonitrile (“puriss p.a.”, Fluka AG)
was further purified by the Donnell, Ayres and Mann procedure?.

All electrochemical experiments were carried out at 25°C.

Results and Discussion

Behaviour in aqueous solutions

The cyclovoltammetric behaviour of o-NBA at carbon fibre electrodes in 10 %
v/v methanol solutions was investigated first.

In acidic media the above depolarizer is reduced to the corresponding
hydroxylamine. A second reduction wave to amine is not observed; only the
appearance of a “shoulder” in the vicinity of the potential, where the supporting
electrolyte deposition occurs, is noticed in some acidic solutions. Because of the
amine formation the deposition of the supporting electrolyte takes place at more
positive potentials than in the corresponding acidic solution without depolarizer,
i.e. a remarkable decrease of the hydrogen overvoltage is noticed, caused by the
catalytic effect of the amine.

The quantity of current calculated during the electrolysis at carbon electrodes
with big surface area, at potentials a little more negative than that of the first
cathodic step, indicates a four-electron reduction.

Fig. 1 illustrates, as an example, the cyclic voltammograms of o-NBA in acidic
buffer solution with pH 2.

The observed cathodic step (peak a, E, =—0,5 V) corresponds to the
electrochemical reaction:

COOH ) COOH

No, + NHOH €))
+. 4H’ + 4e” -2 0
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FIG. 1. Cyclic voltammograms (v=100 mVs-1) of o-NBA (c=10'3111) on carbon fibre electrodes.
Curve 0: hydrogen overvoltage on carbon. pH = 2.

In the anodic potential sweep two steps (a” and b) appear. Peak a corresponds
to the oxidation of the hydroxylamine to the respective nitroso-derivative, peak b
to the oxidation of the amine. The latter becomes more intensive, when the
electrode remains at thé{ potential value -1,2 V for a few minutes. This indicates a
formation of the corresponding amine at the potential range, where the supporting
electrolyte is reduced. On the other hand, as Fig. 1 shows, the deposition of the
supporting electrolyte in fact takes place at more positive potential values than in
the same acidic solution without depolarizer in the bulk (curve 0 in Fig. 1), i.e. the
amine formed causes also a significant decrease of the hydrogen overvoltage on
carbon -electrodes in acidic aqueous solutions. ,

Potential cycling after the cathodic step a, f.i. at -0,75 V, results in the cyclic
voltammogram illustrated by the dotted line in Fig. 1. At the anodic sweep of this
voltammogram only the oxidation step a’ appears, which yields the reduction step
a” during the subsequent cathodic sweep. These two peaks correspond to the
reversible redox system hydroxylamine-nitrosocompound:

COOH COOH

’ 2 -
NHOH a' . NO . @
a: rr + 2H + 2e-

In this latter case, illustrated by the dotted line in Fig. 1, amine is by no means
formed, as it is indicated by the disappearance of the oxidation peak b.



48 N. MISSAELIDIS, E THEODORIDOU, D.JANNAKOYDAKIS

As far as the pH influence on the E, values is concerned, we can see a normal
shift of about 60 mV pro pH-unit within the acidic region.

In weakly alkaline solutions a similar behaviour to that of the acidic solutions is
observed. The only difference is that the reduction potential remains here
independent of the pH-change. Furthermore, reduction to the corresponding
amine is never observed in. this case, even at the potential range of the supporting
electrolyte deposition. .

The reduction mechanism of o-NBA is totally changed in strong alkaline
solutions, where double reduction waves are obtained. The first wave is due to‘the
formation of the respective radical anion arising through the capture of one
electron by the anions of o-NBA and the second one to the further reduction to
hydroxylamine. That is to say, in this case, a separation of the cathodic wave to an
one-electron and a multi-electron step takes place, without an inhibitor presence in
the solution. Obviously, the separation of the four-electron reaction in two partial
steps is caused by the presence of the ionic form of the carboxylic group:

coo” coo”
O om0
+ e~ — .
i

coo”

coo”
NOZ NHOH
@ 2 4 3em + ant B, @ + H,0 4)

In Fig. 2 the cyclic voltammograms of o-NBA on carbon fibre electrodes at pH
12 are represented. The first peak (a), due to the formation of the radical anion,
appears at -0,85 V - i.e. at the same potential, where the four-electron reduction in
the weak alkaline solutions occured - whereas the further reduction of the radical
anion to hydroxylamine takes place at considerably more negative potentials.
There exists hence a clear difference of 400 mV between the two steps.

In the anodic potential sweep, peak b’, due to the oxidation of hydroxylamine,
is observed. The nitrosocompound, formed in peak b, is reversibly re-reduced in
peak b”. Stopping of the potential sweep at -0,95 V results in the appearance of -
peak a’ in the reverse cycle, which corresponds to the reversible oxidation of the
radical anion, according to reaction (3).

Substitution of the carbon fibre electrodes with the dropping mercury electrode
has a considerable effect on the mechanism of the o-NBA reduction in acidic
media. Up to pH 5, a characteristic reduction of o-NBA to the corresponding
amine is noticed, as it is shown by the polarogram of Fig. 3.

The four-electron reduction to hydroxylamine takes place on Hg at -0,2 -
V, i.e. at more positive potentials than on carbon in the same buffer solution
(Ep= —0,5 V, Fig. 1), while the further two-electron reduction to amine occurs at
-0.6 V.
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FIG. 2. Cyclic voltammograms (v= 100 mvs! ) of 0-NBA (¢c= 103 ) on carbon fibre electrodes.
pH =12.
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FIG. 3. Polarogram of 0-NBA (c=10">M). pH=2.
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The difference in the potential value of the four-electron step between the two
electrodes may “be attributed to a stronger adsorption of the depolarizer on the
carbon fibre electrodes. Even more the reduction product of o-NBA, i.e. the
hydroxylamine-derivative, may remain strongly adsorbed on the carbon electrodes;
therefore, the further reduction of hydroxylamine takes place at much more
negative potentials, almost at the position of the supporting electrolyte reduction
wave.

The pH dependence on E |, is expressed by a straight line with a normal slope
of 60 mV pro pH-unit, up to pH value equal to 3. Beyond this value, the slope of
the straight line changes and becomes 75 mV pro pH-unit up to pH 7. This change
is attributed to the fact that, at higher than 3 pH values the anions of o-NBA are
predominant in the solution, since the pK of o-NBA in 10 % v/v methanolic
solutions is equal to 2,4. This behaviour is in accordance with the results of
Heyrovsky and Vavricka, who have attributed the appearance of a *““break” in the
E,» vs. pH plots to the different rate of the depolarizers molecular form
protonation than that of their ionic form, when these depolarizers contain also an
acidic group in their molecule”.

In weakly alkaline solutions o-NBA is reduced on mercury in a four-electron
wave, whereas in strong alkaline solutions the one-electron step, caused by the
formation of the radical anion, appears. The potential difference between the one-
electron and the multi-electron step is on mercury less intensive in comparison to
that on carbon, as it is shown by the polarogram of Fig. 4. '

20 T T 1 /
]
§ 10F 3e” __
~
1e”
‘ 1 1 1
-05 -10 -1.5 -20

E/ V vs. SCE
FIG. 4. Polarogram of o-NBA (c=10'3M). pH=12.

The electrochemical behaviour of the other two isomers (m- and p-NBA)
is essentially the same to that of o-NBA on both electrodes. Only little
differences exist between the reduction potentials of the three compounds
in acidic solutions (fi. at pH 1 : E;, of p-NBA=-0,085 V, E;, of m-
NBA =-0,115 V and E;,, of o-NBA =-0,140 V).

The break at the linear parts of the E |, vs. pH plots appears also in the case of
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m- and p-NBA. In this case the change of the slope takes place at greater than 4,
pH values, i.e. in the vicinity of the pK (pK is equal to 3,6 in 10 % v/v methanolic
solutions for both compounds) of these two isomers.

Behaviour in methanolic solutions

In methanolic solutions double reduction waves appear at carbon electrodes
for all three isomeric nitrobenzoic acids. However, the first wave is not due to
the formation of the respective radical anion, but to the facilitated reduction of 1/4
of the molecules, because of the presence of the carboxylic group in the molecule of
these depolarizers, which acts as proton donor in methanolic solutions.

In Fig. 5 (curve 1) the cyclic voltammogram of 0-NBA on carbon fibre
electrodes in methanol, with the presence of LiClO4 as supporting electrolyte, is
represented.

-05| , .

~0.25

i /mA' cm 2

0.25

1 ] 1 1 1
05 o -05 -10 -15

/

E/VvsSCE

FIG. 5. Cyclic voltammograms (v =100 mVs~ ) of 0-NBA (¢=10" M) on carbon fibre electrodes in
methanol (LiCIO 4 0.1 M), 1) in the absence, 2) in the presence of C¢HsCOOH (c=3-10 M)

The two reduction peaks (a and b) are due respectively to the facilitated or not
reduction:

CooH coo”

coo”
@Noz e 25 1/4 @‘NWH + 3/4'@”02 +1/4 B0 (i)
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coo” coo”

NO -
3/4 @ 2+ 3¢ + 3t —b 534 @"*‘OH +3/4 H,0  (6)
(fram CH3OH) :

The fact, that potential cycling after the pre-wave (a) results in the appearance
of the peak pair (a’, a”9), due to the reversible system phenylhydroxylamine-
nitrosocompound, provides further evidence, that peak (a) is not caused by the
formation of the radical anion.

Subsequently, the presence of the carboxylic group in the molecule of the
depolarizer has a similar effect on its reduction at carbon electrodes as the
introduction of an equimolecular quantity of benzoic acid to methanolic solutions
of depolarizers, without a proton-donating group in their molecule®.
~ When a threefold quantity of benzoic acid (with respect to that of the
depolarizer) is introduced, the whole reduction wave is shifted towards more
positive potentials (curve 2 in Fig. 5):

COOH

: coo~
@Noz + 3@000}1 + de” —> @'NHOH + 3@&0‘ + H,0 @

Shape and height of this wave do not change, if an excess of benzoic acid is
added in the solution.

A similar behaviour of the o-NBA reduction in methanol, in the presence or
absence of benzoic acid, is also polarographically observed (Fig. 6).

T ) ¥ T

30} - .

i/uA

i 1
0 -05 -10 -15 -20

£/ v vsSCE

FIG. 6. Polarograms of o-NBA (c= ]0‘3114) in methanol (LiCIO 4 0,1 M), 1) in the absence, 2) in the
presence of CsHsCOOH (c=3-10'3111).

The half-wave potentials of all three isomers have almost the same value in
methanolic solutions.



ELECTROCHEMICAL BEHAVIOUR OF NITROBENZOIC ACIDS 53

In the cyclic voltammograms on carbon fibre electrodes as well as in the
polarograms on the dropping mercury electrode, the position of the second
reduction wave in methanol is exactly the same with that of the single reduction
wave in the presence of a LiOH excess; this fact proves that the second wave is
really due to the reduction of the depolarizer anions’.

The electrochemical behaviour of the other two isomers does not significantly
differ from that of the o-isomer in methanolic solutions; the only difference is that
the separation between the two waves is less intensive in the case.of the m- and p-
isomers.

Behaviour in acetonitrile solutions
The electrochemical behaviour of o-NBA is different from that of the other two

isomers in acetonitrile solutions.

The cyclic voltammograms of the o-isomer on carbon fibre electrodes have only
two reduction steps (a and b), as it is shown in Fig. 7, while in the case of the
other two isomers three reduction steps appear, as Fig. 8 for p-NBA shows.

I T | Ll

-0.5

~N
~-0.25
'E
[3]
L.
E
S~
— 0o -
0.25 -
I | i 1 -
(o] -05 -10 -15 -20

E / Vv vs. SCE

FIG. 7. Cyclic voltammogram (v= 100 mVs'l) of 0-NBA (c= 10"3M) on carbon fibre electrodes in
CH3CN (Et4NCIO4 0.1 M).

The first step in both cases is due again to the facilitated reduction of the 1/4 of
the depolarizer molecules, i.e. the presence of the carboxylic group has a similar
action to that of an equimolecular quantity of benzoic acid in the reduction of
depolarizers not having carboxylic groups in their molecule %,

The remaining anions in the case of o-NBA are very difficultly reduced, so that
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the one-electron wave is blended with the multielectron one (step b in Fig. 7). On
the contrary, in the case of the other two isomers, the first electron capture by the
remaining anions is not so difficult, so that the one-electron step. appears very
clearly (peak c in Fig. 8).- ¢

In conclusion, a strong inductive effect of the -COO™ group, being close —- in o-
position - to the -NO, group, is observed in the acetonitrile solutions.

In the case of m- and p-NBA the appearing peak ¢ (Fig. 8) is really due to the
formation of the corresponding radical anion, as it is proved by the fact, that
potential cycling after peak c¢ gives the reversible oxidation peak of the radical
anion (peak ¢’ in Fig. 8). ,

In the cyclic voltammograms of the figures 7 and 8, peak b” is due to the
oxidation of the hydroxylamine derivative, formed at the reduction wave b, while
peak a’ is caused by the oxidation of the hydroxylamine, formed at the pre-wave a.

When a threefold benzoic acid quantity is added to the acetonitrile solutions of
the nitrobenzoic acids, a single reduction wave appears, shifted to more positive
potential values, i.e. at the position of the initial pre-wave. A similar behaviour is
observed, when we use as electrodes thermally oxidized carbon fibres, which have
carboxylic groups on their surfacef. The two reduction steps are here replaced by a
single, positively shifted, wave at a depolarizer concentration of 5-10M, as it has
been also observed in the case of nitrobenzene® and nitroethane®.

o —-0.25

i / mA - cm 2

0.25} . i

) -05 -10 -15 -20
E/ V vs. SCE

FIG. 8. Cyclic voltammogram (v= 100 mvs~! ) of p-NBA (c=10'3M) on carbon fibre electrodes in
CH3CN (EtyNCIO4 0,1 M).

‘The action of the electrode surface carboxylic groups is most evident on the
reduction of o-NBA in acetonitrile, where a remarkable difference between the first
and the second reduction step exists, so that the increase of the pre-wave
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constitutes a2 measure of the carbon fibres oxidation extent. In Fig. 9 the cyclic
voltammogram of thermally oxidized fibres (heating at 150 OC for 40 h in the
presence of water vapor) is given as an example.
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FIG. 9. Cyclic voltammogram (v=100 mVs'I) of o-NBA (c=5-]0—4 M) on thermally oxidized carbon
fibres in CH3CN (EtyNCIO4 0,1 M).
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FIG. 10. Polarograms of 0-NBA (curve 1) and p-NBA (curve 2) in CH3 CN (Et4NCI0 40,1 M). c= 1073
M
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The polarographic behaviour of o-NBA in acetonitrile is also different from
that of the other two isomers. In the case of the o-isomer two waves appear, the
second having a maximum, whereas the other two isomers undergo reduction in
three steps. In Fig. 10 the polarograms of o- and p-isomer are comparatively given.
The m-isomer polarogram is similar to that of the p-isomer.

Studying the polarograms of the three isomers we come to the conclusion that
the first electron capture by the remaining anions is really hindered in the case of
the o-isomer. The further reduction to the hydroxylamine-derivative takes place at
the same potential, where the first electron is captured and this is the reason for the
appearance of the characteristic maximum. -

ITepidnyn

MeAétn tne nlextpoynuikiic ovumepipopdS vitpofevioixdv obéwv oe nlsktpédia v dvhpaka
Kai vdpapybpov :

Meletdton ovykpiTikd N avoyeyh tev weopepdv vitpofevioikdv oféwv oe vSuTIKd,
‘nebavorikd ko axetovitptiikd Sraddpate, ot nkexTpodia amotelobpuevo and iveg dvopa-
ko, Tov AopPdvovior and TN YPAPLTONOiNom TOL TOALAKPLAOVITPLAIOL, MG Kal OF MAe-
KkTpéda vépapydpov.

T 10 okoné avtd ypnoponorodvtal oL Texvikég TG KukAoPortapeTpiag, Tng moAa-
poypaoiog koL Tng MAektpordoewng oe otabepd dvvopikd.

Awamotdvetor 6t oto, 6Ewva vdatikd Stokdpate N avoyeyd Kol ToV TPLBV 1GoUEPOV
ATOTMOAMTOV YiveTal ota NiekTpodia Tov dvBpaka ot pia tetpaniektpoviky] Pabuida npog
v avtiotoryn vdpofvAiapivn, evd ota NiekTpddia VEPUPYHPOL N AVEYEYT CVTH EKOAOV-
Beitar kot and pia eppavry diniektpoviky Pabpida mpog tnv avtiotoyn auvoévoon.

Zto pefovorikd Sraddpata kar otig dVo nepintdoelg TV NiekTpodiov ovuPaiver pio
évtovn dtevkSivvon ¢ avayeyrg Adye g dpdoeng tev kapPotuiikdv opuddev mov
VRAPYOLV OTO pGPlo TOL OMOTOAMTH ¢ S0TOV TPOTOViMV.

Zta aketovitptAikd Swahdpata 1 cvumeptgopd tov o-vitpoBevioikob offog drapéper
ONUAVTIKG 0o OUTY] TOL [- Kol T-LoOHEPODE. ZTNnV MepinTmon TOv 0-ltoopepotg AapuBdvel
xopa avaywyn oe tpeig Pabuideg, evd ota dAia Vo roopepr] oe d0o pévo Pabuidec.

Zv{nteitor Aemtopepdc N Sapopomoinon NG CLUTEPLPOPEG TOV ATOROAGTAOV TOL pE-
Aetibnkov ota niektpédia mov ypnopororibnkav kol ota tpie SwAvtikd cvoTipoTo.
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Summary

A number of 6-aminodehydroabietate and dehydroabietomethylamine Schiff bases have
been synthesized and their photochromic and thermochromic properties have been
investigated in the crystalline state, in rigid glasses and in solution, in a variety of solvents
over a range of temperature and solute concentrations and the results were compared with
those of salicylideneanilines.

Among the compounds studied in the crystalline state, some of them are found to be
both photochromic and thermochromic against solid salicylideneanilines which are either
photochromic or thermochromic but not both.

Key words: Flash photolysis, energy of activation, spectra, irradiation -

Introduction

Salicylideneaniline (I) and its derivatives exhibit in the crystalline state
photochromic or thermochromic phenomena, i.e. they show a reversible colour
change, mostly from yellow to red, as a result of ultraviolet irradiation or under
variation of temperature 2.

Is was suggested ** that the appearance of these phenomena depend upon the
structure of the compounds, since no correlation exists between photosensitivity
and the chemical nature of the ring substituents. Thus, in the crystalline state, an
‘“open” crystal structure associated with non-planar molecules and allowing
molecular movement, is necessary in order to allow photochromism, whereas in
thermochromic crystals the molecules are planar and closely packed. Structural

studies > support this idea.
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The presence of the ortho-OH group is considered to be an essential condition
for both phenomena and the following model is proposed®’ to explain the
mechanism in the solid state: in planar molecules exhibiting thermochromism, there
is a temperature sensitive equilibrium (Eq. 1), between two tautomeric forms: a
yellow “enol” form, the “OH-form™ (I) stable at low temperature, where the
chelating hydrogen is covalently bonded to the oxygen and a red quinoid *‘keto”
form, the “NH-form” (II) at high temperatures, with the hydrogen covalently
bonded to the nitrogen. The intramolecular proton transfer would thus occur in the
thermochromic systems both in the ground and the excited electronic state, whereas
in photochromic systems this transfer occurs only in the excited electronic state .

H\
~ -0
Q-0=Crr0= ™,
I II i

OH

This is, according to the proposed model, a result of the fact that too high an
energy would be required for proton transfer in the ground state in view of the
non-planarity of the photochromic molecules and thus an E-keto form (III) may be
produced.

In a more recent work !° with salicylidene-2-aminopyridines it was found that
the appearance of the thermochromic phenomenon in the solid state depends upon
the crystal structure and the molecular orientation of the compounds and in
another, with salicylideneanilines, the presence of the keto and enol forms was’
demonstrated !,

In solution the process is so fast that photochromism can only be followed by
flash photolysis techniques. Thus a transient species was observed !>} with a
spectrum similar to that of the photoproduct in rigid solution and, on the basis of
two transients observed later 4, it was suggested that photochromism involves, in
addition- to proton transfer, a simultaneous rotation around the C;-C7and C;-N
bonds. Recent experiments using picosecond and nanosecond emission spectrosco-
py resulted in the observation of bimolar fluorescence kinetics which appear to
represent excited state vibrational relaxation occuring on a 10 ps time scale, quite
unusual for such large molecules'’.

In conclusion, the nature of the coloured species in the solid state and the
photochromic mechanism in solution are still subjects for research. The purpose of
the present paper is to report the results of our studies on thermochromism and
photochromism in a number of salicylidene-6-aminomethyldehydroabietate (IV)
and salicylidenedehydroabietylamine (V) Schiff bases which present interest as
bacteriostatic and fungistatic agents'® and to compare them with their benzene
analogs (I).

The studies compounds of group IV are: | (R=H), 2 (R=CHj3;) and 3
(R=Cl) and of group V: 4 (R=CH3, R;=H), 5§ R=H, R{=N(CH3),, 6
{fR =H, R;=H (no ortho-OH group)}, and 7 {R=CH;, R;=H (NHCH ; instead
of N=CH)} ‘
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R
Q_\\N CH;_ CHN= CH§C:)$-R1
OH
v COOCH3

These Schiff bases in comparison with salicylideneanilines have lower symmetry
and present increased breadth (addition of two more rings in the aniline part of the
molecule) and therefore substantial structural differences are expected which could
affect both the photochromic and thermochromic properties, if present.

Experimental

The salicylidene-6-aminomethyldehydroabietate (IV) and salicylidenedehydro-
abietylamine (V) Schiff bases were prepared according to published processes '8
and summarized in Table I. All the compounds were purified by repeated

TABLE I. Salicylidenehydroabietylamines and salicylidene-6-aminomethyldehy-
droabietates.

Compound M.p. °C Calculated% Found%
C H N C H N
1 162-163 7483  7.85 323 7498  7.94 3.42
2 153-154 18 77.85  8.27 3.13  78.14  8.40 3.01
3 157-157.5 7200  7.10 300 7214  7.13 3.08
4 138-139 83.37  9.18 347  83.67 9.07 3.58
5 182-183 80.55  9.25 6.28  80.81  9.18 6.59
6 102-102.5 86.86  9.38 375  87.11  9.80 3.82
7 108-109 82.96  9.62 345 8335 10.04  3.55

recrystallization from ethanol. Infra-red spectra of the compounds 1-3 showed
strong absorption around 1720 and 1620 cm™ characteristic of the CO and
>C=N- groups and compounds 4-7 around 1620 cm™! characteristic of the
>C =N- group.

The mass spectra showed the following prominent ions: Compound 2, m/e 447
(M™), 432, 371, 314, 250. Compound 4, m/e 388 (M™), 251, 194, 185, 173.
Compound 5, m/e 432 (M ™), 415, 237, 176, 160. Compound 6, M/e 358 (M+)
373, 225, 185, 173, 155.

Crystalline thin films were prepared from the melt between two quartz optical
plates under pressure. The films were examined under polarized microscope and
showed pleochromism.
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The experiments in rigid glasses were conducted with solutions in EPA (ether:
_ isopentane: alcohol, 1:5:5) at liquid nitrogen temperature and in polymerized
methyl methacrylate (PMMA) at room temperature and at liquid nitrogen tempera-
ture. In these rigid media, the fading of the photo-colour was not appreciable
during the measurements and therefore, all the spectra were obtained satisfactorily.
No correction was made to the spectra for concentration of the solution on cooling
as this was found to be less than 109% in EPA and of the order of 5% in PMMA.

Absorption spectra were recorded on a Cary-17 spectrophotometer. A quartz
Dewar vessel with quartz windows was used for the measurements of optical
spectra in thin films and rigid glasses at low temperatures.

Steady-state irradiations were carried out with a 200W high pressure Hg lamp
and appropriate filters.

The flash photolysis apparatus had a 100W quartz-iodine lamp as the analysing
source; it was focused by means of quartz lenses though the long axis of the flash
photolysis cells onto the entrance slit of a Hilger-Watts grating monochromator.
The. output.of.an EMI .9660. B. Photomultiplier tube was fed via a cathode to a
Tektronix 545B oscilloscope equipped with a 1AS5 plug-in unit and a C-12
Tektronix camera. The photolytic flash had a width at half-height of about 30us at
full power. The sample in a quartz cell 20cm long was placed between two krypton
flashlamps. Concentations were generally 10 “M. For variable temperature studies
the flash cell was mounted in an optical quartz Dewar and was cooled by a flow of
heated liquid nitrogen. The temperature inside the Dewar was monitored by an
iron-constantan thermocouple, the voltage of which regulated a relay to control a
heating coil which boiled the liquid nitrogen. A fresh solution was used after each
flash.

Reaction rate constants were determined by a least-squares approximation of
first and second order reactions using a computer.

Results

Photochemical and Thermochemical Experiments in the Crystalline State.

Polycrystalline Powders. By screening the compounds of group IV in the form of
polycrystalline powders for photochromic and thermochromic properties, it was
found that compound | presents, although weakly, both photochromic and
thermochromic phenomena. Thus the compound changes reversibly from yellow, at
room temperature, to white, at liquid nitrogen temperature; this white colour turns
to red under UV-irradiation at liquid nitrogen temperature. The yellow crystals at
room temprature do not change colour under UV-irradiation, indicating that the
protochromic phenomenon operates at low temperatures films. This will be clear
later with experiments in thin polycrystalline films. The compound shows weak
fluorescence at room temperature and stronger at liquid nitrogen temperature.

Compound 2 is photochromic at room temperature down to liquid nitrogen
temperature. The colour changes on UV-irradiation from light yellow to red-
orange. The process is reversible, thus the compound returns to its original colour
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thermally or under visible light. The compound is non-fluorescent and presents no
change in colour with temperature.

Compound 3 behaves in general like compound 1.

Among compounds of group V, compound 4 behaves like compound 1 and
compound 5 is only thermochromic and fluorescent.

Compounds 6 and 7 are inactive against heat or light and are not fluorescent.

All the above results are summarized in Table II.

TABLE II. Effect of Light and Heat on the Crystalline Salicylidenedehydroabiety-
lamines and Salicylidene-6-aminomethyldehydroabietates

- Compounds Effect of

Effect of Fluorescence = Property
Light Heat
reversible reversible fluorescent photo/thermo-
colouration colouration chromic
reversible inactive non-fluore- photochromic
colouration scent
reversible reversible fluorescent photo/thermo-
colouration colouration chromic
reversible reversible fluorescent photo/thermo-
colouration colouration chromic
inactive reversible fluorescent thermochromic
colouration
inactive Inactive non-fluore- inactive
scent
inactive inactive non-fluore- inactive
scent

Thin Films. The results with polycrystalline powders are exemplified with
experiments in thin polycrystalline films. Fig. 1(a) shows the photochromic
phenomenon at -40°C together with thermochromic one for compound 1.
Irradiation at room temperature brings no change in the spectrum. However,
an examination for photochromism over a range of temperature shows that
there is a “working range” between -70°C and -100°C in which the phenomenon
appears stronger. Figs. 1(b), (c) and (d) show the photochromic phenomenon of
compounds 2 and 3, the photochromic/thermochromic properties of compound 4.

Finally, as it was noted with their powders also, compounds 6 and 7 are ina-
ctive; their thin films remain, under UV-irradiation or variations with temperature,
unchaged.
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In Figs. 1(a) and (b) the fluorescence spectra of compounds | and 3 in the same
thin’ filims; are "displacéd for reasons of comparison.

- CHy , COLH

FLUORESENCE (a.u)

400 500 600 300 400 500
Al(nm)

FIG. 1. The absorption spectra of crystalline films of the indicated compounds at room (full lines) and low
(broken lines) temperature; the dotted lines are after UV irradiation at low temperature. In (a) and (b), the
emission spectra are displaced (broken dotted lines) for reasons of comparison.

Photochemical Experiments in the Rigid State.

Experiments in the rigid state were conducted with solutions of EPA at liquid
nitrogen temperature and with PMMA at room temperature and at liquid nitrogen
temperature. The results may be summarized as follows:

(i) photocolouration in rigid glassy solutions of the examined compounds occurs
only at liquid nitrogen temperature; in the case of EPA, the effect is reversed when
~ the rigid solution softends and in PMMA when the sample is warmed up.
(ii) the compounds, thermochromic or photochromic in the crystalline state, are
all photochromic in rigid glasses.
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(iii) in the absence of the ortho-OH group from the salicylaldehyde moiety
(compound 6) or when the T =N bridge is saturated (compound’7), photochro- _
mism is not observed. Fig. 2 summarizes some of the above results.

CHy _C0,CH3 CH3, ..C02CH3

EPA L EPA

400 500 600

o' __.CH2N=CH-Q
HO
-
1.0 PMMA
05 -
0.0 1 | ] 1 1 |

400 500 600 400 500 600
Alnm)

FIG. 2. Absorption spectra of the indicated compounds at liquid nitrogen temperature (full lines) and after
UV irradiation at the same temperature (broken lines).

Spectra and Steady-State Irradiation.

The electronic absorption spectra of the compounds studied in ethanol,
dimethylformamide, acetonitrile, heptane and for concentrations from 107 to107*
M consist of two fairly intense bands with maxima in the range 245-370 nm.
There was no appreciable concetration effect but, in two cases (compounds 2 and
4) a solvent effect was observed. Thus in protic polar solvents (e.g. ethanol) a third
band appears around 425 nm. This band is more intense in the case of compund 4
(Fig. 3).
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Steady-state long time irradiation of ethanol or heptane solutions has no effect;
the spectra remain practically unchanged.

250 350 450 550
A(nm)

FIG. 3. Absorption spectra of the indicated compound in ethanol (full line) and heptane (broken line)
solution (. 10—4M).

Flash Photolysis Experiments.

Flash photolysis experiments were conducted with compounds 1, 2, 4 and S. In
all cases strong transients were observed in ethanol, EPA of PMMA. The transients
were not affected by the presence of oxygen and repeated flashing could be
perfomed since there was not any substantial change in the height of the transient.
This is in agreement with the steady-state time irradiation experiments.

An examination of the oscillograms in the 380-550 nm range reveals the
presence of two transient species in the ms region for eash compound. The first
transient is formed directly after excitation and decays fast while the second is
much slower. It is not clear from our results if this second transient is formed from
the first. Fig. 4 shows the fast and the slow-transient absorption spectra of
compound 4 in 10°M PMMA taken immediately after the flash and 60 ms later.
The absorption spectrum of the same compound-in. PMMA is displaced in the same
figure for reasons of comparisom. The fast-transient spectra of the other compo-
unds are very similar. The spectra-are not affected by solvent (EtOH, cyclohexane,
EPA, PMMA) and the transients are not quenched by oxygen. The transients are
observed also, in air. equilibrated solutions.
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At room temperature, the two transients are better observed in polymethytlme-
thacrylate (PMMA) because of its high rigidity. Thus, for compound 2 in this

CH3
CH3 "CH2N=CH‘Q
15 HO 30 =
[ =4
>
>
1.0~ —20 2
o - ~O~ B
o g AR 5
) AR SO .
05} N 10 o
/3 o
o
00

L 1
400 500
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FIG. 4. Transient absorption spectra immediately after the flash (broken line) and 60 ms later (dotted line)
of the indicated compound in 10~ M PMMA solution. The absorption spectrum in the same solvent is also
displaced (full line) for reasons of comparison. )

substrate, the life-times of the two transients at 450nm, as estimated from the
oscillogram which is reproduced in Fig. 5, are 50 and 300 ms.

CHs_ .COOCH; |

FIG. 5. Demonstration of the two transient absorption (room -temperature, 450nm) of the indicated
compound in PMMA. Horizontal scale 100~ ms/division.
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Kinetic analysis at 450nm yields a good fit to first-order kinetics. No
concentration effect of the decays of the species product, and the original enol
form, do not affect the relaxation process which may, therefore, be considered as
purely exponential. The kinetics of fading of the two transient species in the case of
compounds 2 followed at various temperatures (between 25°C and —-70°C) in EPA
yields E = 3Kcal/mol for the activation energy of the decay at 450nm for the fast
transient and 7Kcal/mol for the slow. Finally, the inactive compounds 6 and 7
present no transients at all.

Discussion

In rigid glasses and in fluid solutions where the orientation of the molecules is
random all the examined compounds (except the inactive ones) appear photochro-
mic as in the case of salicylideneanilines®. The inactive compounds demonstrate
the importance of the ortho-OH and the > C =N-groupings. The kinetic and
spectral considerations by flash photolysis indicate two photoproducts with
activation energies 3Kcal/mol and 7Kca1/m01 for the thermal back reaction against
2.4a nd 6 Kcal/mol in salicylideneanilines '

The transients, in general, show absorptlon spectra similar to those of the
photoproducts in rigid glasses (compare Figs. 2 and 4) although structureless. In
addition, in the case of compounds 2 and 4, these spectra are similar with the third
band which appears in protic polar solvents (see Fig. 3). This last similarity may be
explained if we assume that the photoproducts are already presernt in the dark in
equillgibrium with the original compounds as it was suggested for salicylidineanili-
nes .

The similarities of the experimental results in rigid glasses and in fluid solutions
with those of salicylideneanilines suggest that the mechanism of photo-colouration
resembles the one, including enol-keto transformation” and rotations around
* Cy—C5and C5—N bonds, postulated for salicylideneanilines on the basis of the -
two transients observed also in that case'4.

/CO0CH,

CH3
0" CHy Q—/ (2)
kY A1
-cuocua CO0CH,

We turn now to the problem of thermo -and photo- coloured species in the
crystalline state, where the molecules possess a certain crystal and molecular
structure.

By comparing again our findings with those of salicylideanilines we notice two
substantial differences. First, we have now compounds which are both photochro-
mic and thermochromic, and second, in the elongated bridge compounds (by the
addition of the -CH,-—grouping), we do not have exclusively photochromic
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compounds as in salicylideneanilines*, but thérmochromic/photochromic and
thermochromic as well. This is an indication that the structural requirements for
salicylideneanilines-planarity with short interplanar distances of the order of 3. 5A
for thermochromism and nonplanarity with interplanar distances more than 4. 54
for photochromism are not enough, as it was found also for some sallcyhdeneaml-
nopyridines?!, to explain the present results. Therefore either there are structures
which permit the simultaneous appearance of photochromism and thermochromism
or the planar structures, in the present case, are also “open” with interplanar
distances more than 4.5A and therefore permit rotations analogous to that shown
in Eq. 2, which produce photoproducts of the “keto” form VI. These structures
have to wait an X-rays three-dimensional analysis.

Hepiinym

Mnuyaviouds tov pwtoypwpicuot xai tov Gepuoypwpiouotd opropévoy eatikvAidevo-
devdpoafietviapivav kar galikviidevo 6-apvodevdpoafietidy ucbovleatépwv

IMapackevdotnke £vag apbudc Paoewv Tov Schiff kot cvykekpipéva evhoeig
Stapdpov Tapaydywv Tng cailkviikfc aASeidne pe 6-apuivodetidpoafietikd pe-
fvieoctépa kat debdpoafietikt pebvropivn. I'a dleg Tig evdoeig avtég e€etdotn-
KOV 01 QOTOYPOUIKEG Kol Beppoy popikég WO1OTNTEG TNV KPLOTAAAIKT] KATAOTO-
o1, oTNV LAA®IN Katdotaon xat og SroAibpata. EEetdotnke emiong n enidpaon
TV SLEAVTOV, TNG CLYKEVIPOONG KAl Ta ATOTEAECHATO OLYKPIONKaV pe ekeiva
mov Jivovv oi amhég Bdoeig tov Schiff, dnAadh or carikvAidévoavirives.

2NV voAdIN Katdotaon kKol 6T0 StaAVUATE OTOL O TPOCAVOTOAOUOG TOV
popiov givor tuyaiog d6iec ot eketacheioeg evdoelg (ektdc and Tig adpaveic)
eppaviloviar poToyxpopikés dTog kol oTic calkvidevoavidives? . Ta kiviTikd
KOl QUOUATOCKOTIKG 0noTeAéopata Tng Taipikrg oTélvoTg deiyvouv dud pw-
tompoidvta pe evépyela gvepyonoinong 3 kot 7 Keal/mol ywo. tn Beppikr] avri-
dpaon enavopopdg Evavtt to 2.4 kol 6 Keal/mol otig calkvidevoavidiveg 4. Ot
OHOLATNTEG QUTEG HOG KAVOLV Ve TLOTELOLUE OTL O UNYAVICHOG TOL QMTOY POUL-
opob powdlel va meptiapfdvel évo UETACYNHOTIONS amd €VOAKY] OF KETOVIKY|
popot kot pro meprotpoet] yopo and tovg deopovg C— Cy kot C7—N dnog
otic cahkvhdevoavidivec ' (8e¢ 1copponia 2).

TNV KpuoToAAlkl] Katdotaon Bpédnkav Tpelg TEPINTOCELS TOL TAPOLOLE-
Couv kol @otoypopuioud katr Beppoypoucpd os avtibeon pe Tig caiikviide-
vooviLiveg ot omoieg eivatl 1) poToYpoIKES 1] Beppoypomkés alrd Oyl Kot To
d0o. H dagopd avtr| anodidetar oe mibavi] dtapopd Souric Tov EVOGEOY QUTOV.
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