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REVIEW 

Chinzika Chronika, New Series, 16, 3-22 (1987) 

OEPMOZTAOMIKH (TGA) KAI AIAaOPIKH OEPMIKH ANAAYZH 
(DTA) 

M. AAAIA-KANTOYPH 

An6 T15 ~upt67&p&5 p~0060uq 0sppt~fiq avkhuoqq sivat, 11 0~pp0o~a0plKfl (TGA)  Kat q 
GtacpoptKfi 0sppt~fi  avahuoq (DTA). Kara rq &ppoora0pl~fi avahuoq pshszazat q ysraPohfi 
zou fikpouq rou 6siyyctroq o& o ~ b o q  p& rq &ppo~paoia, ~a063q auro 8~ppaivsral f i  ~ 6 ~ s r a t  
ps shsy~6psvq ra~drqra ,  p& rq pofi0sta opykvou ovopa~6p~vou 8sppocvyo6. Ta  anorshb- 
opara ~azaypacpovzat p& rq popcpfi ~apndhov  T G  f i  DTG, ano rtq onoisq, 6rav oxqpari<ov- 
sal n rqr t~a  npofovra, nhqpocpopodpaoze yla TO o~qpartopo rov ~v6taysowv npof6vrov, rq 
0 ~ p p t ~ f i  ora0sporqra rwv a p ~ t ~ h v  Kat sv6tayeowv svhosov ~ a 0 h 5  Kat zou npo~6nzovroq 
unoheippazoq. 

Tpononoiqoq rqq p&0660~ T G A  sivat q hsyoysvq QIA (Quasi-isothermal, quasi-isobaric 
analysis) 6qha6fi nspinou-loi)0&ppq ~ a 1  nspinou toofiapfiq 8spyoora0p~~j  avahuoq. Kar' au- 
rfi, q Bspyo~paoia rou 6siyyaroq augavszat 6vvapl~a orqv n~p10~ f i ,  nou ~ E V  naparqpsiral 
~ a p p i a  psrapohfi oro pkpoq rou 6&iyyazoq, EVQ napaybvst ora0spfi aytooq pohq ap~ios t  q 
0sppt~fi  6uionaoq ~ a l  pk~p1 ro rkhoq rqq. Aur6 ~ n t r u y ~ a v s r a ~  p& TOV napaywyoypacpo Ka- 
rahhqha zpononotqptvo. 

Kara rq 6tacpopt~fl 0 s p p ~ f l  avkhuoq p~hsraral q p&~apohfi rqq 0~ppo~paoiaq (AT)  p&- 
racv rou" Gsiyparoq Kat ytaq ouoiaq avacpopaq ys ~ h s y ~ i ) p ~ v q  ra~i)rqra 0Eppavoqq 4 ~ d g q q .  
Ta  anorshkopara haypavovra~ p& popcpfl 6tacpopt~hv 8 ~ p p o a ~ a h ~ 7 t ~ h v  ~ a y n d h o v  
(DTA),  01 oxoisq nsptb~ouv ohsq nq  p&rapohtq rq5 sv0ahniaq ~ a z a  q &pyavoq rou 6siyya- 
zoq, nou Givovrat oav ~ a p a ~ r q p t o r l ~ t <  ~opucptq (~v668~ppsq f i  E @ $ ~ E P ~ E ~ ) .  Kato  an6 Ka- 
rc%khqh&q ouv0fi~sq pnopodps va npoo6topiooups rq 0sppo~paoia rqq ysrapohfiq (To f i  T,) 
~ a 0 h q  Kat rq 8spy6rqra (AN)  Kat q v  randrqra rov avrt6paoswv 0spyl~flq Gtaonaoqq. 

ME rq ps0060uq T G A  Kal DTA, pnopodps va np00610pio0~p~ P a o ~ ~ t q  ~ t v q n ~ t q  napa- 
p~rpouq plaq ~ q p t ~ f i q  avd6paoqq, 6nw5 rq ora8spa ra~drqraq, zqv svtpy~tu ~v~pyonoiqoqq,  
rqv ratq rqq avri6paoqq Ka1 rov napayovra ou~vorqzaq, ( k ,  E, n, A). 

AB~EIS K ~ E I S ~ ~ :  TGA, DTA, @&pyoavahus~~B~  ~ a y n 6 h s ~ .  
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l . l .  O~ppoozaBp~k-y' avciAooq rThennogravimetric Analysis or Thermogravimetry), 
TGA or TG 

1.3. @~ppzdop~zpia (Calorimetry) 

Kaza t q  p68060 a u ~ f l ~ - ~  napa~ohou8sizat q Bsppo~paoia zou 6~iypazoq q p&- 
zapohil zqq Bsppo~paoiaq zou nsptpcihhovzo~, ozo onoio pp io~~ca t  zo Gsiypa, Kat 
pszpsizat ps psycihq a~pipsta q 0~ppozqza avd6paoqq, q 0 ~ p p o ~ o p q z t ~ o z q z a ,  q 
8spp6zqza pszaoponilq cp6osoq K.&. 

1.4. Arapoprlcy' Bcpprdop~rpia odppooqq (Differential Scanning Calorimetry), DSC 

Kaza zq p50060 a u ~ f l ~ . ~  zqS 0sppIKflq avahuoqq, TO tkiypa Kat q ouoia avacpo- 
pas B~ppaivovzat ouvqhq ano 660 avsc6prqzsq Osppt~iq nqyiq. kzq 6 t a p ~ ~ t a  zqq 
Oipyavoq~, av TO 6siypa unoozsi pta sv600sppq f l  ~@0sppq pszapohfl, TOTE q sni 
.rrhiov anatzo6psvq 0epyt~fl sv5py~ta (cal), yta va ano~zfloouv TO 6Eiypa Kat q ou- 
oia avacpopaq zqv auzq Bsppo~paoia, yszpsizat Icat ~azaypacpszat auzopaza as ou- 
vcipzqoq p& zq ypapptca aucavopsvq 0 ~ p p p o ~ p a o i a . ~  'Ozav 6sv snip~szat ~ ~ 6 0 8 s ~ -  
pq f l  skh0sppq pszapohfl ozo 6siypa ~ a z h  zq 06ppavofl zou, q 0sppo~paoia auzorj 
Kat zou uht~06  avacpopaq sivat i6ta, onozs q ~azaypacpopsvq ypappq sivat su0sia. H 
p60060q auzq sqappo<ezat ps sntzu~ia ozov npooGtoptop6 zov pszapohhv zqq CV- 

0ahniaq  at zov ~a8optop6 zou oqpsiou yerazponflq cpkosov. 



OEPMOXTAOMIKH (TGA) KAI AIAQOPIKH OEPMIKH ANAAYZH (DTA) 

1.5. Osp,uo8zaazoLz~?j avdLvay (Thermodilatometric Analysis), TDA 

1.6. Ocppz~?j avdLvoy pc ZY] ,8oy'Bsza zwv arczivwv X (X-ray Diffraction Analysis) 

1.7. O E P ~ I I C ? ~  avdAvoy ,us /3doy yaquazoa~oxia avd~Laayc os vyyLE'c Bcpporcpa- 
oicc (High Temperature Reflectance Spectroscopy), HTRS 

Kazci zq pi0060 a u ~ f l ' - ~  y~hszo6vzat za cpaobaza avckhaoqq zou 6siyparo5 GE 

ouv6tpzqoq p& zq Ospyo~paoia. Y n b p ~ o u v  660 zp6not pshizqq: a) q yshizq zou cpa- 
o y a z o ~  avckhaoq~ yivszat os optoyivq oza0spiq 0 ~ p y o ~ p a o i s ~  Kat P) q yshizq zou 
cpbopaco~ avc i~haoq~  yivszat os ouvcipzqoq F E  zq 0spyo~paoia. H zshsuzaia yi00- 
605 ovopci<szat Guvayt~fl cpaoyaroo~onia ava~haoqq (dynamic reflectance spec- 
troscopy, DRS). ME zq pi0060 HTRS ynopo6ys ~ 6 ~ 0 h a  VCI 6tan~ozOoouy~ av ~ a z a  
zq 0ipyavoq zou 6&iyya~05 yivszat ahhayfl ozq ozspso~qyt~ f l  60pfl z q ~  ouoia~  ( n . ~ .  
0K~a~6ptKfl 6oy4 - ~&'Ipa&6ptKfl 60pfl) 4 TTl dqptoupyia V ~ V  ~ ~ ~ o Y o v T ~ v .  

1.8. Osppo,uayvyzzlc?j avdvay  (Thermomagnetic Analysis), TMA 

1.9. AvdLvoy s~Av6~cvwv acpiwv (E f f ence  Analysis or Evolved Gas Analysis), EG 
or EGA 

H pi00605 auz415 ~pqotponotsizat yta zq 0sppt~i] avahuoq ouothv, ot onoiq 
~azci  zq Oipyavoq Givouv avn6pkosy, onq onoisq ,napazqpsizat i ~ h u o q  aspiou. 
Czqpi<szat 6s ozq yizpqoq z q ~  €kppt~fl< a y ~ y t p o z q z a ~ ,  z q ~  nu~vozqzaq 4 zou oy- 
~ o u  zou s~huoysvou aspiou. H pi00605 auzfl ynopsi va nspthappdrvst sirs anh& 
notozt~4 avi~vsuoq TOU aspiou (evolved gas detection, EGD), sizs  at zov noooz t~o  
aou npoo6toptoyo (evolved gas analysis, EGA). npoocpazq avao~6nqoq z q ~  ~ ~ 0 6 -  
60u EGA 6 0 0 q ~ ~  an6 zouq Barnes  at Stephenson.16 
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1.10. O~ppopqxavz~vj avdvoq  (Thermomechanical Analysis), TMA 

1 .l 1. Auvapl~vj p ~ a v z w j  avciAuoq (Dynamic Mechanical Analysis), DMA 

1.12. a) O~ppoperpz~ic 4 EveaAnzp~rpz~gS O ~ I C O ~ E Z P ~ ~ E I ~  (Thermometric Enthalpy 
Titration), TET 
p) Evealnzptxpia pc ivsoy Gciyparoc (Direct Injection Enthalpimetry), DIE 

Ot pi80601 TET2' 24  at DIE25 3 1  n~pthapPdlvovzat ~cinwq au8aip~za m t q  0~ppt-  
p~866ouq avtihuoqq, EVW ocqv npaypan~ozqza ~ i v a t  p68060t Gtahupazwv, q 68 

8~ppop~zpiu  8a pnopoljo~ va z a ~ v o p q 0 ~ i  oav 8eppop~zpt~fl oy~opizpqoq (Tkrmo- 
metric Titrimetry). H Gtacpopa zouq p& zlq y~866ouq ~ a 8 a p b  0 ~ p p t ~ f l q  uvahuoqS nou 
npoavacpip8q~av ~ iva t  671: ozq 0 ~ p p t ~ f l  avahuoq, q ~a00ptopivq ~ E ~ E Z O ~ ~ E V ~  1616- 
rqza ~azaypt icp~za~ oav ouvaprqoq c q ~  B~ppo~paoiaq, EVW ozq B~ppop~zpia Kat EV- 
Oahntyszpia q B~ppo~paoia  fl q ~vBahnia ~uzaypkpszat oav ouvapzqoq zou no006 
.sou xpocrnBip~vou avzt6paozqpiou. 

IIoh6 mhfl avao~onqoq auzhv zwv ps866wv 6 6 8 q ~ s  zo 1979,24 KaehS ~nioqq 
Kat zo 1982 an6 TO StrausZ5 p& 49 avacpopi~ navw ozq pi8060 DIE. B~hztwpivq ou- 
o ~ ~ u f l  zqq p~8660u DIE 6ivETa1 an6 z o ~ ~  Bark Kal O p a ~ n i p u t h . ~ ~  
E c p a p p o y i ~ ~ ~ " ~  zwv p$06Swv TET Km DIE: 

01 pi8060t auziq  at t6taimpa q DIE, ~ntzpinouv ypflyop~q avah60~1q pouzivaq 
zwv nuplzt~hv, opu~zhv ,  p~ztihhwv Kat nohhhv o p ~ a ~ t ~ h v  ouothv, TOV npoo6topl- 
op6 zou 66azoq zwv ozepshv fl uyphv, q v  avahuoq zotyivzou K a t  a op~u~6h teou  
~ . a .  En ioq~  Ppio~ouv ~cpappoyfl ozq p~h i zq  o 6 p d . 0 ~ 0 ~  E V W ~ E W V  o& Pt~hoyt~Ci ou- 
ozflpaza Kat orov npoo6toptopo nohhhv o u o z a z ~ ~ h v  TWV aerosol. A ~ 6 p a ,  pnopei 
va ~ n t z s u ~ 0 ~ i  6ta~ptoq cis Kat trans ~ o o p ~ p h v  p~zphvzaq zq 0~pyozqza zqq avzdpb- 
GEWq. 

01 8&pp0p&~ptlC& Kal E~8Cih7TlpEf plK& pf%0601 X P ~ O ~ ~ O ? T O ~ O ~ V T ~ ~  E U P ~ S  OTOV 

npoo6toptop0 zwv ccz6nwv 66oswp zwv povz6pvwv cpappaKEuztKhv np0Y6vzwv.~~ 
An6 nq 660 y~866ouq, npoztpazat q ~v8ahntpezpt~fl oav nto a~ptPflq, auz6pazq K ~ I .  

ouv~piotpq. 
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TEhoq q p600605 DIE ynopsi va ~pqotyonotq0si  at yta zov npoo6toptoyo ~ t v q -  
t t ~ h v  xapayizpwv. Mtu npoocpazq a v a o ~ o n q o q  xkvo ozo 08ya auzo 6ivszat an6  
zov Z ie lenk ie~ icz .~~  
, To s i 6 o ~  z q ~  ~ p q o t p o n o t o 6 y s v ~  z s ~ v t ~ f l ~  0 s p y t ~ f l ~  avahuoqq skapzazat an6 zo 

si605 zwv nhqpocpoptwv nou @ihoups va ndlpouys an6 70 ~ U ~ K E K P ~ ~ E V O  nsipapa. 
b ~ ~ b  0 ~ 0 3 ~  ytcl TO ~ ~ 0 ~ 0  Ctu'C0 ~ E V  E T C ~ ~ K O ~ V  TCi ~ E ~ O ) I ~ V C (  PtCl5 ~ O V O  ~ ~ 0 6 6 0 ~  ahhk 
anatzsizat ouv6uaoyo5 660 nsptoo6wpov z e ~ v t ~ h v  B s p y t ~ ~ j <  avahuoqc. Tta ysya- 
h6rspq ouycpovia anozshsoycizov yivszat ouv6uaoyo~ TEXVIK~V,  onozs PE 70 auto  
no06 Gsiyyazo~ K ~ I  ys Eva y6vo nsipaya naipvouys 6tbcpopq nhqpocpopie~ ( n . ~ .  
TGA-DTA,35 DTA-EGA,36-37 K.&.). 

An6 z y  ys@o6ou~ 0 s p y t ~ ~ j ~  a v a h u o q ~  nou avacp~pouys npoqyo6psva, an6 z t ~  
nto 6 t a 6 ~ 6 o y E v s ~ ~ ~  sivat q fIspyooza0yt~~j avkhuoq  at q 61acpopt~fl 0 s p p ~ f l  avbhu- 
oq. Tta TO hoyo auzo ozq ouvE~sta, @a avanzu~006v hsnzopspiozspa auz& 01 660 
~&p'tK65. 

2. O ~ p y o a ~ a 0 p i ~ q  avahuaq, TGA TG 

ME Tq 8&pp00~a6ptKfl C l ~ C k b o q , ~ ~ - ~ ~  on05 C ~ V ~ ( P ~ P ~ ~ K E ,  pshszrizat 11 / l&~aP~hfl  
zou Pbpou~  &~&za<oysvou 6siyyazoS os ouvbpzqoq ,U& zq 0spyo~paoia.  n o h h S ~  cpo- 
 pi^ 6yw5 q yshizq zqq pszapohfl~ zou Pkpouq zou Gsiyyazo~ yivszat os  ouv&pzqoq 
p& 70 ~ p o v o  ~ a @ h ~  auzo 0spyaivszat fl ~ J ~ X E T C ~ ~  p& omespfl za~6zqza.  

To opyavo nou ~pqotyonotsizat yta zq @ & p y o o z a ~ y t ~ ~ j  avbhuoq ovoyat;szat @&p- 
yo<uyo~. O o p ~ ~  @spyo<uyo~ 6 0 8 q ~ s  yta nphzq (pop6 TO 1915 an6 zov Wonda4'  at 

acpoporjoe Suyo o~s61aoyEvo va yszpkst q v  anhhsta fl aikqoq zou P15pous &v05 
Gsiyyazo~ os  ouvcipzqoq ys zq 0spyo~paoia.  H ouo~suf l  (3~hzthOq~s ozq o u v i ~ e t a  
an6 z o u ~  G ~ i c h a r d ~ ~  K a t  C h e ~ e n a r d ~ ~  K a t  apyozspa an6 zov D ~ v a 1 ~ ~    at a h h o u ~  ys 
zq ~pqotyonoiqoq ~azaypacpt~o6 ouozflpazo~ yta zqv auzoyazq ~a~aypacpf l  z q ~  PE- 
zapohfl~ zou Pcipou~ os  ouvcipzqo: ys zq @&ppo~paoia  fl TO ~ p o v o .  

Ot n~pt0o6z~p01 cuyoi, nou ~pqotyonot06v~at ,  sivat z6nou yq6svt~06 oqysiou 
(null-point Ot <uyoi auzoi yo~i<ouv ys TOUS K O Z V O ~ S  a v a h ~ ~ t ~ 0 6 ~  <uy06~,  
sivat oyoq scpo6taoyEvot ys q h s ~ z p o y a y v q z t ~  snav6p0woq zou p a p o u ~  (weight 
compensation), Ezot hozs va yivsmt o u v q f l ~  avciyvooq zov anozsh~opazwv.~~  'E- 
v a ~  y p a p y t ~ 6 ~  yszaPhqzo~ 6tacpopt~o~ y s z a o ~ q y a n o z f l ~  (linear variable differential 
transformer, LVDT) ~pqotyonotsizat yta va s h i y ~ s t  av o < u y 6 ~  6sv toopponsi. Ot 
a h h a y i ~  zou Pkpou~  6qptoupyo6v ps6ya snaywyqq hbyw y ~ z a ~ t v f l o s w ~  TOU pa- 
yvqzq y6oa o' Eva nqvio K a t  yszarpinszat 6zot os  q h ~ ~ ~ p t ~ o  oflya nou y ~ ~ a z o n i < s t  
q v  o n z t ~ q  o ~ 6 h a  avayvhosoq. H 0Eoq zou ppa~iova  suato0q~oxot~izat an6 cpozo- 
6to6ou~  at an6 pta ostpa sZ,apzqy~zov EVOS K U K X Q ~ ~ T O S  ~hiyxou.  

Czq 8Boq zou 6 i o ~ o u  zou Suyo6 unap~ouv  u n 0 6 o ~ s i ~  ~ovsuzqpiou (crucible 
holders) onou Kazahflyouv K a t  za 8spyo<s6yq. Ta npoS yizpqoq oqpsia zwv @&pyo- 
S E U ~ ~ V  supio~ovzat os  an' ~ u 0 s i q  snacpfl FE TO 6siyya fl TO 6 0 ~ s i o  ~ o u .  

Ta anozsh6oyaza eqS 0spyooza8pt~flq av6huoq~ ~azaypacpovzat ye zq yopcpfl 
~ a y n 6 h w v  nou ovoy~<ovzat ~ s p y o o z a ~ y t ~ i ~  ~ a p n 6 h s ~ .  01, e s p y o o ~ a @ y t ~ ~ ~  ~ ~ 1 ~ x 6 -  
 he^ axozsho6v zq y p a q x ~ j  napbozaoq z q ~  s t k p ~ q o q ~  z q ~  yszapohfl~ ~ o u  Pcipou~ 
6siyyazo~ an6 zq Bspyo~paoia (TG). 
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ME paoq ztq 0~pyooza0yt~ iq  ~ a y n 6 h ~ q  ynop06ys va npooGtopioovy~ X O ~ O T I K ~  

z q  y~zapohiq zou Papouq ~az i r  rq 06ppavoq zou Gsiyyazoq, a p ~ s i  va yszpiloouys 
zqv anoozaoq yszae6 zwv opt<ovnwv zyqy6zwv zqq ~ayn6kqq ctozov acova zou 
Pcipouq~ (ouvcsmyyivq zou Gtaypayyaroq nou Givst ztq yszapohkq Pkpouq). Czov 6- 
eova zou Papouq ot yszapohiq Pcipouq ynopo6v va ~~cppa<ovzat ~acci  Gtacpopouq 
zp6nouq ono$ a)  os ~ h i y a ~ a  Papouq, P )  os noooozci % zqq ohtcfiq anwhstaq P&- 
pog ,  y) os i~cppaoq (a) nou 6iv&t TO Pa0y6 ~szazponilq pcipouq (a sivat TO ~Aciopa 
zou uhtco6 nou avzt6pci oe ~ p o v o  t, Kat nto o u y ~ s ~ p t y i v a  a = W,/W,, 6xou W = 

Pbpoq, 6ivszat 6& os au0aipszsq yovciFsq). 
Enioqq, ot 8sppooza0yt~iq ~ayn6hsq pas ~ntzpinouv va Ppo6ye: 

I )  T q  Bspyotcpaoia orqv onoia apxicst va Gtaoncizat q ouoia 
11) Tqv nopsia zqq Gtbonaoqq 
111) Tq  ~ ~ p y o ~ p a o i a  o~qyaztoy06 sv6q ~ v ~ t i r y ~ o o u  npoi'6vzoq ~ a 0 h q  snioqq ~ a l  zqv 
nsp to~q 0spyo~paotOv ozqv onoia zo svGt6ysoo npoi'6v Gtazqpsi oza0spo papoq 
IV) T q  0spyo~paoia oro rihoq zqq avd6paoqq 
V )  T o  papoq zou unohsiyyazoq 
V I )  Ta  nzqzt~ci ouozazt~dl. 

Ot nhqpocpopisq nou yaq Givouv ot ~ayn6hsq T G  ynopo6v va auSq006v ys zq 
poq0sta zwv napayovn~hv  0~pyooza0y t~hv  ~ayn6hwv DTG. Ot ~ayn6hsq auzBq 
anozsho6v zq ypacpt~il napaozaoq zqq za~6zqzaq zqq y&zapohilq zou Papouq zou 
Gsiyyazoq 06 ouvapzqoq ys zq 0spyo~paoia il zo ~p6vo .  

0 t  ~ayn6hsq DTG yaq nap i~ouv  nhqpocpopisq yta zqv K L V ~ T ~ K ~ ]  zwv avztGpdr- 
o&wV nou O U V O ~ E ~ O ~ V  'US f)&pptKi~ ~ l h h ~ l y i ~  TOU 8~iyyazoq KCll /.Ktq E T ~ ~ T P ~ X O U V  &xi- 
oqq va ~pyqvs6oouys xoh6xho~sq Kayn6hsq TG. T i z o t s ~  ~ayn6hsq ynopei va npo- 
~ 6 y o u v  an6 pzapohiq zqq zaeqq K"' zqq za~6zqzaq zwv avzdpciosov an6 zqv 
a h h q h s m ~ a h u ~ q  Gtacpopwv oza6iov zqq avzi6pacqq. Czo oxilya 1 Givovzat 0 1  m y -  
n6hsq T G   at DTG yta zqv mpixzwoq zqq Bvwoqq ~ - F e 0 ( 0 H ) ~ ~ ,  onou cpaivszat Ka- 
0ap6 q oqyaoia zqq ~ayn6hqq DTG ozqv spyqvsia zqq 1cayn6hqq TG. T o  opt<ov- 
n o  zyflla zqq ~ ~ 1 p n 6 h ~ l ~  TG, nou ovoyd<~zat nhhzuvoq (plateau), avztozoqsi ozo 
oxqyaztoyo zou Fe. 

H a~piP&ta zov ~ ~ p y o o z a 0 p t ~ h v  ys~pfloswv ~ a 0 h q  snioqq Kat q ~~cavah.11TctK0- 
rqza zwv anorshsoy~zwv ~a~opi<ovzat  an6 nq  ouve~ i~sq ,  K&TW an6 z q  onoisq yivs- 
Tat ro xsipaya. Msptcoi an6 zouq n ~ p a y o v z s q ~ ~ . ~ ~  nou snqp~a<ouv ztq yszpilostq, si- 
vat q zax6zqca 0ipyavoqq, T O  oxilya zou uno6oxia zou G~iyyazoj #a1 cou cpo6pvou, 
TO yiys00q  at 70 oxfiya zou ~ o v ~ u z q p i o u ,  q nooozqza  at o o y ~ o q  zou Gsiyyaroq, 
TO yiys00q TOV KOKKOV, q nu~vozqza Kat q 0spyt~il aywytyozqza zoo G~iyyazoq. 

H aryoocpatpa y6pw an6 T O  6 ~ i y y a  ynop~i  va snqpskm zq Ospyo~paoia ozqv 
onoia yivszat q 0 ~ p p t ~ f i  Gtd1onaoq. H ~ni6paoq zqq azy6ocpatpaq n h ~ ~  ozo oiozqya 
rou Guy06 sivat yvwozq oav cpatvoy~vo &vooqq ( b ~ o y a n c y ) . ~ ~ . ~ ~  Kazk zo cpatvoysvo 
auzo npo~ahsizat Oipyavoq o& optoyiva yipq zou ouocilyazoq zou <uyo6, ys ano- 
rihsuya va cpaivszat 6zt au&ivst T O  @tpoq zou Gsiyyazoq Ka0hq 0spyaivszat ozov 
aipa. T o  cpatvoy~vo buoyancy npikst va haypavszat un6yq 0' 6hsq z15 ~ E T P ~ ~ O E L S  

a~ptgsiaq. Mnopsi oywq va anocpsu~0si ys ~q xpqotyoxoiqoq ouozjyazoq yhtqq 
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XXHMA 1 .  Avaywyrj rou a-FeO(0H) cre Fe. 
Ta~ljrqra 0Cppavaqc I•‹C/min, Pipoc Geiyparoc 250mg, a~pdoparpa H, 

rou cpo6pvou cat rou napanhsljpoq ~ h p o u  rou (uyo6. Tta T O  o ~ o n o  auro onq 0sp- 
yoora0ytci~ ouo~suiq  o cpo6pvoq r o ~ t o ~ ~ z s i ~ ~ t  ouvfi0wq navo an6 TO (uyo. Mnopsi 
snioqq va 6t0p800~i p& PaOpohoyqoq f l  p& h s ~ o ~ p y i a  6i6upou cp0i)pvou. 

H aryoocpatpa orqv onoia yivovzat ot y~rpflostq ynopsi va sivat ozaztcfl f l  6u- 
vayucfl cat va anorshsirat an6 aipa, 05uyov0, al;oro f l  yiybara aspiov avcihoya ys 
ro si6oq rov avn6paosov nou yshsr06ps. Enioqq 0 1  ysrpflost~ pnopoljv VCI yivouv 
 at OE ~ s v 6 ~ ~ . ~ ~  ouvil00q zqq ta&xoq ZWV 10-3 - 10F Torr. Ot ysrpflostq os K E V ~  si- 
vat 16taizspa ~pilotysq yta zov npoo6toptopb rqq zdiosoq azphv,5' TOV anasptop6 
cov u h t ~ h v  cat rq yshirq avrtbpriosov os yq 05st60avayoyt~fl azyoocpatpa. 

H 0sppo(~ra0yt~fl avahuoq yaq 6ivst rq 6uvazo~qra va y s h ~ r ~ o o u y ~  o ~ q  Xq- 
ysia Gtbcpopa xpo~hflpata, optoyiva an6 ra oxoia a v a ( p i p o u y ~ ~ ~ - ~ ~  napa~cizo: 
I) I~avorqra npoq cazrihuoq os avzt6paosy 0spytcil~ 6taonaoqq 
11) Ocpytcil 6t6onaoq ouothv 
111) Ynohoy~oyb ora0sphv yopcphv ~ (qybrov  yta oza0yt~il avcihuoq 
IV) Anoricppooq 6tacpopov ~qptwhv  ouothv 
V) Ospyuyj o~a0sporqra ouothv (cupioq opyavtchv nohuysphv) 
VI) AcpuGarooq cat uypoo~ont~ozqza ouothv 
VII) Tauronoiqoq ~ q y t c h v  ouothv 



M. AAAIA-KANTOYPH 

H ncpinou - tooo~ppq (quasi-isothermal) KUI mpinou - t o o p a p i ~  (quasi - isoba- 
ric) O~ppoocuByt~q uv6huoq58-65 E X E ~  t 6 t a i ~ ~ p q  oqpaoia ocqv ~ ~ d y q o q  r o v  8~pp0-  
o r u 8 y t ~ h v  ~ayn6hcov. K 6 r o  an6 ~ U V ~ T ~ K E ~  ~ U V U ~ I K O ~  npoypkyyuzo~ ~ 8 p y u v o q ~  
(non - isothermal TG) 6qptoupyo6v~u~ ovvfiow~ optoykvu ~ p o r q y u n ~ i r  ~ u t  npo~l j -  
mouv optoyivsq u ~ & ~ u t o c q r ~ ~  ~ a z a  rqv &ns~&pyuoiu zwv 0 ~ p y o o r a ~ y t ~ h v  ~ u y n 6 -  
hwv. 01 u ~ ~ ~ u t o z q r s ~  uur8q ynopo6v vu ~&uh~tq006v  pc cq ~pqotyonoiqoq z q ~  
QIA. Kurk rq p80060 uuzq q 0 ~ p p o ~ p a o i u  rou 6EiypazoS uu~avscat 6uvuyt~6  ozqv 
n e p t o ~ ~  nou 6 ~ v  xapuqpsizut ~ a y p t k  psrupohfi oro  P h p o ~  rou 6Eiyyuzo~, ~ v h  nu- 
pupivst o~a8&pfi, u p i o o ~  ybhy u p ~ i o s t  q 8~py1wfi 616onaoq K U ~  y i ~ p t  TO ~ i h o ~  cqq 
ME 6hha hoytu q Oepytcfi 6t6unuoq yivcrat ~ 6 z w  an6 ozuO~pfi O s p ~ o ~ p u o i u  (to6 
Q E P ~ ) .  

Czo o ~ f i p u  2 Givovrat ot oEpyooraopt~6~ ~ a y n 6 h ~ ~  zou MnC1, - 4H20 ~ 6 ~ w  an6 
6uvuyt~o  np6ypuyyu 08pyuvoq~ KUI ~ k z o  an6 np6ypuyyu mpixou - t o 6 0 ~ p p q ~  8Ep- 
y u v o q ~ . ~ ~  

ZXHMA 2. @&pp.uti G~ciazaaq rov MnCI, . 4H,O 
Kapzdq 1. Zvvel j~y acpiaov-1ad0~ppq KUI z~pizoo-~aopapk. 
Kapaljhl 2. Avvaplrcd apdypappa Rippavaq<, a~d/2ozro xwveotljp~o. 
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ME TqV nEpin0u - L O O ~ C ~ P ~ ~  0&~~0(3~a0~ l lC f i  avdlhuoq / ~ T I O P O ~ P E  VC1 E & ~ E ~ W O U F E  

q v  wp~patozqza nou avacpipeeat ozq yerazontoq zqq Bspyo~paoiaq Gtkonaoqq Kat 
nou npo~6nzst an6 q v  snibpaoq rou o~ilyazoq zou uno6o~ia  Kat rqq nooozqraq 
tou b~iyyazoq. Katci zq yi0060 auz-j ~pqotyonoto6ye ~ t b t ~ o  uno6oxia xou ovoyb- 
(szat hapuptv0o~tbilq unobo~iaq (labyrinth sample holder) hapuptv0ostGiq ~ w v s u -  
rqpto (labyrinth c r u ~ i b l e ) . ~ ~ . ~ ~  ME TOV uno6o~ia  auzov sntzuy~avszat q Gqytoupyia 
auroysv6ysvqq a~yoocpatpac,~~ (self- generated atmosphere), onozs q ouy~ivzpwoq 
rou a~piou nou E K ~ ~ E T C ~ ~  ~azdL zq 0 ~ p y t ~ i l  61cionaoq TOU Fsiyyazoq napayiva o~a0s-  
p 4  OE ohq zq btcip~sta zqq Bspyt~ilq Gtbonaoqq   at T O  Qsiyya nsptpdlhhszat an6 20 

aipto npoi'ov OE oza0spil nisoq 1 atm. 'Ezot q 0 ~ p y o ~ p a o i a  btaonaoqq yivszat avs- 
gcipzqzq twv nstpapazu~hv ouv0q~hv .  

Cav ouynipaoya oqysthvszat oct q QIA63 n a p i ~ ~ t  zq Guvatozqza yta TOV aKpt- 
pfi  npoobtoptoyo zwv 0~ppo~pao thv  Gtaonaoqq zwv ouothv, ~ a 0 h q  snioqq Kat yta 
t o  Gta~wptoyo b t a b o ~ l ~ h v  avz16p~oswv 0spy~~ i lq  Gtcionaoqq nou btacpipouv q yta 
an0 zqv dlhhq ~ a z a  hiyouq paOp065 0~pyo~paoiaq.  Ta  avwdpw sntzuy~avovzat ys 
napaywyoypcicpo (Kscpcihato 4),  ~azcihhqha ~ p o n o n o u q ~ i v o , 6 ~ - ~ ~  ~aho6ysvo Q- 
Deri~atograph.~~ 

3. bracpopl~il 0~pp1~fi  avdrhuoq, DTA 
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6nou: 
M = n o o 6 ~ q ~ a  ~ o u  Gsiypazoq 
AH = 0spy6zqoa av~ i6paoq~  
K = 0spyt~q a y ~ y t p 6 ~ q ~ a  TOU 6EiypaT0~ 
AT = Gtacpopci Bspyo~paoia~ ys~a56 ~ o u  Gsiyyazo~ Kat cou uht~o6 avacpopa~ 
g = o~a0spa ~ o u  opycivou (npoo6topi<s~at p& paoq zq ysoyezpia T ~ G  o u o ~ s u f i ~ )  
dt = 6tacpopt~6 TOu ~ p 6 ~ 0 u  
t ,  Kat t ,  = xpovot K ~ T &  zqv 8vap&  at sntozpocpfi ozq Qaot~fi ypayyfi T ~ S  ~ a p n 6 -  
hqq DTA 

 ono^ phinoups q oxioq aurfi ~ U O X E T ~ < E Z  TT]  0 spy i )~q~a  avTi6paoqq ps q v  Ent- 
q6vsta K ~ Z W  an6 q v  Kapj'C6hTl. ' E ~ o t  pnopo6ye va npoo6topiooups zq ~ E ~ ~ O T ~ T C I  

av~i6paoqq p& ypacpt~q p80060 a p ~ s i  va unohoyioouys T O  &ppa66~ sntqavsta~, 
nov n ~ p t ~ h s i s ~ a t  an6 T ~ V  ~apn6I.q DTA   at ytaS sv0siaq ypayyfi~ nou svhvst TO 

a p x t ~ o  Kat rshtc6 oqysio T ~ S  ~ a p n 6 h q ~  (T,, T,, T,, q q p a  3). 
@a npinst ~ i h o ~  va oqyahoouys o n ,  yta va Bxoups snavahfitytya ano~sMoya~a  

o ~ q  p80060 DTA, npinst va npoqyq0si 8hsyx0~ Kat Pa0pohoyqoq T ~ S  ouo~suqq. 
Extnhiov, Guo~ohis~  scpapyoyqq a u ~ f i ~  T ~ S  y a 0 q p a n ~ q ~  o ~ i o q q  n p o ~ 6 n ~ o u v  6ton 
6sv sivat y v o o ~ 6 ~  nawa ot n y E ~  an6 ~q ptphtoypacpia n . ~ .  T ~ G  0 s p p t ~ q ~  aywytyo~q- 
TUG. 01 Guo~ohisq ~1uT8q unspvt~hvzat y& zq yi0060 DSc. 

Ot napayov~s~  ~ O U  snqpsdl<ouv ~q 6tacpoptKfi 0 s p p t ~ ~ j  avahuoq sival oyotot PE 
a m o 6 ~  nou avacpipeq~av o ~ q  0sppoo~a0yt~fi avkhuoq. 

H ~ s x v t ~ f i  anoT&h&i ouv6uaopo TWV 660 K U P ~ ~ T E P O V  ~ E ~ O ~ C ~ I V  TG Kat 
DTA ys ~ a u ~ o ~ p o v q  napayhytoq T ~ G  ~ a p n 6 h q ~  T G  (Kapn6hq~ DTG). H ouo~sufi  
xou ~pqotpoxotsi~at o' a u ~ q  p80060 TG/DTG/DTA ovopa<s.rat napaywyoypu- 
cpoq (derivatograph) Kat s n t v o ~ j 0 q ~ ~  an6 ~ o u q  Paulik Kat Erdeygg o ~ q v  7~Epi060 1955- 
1958. 0 napaywyoypacpo~ ynopsi va ~azaypbty~t  au~opaza cpw~oypacpt~a~~ 715 Kap- 
n6hq TG,  DTG K ~ I  DTA oav ouvapzqaq zqq 0spyo~paoiaq ~ o u  6&iypaT0~ q oxoia 
snioq~ ~a~aypcicps~at (~aynljhq T). Hpoocpa~o snizsuypa 6 t a p ~ k v  E ~ E ~ ~ & O V  TOV TE- 
hsu~aiwv ~ E K ~ E ' C I ~ V  sivat q K ~ Z ~ ~ K E U ~  o6y~povou napayoyoypaqou, nou X E ~ T O U P -  
y ~ i  p& p t ~ p o ~ n s ~ s p y a o ~ f i  (microprocessor). C x q y a z ~ 6  Gtaypaypa &v65 ~ 8 ~ o t o u  xa- 
payoyoypcicpou, napayoyoypacpo~-C, 6ivs~at oro oxfiya 4. 
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ME zq 0~ppooza0ptlc~ avkhuoq pnopo6p~ va npoo6topiooups p a o t ~ h ~  lctvqzt~hq 
napaphzpog p t q  ~ q p t l c q ~  avz%paoqc,, 6no5 zq oza0spb zax6zqzu~ (k) ,   qv ~vhp-  
y ~ t a  ~ v ~ p y o n o i q o q ~  (E), zqv zcikq z q ~  a v ~ i 6 p a o q ~  (q)  lcat zov napayovza o u ~ v o ~ q -  
zaG (A). 0 napciyovza~ o u ~ v o z q z a ~  A eivat q oTaB~p6 ozqv ~gioooq TOU Arrhenius 
(k = A eCElRT)  at naphx&t zqv ztyq nov %a &[X& q oTae&pa z a ~ d z q ~ a ~  E ~ V  oha za 
popta qzav wepyk. Enioqq, tox6~t  q o ~ i o q  (A = Z.P) 6nov TO Z Giva zq o v ~ v o t q -  
za ouy~po6oswv zov popiov, &vw TO P n a p h ~ ~ t  zqv an6~htoq an6 zqv t6avtlcil ouy- 
nsptcpopci  at Givst zov napayovza n t0avo~qsa~,  ~ i v a t  GE P<1. 

To w6tacphpov yta zqv lctvqnlcj Kat TO yq~avtoy6 zov avnbpkosov 0 ~ p p t ~ j l q  
Gtaonaoqq 06 ozspsq ~ a ~ k o ~ a o q  civat augqphvo ooov acpopk ~a anhci cihaza zov 
p~zdlhhov, 6710~ 0~ahtca,9~ okt~&,9l un~p~hop t l cd l~~   at o & i i ~ a . ~ ~  r~vtlca, q ~tvq~ulcfl 
p~h6rq Paoic~zat o ~ q v  napazqpqoq z q ~  ahhayqq sou p&pou~ p&zCx. ~ o u  ~povou Kat 
napa~ohou%&iza1 E ~ T E  an6 o zaz t~q  $ too0~pytlcfl ( i~o ther rna l )~~ .~~  &iz& an6 pq to08~p- 
p t ~ q  Guvaytlcq~ 0Sppavoqq p60060 (non- i~otherrnal ) .~~~~ 
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nposa0si q nupqvonoiqoq (Nucleation the~ry)~~-'OO nou 6x81 ano6stxO~i n s l p a p a ~ t ~ h  
671 sivat cpa~vopsvo sntcpavsta~o Kat ouv6i~sal p& ztq a n h h ~ t ~ q  sqq ~ntcpavstaq. 

0 unohoy1op6q swv K ~ V ~ T L K ~ V  6~60pkvov ~ i v a t  Gdo~ohoq, ~ a v  o pqxavtoyoq 
sqs avzidpaoqq &ivaI &~VCOGTOG. TO K ~ @ o ~ I o T I K ~  0~6610 sqq z a ~ 6 z q s a ~  avd6paoqs 
sqq @&ppt~fls  61dlonaoqq zqs os&p&flq ~as6osaoqq (rate limiting step or rate determi- 
ning factor) nsptypkcpst so ppa66sspo os661o Kat pnop~ i  VCI avnozot~si  &is& o& 616- 
~ u o q  (diff~sion) '~'  Io3 &is& o& nupqvonoiqoq (Avrami  at E r o f e e ~ ) l ~ ~ - ' ~ ~  &is& 13s avn- 
6p6osy ozqv ~ntcpciv~ta ~nacpflq c p ~ o ~ ~ v ~ ~ ~ - ' ~ ~  (reactions at the phase boundary) 
(Prout K a t  T~mpkins) ."~ 

Op~oyGvs~ y60060t uxohoytoyo6 paoi<ovsat osqv un6@&oq 6st q ~ l v q z t ~ f l  pno- 
psi va ano600si p& sqv z u n ~ ~ f l  ~ t v q z t ~ f l  ~kiowoq spononotqpkvq yla sq ossp~fl ~ a -  
s6osaoq p& sq popcpfl 

01 ouvapsflosy f(a) Kat g(a) &E,apscbvsat an6 so yqxavtoyo sqs avsi6paoqq. Csq 
P~Phtoypacpia~~, 95- " I  napixovsat n i v a ~ ~ ~  yta 6tdlcpop~s a h y ~ p p t ~ i q  ~~cppdLo~tq aushv 
swv ouvapzqoso~v. H popcpfl sov ouvapsfloswv auzbv a v s t o s o t ~ ~ i  OE Gldlcpopo~q su- 
~ ~ 0 6 5  yqxavtopo6~ nou happhvouv ~ h p a  ostq Staon6osl~ zqq os~psilq ~asd1osa- 
o q ~ ,  ahha  at os dtbcpopq stpiq sqq~O&wpo6p&vq~ scicqq sqq avd6pa0qq (v). 01 
ooppohtopoi 66Oq~av an6 sous Sharp  at tthhouq so 1966.'08 

H owosfl snthoyfl sov ouvapsflo~ov g(a) pas o6qyd OE ypaypucil ouvkpsqoq 
ozo Gtdlypaypa &&pzqoqs s q ~  g(a) an6 so xpovo t. An6 iva sisoto Gtdlypaypa KaI 
an6 q v  Khioq zqs avzimot~qq &u@&iaq npoo61opi<&sar s s h ~ ~ a  q o~a@&pa  sax6sqsaq 
zqs dtbonaoq5, k. 

K svipysta ~vspyonoiqoqq E pnopsi va npoo6toptos~i an6 so Gtkypaypa sov cl- 
p6v log k 0s o ~ i o q  p% 71s stpis 1/T ~cpappo<ovza~ sqv ~kioooq  sou Arrhenius. 

Cctv Fuvapt~fl p330605 opi[~tct~ o npooStoptopoq 'COD Paf3p06 ~ssasponi-,q a os 
ouvCipqaq ps zo ~ p o v o  t ,  ~rrzci zq 6t&p~&ta ptaq ypappt~ci avuy106ysvqs @&ppo~pa-  
oinq. Or n p i ~  zov ~ t v q z t ~ 6 . 1 ~  m p c t p i s p ~ v ~ ' ~  ynopo6v va npoo6toptozo6v an6 p ~ a  
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yovo 0~pyoozaOyt~fl ~ayn6hq  ~pqotyonothvzaq iva y6vo Gsiyya. Eivat E U K O M W P ~  
zqq to00~ppt~flq ahha napouotac~t T O  pstoviwzqya o n  anatzo6vzat a~ptphq ~aOopc 
opivsq nstpayamciq ouv0fl~sq, ozav Oihouys va i ~ o u y s  a ~ p t p q  anozshioyaza Kat 
scpapyocszat 0s za~sisq avn6paostq. Enioqq, ot ~ t v q z t ~ i q  oza0~piq KOU np0~6nzouv 
p& rq Guvayt~fl pi0060 6sv &ouv cpuot~fl oqpaoia Kat sivat yovo spn~tpt~iq .  

H smkspyaoia zov anozshsoyazov yivszat ys zq p0fl8~ta zqq zunt~qq ~ t v q z t ~ f l q  
skiowoqq nou avacpSp0q~s ozq o ~ a z t ~ f l  yi0060, yta avn6paostq ccq-za@p* (&c. 6) ,  

q oho~hflpwoq zqq onoiaq 6ivst q v  ~ayn6hq  TG.'20-'22 H snihuoq zqq & ~ i o ~ o q q  
ausqq sivat noh6nho~q  at yivszat p& oho~hflpooq a) zou aptozspoc pihouq, onozs 
n p o ~ i m z ~ t  q ouvkpzqoq g(a)  at P )  ys oho~hflpooq zou 6&06 yihouq oq npos zq 
Ospyo~paoia ~cpapyo~ovzaq Gtaqopsq npoosyyiostq. npoq zo 0 ~ 0 7 ~ 6  auzo npozsi- 
vovzat yiOo6ot an6 ztq onoisq ot anhoimzspsq sivat rwv Doyle'I8 'l9 Kat 0 ~ a w a . l ~ ~  
Tpononotfpaq navo o' amfl zq yiOo60 iytvav an6 zouq Coats Kat Redferr~. '~~ Ap- 
yozspa khhot ouyypacpsiq npoonaoqoav va Ppouv s y n ~ t p t ~ i q  E & J Q ( T E ~ ~  anhouoz~u- 
yivsq nou va zatptacouv ps zqv avzi6paoq 6t6onaoqq zou O T E P E O ~ ,  i~ovzaq oq Fa- 
oq zq ysvt~fl ~ t v q z t ~ f l  ~ ~ i o o o q ' ~ ~ - ' ~ ~  (3). 

Ta zshsuzaia ~povta i ~ o u v  avanzu~0si npoyphyyaza os computers yta zqv Ka- 
hrjzspq  at za~6zspq sljpsoq zov ~ t v q z t ~ h v  napayizpwv ytaq a~zi6paoqq.9~~ "', 129 
134 

5.2. Kzvyzr~y' c~cc&pyaaia 61a z y ~  pced6ov DTA 

An6 ztq ~apn6hsq DTA ynopo\jys va nhqp0cp0pq~06y~ yta 20 yq~avtopo   at 
zqv ~ t v q n ~ f l  zqq nopsiaq ytaq ~ q y t ~ f l q  avd6paoqq. Ano TO Y E V ~ K ~  oxflya zqq Kay- 
n6hqq (av K ~ L  auzo ynopsi va ~nqpsao0~i  ano nstpapam06q napdlyovzsq) pnopoi)ps 
va ~apa~zqpioouys q v  avzi6paoq 6qh. sav sivat anhfl ahhayfl cpaoqq f l  avzi6paoq 
E ~ E ~ X O ~ E V ? ~ ~  6ta~uoqq. Kazk zqv K I V T ) Z Z K ~ ~  E ~ C E ~ E P Y C ~ O ~ U  TWV ~ ~ l p n l j h w ~  DTA XPqot- 
~ O ~ O I O ~ ~ E  Tqv oht~fl &nt@v&t~ 2115 ~apnljhqq, nOU ~(~&ih&~Ctt  ozqv E ~ E U V O ~ ~ E V ~  av- 
zi6paoq, zq yiytozq axo~htoq,  nou avnnpoowns6st zq y iytozq za~6zqza avri6pa- 
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o q ~  #at rq ouppszpia. H ~ a p x 6 h q  DTA ~ a p a ~ z q p i < ~ z a t  an6 nS Oapyo~paois~ To ,  
T,, T ,  (oxqpa 3). 'Ozav q Bspyo~paoia pszp~izat ozo ~6vzpo  zou G~iypCi~o~,  TOTE q 
Bsppo~paoia zqq ~opucpfi~ (T,) sivat T O  ~uptozspo oqysio Ospyo~paoia~. Eav q 
0spyo~paoia pszpsirat oro u h t ~ o  avacpopa~, T O T E  o p&zao)ypanop6q nspazo6zat 
psra rqv ~oputpq  at TO onou6atozspo oqpsio Bsppo~paoia~ sivat auzo nou apxi<st 
q avri6paoq (T,). 

0 1  z t y6~  zov ~ t v q z t ~ h v  xapapizpov pnop06v va &Z,ax806v ys Gtacpops~ uno06- 
osq ( K E ~  3 , 0~op ia  6tacpopt~q~ 0~pp1~ f lq  avbhuoq~) Paot<opsvsq ozqv zax6~qza z q ~  
avzi6paoq~, q v  sZ,ioooq zou Arrhenius Kat oq Osyshth6q K ~ V ~ T L K ~  ~Z,ioooq, 0 ~ 0 5  
 at ozqv nspinzooq z q ~  p~0080u TG. Ot ~ u p t o z ~ p ~ ~  yi0oGot xou avanz6~0q~av  
n p o ~  TO monb  auzo sivat ot E@~s:  
1. M600605 Murray  at White'35: xpoo6topi<~zat q svipysta svspyoxoiqoqq PEA&- 

z h v r a ~  rq ox6oq pszaZ,6 r a ~ 6 z q z a ~  Gtbonaoqq  at z a ~ 6 z q z a ~  Oippavoqq. 
2. M680605 K i~s inger '~~ :  0 Kissinger p p q ~ s  o n  q 0sppo~paoia lcat T O  oxqya T ~ S  

~opucpqq ~ c a p ~ h v z a t  an6 q v  zax6zqza 06ppavoqq Kat xpoo6toptos zqv ~vipysta 
~ v ~ p y o n o i q o q ~   at TOV xapclyovza o u ~ v o r q z a ~ .  Ex ioq~ ,  q r66q zqq avd6paoq~ 
pnopsi va np0~6yrst ano rq yopcpq xou xapouotci(st q ~opucpq zqq avriozot~qq 
~ a p ~ 6 h q ~  DTA (oxqpa 5). 

CXHMA 5. MiQo6og ~p006zop10pod ouppsrpiag rqg ~~ ,Unf j l y<  DTA ufjp~wva p& rov Kissinger. 

3. Mi0oFo~ Piloyan Kat zov ouvspyazhv z o ~ ~ ~ ~ , ' ~ ~ :  lTpooGtopi<~zat q sv~pysta EVEP- 
yoxoiqoqc axo yta povo ~ a y x 6 h q ,  xou ~asaypcicpscat ps au0aipsrq zaxizqza 
06ppavoq~ ozav xpaypazonotsizat q Gtkoxaoq rqq owpsqq ouoia~,  ~cpappo<ov- 
z a ~  pta xoh6 an14 sZ,ioooq. 

4. M60060q Borchardt  at D a n i e l ~ ' ~ ~ - ' ~ ~ :  01 ~ p ~ u v q z i ~  auzoi uxohoytoav zq oza0~pdl 
zax6rqra~ oyoysvhv ptyybzov avzdpaoswv  at Gtahuyazov, Paot<oysvot os 
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Gtkcpopeq uno0Sostq. T o  y e t o v i ~ ~ q p a  zqq p~0060u  eivat q 6 6 o ~ o h q  ~ 6 p e o q  TOU q ,  
npciypa TO onoio aipezat ye ~q y09060 rwv Freeman Kat Carroll. 

5. Mi0060q Freeman K ~ L  CarrollH4: Ciycpova p' a v r q  unohoyi~ovza t  q e v i p y a a  
E V E P Y O T ~ O ~ ~ O ~ S  KCll Tl ~d1cq 21]$ c ~ v z ~ ~ P ~ ( ~ T ] s .  H /X%0605 ,UE~OVEKTE~ (TT0 0 ~ t  ~ E V  6i- 
VEL enavahfiyi~ya a n o ~ ~ h 0 o y a z a  ~ a ~ a  TOV u ~ o h o y t o p o  zqq cttcqq avri6paoqq. 

Tpononoiqoq T ~ S  p ~ 0 0 6 0 v  Borchardt  at Daniels y ~ a  ~a ozspsa Givouv o Rei- 
chI4O   at o Ravindran.I4l 
l lpoocpa~a ,  a v a n ~ 6 ~ 8 q k - E  v i a  y6906oq unohoytopo6 K L V ~ Z L K Q V  n a p a y i ~ p m v  (E, 

q ,  A )  ~pqotyonotQvzaq  6 ~ 6 o y i v a  DTA,  a n 6  TOVS Egorov K ~ L  Komarov.'O Enioqq, 
a v a n r 6 ~ 0 q ~ a v  K ~ L  npoypayyara  os computers ooov acpopa cqv K L V ~ T L K ~ ~  e n e c ~ p y a -  
o ia  ye r q  pi9060 DTA,73. 142 6nwq K ~ L  o ~ q v  n s p i n ~ w o q  t q q  ye0060v T G .  

Kazahfiyovzaq, npinet  v a  ~ o v i o o u y ~  o n  q owozfi snstepyaoia z q ~  ~ t v q z t ~ i J q  
~ w v  a v ~ ~ 6 p 6 o e w v  ye zq yi9oSo D T A  sivat noh6 6 6 o ~ o h q  Kat y' auzo  TO hoyo npo- 
n y k m  q yi0060q TG.'43-'45 f lap '  cjha a u r a  q pi0060q D T A  ~ p q o t y o x o ~ e i z a t  os ye- 
yhhq K h i y a ~ a  yta zov unohoytoy6 TOV AH  at Cp,  onwq 176q ~ X E L  avatpsp0si ( K E ( P ~ -  
hato 3, ~cpappoyiq T ~ S  p ~ 8 0 6 0 ~  DTA). 

Summary 

Thermogravimetric (TGA) and differential thermal analysis (DTA) 

M. Lalia-Kantouri 

From the most important methods of thermal analysis are the thermogravimetry (TG) 
and differential thermal analysis (DTA). In thermogravimetry the sample is heated or cooled 
at controlled rate and its weight is continuously recorded as a function of time or temperat- 
ure. The thermogravimetric (TG) and the derivative thermogravimetric (DTG) curves, taken 
from the instrument, reveal information concerning the thermal stability and the composition 
of initial and indermediate compounds, the formation of intermediate products when gaseous 
compounds are formed, and the nature of the residue. 

A modification of the T G  technique is the QIA (Quasi-isothermal, quasi-isobaric analysis) 
whereby a programmer, with a dynamic heating programme, raises the temperature of the 
sample quickly as long as no weight changes occur in the sample. As soon as a decomposi- 
tion begins, the temperature remains constant up to the end of the process. Moreover, the 
partial pressure of the gaseous decomposition products, contacting the sample remains con- 
stant (quasi-isobaric) during the whole transformation process. This can be achieved with the 
derivatograph properly modified. 

The differential thermal analysis (DTA) is a technique of recording the temperature diffe- 
rence between the sample and a reference material against time or temperature, as the two 
specimens are subjected to identical temperature regimes, in an environment heated or coded. 
The obtained (DTA) curves indicate enthalpy changes, during the heating of the sample, which 
are given as characteristic peaks (endothermic or exothermic). Moreover, under suitable 
conditions, we can determine the temperat& at which the transformation occurs (To or T,) 
as well as the heat and the reaction rate of the thermal decomposition. 

Basic kinetic parameters of a chemical reaction such as rate constant, activation energy, 
reaction order and the frequency factor (k, E, n, A), also can be determined by T G  and DTA 
methods. 
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Summary 

The reaction of molybdenum-(VI) oxotetrachloride and molybdenum-(V) oxotrichloride 
with the ligands; 2-methyl-, 4-methyl- and 2,6-dimethyl- pyridinedithiocarbamates has been 
investigated. The isolated complexes have been studied by various spectroscopic methods (ir, 
uv, vis, H : nmr) supporting with magnetic susceptibility and thermogravimetric analysis. The 
results of this study suggests a binuclear structure with sulfur atom bridge, for the obtained 
complexes. 

These complexes have the general formulae: MoO(Rdtc),Cl , MoO(Rdtc), 

Key words: Oxomolybdenum (V), Oxomolybdenum (VI), Dithiocarbamate complexes, Spectroscopy in- 
frared. uv, visible, nmr, magnetic susceptibility, thermogravimetric analysis. 

Introduction 

The coordination chemistry of molybdenum in its higher oxidation states (IV-VI) 
continues to attract a lot of research interest in view of the catalytic activity in 
~ i v o ' . ~  and in ~ i t r o ~ , ~  reactions. Specifically, complexes with sulfur-containing ligands 
are of particular interest since they are useful for defining structural and spec- 
troscopic  feature^.^-'^ In addition such complexes can be used to understand the role 
of molybdenum active ~ i t e ~ . ' ~  in several redox system e.g. the enzymes xanthine ox- 
idase or sulphite ~ x i d a s e . ~  

Extending our interest in the preparation and study of dithiocarbamate complexes 
with various metals, we prepared and studied in this work a series of oxomolyb- 
denum -(V) and -(VI) dithiocarbamate complexes of the general formulae: 
MoO(RCS,),CI, MoO(RCS,),, MoO(RCS,),CJ,, MoO(RCS,),CI and MolP(RCS,), 
where RCS, are; 

N-CS- pyrolidinedithiocarbamato, tmdtc C 
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morpholinedithiocarbamato, mdtc 

2-methylpiperidinedithjocarbamato, 2mePmdtc 

4-methylpiperidinedithiocarbamato, 4mePmdtc 

2,6-dimethylpiperidinedithiocarbamato, 2,6dmePmdtc 

The reported in this paper compounds of 0x0-molybdenum have a coordination 
number of either six or seven corresponding to distorted octahedral or pentagonal 
dipyramide structures.'' l 3  In the case of Mo(V1) the complexes are usually 
monomeric whereas in the case of Mo(V) dimers are more prominent. 

Physical measurements. I.R. spectra were recorded in the region 4000-200 cm-' on a 
Perkin-Elmer 467 spectrophotometer using KBr discs or nujol mulls. Electronic'spec- 
tra were obtained on a Cary 17 and Perkin-Elmer ~ i t a c h i  200 spectrophotometer. 
Magnetic susceptibility measurements were carried out on a Faraday type 
magnetometer at different magnetic field strengths, Hg \CO(SCN),J was used as a 
susceptibility standard. Diamagnetic corrections were made using Pascal's constants. 

Analyses. Chemical Analyses for C, H and N were performed on a Perkin-Elmer 
240-B Elemental Analyser. Molybdenum was determined gravimetrically as molyb- 
denum (VI) oxide by ignition of a-benzoinoxime prgcipitate obtained by the treating 
of the complex with an oxidant and addition of a-benzoinoxime. Chlorine was de'er- 
mined volumetrically according to Volhard's method after removal of sulfide. 

Synthesis of Complexes 

All reactions were carried out in a dry atmosphere under argon using the 
Schlenk's tube technique, in predried solvents. Sodium dithiocarbamates were 
prepared as previously reported.14 

The complexes were prepared by general methods described one example of each 
being given below. 

Chloro-bis(dithiocarbamate)oxomolybdenum(V) 

Oxotrichloro mdlybdenum (V) (2.3 g., 6.2 mmol) was suspended in chloroform or 
benzene (50 cm3) and the appropriate dithiocarbamate sodium salt in chloroform (20 
cm3) was added in the desired molar ratio 1:2 while the suspention was magnetically 
stirred. 
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After stirring for lh. at room temperature, the reaction mixture was filtered to 
remove the insoluble sodium chloride. Then the filtrate was concentrated in vacuo to 
a small volume and the complex was precipitated with petroleum ether. The 
precipitate was separated by filtration and was rinsed with petroleum ether and dried 
i~ vacuo. Yield 65%. 

Oxotrichloromolybdenum(V) (2.3 g., 6.2 mmol) was suspended in chloroform and 
corresponding molar ratio sodium salt of dithiocarbamate was added. After stirring 
for a further 1 h. the reaction mixture was filtered and the complex was precipitated 
with petroleum ether from the filtrate. After separation the complex was dried 'in 
vacuo. Yield 50%. 

Tetrachlorooxomolybdenum (VI) (0.69 g., 2.36 mmol) in chloroform (50 cm3) 
and the corresponding sodium salt dithiocarbamate in chloroform (20 cm3) were ad- 
ded with stirring. After stirring for a further 1 h. the precipitate was filtered off. The 
filtrate which contained the complex was condensed to a few ml. The complex was 
separated by adding petroleum ether. The products were obtained as yellow powders. 
Yield -70%. 

Chloro-tris(dithiocarbamate)oxomolybdenum(VI) 

To a suspension of oxomolybdenum tetrachloride (0.6 g., 2.36 mmol) in 
chloroform or benzene the appropriate stoichiometric amount of sodium dithiocar- 
bamate was added in the reaction vessel. The mixture was stirred for about 1 h. The 
resulting mixture was filtered and after partial evaporation of the solvent the product 
was precipitated with petroleum ether. The products were obtained as violet powders. 
Yield -55%. 

These complexes were prepared as red powders in the same way as before by 
reacting MoOC1, (0.6 g., 2.36 mmol) with appropriate amount of sodium dithiocar- 
bamate. The isolation was achieved by following the route outlined in the preparation 
of complexes of the type MoO(Rdtc),CI. Yield -50%. 

Results and Discussion 

The molybdenum(V1) complexes of the general formula MoO(Rdtc),C12, 
MoO(Rdtc),CI and MoO(Rdtc), were synthesized according to the following sub- 
stitution reactions; 

where n = 2, 3: 4 
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The same route followed for the molybdenum(V) complexes using MoOCI, in- 
stead of MoOCI,. In this case n = 2 or 3. The general formulae of the Mo(V) com- 
plexes are MoO(Rdtc),CI and MoO(Rdtc),. Full details of the preparations are given 
in the experimental section. The formulae of the prepared complexes, the results of 
the elemental analyses and their colour are given in table I. 

The complexes obtained are soluble in non-oxygen organic solvents and are 
decomposed in alcohols, acet ne, N,N-dimethylformamide, etc. However the com- P 
plexes are not very sensitiv to atmospheric oxygen and moisture at room tem- 
peraure. Since most of the mpounds undergo decomposition on heating, melting 
points were not determined. 

Attempts to determine the oxidation state of molybdenum by titration with the 
cerium (IV) were unsuccessful because of slow non-quantitative oxidation of the sul- 
fur ligands. Since the complexes were prepared with careful exclusion of air and the 
dithiocarbamate ligands are unlikely to affect the oxidation state of molybdenum one 
can safely assume that no redox on the central atom takes pIace during the prepara- 
tion of the complexes and therefore, they are complexes of  Mo(V) and Mo(V1). 

The most significant infrared bands of the prepared complexes are shown in 
Table 11. A characteristic strong band is observed in the region 1450-1600 cm-' 
This strong band is attributed to the partialy double bond character of C 4  b ~ n d . ' ~ - ~ '  
As is clearly seen the frequency of this band is situated between the frequency of 

1300 cm-') and the double (1650 cm-') C-N bond. Upon ligation of the 
ate this band is shifted to higher frequencies,15 because the bond order 
bond increases.I4, In addition the spliting of this band can be taken as 

evidence of v-ariable ligation of the dithiocarbamato group as mono- and bidentates. 
Further support of this suggestion is found in the bands appearing in the region of 
9081050 cm-'. In this region the bands are attributed to the .symmetric and asym- 
metric vibration of the C z S  bonds located on the CSS 

In the case of the 2-methyl- and 2,6-dimethylpiperidinedithio-carbamate com- 
plexes the C 2 N  bond stretching frequencies are shifted to lower frequencies relative 
to the frequency of the corresponding complexes of 4-methylpiperidinedithio- 
carbamate. It is obvious that the presence of CH, in the o-position influences the 
C=N vibration. 

Support for the existence of Mo=Ot bonds comes from the very strong band 
situated in the region 910-960 cm-'. This band appears in the IR spectra of both 
series of the complexes and it has attributed to the molybdenum terminal-oxygen 
band. 20. 23. 24 

In the infrared spectra the band in the region 370-410 cm-' is attributed to the 
MO-S stretching frequencies2' 22 whereas the MO-C1 bond stretching frequencies are 
observed around 340 

The electronic spectra of the studied complexes (Tables 111, IV ) are charac- 
terised by an intense band in the region 36.5 - 40.0 kK (band I). The intensity of this 
band (log E 4.31-4.61) suggests an intraligand n* - transition located on the 
N-C=S group. A second band (band 11) appears at -33.3 kK as a shoulder 
assigned to another n* +- n intraligand transition of the S-C=S g r o ~ p . ' ~ , ' ~  This 
band is associated to the anisobidentate ligation of the dithiocarbamato group and 
tends to disappear in the spectra of the isobidentate dithiocarbamates. Band I1 is 



Table I. Analytical data and colour of the complexes 
Analysis (%) 

Compound MO C H N S C1 Colour 

pink 
violet 
brown 
brown 
violet 
yellow 
violet 
violet 
violet 
brown 
violet 
brown 
brown 
violet 
brown 
yellow 
violet 
violet 
violet 
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Table 11. Most significant of infrared bands (cm-') 

Compound CZN CES MO-0 MO-S MO-Cl 

Table 111. Electronic spectra of the Mo(V1) dithiocarbamate complexes (kK) 

Compound Band I Band I1 Bands I ~ I  Band V 
& IV 

more evident in the spectra of mixed complexes with mono- and bidentate dithiocar- 
bamate ligands and can be used as a criterion for the made of ligation. 

The band around 28.5 kK (band 111) is attributed to an intraligand X* +- n elec- 
tronic transition located on sulfur atom. 

Band IV and band V can be assigned either to CT or to LF transitions, and their 
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intensity may serve as a useful criterion for assignments. It is likely that certain LF 
bands are masked by the more intense CT  band^.^^,'^ 

In the electronic absorption spectra of the Mo(V1) complexes the long wavelength 
bands should be attributed to electron transfer transitions as the energy and the in- 
tensity of these bands seen to exclude any LF transitions in concordance with the do 
configuration of the central atom. 

In contrast to the above observations the electronic spectra of the molybdenum 
(V) complexes show a broad band in the region 14 kK (band IV) which should be 
assigned to an LF transition characteristic of a distorted octahedral structure of 
similar c ~ m p l e x e s . ~ ~ - ~ '  In the case of Mo(V) complexes the intensity of band V did 
not justify a LF band. Probably this band is masked by a CT band of this region. 

The signals of proton NMR spectra of the studied complexes appeared to be shif- 
ted to lower field in comparison to the signals of the corresponding protons of free 
amines. Considerable shifting showed the nearest to the nitrogen protons. This shift 
may be due to the deshieling of protons because of the electron drift from ligands to 
the metal. This deshielding and consequently the shifting is more pronounced in the 
case of the bidentate dithiocarbamato ligands than those of mon~den ta t e .~~  Ac- 
cording to Fackler3* the multiplicity of the signals is assigned to dimerization. 

Attempts to obtain crystals of the complexes suitable for x-ray diffractions 
studies were not successful. We were therefore forced to rely on physical measure- 
ments to reveal the main structural features. 

The features of the electronic, infrared and proton NMR spectra of the studied 
complexes suggest the following structure. 

The complexes of molybdenum(V1) of the general formula MoO(Rdtc),Cl, have a 
pentagonal dipyramide structure. The two axial positions are occupied by an oxygen 
and a chlorine atom. The second chlorine and the four sulfur of the dithiocarbamato 
group occupy equatorial positions. The suggested structure is also supported by the 

Similar structure was found by x-ray crystallography for the 
corresponding complexes of the same formulae. 

The other possible isomers are not favoured by the Bent's rule. The same st- 
ructures are suggested for the complexes of molybdenum(V1) of the general type 
MoO(Rdtc),CI and MoO(Rdtc),. The coordination number is also seven because of 
the CO-existence of mono- and bidentate dithiocarbamato groups. 

The Mo(V) complexes of the general formulae MoO(Rdtc),Cl and MoO(Rdtc), 
should have a distorted octahedral structure, with a local symmetry, C4v. Adopting 
this symmetry, the band at 14 kK may be attributed to a (dxz, dyz + dXY transfer. 
The other two transitions of this symmetry (dX2.y~ C dXY and dZ2 - dxy) are possibly 
covered by the strong CT bands. 

The thermal decomposition of oxomolybdenum(V1) and (V) dithiocarbamate 
complexes involves three stage route in the temperature range 125-550 "C. The ma- 
jor features of the thermal analysis of these complexes are summarized in Table V. 

In the case of the complexes which have chlorine atoms in their molecules the 
first stage starts at 125OC and continues up to -200 "C. The calculated initial mass 
loss corresponds to the release of one or two chlorine atoms and is in excellent 
agreement with the experimental measured values. 

The first stage for the non chlorine complexes and the second step of both 
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Table IV. Electronic spectra of the Mo(V) complexes (kK) 

Compound Band I Band I1 Bands Band V Band V1 
I11 & IV 

Table V. Thermogravimetric Analysis 

Compound 

-- 

Temperature Weight Loss (%) 
range (OC) obs (calcd) 

Probable 
Fragmet 

residue 450•‹C 42(40.04) MOOS, 

residue 500•‹C 37(35.52) MOOS, 

residue 400•‹C 46(47.95) MOOS, 

Mo0(4mePmdtc), 320-370 17(17.35) 

residue 400•‹C 45(47.95) MOOS, 
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- Table V continued 

Compound Temperature Weight Loss (%) Probable 
range PC) obs (calcd) Fragmet 

residue 500•‹C 35(33.6) MOOS, 

residue 450•‹C 27(26.33) MOOS, 

125-260 38(38.94) 
2.1 + D-cs 

MoO(tmdtc),CI, 340-400 22(23.99) EN-CS 
residue 500•‹C 40(3 7.05) MOOS, 

130-195 31(32.76) 2 CN-CS 
MoO(tmdtc), 195-230 21(20.96) N- CS2 

230-360 16(16.38) 

C 
0.- CS 

residue 400•‹C 32(29.88 MOOS, 
0 

residue 450•‹C 47(45.20) MOOS, 
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Table V continued 

Compound Temperature Weight Loss (%) Probable 
range ("C) obs (calcd) Fragmet 

residue 450•‹C 50(45.40) MOOS, 

residue 450•‹C 37(37.21) MOOS, 

residue 400•‹C 28(27.78) MOOS, 

chlorine and non chlorine complexes, correspond to the organic moiety of the com- 
pounds. The loss of the organic moiety takes place in different processes which 
makes difficult to suggest a general mechanism of this decomposition. 

The third stage starts at --300•‹C and leads to the end product, which for the ma- 
jority of the studied complexes corresponds to the mass of MoOS, or MoOS,. 

In addition to the above mentioned observations the conclusion from the 
magnetic measurements are also important. As it is expected all the molybdenum(V1) 
complexes (do configuration) are diamagnetic. The molybdenum(V) complexes have 
magnetic moments (0.6-1.0 BM per MO at ca 298OK) much below the spin only 
value for molybdenum(V) (d' - configuration), indicating magnetic interaction bet- 
ween adjusted molybdenum atoms. This is an additional evidence of the dimeric 
nature of these complexes. The dimerization takes place via a sulfur bridge. The 
possibility of the existence of a chlorine bridge should be excluded because the ther- 
mal analyis data reveal a well-defined complete loss of chlorine atoms at the first 
stage which means that chlorine atoms are equivalent. This kind of dimerization has 
also been reported into the literature.36. '' 



0x0-MOLYBDENUM DITHIOCARBAMATE COMPLEXES 3 3 

H 7ciLpaolC~uil zov 618~t0Kappapt6t~h~ ouynho~ov ocoyohup6awiou (v) KaI 
(VI) 6ytvs ys zqv sni6paaq zov otu~hwp106~ov ahazov MoOCl, K ~ I  MoOCl, oza 
avziozot~a 610~1o~appayt61~a ahaza. Ta 6 t B ~ ~ o ~ a p f i a y 1 6 t ~ a  ahaza nou 
~pqotyonotffIq~av sivat: nupoh16tvo-, yopcpoh~vo-, 2-ysOuhontnspt6tvo-, 4- 
ys0uhontn~pt6tvo- Kat 2,6-6tp~8uhontn~pt6tvo- 6t~sto~appap161~0. 

01 ysvtwoi z6not zov anoyovw00v~ov ouynho~wv siva~: 
MoO(RCS,),Cl, MoO(RCS,),, MoO(RCS,),Cl,, MoO(RCS,),Cl, Kat MoO(RCS,),. 
H yeh0rq z o u ~  kytvs PE 6tacpop&~ cpaoyazoo~ont~& ys066ou~ (IR, UV-Vis, H1- 
NMR) o& ouv6uaoyo p& Tq p a y v q ~ t ~ f l  &7tt6&~~tKC%l'Ca KaI TTl ~ E ~ ~ o o T ~ ~ / . L ~ K ~ ~  

avcihuoq. ?"a anoz~li0oyara zq5 ysh0zq~ a ~ z f i ~  E~EI@A o n  za o6ynho~a  G~ouv 
61nupqvtcj 6oyq PE yicpups~ Osiou. 
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Sommaire 

Nous avons etudie la dissociation de quelques acides dicarboxyliques aliphatiques de for- 
mule generale HOOC- (CH,), -COOH ou n varie de 3 a 7 dans des melanges eau-methanol 
de pourcentage volumique 10, 20, 30, 40 et 50% respectivement en methanol. Dans ces me- 
langes mixtes, la dissociation des acides dicarboxyliques a ete etudiee comparativement a celle 
des monoacides aliphatiques correspondants de formule generale CH, - (CH,),-, - COOH. 

Les calculs des pK, et pK, des acides dicarboxyliques ont ete effectues a l'aide d'une nou- 
velle methode permettant la determination precise des constantes de dissociation en tenant 
aussi bien compte de la structure des acides etudies. 

Key words: Glutaric acid, adipic acid, pimelic acid, azelaic acid, butyric acid, valeric acid, caproic a- 
cid. caprylic acid, dissociation constant, ionisation constant, methanol-water mixtures, medium effect, 
substituent effects.- 

Introduction 

On sait bien ,que la constante d'ionisation d'un acide faible varie selon le solvant 
et la structure de l'acide; elle est largement influencee par l'existence dans la molecule 
d'un charge ou d'une dipole. C'est le cas des diacides carboxyliques possedant dans 
leurs molecules un substituant polaire(-COOH) ou un substituant charge(-COO-) ap- 
paru lors de la premiere dissociation. 

Dans un article anterieur' nous avons etudie les effets de ces groupements sur les 
equilibres de dissociation des acides malonique et succinique en comparant leur dis- 
sociation avec celle des monoacides correspondants. 

Les resultats obtenus dans cet article precedent nous ont incite a etendre ce genre 
d'etude dans le cas des acides aliphatiques (mono- et dicarboxyliques) a chaine rela- 
tivement longue. 

Nous presentons ainsi dans ce memoire les resultats d'une etude comparative des 
equilibres de dissociation des acides dicarboxyliques glutarique, adipique, pimelique, 
azelaique et des monoacides correspondants butyrique, valerianique, capronique et 
caprylique dans des melanges eau-methanol. 
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Partie Experimentale 

Le methanol utilise est un produit Fluka de purete "puriss. p.a." distille avant 
usage. Eb=64, 7OC/760 mmHg. 

Toutes les solutions ont ete preparees a l'aide de l'eau bidistille d'une conductivi- 
te de l'ordre 1OP6 Cl.cm-'. Les solutions des acides etaient preparees par pesee peu 
avant l'emploi, leur concentration initiale a ete fixee a 0,025 M pour les diacides et 
0,01 M pour les monoacides. 

Les acides utilises pendant cette etude sont des produits purs du commerce, leur 
purete ayant ete verifiee par titrage. 

La determination de pK des acides dans tous les melanges eau-methanol (MeOH) 
etudies a ete effectuee par la methode de titrage potentiometrique. La methode et les 
techniques utilisees pour les mesures ont ete deja decrites14. 

Resultats et Discussion 

Tout d'abord les calculs des pK, et pK2 des acides dicarboxyliques de formule 
generale HOOC- (CH,), -COOH (notes par la suite H,A,) et des pK des acides mo- 
nocarboxyliques correspondants de formule CH, - -COOH (notes par la 
suite HA,,) ont ete effectues a l'aide d'une methode d'iteration recemment mise au 
point dans notre Laboratoire.' Cette methode appliquee dans cette etude nous a per- 
mis de calculer les pK thermodynamiques et la distance minimum d'approche des 
ions a. Les valeurs obtenues, moyennant les resultats d'au moins trois courbes te ti- 
trage, sont resumees dans le tableau 1. L'ecart type maximum sur les valeurs de pK 
est de l'ordre de 0,01 et sur les a de 0,l. 

Certains des resultats rapportes dans le tableau 1 se trouvent aussi dans la 
Cependant il est tres difficile de comparer ces valeurs avec les notres 

parce que, les donnees de la litterature proviennent, soit des mesures faites par titrage 
au pH-metre etalonne a I'aide des tampons aqueux6% soit de calculs effectues a par- 
tir des methodes assez differentes de ceelles que nous avons suivies dans cette 

A partir de nos resultats on a etudie l'effet de la composition du milieu solvant 
sur la dissociation des acides examines dans ce memoire. Les valeurs des parametres 
physicochimiques concernant les melanges eau-methanol ont ete puisees dans des 
travaux anterieurs.' 

Tout d'abord, en accord avec la l i t terat~re,~ " nous avons etudie l'influence de la 
%.constante dielectrique D du milieu sur l'ionisation des acides examines, en conside- 
rant l'equilibre de transfert protonique: 

dont la grandeur consideree n'est alors plus pK mais pK' = pK + log aHp. Une va- 
leur approchee de l'activite de l'eau dans des solvants hydroorganiques est fournie 
par sa concentration C N201'. 

Nous avons donc examine la variation des pK' (concernant tant les acides mono- 
carboxyliques que dicarboxyliques) en fonction de 1/D. Notons que la base theorique 
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TABLEAU 1 

Acides a % MeOH en n, (en A) volume 20 30 40 50 

Acides dicarboxyliques de formule HOOC- (CH,), -COOH 

Glutarique 

Adipique 

3 3 79 pK, 4,47 4,61 4,82 5,05 5,25 
pK, 537 5,75 5,98 6,22 6,47 

Pimelique 5 3 ,9 pKl 4,65 4,80 4,99 5,22 5,44 
pK2 5,65 5,82 6,02 6,30 6,55 

Azelaique 7 3,9 pK, 4,66 4,83 5,01 5,25 5,45 
pK2 5,61 5,80 6,03 6,30 6,51 

Acides monocarboxyliques de formule CH3- -COOH 

Butyrique 3 2,8 4,98 5,14. 5,32 535 5,78 
Valerianique 4 2,9 4,99 5,15 5,34 537 5,79 
Capronique 5 2,9 pK 5,02 5,17 5,36 539 5,82 
Caprylique 7 2,9 4,99 5,16 5,35 539 5,78 

de ces diagrammes est une equation proposee par Bjerrum et Larson12, d'apres la 
theorie electrostatique de BornI3: 

avec 

si l'on considere la dissociation d'un monoacide HA ou le premier equilibre de disso- 
ciation d'un diacide H2A, (rA- = rHAnP). Par ailleurs, dans le cas de l'ionisation d'un 
acide anionique HA;, le parametre @ prend la forme (14): 

La relation 1 prevoit une dependance lineaire entre pK' et 1/D dans tous les cas 
ou on peut considerer que les variations de pK' sont d'origine electrostatique et que 
toutes les autres influences, de nature non coulobienne (p.ex. solvation des ions) re- 
stent independantes de la composition du milieu ~ o l v a n t . ~ ~ ~  l 7  C'est que l'on a en-effet 
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observe dans tous les cas ou on a constate que les courbes pK' = ~ ( I I D )  sont lineai- 
res. Quelques exemples sont donnees sur la figure 1. Tout cela constitue une justifica- 
tion supplementaire de l'hypothese formulee a nombreuses reprises dans la litterature 
selon laquelle les graphique representant pK' en fonction de 1/D sont sensiblement 
rectilignes si on se limite aux solvants mixtes de constantes dielectriques eleves.'o, "3 

15, 16, 18 

FIG. 1 .  Variation de pK, + log CHIO de quelques acides en fonction de l'inverse de la constante dielec- 
trique en milieu eau-methanol. 
A. Acide glutarique (x=I); B. Acide caprylique; C. Acide azelaique (x=2). 

A part les diagrammes pK' = f (l/D) l'effet de la composition du milieu solvant 
sur la dissociation des acides peut etre illustre par des graphiques representant la va- 
riation de pK' en fonction de la fraction molaire (X) du cosolvant organique. Ce mo- 
de de representation est tres commode etant donne que ces graphiques conduisent, le 
plus souvent, a des droites.'. 4 3  18. l 9  

Juillard19 en confrontant les valeurs de pK d'un bon nombre d'acjdes carboxy- 
liques et quelques autres acides (phosphoniques, phosphineux, phenols etc.) dans des 
melanges H,O- MeOH a pu conclure que les pentes b de ces droites sont les memes 
pour une meme famille d'acides. 

En premier lieu, cette remarquable conclusion de Juillard ne semble pas etre veri- 
fiee dans le cas des premiers membres des acides aliphatiques (mono- et dicarboxyli- 
ques) ou la pente b de ces droites varie sensiblement lorsqu'on passe d'un acide a un 
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autre.' Ces resultats nous ont incite a etendre ce type de traitement dans le cas des 
acides aliphatiques (mono- et dicarboxyliques) a chaine relativement longue. Nous 
nous proposons ainsi d'examiner dans queelle mesure l'introduction d'un groupement 
carboxylique ou carboxylate dans le molecule d'un acide HA,, (considere comme a- 
cide de reference) continue a modifier sensiblement, comme pour les acides courts, la 
pente b,, de la droite respective representant la variation de pK',, en fonction de X. 

A l'aide des valeurs rapportees dans le tableau 1 nous avons trace, pour chacun 
des acides etudies, la courbe representant pK' en fonction de X. Nous avons consta- 
te que pour tous les melanges solvants etudies, la variation des pK',,, pK;, et pK',, 
en fonction de la fraction molaire de methanol est rigoureusement lineaire. Les pentes 
sont confrontees avec les valeurs respectives de r2 (coefficient de determination 
lineaire) dans le tableau II. En raison de comparaison, dans ce tableau on a aussi 
rapporte les valeurs respectives, deja donnees,' des acides courts. 

TABLEAU II 

Les valeurs rapportees dans le tableau II montrent que la pente b,, correspon- 
dant aux acides monocarboxyliques atteint effectivement une valeur pratiquement 
constante a partir de l'acide butyrique (n=3). On peut donc conclure que la remar- 
que de Juillard est rigoureusement valable seulement dans le cas des membres supe- 
rieurs de la famille des acides monocarboxyliques (n 2 3). 

Par ailleurs, les valeurs rapportees dans le tableau II montrent que les parametres 
b ,,, b,, correspondant a la premiere et a la deuxieme dissociation presentent le meme 
exactement comportement. Ainsi a partir de l'acide glutarique (n=3) les pentes b,, et 
b,, atteignent des valeurs pratiquement constantes, lesquelles different sensiblement 
entre elles. Il est a souligner que la valeur limite du parametre b,, pratiquement 
coincide avec celle qui correspond au b,,. 

Or, si on admet cette remarque de Juillard nous sommes obliges de classer I'en- 
semble des acides etudies dans se memoire en deux familles, relativement a leur ioni- 
sation dans des melanges eau- methanol. 

La premiere famille comprend les acides monocarboxyliques et dicarboxyliques 
lorsq'on considere la premiere dissociation de ces derniers (b,, = b,, = 2,3). La se- 
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conde famille comprend les monoanions des acides dicarboxyliques dont la pente b,,, 
egale a 2'8, s'ecarte sensiblement de la valeur correspondant aux b,, et b,,. 

Evidemment, les influences des groupements carboxyliques et carboxylates sur le 
parametre b,,, presentees lors de l'introduction de ces substituants dans la molecule 
d'un acide determine HA,,, peuvent etre exprimees quantitativement par les parame- 
tres 

leurs valeurs etant consignees dans le tableau II. 
Des valeurs du parametre u,,, il resulte que l'influence de -COOH sur le parame- 

tre b,,, importante pour les acides courts (avec n 5 2), devient negligeable pour des 
acides a chaine relativement longue. Par contre, les valeurs du parametre u,, mon- 
trent que l'introduction d'un groupement carboxylate (-COO-) dans la molecule d'un 
acide HA,, implique une augmentation de b de la valeur b,, a b,,. Cette augmenta- 
tion, tres importante pour les premiers membres, aboutit a une valeur constante, in- 
dependante de la longueur de la chaine carbone a partir de n=3. 

On pourrait rationaliser ces resultats en exprimant le parametre b,, par le produit 
de deux facteurs: 

le premier facteur, d'origine electrostatique, pourrait etre decrit au moyen d'une rela- 
tion deduite d'un modele electrostatique comme par exemple l'equation 1. Selon toute 
probabilite on peut considerer que dans le cas ou l'etat de solvation des ions reste 
constant, ce terme doit rester invariable lorsq'on passe d'un milieu a l'autre. En 
revanche le second facteur doit etre largement influence par la nature chimique des 
constituants du solvant. A l'aide des donnees experimentales concernant les melanges 
H 2 0  - MeOH1 et jusqu' a la composition de 50% de methanol en volume, on a con- 
state que la variation de 1/D en fonction de X est une bonne droite dont la pente 
fi {= d (l/D)/dX) a ete trouvee egale a 0,0138 tr 0,0004. Cependant dans les melan- 
ges H20-dioxanne on a pu constater, a l'aide des donnees expermentales extraites 
d'une etude an t e r i e~ re ,~~  que la valeur de la pente fi, egale a 0,092 + 0,0004, est tout 
a fait differente de celle correspondant aux melanges hydromethanoliques. 

D'apres tout cela, en tenant compte des relations 1 et 2, la relation 5 prend la 
forme: 

en designant avec rH>,+ le rayon des H,O' trouves dans la solution. En ce qui con- 
cerne r,, d'apres divers  auteur^,'^.'^ il est legitime d'accepter que ce parametre expri- 
me en realite le rayon du groupe portant'la charge de l'anion correspondant. 

On deduit de la relation 6 qu'a partir de l'acide butyrique ou le prametre b,, re- 
ste pratiquement invariable le rayon r,, est constant pour tous les monoacides alipa- 
tiques a chaine relativement longue. 
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En ce qui concerne les parametres u,, et u,,, un calcul analogue conduit a 

PNe2 1 1 4 
u2, = b,, - b2, = - - - )  

2 . 2,303 RT rHAn - 
r*:- 

(8) 

De la relation 7 il resulte qu'a partir de n=3 (ou u,, z 0) l'introduction dans la 
molecule de l'acide de reference HA,, du dipole -COOH n'a pratiquement aucune in- 
fluence sur le rayon, r -, du groupe portant la charge juste apres la premiere disso- 

"AP 
ciation. Ce rayon etant egal a r,, demeure constante independamment de la longueur 
de la chaine carbonee. 

D'autre part, pour n 2 3 (ou u,, = Cte), la relation 8 prend la forme: 

Cette relation montre que la grandeur rAn2- correspondant au second groupement 
carboxylate reste constant a partir de n=3. 

Notons que les relations precedentes sont basees sur le modele electrostatique de 
Born.13 Ce modele repose sur l'hypothese de la sphericite des ions dont la charge est 
localisee au centre de la sphere. Nous pensons donc qu'il ne serait pas legitime d'e- 
tendre cette hypothese dans le cas des ions de ces diacides, deux fois ionises, ou les 
charges se trouvent a la fois assez loin du centre de l'ion et l'une de l'autre. Par ail- 
leurs l'existence dans la molecule de ces diacides d'un substituant polaire ou charge 
gene par des influences electrostatiques le depart du proton de l'autre groupement 
carboxylique. Ainsi selon B j e r r ~ m ~ ~  et Eucken23 le proton ionisable pour s'eloigner de 
l'acide doit vaincre un potentiel supplementaire cree par le substituant soit polaire 
(-COOH), soit charge (-COO-). Or, on peut conclure que les rayons rHA,-, rAn2- qui 
resultent de la confrontation des resultats experimentaux avec les relations ci-dessus 
expriment tres probablement des grandeurs apparentes, liees a la molecule d'un acide 
hypothetique possedant des ions avec une configuration de charge spherique et dont 
le comportement ionique en solution est semblable a celui de l'acide reel. 11 nous 
semble encore que c'est seulement dans le cas des acides dicarboxyliques ayant les 
groupements carboxyliques ou carboxylates suffisamment eloignes du groupe restant 
a ioniser et dont la presence ne gene plus le depart du proton que ces rayons expri- 
ment des grandeurs reelles. 

Inversement, dans le cas ou on observe que les parametres u,, et u2, s'annulent 
ou restent constantes, nous pouvons suppose. que, selon toute probabilite, les effets 
electrostatiques externes, provoques par ces substituants, deviennent negligeables. 
Notons que ces effets sont dus a l'approche du proton d'un groupement carboxylate 
solvate, a travers le solvant, dans le champ electrostatique d'un autre groupement 
carboxylique ou ~arboxylate.~ 

Or, a partir de l'acide glutarique ces effets electrostatiques externes sont negligea- 
bles. 
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On a ete incite par toutes ces conclusions a modifier le procede de calcul concer- 
nant la determination des pK,, et pK,, des acides dicarboxylique a chaine longue. Le 
cas de ces acides souleve une autre dificulte: 

Serait-il encore legitime d'appliquer les expressions approprieesz4 concernant les 
coefficients d'activite, etablies pour des ions spheriques a charge double localisee au 
centre de l'ion, aux dianions formes par la dissociation des diacides longs? Il nous 
semble qu'il ne serait pas tout a fait legitime d'adopter un tel modele spherique dans 
le cas des dianions a chaine carbonee longue. Nous supposons encore que les char- 
ges du dianion considere peuvent etre supposees suffisamment eloignees l'une de l'au- 
tre seulement a partir d'un diacide ou on peut admettre que les effets electrostatiques 
externes deviennent negligeables. 

Or, pour les raisons ci-dessus, a partir de l'acide glutarique (n=3), le procede de 
calcul a ete modifie: 

1) Dans les calculs des coefficients d'activite des Ai-, ces entites etant conside- 
rees comme s'il s'agissait d'ions deux fois  monovalent^.^ 

2) Dans l'application de la methode d'iteration (1) ou on a considere que le para- 
metre @ s'exprime, meme dans le cas du deuxieme equilibre de dissociation, par la 
relation 2. 

Les valeurs des pK,, et pK,, des acides dicarboxyliques etudies, calcules sous 
cette optique, figurent dans le tableau III. 

TABLEAU III 

Acides 

Glutarique 

Adipique 

Pimelique 

3 2,8. pK, 4,48 4,62 4,83 5,06 5,26 
pK2 5,40 5,57 5,78 6,01 6,25 

4 2 3  pK, 4,63 4,77 4,96 5,20 5,42 
pK2 5,45 5,60 5,81 6,06 6,30 

5 2,8 pK, 4,66 4,82 5,00 5,24 5,46 
pK2 5,47 5,63 5,82 6,08 6,32 

7 2,7 
pK, 4,68 4,85 5,03 5,27 5,47 

Azelaique pK, 5,44 5,61 5,83 6,08 6,29 

En comparant les valeurs des tableau 1 et III on constate que les valeurs corre- 
spondantes de pK,,, calculees par ces deux methodes, sont tres voisines. Par contre, 
les valeurs de pK,, dependent sensiblement de la methode suivie. 

A l'aide des nouvelles valeurs des pK',,, et pK',, on a calcule les parametres b,,, 
b2,,, u ln  et u,,, leurs valeurs etant resumees dans le tableau IV. 

Les resultats rassembles dans le tableau IV aboutissent a des conclusions ana- 
logues aux precedentes. Or, les seules differences apportees par ces nouvelles valeurs 
consistent a une variation seulement sur les valeurs limites des parametres b,, et u,, 
en comparaison a celles calculees anterieurement. 
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TABLEAU IV 

, En ce qui concerne le parametre u,,, puisque les An-, a partir de n=3, sont con- 
sideres comme des ions deux fois monovalents, il conviendrait de considerer 

Par ailleurs, une simple confrontation de la relation 10 avec les valeurs de u2, 
rapportees dans le tableau IV permet la conclusion que la grandeur rAn2-, correspon- 
dant a tous les acides etudies dans cet article, prend des valeurs inferieures a celles 
du r,,. 

On a ensuite examine les effets des groupements fonctionnels carboxyliques et 
carboxylates sur l'ionisation de l'autre groupement -COOH. Ces effets peuvent etre 
mis en evidence et estimes quantativement en comparant les pK,, et pK,, des diaci- 
des etudies a ceux des monoacides correspondants. Ainsi on a examine les differen- 
ces- pK,, - pK,, et pK,, - pK2,. Il est evident que ces differences sont directement 
proportionnelles a la variation d'enthalpie libre normale AG0 correspondant aux equi- 
libres: 

HA,, + HA; = A;, + H2A, 

HA,, + An2- = A;, + HA; 

Dans tous les cas on a constate que ces differences des pK atteignent des valeurs 
importantes. On peut donc conclure que AG0, correspondant a l'equilibre de disso- 
ciation d'un acide monocarboxylique HA,,, est largement modifie lors de I'in- 
troduction dans la molecule de cet acide d'un groupement soit carboxylique, soit car- 
boxylate. 

Une partie de AG0 correspondant a chacun des equilibres 11 et 12 peut etre at- 
tribue a un terme statistique egal a RT 1 n 0 . ~ ~  A l'aide des donnees  bibliographique^,^^ 
nous avons calcule la valeur de o trouvee egale a 2 et 112 respectivement pour les 
equilibres 1 1 A 12. 

Ensuite, en otant de la valeur correspondante de AG0 le terme statistique RT Ino 
(etant independant de la longueur de la chaine carbonee), on aboutit aux parametres: 

6pK1, = pK,, - pK,, - log 2 et 6pK2, = pK,, - pK2, + log 2 
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qui expriment tres probablement les divers effets des substituants carboxyliques et 
carboxylates dependant de la distance de ces groupements du groupe -COOH restant 
a ioniser. Pour eviter des erreurs accidentielles on a calcule ces parametres a l'aide 
des relations: 

OU les parametres a,,, a,, et a,, ont ete calcules des diagrammes correspondants 
representant la variation de pK en fonction de X. 

Il est a souligner que dans la majorite des cas, les resultats rapportes dans le ta- 
bleau V coincident pratiquement avec les valeurs correspondantes des 6pKln' et 
6pK2, calculees directement a partir des donnees experimentales des pK. 

Les resultats du tableau V montrent que le parametre 6pKl, devient negligeable 
pour n=7. On peut donc supposer que les diverse influences, sur le pK; de l'acide 

TABLEAU V 

1 MeOH e 
volume X ~ e ~ ~  1 

azelaique, produit par la presence dans sa molecule du groupement -COOH presque 
s'annulent; seul le terme statistique lie aux differences de symetrie entre les ions et les 
molecules participant a l'equilibre 11 peut apporter une contribution notable au bilan 
de cet equilibre. D'autre part on constate qu'a partir de n=3 le parametre 6pK,, re- 
ste pratiquement independant de la composition en MeOH du milieu solvant. Ce 
comportement pourrait etre explique a l'aide de la  relation 13, en tenant compte que 
pour n 2 3 le u,, s'annule. 

L'etude de la variation de &pK2, tant avec la composition du solvant qu'avec la 
longueur de la chaine carbonee conduit a deux constatations: 

1. Pour chacun des acides etudies, ce parametre est une fonction lineaire de X 
dont la pente atteint pratiquement une valeur constante a partir de n=3. Les valeurs 
du u,, (cf. tableau IV) etant confrontees avec la relation 14 permettent l'expliquation 
de ce comportement. 

2. Pour chacune des compositions des solvants mixtes etudies, le parametre 
6pK2,, a partir de n=3, demeure pratiquement constant independamment de la lon- 
gueur de la chaine carbonee. Etant donne que ces valeurs limites du 6pK2, dependent 
sensiblement de la composition du solvant (cf. tableau V), il est impossible de leur at- 
tribuer un effet interne quel~onque.~ D'apres tout cela, les valeurs limites de 6pK2, 
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pourraient etre attribuees a la difference observee entre les valeurs limites des rayons 
r,, et r,i-. Ainsi la variation d'enthalpie libre normale correspondant a l'equilibre 12 
peut etre consideree comme la somme de deux  terme^:^.^^ 

AG? = RTlno + W (15) 

Au terme statistique on a donc ajoute un deuxieme, exprimant en realite la difference 
de l'energie liee a l'approche succesive du proton, a travers le solvant, de deux anions 
dont les groupes portant la charge sont de taille differente. Il est evident que ce te-e 
doit varier avec la composition du milieu solvant. Par ailleurs, la relation, 

nous permet, d'une part, d'expliquer la dependance de la valeur limite du 6pK2, de la 
composition des melanges utilises et d'autre part, de determiner les valeurs de W cor- 
respondant aux melanges solvants etudies. 

On a ainsi trouve que W varie de -191 a -259 cal/mol lorsque la teneur en me- 
thanol passe de 10 a 50% en volume. 

En conclusion il semble que la formulation proposee constitue une approche 
acceptable des divers phenomenes dans le cas considere permettant de rationaliser les 
resultats de cette etude, malgre le caractere simpliste du modele electrostatique utilise. 
Nous pensons encore que si cette formulation peut etre mise en question, toutefois 
les valeurs des parametres u,, et u,,, calculees directement des donnees experimenta- 
les, pourraient etre utilisees comme critere sur l'importance des divers phenomenes e- 
lectrostatiques. 

Summary 

Comparative study of the dissociation of several aliphatic dicarboxylic and the corresponding 
monocarboxylic acids in water-methanol solvent systems 

The dissociation of several aliphatic dicarboxylic acids of the general form HOOC- 
(CH,), -COOH (where 3 < n < 7) was studied in water-methanolic solutions with a methanol 
content of 10, 20, 30, 40 and 50% per volume. The dissociation of these acids in the above 
solvent systems was examined comparatively tob the dissociation of the corresponding alipha- 
tic monoacids of the form CH,- (CH,),-, -COOH. 

The calculation of pK, and pK, of the dicarboxylic acids were performed with the aid of 
a new method which allows for the accurate determination of the dissociation constants 
accounting for the structure of the acids studied. 

Crqv Epyaoia aurq pshssfi6q~s O tovioy6q opioyEvwv ti i~appovt~hv ahst(pa~1~hv O&OV 
FE Y E V ~ K O  ~ U K O  HOOC- (CH3, -COOH (oxou 3 < n < 7) yEua us u6a~op~Oavohi~1i psiypata 
nsp i~~r t~orqzaq  10, 20, 30, 40 Kai 50% v/v os ysOav6hq. Cra 6iahuTlKa aura ysiypa:a q 
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ykOo6oq avr4 q orroia haypavst u n o ~ q  K a t  rq 60pij i o u  yopiov sou yshs~o6ysvou o@oq 
~ n t r p i n ~ t  TOV npoo6toptq~o r o v  O~py06~vapwhv c r~aO~phv KaL TOV 660 paOpi6ov 6laora- 
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Introduction 

Glycoalkaloids are a class of naturally occuring toxicants which are widespread 
in plants of the Solanum family. Chemically they consist of .a steroidal-like alkaloid, 
solanidine. to which monosaccharides are attached. The two major glycoalkaloids 
are a-chaconine and a-solanine. a-Chaconine contains the sugar rhamnose (two 
moieties) and glucose. whereas a-solanine contains glucose, galactose and rhamnose. 

Several investigators have reported on the toxicological effect of the glyco- 
alkaloids when consumed by humans. Epidimiological investigations attempting to 
correlate potato consumption and abnormalities in human produced conflicting 
results'. Although the original suggestion is now no longer generally creditedz, the in- 
terest in glycoalkaloids has been maintained because of their toxicity3 and the off- 
flavour effects4. , 

As a precaution though an upper limit of 20 mg 100 g-I total glycoalkaloids has 
been introduced5. 

Normal potatoes contain insignificant amounts of glycoalkaloids. However, light 
exposure or mechanical damage and light induce the synthesis of the glycoalkaloids6 
in potatoes. The glycoalkaloid content depends upon cultivar and environmental con- 
ditions. 

The experiments were undertaken to investigate the total glycoalkaloid content of 
five potato varieties, namely Spunta, Jaerla, Kennebec, Claustar, Sebago, and to find 
out the effect of temperature, light and time of storage on these varieties. 

Experimental 

Materials 
+Potato samples of five cultivars grown at experimental sites in the Tripolis area 

(Greece) were obtained from K.Y.D.E.P. They were harvested in March. All reagents 
were of analytical grade. a-Solanine was purchased from Sigma. 

Sampling 
The tubers were washed, peeled and then cut diametrically into eights. Two op- 

posite eights were taken from each tuber and chopped to approximately 3 mm pieces 
using a vegetable chopper. 
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Analytical procedures 
G l y c o a l k a l o i d  a n a l y s i s  of p o t a t o  s a m p l e s  

Samples were quantitatively analysed for total glycoalkaloid content (TGA) using 
the colorimetric method described by Bergers7. Each determination was carried out 
in duplicate. 
D e t e r m i n a t i o n  o f  c h l o r o p h y l l  

Chlorophyll contents of the potatoes were measured by a colorirnetric method 
described in the A.O.A.C. (1980)s. 

Results and discussion 

Table I shows that all potato samples contain low levels of glycoalkaloids. From 
these results it is inferred that the amount of glycoalkaloid that could be eaten is 
very low. However, part of the glycoalkaloids content has been removed during peel- 
ing. 

In the peel the level of glycoalkaloid content was low (range 0.60-3.70 mg 100 
g-' fresh weight, mean value 2.15 mg 100 g-l). So even in the case of oven cooked 
potatoes the amount of glycoalkaloids was low. A11 other methods of cooking would 
result in a reduced intake of glycoalkaloids. 

TABLE I. Glycoalkaloid content of potato samples* 

Variety Total glycoalkaloid content 
mg 100g-' fresh weight 

Range 

Kennebec 
Sebago 
Jaerla 
Spunta 
Claustar 

* 75 samples were analysed, 15 from each variety. 

Figure 1 shows the effect of temperature and exposure to day light on the five 
varieties. In three varieties (Kennebec, Claustar, Sebago) there was a distinct change 
in the amount of glycoalkaloids after the period of 30 hours. No difference was ob- 
served in two varieties Jaerla and Spunta. 

It is known that when potatoes are exposed to light a green pigmentation 
develops at the surface. Green potato tubers are usually associated with an increased 
level of glycoalkaloids although the processes of chlorophyll and glycoalkaloid for- 
mation are independent of each other. 

However, no greening was noted in all samples investigated and the chlorophyll 
content determined according to the A.O.A.C. method, was found to be O.Omg/lOOg. 
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Figure 1. Total glycoalkaloid content offive vurieties stored in the dark - at 2•‹C afzd that of exposed 
to day light - - - at 15•‹C. 
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Figure 2 shows the glycoalkaloid content of the five varieties stored in the dark. 
The storage of potato samples at 6OC for 3 months did not appreciably aflect the 

glycoalkaloid content of the aforementioned cultivars. The highest level of 
glycoalkaloid content was observed in the Kennebec variety 0.40 mg 100 g-l. 
However, in all cases the amount of glycoalkaloids was well below the alarming 
mark of 20 mg 100 g-l. 

From these findings .it is inferred that all five varieties can be used with no 
problem for human consumption and in the industry of potato products (eg. crisps, 
mash potato etc.). 

TGA 
mg. 1  Oog-' 

1 0  2 0  3 0  4 0  5 0  6 0  7 0  10 
days 

Figure 2. Effect of time of storage at 6OC. 
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Summary 

The glycoalkaloid content of  five varieties of potato (Solanum tuberosum) was deter- 
mined. The effect of teyperature exposure to light and time of storage on these varieties was 
also investigated. 

All potato samples were found to  contain low levels of glycoalkaloids after three months 
storage. 

In none of the varieties the glycoalkaloid content was high enough to  exceed the recom- 
mended maximum level of 20 mg 100 gp'  fresh weight even after lengthy storage. 

Keywords: Potatoes. glycoalkaloid content. storage. 
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CTQV napo6oa spyaoiu rrpoo61oj&prq~s q ~ E ~ ~ E K Z I K ~ T T ~ T U  CTE yhu~oah~aho~ l6 i l  
T I ~ V T E  ~ O I K L ~ M ~ I V  xurciru~ (Kennebec, Jaerla, Spunta, Claustar, Sebago). Errioq~ ys- 
h&r?jOq~& I] ~xi6puoq T I ] ~  tkpyo~puaiu~ ,  ( ~ w r o ~  ~ a l  X P ~ V O U  U ~ O ~ ? ~ K E U O I ] ~  a70 

o~qyar toyo  rov y h u ~ o a h ~ ~ ~ o ~ t 6 c b v .  
C' ohu ru Gsiyyaru q xsp~s~oyevq xoaorqru rwv yhu~oah~uhost6hv qrav ~ a -  

yqhq U K O ~ I ]  Kat ysriu ax00-j~suoq r p h v  yqvhv a s  6OC. 
CE ~aflyldl an6 n< E ~ E ~ , O ~ E V E <  xol~lhi&< TO xoao TWV y h u ~ o u h ~ a h o ~ ~ 6 6 v  6sv 

unspipq ro yiytoro ~ x t r p ~ x o y ~ v o  op10 rwv 20 mg avci lOOg vox06 papou~ a ~ o y q  
~ a 1  ~ E T U  y u ~ p o ~ p o v q  unoO?j~~uoq. 
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