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REVIEW

Chimika Chronika, New Series, 15, 111-118 (1986)

LYMBOAH XITON INAPAT'QIrOIPA®IKO IPOXAIOPIEMO THX EN-
OAAITIAY TQN ETEPOT'ENQN ANTIAPAXEQN OEPMIKHY META-
TPOIIHZ

TIBEPIOL X. BAIMAKHZ, ANTQNIOL ®. TAOYKOX

Epyaatipio Buounyaviknc Xnueiag, Iavematiulo Iwawivwy, Iwdvwiva
(EAf0On 24 NoeuBpiov 1985)

ITepiAnym

H evBodrnic AH tov etepoyevov aviidpicemv oe Bepuixéc petatponéc eivarl duvatov va
npoodloptotel ano 1ig kaunvieg TG kot DTG tov nopayoyoypagnudtov xat ge tn pHon
TOAPAUETPOV c'miog 1 Bepuoxpacia T,, 6mov napatnpeitar o péyiotog pubudg uetotponnig, N
ToxotnTe 8épuavong @, o puBuog uetatponig g ovoiog (-da/dt), kot o Babudg petarponig
¢ ovoing (1-ay), and  oxéon:

AH=R.T?_. (-da/dt),.@" . (l-a,)".

AvoToxdg opwg, oty avtictoyyn Bifrioypagio péyxpt ofuepa, dev vrApYOLY TANPOYO-
pleg nepl g akpifslag kot aflomiotiog Tov AapPavouévav ue tn pédodo avti OMOTEAECUE-
TOV 68 COYKPIOT WE TO OVTICTOWO oL maipvovtor pe GAAsg paﬁo&ouq AkpBag avtd to xe-
VO EpYETAL VO CLUTANPMOCEL T TOPOVCA EPYATIQ.

Mehethfnke 1 Bepuikn ddonacn tov CaCO; a@’ evog kat tov CaHPO,.2H,0 a¢’ eté-
pov kot vroloyiotnke N evBoArnioo AH tov aviidpicenVv avtdv 1660 arod TNV napanavm
oyéon 600 kai and td. eufadd twv kourviov DTA.

And fo oanotedéopato mov eAN@Onoav ovverdyetar OTL T .mpotelvouevn pedodoroyin
odnyel oe apketd akpifeic ko afomoteg THéG AH, akoun kot oe dwadoykés depyacieg ta
oplo. TV omoiwv dev eival copdg kabopiopévo petad TOvg. '

IIépav todtov, N gvpeia xpiion tng nebodov avtig empPaiderar kat and 10 YEYOVOS O1L
avtn eugovifetor wg N mAéov amodotikf, 0oV, TapdAAnAa ue Tov vrohoyouo tmg AH emt-
TPENEL TOV TTPOGOLOPIoUd GAL®V BeprodLVOUIKMY Kol KIVIITIKOV TOPOUETPOV OGS TNG EVEP-
vewag evepyomoinong E, tng KivnTikfg mopauéTpov n kot Tov 1poekbetikod mapayovia g
gkicwong Arrhenius Z.

Key Words: Derivatographic determination, Enthalpy, Heterogeneous reactions, Thermal transforma-
tion.

Katd tn peAétn ToV ETEPOYEVOV OVIIOPACE®V O0T0 GLOTAUNTE OTEPEO/PELOTH,
tov tehevtaio kaipd, mOpaTNpPeital uie oTpoen mpog TG un 1wobepueg cvvbnkee die-
Eoywyfg twv aviictoyywv melpaudtov. Ot cuvinkeg avTég ENITLYXAVOVTAL CYETIKA
gOKOAO. KOt [E peydAn oxpiPela Kuping 6TOVG TAPAYMYOYPAPOVS, OOV KOTAYPAPOV-
tog g xaumoreg T, DTA, TG kot DTG kotaypdeetal ovotaotikd 1 Bepuikn oop-
nEPLPOPE, ‘Tov VIO MEAETN cuoTAMaTog T Tng dedouEvng ynuikfg Evewong.
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Hépav toptov, katdAANAN eneepyasio twv kaunvAedv DTA, TG ka1 DTC uno-
pel VoL 0dNYNOEL 67OV LIOAOYIOUS TOG0 TOV BeLodVLVOLIKOV (EVEPYEW evepyonoin-
onc E, evboinioc AH) 000 KOl TV KIVITIKOV (ta&n n, otobepa ‘raxu’rnrag K) wgg
Seéousvng UETATPOTAC. e

Muw tétown péfodoc mpotdbnke omd TOLG Horov1tz—Metzger1, Allakhverdov-
Stepin? xat Gorbachev-Logvinenko® kat epapudotnke ue entroyio and tovg Nirsha
. and al.4>6789.1011 yafie kot and 006 unoypacpov'cag” 13 vt puekétn e Bepuiknig
acpu&am)cng 6uupopcov aXdtmv.

- H napanan us@oSog Baciletdit - otV LROBEST . OTL, UE Baon 1a TOPOLY®-
yoypogikd SeSouéva, M KIVNTIKR TNG METOTPOTNG meptyplpetal pe v egicwon:

da
————=K.a" -1-
Coodt o a
onov: a - Babuog un, uetaTponfic g ovcing
n - KWhtikf nopapeTpog (td€n e ovtidpoong)

t - xpovog
K - otafepd taxbtnto tng aviidpaong

K =27 - efRT -2-

Z. 5 mpoexBetikde nopayoviog tng eficwong. Arrhenius ‘

E - svépyew:-gvepyonoinong

R - moykoowd otabepd. oepimv-

T - Ogpliokpacic

Toupmve pe tn uébodo avth, amd Tig koumdreg g petaPfoing ualas (TG) kot

tov poBuod uetaBorfg, udfag (DTG) evdg nopaywyoypapfinatog kot pe T xphion
TOPRUETP@Y. OTOG: nuﬂspuoxpacta Ty(K), n taxdmmra Bépuovong <D—dT/dt
(K..min~ '), Ko pueuog 'pstdtponng ¢ .ovoiag (-da/dt)y, (min~') ko1 o Bebudg LEeTa-
TpomNg Mg ovaiag (1- ), Ol onoteg AapPdvovtar and ta onueio xaunfg TV kou-
nmoidv DTG, vrnoioyiletar n evbeinio Tng Bepuikfic petatponng and oygon*5 .

T2 . (-da/dt .
AH — m(da/dOm - ot mole? 3-
®.(1-ay,) .

Tavtoypova unopodv va vroloyoBoldv 1 KIVITIKA MOPAUETPOG N, T] EVEPYELL EVEP-
yonomcng E xat 0 mpoekBetikoc mepdyoviog - e etiowong. Arrhenius Z and TG

cxecalg 1‘7-.3.4.5.6.
am = 1,062.n /(-0 .
n.R.T?,.(-da/dt
= m( )m , kcal.mole_l _5._
®.ap
E.a, V.o
7Z = am CERT i .

n.R.T?,
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Awmotidvoope 611 1 pébodog eivar apketd edyPNOTN KoL 0TOSOTICH, APOD EMmL- .
tpénel Tov tavtdypovo rpoodloptopd tev AH, E, n ka1 K. Exeivo mov uéxpt onue-
po. dev eival yvootd eivar m okpifea ko oflomiotio Tov Aappavouéveyv ue tm pébo-
do avth amotedecudtov o oVYKPION pe To avtictolyo mov maipvovtal ue GAleg pe-
0660vc, kvping O avTOV mov oPopodV T petafoAn Tng evBeAmiog AH.

H nopovoo epyacio otoyevet va cvpufaidel mpog v katedBovon avth kot €p-
YETOL VO GOUTANPOGEL avTd 10 KeVO otnv avtiotoryn Piploypaeic.

I'a 1o okomd avtd, epapuofovtag Tnv napandve PéBodo, pekethoaiie o’ evog
10 TAPUYRYOYPEPNUE TG Sidonacng Tov CaCO; (oyfue-1) kot ag’ €1€pov cLYKPI-

1000 T
7.9
500
o [EDTA
o
Q
163
D
0 PSS
>
| Ru}
735
Am,%
20 —
40 TG
1 . 1 1
2 3
t, h

IXHMA 1. Kaunvdeg DTA, TG xar DTG napaywyoypaerjuaros CaCO,: Bdpoc detyuatoc -47,9mg,
pobudg Gépuaveng D=5°K.min"., tayvtnra  eyypaprc -50mm. i cvaiobnoteg TG-100mg, DTG-
20mg.min”! ka1 DTA-50uV.
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vape to arotedéopata tng apuddtwong tov CaHPO,.2H,0, nov avagépoviot ot
TponyovUEVT Epyosia pag!?, pe 1o anoteAécuate Tov vroioyrouod g AH and to
eufoda Tov kounviov DTA (Srepopikiic Bepuikfic aviivong) tco and to nopoyo-
yoypdonua tov tedevtaiov pe ®=5°K.min~! (oxfua 2), 600 ko and v ket Pab-

.
1,% DTA
1000

500

100

DTG

(@]

[QN] -

0T -
% ok
< F TG
1= 1 1

~o -
w H
ey

t,h

EXHMA 2. Kaunvlec DTA, TG xar DT IG napaywyoypagriuaros CaHPO,.2H,0: Bdpoc defyuaroc
100,5mg, puByo’gI Bépuavons -=5°K.min~", tayimyra eyppapric -50mm.i, evaiobnoiec TG-100mg,
DTG-10mg.min~" xar DTA-50uV.
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uideg amoudkpuven Tov kpuvoTaAlikod vepold avtov (oxnua 3).

'''' DTA
140
(o]
=3
Q
W
=B
0 ' =
T, C 2 T
300 v /A___E_T
L s |
~102/
195
V \( DTG
o
N
I e
S
e LL | - TG
1 t,h 2

IXHMA 3. Kaumvdec DTA, TG xat DTG napaywyoypapriuarog tov CaHPO,.2H,0 ue npo'ypaﬁsua Gép-
uavang avd fabuidec (kaunvin T): Bdpog defyuarog -99,7mg, pvudéc Opuavanc - ®=5°K.min ", tayv-
™mra eyypagnc -S0mm.n, evaiohnoicc TG-50mg, DTG-]Omg.min_I xar DTA-50uV.

H epapuoyn tov oxéoewv 34,5 xor 6 yio t Ogpuixy Sidomnaon:

Tm=735°C

CaCoO, CaO + CO, -71-
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£dwoe 10 eEng arotekéouata: AH=39,6kcal.mole~!, n=0,19, E=48, 3kcal.mole~! kot
Z=6,76.10"min"! [K=6,76.10".exp(-24.308/T)], ev®d o \mokoylcuog g AH ano
mv kounvAn DTA 1ov mopayoyoypagnuotog (oyxfue 1) odnyel: omv tun
AH=399cal.g-! = 39,9 kcal.mole~!. An6é v GAAn n?»sopa om BlBMoypa(pta“ Yo
toug 815°C avagépetan n tiuf AH=40,2.kcal.mole~'. Topatnpodue, dnAadf, 61t M
nun g AH mov vroAoyicOnke ue tnv ev Aoyw useoéo (39,6kcal.mole~") givar ap-
ketd akpiBfc kar aflomorn.

O vroloywouds g AH, and to euPoadd rng kounving DTA (cxnua 2), yia 1
tpio. otédie Tng Oepuikfg apvddtwong tov CaHPO,.2H,0 eivar dvokohog av oyt
advvatog. Ki avtd ywti 1o ev Aoyw otddie dev sivm CUPOEC YWPOUEVE UETAED
tovg. 'Etot pdvo cuvolikd umopovue vo vroloyicovpe T petafoAn tng evheAmiog
Yoo TV avtidopaon: -

CaHPO,.2H,0 — 0,5 Ca,P,0, + 2,5H,0 -8-
M onoia Ppédnke: AH = 300cal.g™' = 51,6kcal.mole™.
O tiuég tov AH vy 11 avtdpdoeg:
. Tm=151°C ,
CaHPO,.2H,0 CaHPO,.1,5H,0+0,5H,0 -9-
Tnp=195°C _
CaHPO,.1,5H,0 : CaHPO,+1,5H,0 i0-
Tr=417°C :
Kol CaHPO, 0,5Ca,P,0,+0,5H,0 +11-

nov vrohoyichnkav ue tnv v Aoy uébodo oe mpomyoduevn .epyasio yag“ givat ov-
tiotoygo 11,27, 25,35 xor 18,36kcal.mole™, kot odnyovv oe pia covo;?md] uetafoln
e evlaAniog, yio tnv avtidpaon -8-, AHy), = 54,98kcal.mole™, Twufi mov gaiveton
vo. EneAnOeDETaL 0PKETE, 1KAVOTTONTIKG 0V ovykptel [e ovTh Tov vrojoyichnke and
10 euPadd g kaunving DTA (51,6kcal.mole™).

Mze 616%0 10 dloxwplond tmv d0o TPOTOV 6TAdIOV TNG KTOUAKPLYENG TOL KPL-
oToAAKOD Vepob amd to CaHPO,.2H,0 ot avetdptnta goivoueve, axorovbnbnke
npoypoupe BEpuavong delynotog avtod g g&ne (oxAue 3, kaumoin T): avénon tng
Bepuokpociog pe ®=5°K.min~! uéypt touvg 140°C (tunue A-B), 6épupavon ot Oep-
wokpacio auth ent ~55min(tufua B-T), adgnon g Beppokpagsiog ek véov ug tov i-
Sto polud Bipudvong péxpt 280°C (tiufjua IF-A) ker Bépuovorn eni ~30mm amv e-
Aevtaio Oepuokpacio (tufuo A-E).

O vnoloyioudg v AH ue Baon o guPada, and mv kaunvin DTA tov oxf-
potog 3, Yy tg avtdpdosig 9 kar 10 pog Edwoe Tic Twég 11,28 ot
27,96kcal.mole™" avrictolya. Tuykpivoviag tig Tiués amsg uE exelveg mov vToAoyi-
ofnkav ue v ev Adyo pébodo (11,27 xor 25,35keal.mole" avrictouyo) mapotnpod-
UE KOVOTOMTIKY GUUTTOOT. B

Ao to. MOPOTAV® TELPOLOTIKA dedopéva cuvsnayatm OTL ot TG Tov vroloyi-
Covtar pe TN xpRon thg ekicwong -3- and To mapaywyoypaenuate TG UETofoANg
g evboiniog AH (kot kot’ enéktacT tng evépyewg evepyonoinong E, g KvnTiKTg
nopauéTpoy n ko Tov mpoekfeTikod mapdyovia tng eficwong Arrhenius Z) gival
apkett oxpiPeic kot afomoteg. H uébodog avtf paiveror, emiong, vo pog enttpénes
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ue ikavonontikf akpipea, tov vroloyoud g AH o exeiveg Tig 81a60x11§ég Otep-
yuoieg, 1o 6pla. ToV onoimv dev eivarl capdg kofopiopéva uetad Tovg Kar dmov o
vnoloyiopds tov AH pe m xphion tev euPaddv tov xounvidv DTA e ba frav
EQLKTOG.

Summary

A contribution in the derivatographic determination of the enthalpy of heterogeneous
reactions in thermal transformation

T. CH. VAIMAKIS, A.T. SDOUKOS

By means of the equation AH= R.T2.(-da/dt),.® '.(1-a,)"! and the parameters such as
temperature T, rate of heating ®, rate of transformation of the substance (-da/dt),, and degree
of transformation of the substance (1-a,), the enthalpy AH of' heterogeneous reactions of the
thermal transformation type is determined from TG and DTG derivatographic curves. How-
ever, the reliability of the method, as refered in the relative bibliography, has not tested yet.

From the thermal decomposition of CaCO, and CaHPQ,.2H,0 the enthalpy of those
reactions was determined by using the above noticed equation and the DTA curves.

The results proved that the tehnique (which also may be used to determined the activation
energy E, the reaction order n and the Arrhenius pre-exponential factor Z) is accurate and
can be applied even in cases of succesive phenomena with uncertain limits.
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Summary

The cycloaddition reactions of several substituted cyclobutenediones with mesitonitrile ox-
ide gave mainly mono- and bisspirodioxazoles from reaction of the carbonyl double bonds.
Unsymmetrically substituted cyclobutenediones show a remarkable selectivity since only one
of the two possible isomeric monospirodioxazoles has been formed. In two cases tris-adducts
have been isolated from the reaction of all dipolarophilic centers.

Key words: Cyclobutenediones, Mesitonitrile Oxide, Cycloaddition, Spirodioxazoles.

Introduction

Cyclobutenediones are an interesting class of stable small ring compounds, with
formal similarity with quinones, which have been found to possess considerable

stability comparing to the corresponding highly unstable cyclobutadienes. The
chemistry of cyclobutenediones is the subject of many papers and several reviews
have been appeared in the literature.!* However very little is known on their
behaviour as dipolarophiles.> ¢ On the other hand, 1,3-dipolar cycloaddition reactions
of quinones have been extensively studied. The first cycloaddition reaction between
nitrile oxides and quinones has been studied by Quilico et al.” who found that p-
benzoquinone gives with benzonitrile oxide condensed isoxazoline derivatives. The
cycloaddition occurs to the carbonyl double bond only in presence of borium
trifluoride (BF;) with the formation of spiro-1,3,4-dioxazoles.? On the other hand,
tetrahalo-p-benzoquinones® as well as tetra-substituted p-benzoquinones'® give with
nitrile oxides only spirodioxazole derivatives. In analogous reactions with-o-quinones,
it has been found!"- > 13 that the addition occurs on the ethylene and on the carbonyl
double bond with the formation of isoxazoline or 1,3,4-dioxazole derivatives. Of
special interest are the reactions of tropone with nitrile oxides'* which proceeds in a
similar way and the reaction of diphenyl cyclopropenone with nitrile oxide where a
non-isolated carbony! addition product is initially formed.!® :

In a preliminary communication® we have described the dipolarophilic behaviour
of several symmetrically substituted cyclobutenediones with mesitonitrile oxide. In all
cases cycloadducts are formed mainly from the carbonyl group despite the usually
low reactivity of C=0 bond towards cycloaddition reactions with nitrile oxides.!® As



120 N. ARGYROPOULOS

a further study. on-cyclobutenedione dipolarophilic reactivity, reactions with several
unsymmetrically substituted cyclobutenediones were carried out. It is _expected that
the two carbonyls should show a different dipolarophilic reactmty Actually this is
the case.

Results and discussion

Cyclobutenediones are in general very weak dipolarophiles. Reactions were com-
pleted only after a long heating with excess of mesitonitrile oxide according to the:
following general reaction scheme.

1
R 0 R 0 R B _,\>—-Mes
I Mes-CNO I + , 0 +
—_—
2 0 5 C\
R? Yoo T S \N R N
la-h O\fl O\/( ’
Mes Mes
3a,b,d-h 4b,c,d,h
Mes 1 =N
Mes = R - \>—Mes
+ / 0
N\
0~ O\
‘ - N
s R! = R? = Ph: b”R! = R? = CHy: R' = R? = — CI: 2 0
Z:R‘.Rzz—CH7CH-CH«CH—C R \/(
e: R' = Ph, R? = — OCH,;
i R' = Ph. R? = p—CH,0 — CH, —; Mes
g: R' = Ph, R? = p—CH; — C;H, —: 5a.b

h: R' = C1. R’=Ph.

The main reaction product was the mono-adduct 3. However, in the reaction
with cyclobutenedione Ic only bis-adducts, in two stereo-forms,® have been isolated.
Bis adducts were also isolated from the reactions with cyclobutenediones 75, Id and
Ih, while in two eases tris-adducts 5a, 5b have been isolated. Of special interest is
that unsymmetrically substituted cyclobutenediones gave only one mono- -adduct, in
spite of the fact that two possible isomers could be formed.

All mono-adducts 3 exhibit in ir spectra characteristic carbonyl absorption’ at
1760-1780 cm~" and absorption at 1630-1640 cm™' for C=N bond. Bis- and tris-
adducts 4 and 5 give only C=N absorption at 1630-1640 cm-l.

The 'H-nmr; spectra of all cycloadducts formed are in accordance with the_
proposed structure. An interesting homoallylic long range coupling (J=0. 5Hz) is ob-
served in cycloadduct 35 as in the case of anmalogous substituted butenes.!” Of special
interest are the nmr spectra of compounds 3b and 4b. There is an upfield shift of the
adjacent to the dioxazole ring methyl protons in comparison to the parent
cyclobutenedione methyl protons (Scheme 1).
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Thus the adjacent to the dioxazole ringjmethyl protons show an upfield shift of

0.43 5 while the adjacent to the carbonyl methyl protons an upfield shift of only 0.08
5. Similarly, methoxy protons adjacent to the dioxazole ring i mono-adduct 3e were
upfield shifted by 0.28 8. Analogous changes, although smaller than the above men-
tioned, are observed to o-protons of the adjacent to the dioxazole ring aryl group in
mono-adducts 3/ and 3h. (Table I). However, in both cyclobutenedione Ig and

TABLE I: 'H Nmr chemical shifts of cyclobutenediones /e-# and mono adducts Je-h.

CHEMICAL SHIFTS ()

a A b A c A d A
§ " 3

le | 7.83-8.21 m (8.02) 743779 m’ (7.61) 4655 ) - -

3 | 7.61-808m (7.84)| %8| 7.30-7.58 m (7.44) [ ©7 437s 0.28

17| 7.93-820m (8.06) 7.471.76 m (7.61) 8204 7.08d .
oaf | 7838 10m (7.96) ] %10 737763 m (7.50) | &1 7044 0.24 7.03d 0.05
- 1h _ - _ | s16845m 83| |, | 7.507.87m (7.68)

3h - - 796-8.18m (807| %2 0.09

tg | 787:823m (605)| o (| 7377.70m (753 | — B -

3¢ | 767803 m (2.90) | % | 7.157.65m (7.35) | & - - -
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mono-adduct 3g o-tolyl- and o-phenyl-protons are superimposed to multiplets, so
mono-adduct 3g is assumed to have an analogous structure to 3f. These changes in
chemical shifts can be taken as an indication that the isolated cycloadducts have the
proposed structures.

In the mass spectra, mono- and bis-cycloadducts show almost the same fragmen-
tation pattern as that given in the following sclieme for mono-spirodioxazoles 3:

: +.
R
- - Mes-CN -Co +-
M) *-28  d———— , T oo
\
0 (0 N
s %
Mes
1+
2l o2
- —> Mes-N=C=01""
7\
0 0
-H
“1 €20, L
+.
. (m/e 160)
Rl czc-r? Mes-C=N-01*

They show peaks of negligible intensity for the molecular ion, except of 4¢ where
no peak for the molecular ion could be detected. The most characteristic fragmenta-
tion is a retro-1,3-dipolar cycloaddition which is also observed in other analogous
cases of heterocyclic compounds formed by 1,3-dipolar cycloaddition.'®?! On the
other hand, this fragmentation could be attributed to a thermal ring cleavage of diox-
azole residue!® which leads to the parent carbonyl compounds and aryl isocyanate.
This main fragmentation is followed by peaks which correspond to fragments of the
parent cyclobutenedione and nitrile oxide or aryl isocyanate.

It is of interest to note that from the cyclobutadienone fragment it is always ob-
served an elimination of C,0, group, leading to a substituted acetylene ion. This
transition is followed by a metastable peak. Of special interest is the fragmentation of
benzocyclobutenedione fragment of compound 3d, where it is observed a double CO
elimination leading to the fomation of benzyne. An analogous elimination is also ob-
served in the photochemical decomposition of benzocyclobutenedione.?? Furthermore
in all cases it is observed a fragment of m/e 160 corresponding to an elimination of
hydrogen radical from mesityl isocyanate (m/el61) which is characteristic for methyl
substituted aryl isocyanates.?

As regards the tris-adducts J, they gave no peaks for the molecular ion, but in-
stead a M* — C,,H,,NO, corresponding to an elimination of one mesitonitrile oxide
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molecule. Another interesting point, in the mass spectra of these compounds, is the
ion M+ — 346 which is attributed to the fragment arising from M* by splitting of the
cyclobutene ring and loss of two dioxazole rings. In all cases where the mass spectra
show no peaks for the molecular ion, the molecular weight was determined os-
mometrically. '

As we have previously mentioned,’ cycloaddition with Ic led to the formation of
two stereoisomeric bis-spirodioxazoles 3¢” and 3c¢”. These compounds have quite
similar spectral properties (ir, nmr, ms) and different mp’s and chromatographic
behaviour.

Ci C1 » Cl cl
0 0
N\/ O\'N N~ ﬁ)w/ Mes
)\O 0 /k ‘ 0 Ou=N
Mes Mes
- Mes
3¢t sc't

We have assigned,” somehow arbitrarily cycloadduct with higher melting point
(175-176°C) as “anti” isomer 3¢ and the other one (mpl16-117°C) as “syn” isomer
3¢” In order to distinguish these isomers an X-ray crystallographic analysis was
carried out on compound with mp 175-176° by Rentzeperis, Kokkou and
Bozopoulos.?* In contrary to our previous assignment, this cycloadduct has the
“syn” structure 3c’.

This compound (3¢) crystallizes in space group P2,/c (monoclinic) with Z=4
and cell constants a=16.661, b=9.011, ¢=24.231, B=139.01. The structure was
refined to a final R=0.056 value. Its clinographic projection is given in Fig. 1.
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FIG. 1: Clinographic prajection of cycloadduct 3¢” (mp 174-176°).
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The low reactivity of ethylene bond of cyclobutenediones. can be explained by the
fact of a relatively long C=C bond (~1.41 A) in some cyclobutenedione
derivatives,?>% as @ result of cross conjugation.?’ Lo Vecchio?® has firstly given a
correlation between dipolarophilic reactivity and léngih of ethylene double bond of
dipolarophile.

On the other hand, cross conjugation seems to be a simple model to explain the
observed difference in reactivity of the " two carbonyl double bonds in unsym-
metrically subst1tuted cyclobutenediones. Cross conjugauon of the carbonyl group
with methoxy, p-anysil and p-tolyl group should be stronger than with phenyl group.
Thus the carbonyl group in cross conjugation with phenyl group has more double
bond, character. and reacts  preferentially according to the proposed- structures of
mono- -adducts Je, Jf and 3g.

The above explanation is consistent with the comparison of the two C=0 bands
of cyclobutenediones Ie-h and the corresponding C=0 bands of mono adducts 3e-A,
in their ir spectra. In all cases the C=O band of the mono-adduct is close related to
the lower frequency C=0 band of cyclobutenediones; this means less double bond
character for the remaining carbonyl group, a fact which also supports the proposed
structures. '

Furthermore, in an X ray crystal structure of 1-phenyl cyclobutenedione,? the
carbonyl group which is in cross conjugation with phenyl group has longer bond
length (1.22 A) than the other one (1.19 A).

As regards the proposed structure of cycloadduct 34, this can be explained if we
assume a stronger cross conjugation from phenyl group than from chlorine.

Attempts to correlate the difference in chemical reactivity of carbonyls in unsym-
metrically substituted cyclobutenediones, based on FMO interaction according to
Houk’s method,3% 3! gave no definite results.

The energy levels and coefficients of frontier molecular orbitals of I1-phenyl

- cyclobutenedione are summarized in- Table II and they have been resulted by

TABLE II: Orbital energies and coefficients of 1-phenyl tyclobutenedione.

Ph
1 2 H
M 3
TN
60 O5
Coefficients
Orbital Energy (eV) C, R O C, C, O O
NHOMO —15.5 —0.421 —0.300 0.185 0.192 0.322 0.352
HOMO —11.6 0.276 0.457 —0.066 —0.020 —0.345 —0.174
LUMO 0.8 —0.411 0.429 0.231 —0.053 —0.285 0.070
NLUMO 33 0.098 —0.396 0.308 0.576 —0.287 —0.549
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CNDO/2 calculations with coordinates given from X-ray data.? This model com-
pound is assumed to have the same behaviour with the used cyclobutenediones. On
the other hand, orbital energies and coefficients of benzonitrile oxide are already
known?®® (Table III).

TABLE III: Orbital energies and coefTicients for benzonitrile oxide.

Orbital Energy (eV) Ce Cn Co
HOMO —10 —0.438 —0.308 -~ 0.602
LUMO —1 0.326 —0.477 10235

From these values it is concluded that the observed site-selectivity can be ex-
plained if we consider that for HOMO-dipole controlled reactions a NLUMO
dipolarophile interaction should predominate and for LUMO-dipole controlled reac-
tion a NHOMO of dipolarophile.

The above mentioned data are not completely reliable because of the semiem-
pirical nature of calculations, so a cross over in the order of orbitals cannot be ex-
cluded as'in the case of several substituted fulvenes.’! However, accurate’experimen-
tal values of frontier orbital energies are needed in order to have an explanation
based on FMO-theory. \

Experimental

Meiting points determined with a Kofler hot stage apparatus are given without
correction. Ir spectra were obtained with a Perkin-Elmer Model 297 spectro-
photometer whereas nnir spectra, reported in & units (TMS) were recorded on a
Varian A60A spectrometer. Mass spectra were measured with a Hittachi-Perkin-
Elmer RMU-6] spectrometer with an ionization energy of 70 eV. Molecular weights
were measured with a Hewllet Packard 301A osmometer and elemental analyses we-
re obtained with a Perkin-Elmer 240 analyzer.

Preparation of starting materials

Although many of the cyclobutenediones used in this work are known com-
pounds, their preparation has been given without experimental details. In these cases,
more experimental details are given.

1,2-Dichloro-cyclobutenedione was prepared from the commercially available 1,2-
dihydroxy cyclobutenedione (squaric acid), according to the following procedure.®?

Squaric acid (7.2 mmoles) and thionyl chloride (10 mmoles) with a catalytic
amount of N,N-dimethyl formamide (0.1 ml) were heated under reflux for 5 hours.
To the cooled reaction mixture anhydrous diethyl ether was added and the unreacted
squaric acid (0.44mmoles) was removed by filtration. The filtrate was evaporated in
vacuo- and the residue was sublimated at 50°C (16 mm Hg). Yield 74%, mp 51-52°C
(1it.3% 52°C).-
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1,2-Diphenyl cyclobutenedione was prepared by the following modification of the
procedure reported earlier.3

To an ice cooled and mechanically stirred solution of 1,2-dichloro cyclobu—
tenedione (0.026 moles) in 20 ml dry benzene, aluminum chloride (0.034 moles) was
added in small portions under dry nitrogen. Stirring was continued for two hours and
then an additional amount of dry benzene (20 ml) was added. After heating at 50°C
for 40 min. the reaction mixture was poured on crashed ice-dilute hydrochloric acid
mixture. The aqueous solution was extracted twice with ether (2x50 ml) and the
crude product was recrystallized from an ether- hexane mixture. Yield 86%, mp 95-
97°C (lit. 3497-97.5°C). -

1-Chloro-2-phenyl cyclobutenedione /% is a known compound,®* but its prepara-
tion under Friedel-Crafts condition from 1,2-dichloro cyclobutenedione has not been
described yet. This compound has been prepared according to the following
procedure: r

Aluminum chloride (0.024moles) washadded in small portlons to an equimolar
amount of '1,2-dichloro cyclobutenedione and benzene in 1,2-dichloroethane solution
(20 ml), under the same conditions as described in the preparation of 1,2-diphenyl
cyclobutenedione. After the addition was completed, the reaction mixture was stirred
at room temperature for 5 *hours .and then it was poured on a crashed ice-water-
hydrochlorlc acid mixture. The mixture was extracted with ether (2x50 ml) and the
crude reaction product was finally recrystallized from ether-hexane. Yield 67%, mp
112-114°C (lit. 33113.8-114.8°C). ,

1-Methoxy-2-phenyl cyclobutenedione /e was prepared from 1-chloro-2-phenyl
cyclobutenedione and .methanol.*

1-(p-Methoxy-phenyl)-2-phenyl cyclobutenedione If and 1-(p-methyl-phenyl) -2-
phenyl cyclobutenedione Ig were prepared under Friedel-Crfts conditions from ani-
sole or toluene and 1-chloro-2-phenyl cyclobutenedione instead of 1-bromo-2-phenyl
cyclobutene dione.?¢

Benzocyclobutenedione /d was prepared from 1,1,2,2-tetrabromobenzocyclobu-
tene and silver trifluoroacetate,’” whereas dimethyl cyclobutenedione /b from 1,2-
dimethyl tetrafluorocyclobutene and sulfuric acid.*®

Mesitonitrile oxide 2 was prepared according to a known procedure from
mesitylaldoxime and N-bromo-succinimide in the presence of triethylamine.?®

Reaction of 1,2-diphenyl cyclobutenedione la with mesitonitrile oxide

Diphenyl cyclobutenedione (0.7 g, 3 mmoles) and mesitonitrile oxide (1.3 g, 9
mmoles) in dichloromethane solution (~15 ml) were heated under reflux for 70 hours.
After evaporation of the solvent the residue was chromatographed on Alumina and
eluted with .benzene. The first elution gave a small amount of unchanged
cyclobutenedione (0.06 g) and then the cycloadduct 2a (0.3g, 25% yield, m.p. 132-
133°C; ir (nujol) 1770 (C=0), 1630 1615 (C=N, C=C) cm™'; 'H nmr (CDCl,, J)
2.28 (s, 6H), 2.35 (s, 3H), 6.85 (s, 2H), 7.16-7.45 (m, 6H), 7.58-7.97 (m, 4H); ms:
m/e (relative intensity) 77(13), 89(20), 91(13), 119(13), 130(28), 133(34), 145(98),
160(30), 161(100), 178(100), 234(55), 367(<1) 395 (<1) M*.

Anal. Calcd. for C,H, NO; (MW 395) C, 78.96; H, 5.35; N, 3.54. Found: C,
78.97; H, 5.35; N, 3.48.
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Then it was eluted compound Sa (0.03g, 3% vyield, mp 233-235°C, from benzene-
hexane); ir (nujol): 1635 (C=N) cm~!; nmr (CDCl,, 8): 1.75 (s, 6H), 2.02 (s, 6H),
2.22 (unrésolved singlets, 12H), 2.35 (s, 3H), 6.67 (s, 2H), 6.83 (s, 2H), 6.97 (s, 2H),
7.05 — 7.87 (m, 10H); ms m/e (relative intensity): 91(18), 119(8), 130(100), 133(16),
145(88), 146(46), 161(76), 178(18), 234(11), 339(40), 395(1); no peak for the
molecular ion; osmometric determination of molecular weight gave values between
710 and 730.

Anal. Caled. for C,,H,,N,0; (M.W. 717.83): C, 76.96; H, 6.05; N, 5.85. Found:
. C, 76.78; H, 6.07; N, 5.52.

Reaction of 1,2-dimethyl cyclobutenedione 1b with mesitonitrile oxide

An ether-hexane solution of 1,2-dimethyl cyclobutenedione /b (0.3 g, 2.7
mmoles) and mesitonitrile oxide (0.9 g, 6mmoles) was heated under reflux for 40
hours. Reaction was monitored by TLC. The crude reaction product was
chromatographed on Silica and eluted with hexane-chloroform 1:1 (250ml) and '1:3
(250ml) mixtures. Mesitonitrile oxide together with mesityl isocyanate came out first.
.Then it was eluted a mixture of 3b and 4b and finally pure 5b. Mixture of 3b and 4b
was rechromatographed under the same conditions affording pure 36 and 4b.

Compound 3b: (0.05 g, 8%, mp 69-71°C, hexane): ir (nujol): 1780 (C=0), 1635
(C=N) cni~!; nmr (CDCl,, 8): 1.92 (d, 3H, J = 0.5 Hz), 2.27 (d, 3H, J=0.5 Hz),
2.32 (s, 6H), 2.35 (s,. 3H), 6.98 (s, 2H); ms m/e (relative intensity): 91(12), 110(25),
119(9), 133(21), 145(25), 160(14),: 161(100), 243(1), 271 (<1) M+,

Anal, Calcd. for.C ;H,NO, (MW 271 3): C, 70.83; H, 6.32; N, 5.16. Found: C,
71.04; H, 6.40; N, 5.16.

Compound 4b (0.08 g, 7%, mp 174 176°C, hexane): ir (nujol): 1630 (C=N),
1610 (C=C) cm~ ;. nmr (CDCl;; 8): 1.87 (s, 6H), 2.3 (s, 6H), 2.4 (s, 12H), 6.93 (s,

- 4H); ms m/e (relative intensity): 91(38); 110(34), 119(28), 130(65), 132(49), 145(65),
-146(95),.160(48), 161(100), 432 (<1) M+.

Anal. Calced. for C,H,;N,O, (MW 432.50); C, 72.20; H; 6.53; N, 6.48. Found:
.C, 72.46; H, 6.58; N, 6.55.

Compound 5b (0.13 g, 8%, mp 194-196°C, hexane): ir (nujol): 1630 (C=N),
1610 (C=C) cm~'; nmr (CDCl;, 8): 1.37 (s, 3H), 1.6 (s, 3H), 2.06 — 2.41
(unresolved singlets, 27H), 6.77 — 7.0 (unresolved singlets, 6H); ms m/e (relative in-
tensity): 91(16), 110(7), 119(14), 130(28), 133(24), 145(26),. 146(16), 160(16),
161(100), 215(20), 432 (<1); no-peak for the molecular-ion at m/e 585; osmometric
determination of molecular weight gave values around 585.

Anal. Catcd. for C36H39N 0, (MW 593.70): C, 72.82; H, 6.62; N, 7.08. Found:
C, 72.85; H, 6.68; N, 6.91.

Reaciibn of 1,2-dichloro cyclobutenedione lc with mesitonitrile oxide

Mesitonitrile oxide (1.7 g, 10.5 mmoles) and 1,2- dlchlorocyclobutenedlone Ic
(0.75 g, 5 mmoles) in anhydrous’ ethy1 ether (~20 ml) . were refluxed for 60 hours.
The crude reaction product was chromatographed on Silica with hexane-chloroform
(3:1) affording a small amount of unchanged mesitonitrile oxide and cycloadducts
3c¢” and 3¢’
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-Compound 3¢” (0.2 g, 8%, mp 116-117°C, hexane): ir (nujol): 1630 (C=N)
cm~!; nmr (CDCl,, §) 2.27 (s, 6H), 2.35 (s, 12H), 6.93 (s, 4H); ms m/e (relative in-
tensity): 86(21), 91(14), 94(10), 119(8), 130(85), 132(16), 145(74), 146(58), 150(7),
152(5), 160(14), 161(100), no peak for the molecular ion at m/e 472; osmometric
determination of molecular weight gave values around 475. )

Anal. Calcd. for C,,H,,Cl,N,0, (MW 473.35), C, 60.89; H, 4.68; N, 5.92.
Found: C, 60.73; H, 4.63; N, 6.01.

Cycloadduct 3¢” (0.52 g, 21%, mp 174-176°C, hexane): ir (nujol): 1640 (C=N)
cm~'; nmr (CDCl,, §): 2.28 (s, 6H), 2.33 (s, 3H), 6.90 (s, 4H); ms is the same as
cycloadduct 3¢”; osmometric determination of molecular weight gave values around
470. A clinographic projection of this cycloadduct is given in Fig. 1.

Anal. Calcd. for C,H,,C,N,0, (MW 473.35), C, 60.89; H, 4.68; N, 5.92.
Found: C, 61.01; H, 4.69; N, 592,

Reaction of benéocyclobuzenedione 1d with mesitonitrile oxide

Mesitonitrile oxide (0.45 g, 2.8 mmoles) and benzocyclobutenedione (0.37 g, 2.8
mmoles) in dichloromethane solution (~15 ml) were refluxed for 30 hours. The crude
reaction product was chromatographed on Silica affording cycloadduct 3d and
cycloadduct 4d.

Cycloadduct 3d (0.13 g, 18%, mp 84-86°C, hexane); ir (nujol): 1780 (C=0),
1640, 1630 (C=N, C=C) cm~!; nmr (CDCl,, §): 2.32 (s, 3H), 2.45 (s, 6H), 6.83 (s,
2H), 7.67-8.08 (m, 4H); ms m/e (relative intensity): 76(27), 104(100), 119(18),
130(100), 132(26), .145(100), 146(100), 160(21), 161(100), 265(1), 293 (<1) M+,

Anal. Calced. for CsH,sNO; (MW 293.31): C, 73.70; H, 5.15; N, 4.78. Found:
C, 73.63; H, 5.15; N, 4.61.

Cycloadduct 4d (0.1g, 6%, mp 144-145°C, hexane); ir (nujol): 1640, 1630, 1610
(C=N, C=C) em~}; nmr (CDCl,, §): 2.27 (s, 6H), 2.37 (s, 12H), 6.92 (s, 4H), 7.63
(s, 4H); ms m/e (relative intensity): 76(40), 104(44), 119(15) 130(100), 132(16),
145(94), 146(100), .161(100), 454(1) M~

Anal. Calcd. for C,;H,(N,0, (MW 454.50) C 73.99; H, 5.77; N, 6.16. Found:
C, 73.62; H, 5.81; N, 6.06.

Reaction of I-methoxy-2-phenyl cyclobutenedione le with mesitonitrile oxide

1-Methoxy-2-phenyl cyclobutenedione (0.56 g, 3 mmoles) and mesitonitrile oxide
(1 g, 6 mmoles) in"dichloromethane solution (~ 15 ml) were refluxed for 150 hours.
The crude reaction product was chromatographed on silica with benzene affording
cycloadduct 3e (0.13g, 13%, mp 128-129°C, benzene-hexane); ir (nujol): 1755
(C=0), 1630, 1610 (C=N, C=C) cm~}; nmr (CDCl,, ): 2.33 (s, 3H), 2.47 (s, 6H),
4.37 (s, 3H), 6.95 (s, 2H), 7.30-7.58 (m, 3H), 7.58-8.13 (m, 2H); ms m/e (relative in-
tensity): 89(75), 91(33), 119(23), 130(78), 132(75), 133(60), 145(96), 146(90),
160(55), 161(100), 188(50), 204(27), 349 (<1) M*.

Anal. Caled. for C, H,;NO, (MW 349.37): C, 72.19; H, 5.48; N, 4.01. Found:
C, 71.93; H, 5.48; N, 4.15.
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Reaction of 1-(p-methoxy-phenyl)-2-phenyl cyclobuteénedione If with mesitonitrile ox-
ide

1-(p-Methoxy-phenyl)-2-pheny! cyclobutenedione (0.528 g, 2 mmoles) and mesi-
tonitrile oxide (0.644 g, 4 mmoles) in dichloromethane solution (~15 ml) were
refluxed for 100 hours. The crude reaction product was chromtographed on Silica
with benzene, affording cycloadduct 3f (0.17 g, 14%, mp 149-152°C, dichloro-
methane-hexane); ir (nujol): 1760 (C=0), 1630 (C=N, C=C) cm™'; nmr (CDCl,, 8):
2.37 (s, 3H), 2.43 (s, 6H), 4.92 (s, 3H), 6.95 (s, 2H), 7.03 (d, 2H, J=8Hz), 7.94 (d,
2H, J=8 Hz) 7.36 - 7.63 (m, 3H), 7.83 - 8.10 (m, 2H); ms m/e (relative intensity)
91(13), 119(10), 130(12), 132(14), 145(8), 146(46), 160(15), 161(100), 208(61),
264(28), 280(15), 425 (<1) M~

Anal. Calcd. for C,,H,;NO, (MW 425.46): C, 76.22; H, 5.45; N, 3.29. Found:
C, 75.90; H, 5.23; N, 3.67.

Reaction of 1-(p-methyl-phenyl)-2-phenyl cyclobutenedione 1g with mesitonitrile oxide

The cyclobutedione Ig (0.49g, 2 mmoles) and nitrile oxide (0.97 g. 6 mmoles) in
dichloromethane solution were refluxed for 150 hours. The crude reaction product
was chromatographed on silica with chloroform-hexane 4:1 affording the cyclo-
adduct 3g (0.08 g, 10%, mp 144-147°C, benzene-hexane); ir (nujol): 1770 (C=0),
1630 (C=N), 1610 (C=C) cm~': nmr (CDCl,, 8): 2.28 (s, 3H), 2.38 (s, 6H), 2.42 (s,
3H), 6.9 (s, 2H), 7.15-7.65 (m, 5H), 7.67-8.03 (m, 4H); ms m/e (relative intensity):
91(16), 119(11), 130(20), 133(28), 146(62), 160(16), 161(100), 191(22), 248(33), 381
(<) 409 (<1) M™.

Anal. Caled. for C,,H,;NO, (MW 409.16): C, 79.19; H, 5.66 N, 3.42. Found:
C, 79.14; H, 5.73; N, 3.41.

Reaction of 1-chloro-2-phenyl cyclobutenedione 1h with mesitonitrile oxide

1-Chloro-2-phenyl cyclobutenedione 1% (0.96 g, 4.9 mmoles) and mesitonitrile ox-
ide (1.8 g, 11.2 mmoles) in dichloromethane (~15 ml) were refluxed for 100 hours.
The crude reaction product was chromatographed on Silica affording cycloadducts
3h and 4h.

Cycloadduct 34 (0.11 g, 7%, mp 144-145°C, benzene-hexane); ir (nujol): 1785
(C=0), 1625 (C=N), 1610 (C=C); nmr (CDCl,, §): 2.32 (s, 3H), 2.43 (s, 6H), 6.97
(s, 2H), 7.5 - 7.95 (m, 3H), 7.96 - 8.18 (m, 2H); ms-m/e (relative intensity): 91(20),
101(18), 119(13), 130(75), 132(22), 136(85), 145(75), 146(80), 160(21), 161(100),
192(34), 208(13), 353 (<1) M+

Anal. Caled. for C,,H,,CINO, (MW 353 79), C, 67.89; H, 4.56 N, 3.96. Found:
C, 68.21; H, 4.62; N, 3.90.

Cycloadduct 4% (0.08 g 4%, mp 179-180°C dichloromethane-hexane); ir (nujol):
1625 (C=N), 1610 (C=C) cm~!; nmr (CDCl,, §): 2.27 - 2.37 (unresolved singlets,
12H), 2.4 (s, 6H), 6.97 (broad singlet, 4H), 7.37 - 7.75 (m, 3H), 7.75 - 8.17 (m, 2H);
ms m/e (relative intensity): 91(15) 101(10), 119(10), 130(84), 145(59), 146(50),
160(15), 161(100), 192(10), 208(8), 353 (<1), 514 (<1) M™*.

Anal. Calcd. for C,H,,CIN,0, (M.W. 515): C, 69.96; H, 5.29; N, 5.44. Found:
C, 69.80; H, 5.25; N, 5.35.
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Summary

In this paper, examples are given for the separation by flotation techniques of arsenic,
germanium, or chromium ions from a solution, at a laboratory stage. Different technological
variables that affect the process were investigated, such as the type of flotation (dispersed-air
or dissolved-air flotation), concentration level, pretreatment required, pH effect, separation
succeeded, etc.

Key Words: Flotation, separation, pollution, chromium, arsenic, germanium.

Introduction

There are many inorganic constituents in waste solutions that their entry into
sewage plants is' usually undesirable, as they will impair the biological operations of
séwage treatment. Also, there is the need to ensure that the industrial effluents do not
-contain deleterious contents, which may destroy fish and ecological life in streams, or
even the sea into which the effluent eventually will be discharged.

Flotation is a separation process that selectively separates surface-active com-
pounds from a’ solution, collecting them at the gas-liquid interface and thereby con-
centrating them towards the surface. In effluent treatment, it is effective for the
separation of materials at low concentrations. In the case of the presence of a
surface-inactive pollutant in solution (waste), this can be removed if an appropriate
surfactant is added, and sometimes with the addition -of a collector.

One of the useful characteristics of flotation is its ability to concentrate from ex-
tremely dilute solutions (in the range up to fractions, of ppm), possibly too dilute to
handle economically by other means. And this is the reason why the process is also
used as an analytical technique for preconcentration of substances. Foam flotation
offers a method of treating wastewater for noxious traces of materials and in the
meantime, a means of reclaiming values from wastes, in today’s world of limited
mineral resources. These are two aspects of the same problem, the second giving a
promise of profitability in effluent treatment.
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All is needed is some bubbling equipment to generate gas bubbles. The method
has been established in mineral processing. Two techniques are often distinguished:
the dispersing of air through a sintered glass, porous metal or ceramic diffuser,
known as dispersed-air flotation; and secondly, the recycling part of the treated ef-
fluent stream, usually, from a continuous flotation process with air dissolution at
high pressure followed by throttling and precipitation of fine bubbles, which is known
as dissolved-air flotation!2 In the first category, belongs also the so called elec-
trolytic flotation.’

Generally, in effluent treatment a separation process is effective if it works as
well with trace pollutants. Foam (or bubble) separation processes remove surface-
active compounds from a solution, collecting them at the gas-liquid interface of the
bubbles and thereby concentrating them towards the surface. In the case of presence
of a surface-inactive pollutant ion in solution (waste), this can be separated if an ap-
propriate surfactant is added and sometimes with the addition of a collector (adsorb-
ing or complexing agent); this method was termed ion flotation.!

From an economic point of view, according to Sebba* the amount of collector
needed in ion flotation is related directly: to the amount of the colligend (e.g. surface-
inactive metal ion to be removed) and its state, but is not influenced by the amount
of solution, So to float from a very dilute solution could be just as economic as from
a concentrated one, and in many cases (as will see) it works better.

Chromium compounds are applied in aluminium anodizing and other metal
plating and electroplating operations, usually as a decorative finish. They are also ad-
ded to cooling water to inhibit corrosion. One of the large producers of chromium-
plated metal parts are the automobile parts manufactures. Also, other sources of
chromium wastes are from the manufacture of paint pigments and chrome tanning.’
Hexavalent chromium treatment frequently involves its reduction to the trivalent
form. _ '

Most of .the arsenic production today is from .the processing of flue dust
associated with copper, lead, zinc, gold or cobalt smelting. These are possible sources
of pollution with their wastes. With increased environmental control devices on all
types of processes and the advent of new processing technologies, an expanded sup-
ply of arsenical residues is anticipated in the future.®

The average occurence of arsenic in sea water is 0.003.ppm, while the mean con-
centration in fresh water of U.S. is 0.064 ppm. However, near mineral wells concen-
trations in excess of 4 ppm are common. Elevated levels of arsenic in a river system
also, was attributed to geothermal source waters. Generally, the major impact that
the element may have on the environment will be related to water quality.

Germanium rarely forms minerals of its own. It occurs mainly in traces in other
ores, and among them coal. Methods are available for germanium’ recovery. from fly
ash.” Germanium, therefore, is a scattered element and the-problem of concentrating
it is of special significance. Processes investigated are precipitation, solvent extrac-
tion, ion exchange, distillation, flotation, etc.

Where all the three elements can be met in trace quantities is, for instance, the
pulverised fuel ash produced in vast quantities from coal fired power plants. During
the combustion, concentration of trace metals occurs and when fly ash is removed
from the stack with a scrubber or an electrofilter, it becomes a solid waste. Proper
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disposal requires knowledge of the leachability, so that ash can be landfilled in an en-
vironmentally acceptable manner.® Meanwhile, fly ash could be utilised; there are
countries that cover all their industrial production necessities in ‘germanium using as
raw material the fly ash.

In this paper examples are given with chromium, arsenic or -germanium ions.
Laboratory experlmental ‘work was carried out for the removal of each of the above
ions from a dilute aqueous. solution of it. :

It is noted here that germanium ions is not considered as a pollutant, but rather
as a potentially worth recovering value. -

Experimental part

The dispersed-air flotation system had the usual arrangments!4. It was consisted
of a nitrogen cylinder connected to the cell through a gas humidifier, a filter, an open
mercury U-tube manometer, a rotameter and a low flowrate controller. Provision
was also jncluded for constant temperature experiments. The flotation cell had an ap-
proximate volume of 120 cc and was made from a Schott fritted glass funnel glass
blowed to a piece of tubing (the funnel was D4 unless stated). The latter had a
ground glass joint at the other end, so that an extension was used in cases of high
foaming.”

For comparison dissolved-air flotation experiments were carried out in a portable
jar tester for laboratory use pioneered by Water Research Centre (UK). The system,
although was primarily designed for sedimentation. tests, could readily be adapted
with a special 1,500 cc calibrated jar and a mini saturator for dissolved-air flotation
evaluations. The jar, having a conical bottom with a drain and two side sampling
points, was equipped with a stirrer motor giving stable speeds, fast for initial mixing
and slow to assist flocculation. Water saturated with air, from a compressor, under
pressure of around 75 psi (in the saturator) was introduced to the base of the unit
via a nozzle.

Colorimetric chemical analysis has been applied: for arsenic content the molyb-
denum blue method was- followed®, for chromium the reaction with diphenylcar-
bazide,! and for germanium the phenylfiuorone method in acidic solutions.!!

Results and discussion

Flotation of Chromium Ions

Chromium (VI) is extensively hydrolyzed in water, giving only neutrdl or anionic
species. Those well established are’ HCrO4, CrO? and Cr,0,%; there is some
evidence for the formation of H,CrO, in relatively concentrated acid. These species
exhibit very intense charge transfer spectra, which are the basis for most of the e-
quilibrium studies. All the equilibria occur rapidly with CrZOZ— dommatmg in acidic
solutions and CrOZ~ in basic.'? )

Our work on.chromium (VI) had the aim of getting some preliminary insight in
ion flotation, and was also based on previous experience found in, bibliography!*14.
Grieves, among others, investigated the separation by flotation of dichromate with
ethyl hexadecyldimethylammonium bromide (EHDA) as cationic surfactant.
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Some of our results are shown in Figure 1, using laurylamine as surfactant in an
1% ethyl alcohol solution. Addition of ethanol as a frother had the further advantage:
that the sizes of bubbles are smaller, because of the lower surface tension of the solu-
tion. Removals Re% were expressed as [1-C/Cg)] x 100, having at time =0, C = C,,.

Initial cell concentrations were 10 ppm in chromium. Optimum pH range was
found as 7 to 8.5, when using a laurylamine concentration of 8x10-*M. Chromium
removals over -75% were obtained at pH 7, with retention time 10 min. Nitrogen
flowrate in the range 100-300 cc/min did not have any effect on removal. Initial mix-
ing before flotation have neither any appreciable effect, so a mixing time of 10 min
was used. _
‘ amine (x10"M]
0 7 5 i i 10

100}

Re
(%)

sof

FIG. L. The effect of laurylamine concentration at a pH =7 (curve b) or pH of solution with surfac-
tant concentration 8.107% M (curve a) on chromium . ion flotation removals, Re.

Changes in pH have marked effects on the nature and charge of both the collec-
tor and colligend, so ion flotation is particularly susceptible to variations of this
parameter.* Almost all investigators refer to some aspect of this dependence. Also,
the colligend may be precipitated (for example, as hydroxide) and then removed;
thereforé, variation of the pH can lead even to a change in the nature of the process,
having precipitate flotation instead of ion flotation.



FLOTATION OF TRACE POLLUTANTS 137

Another investigation was the pulsed addition of collector. Instead of one dose at
the commencement of flotation, a number of small additions at various intervals
thereafter were made. But there was no difference in the recoveries achieved by the
two techniques.

Figure 2 shows the influence of ionic strength. Interference, when using a cationic
collector, was more marked in the presence of PO}~ ions than SO~ ions than CI~
ions. It is generally agreed that the presence of neutral salts decreases the efficiency
of ion flotation. According to Pinfold’, this arises because of the competition for
collector between the colligend and the added ions.

Re
(%)

(NH,), S0,

{NH,},PO,
0 005 01

salt (M)

FI1G. 2. Effect of various salt concentrations in the solution versus chromium removals; 8.107% M 'sur-
Sfactant, pH of solution 7.

The dissolved-air flotation experiments in same conditions, shown as Figure 3,
gave lower recoveries for chromium. The recycle ratio was 1:6 with initial cell
volume of 300 cc. The process gave around 50% recoveries with higher initial con-
centrations of chromium. The reason propably was that it was noticed an apparent
difficulty to have formed a stable froth layer, which could support the rising sublate.
An addition of a polyelectrolyte could possibly help, as used elsewhere!®; but not
tested in the present.

It is concluded from the dispersed-air flotation tests that separation of chromium
from dilute solutions could be succeeded having a ratio of {Cr}: [laurylamine] of 1:4.
However, this is four times greater of the stoichiometric theoretical concentration. In
higher concentrations (around 90 ppm Cr®*), it was found out a removal over 90%
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[Crllsurfl=1:4

Re
{%)

60+

o]
o)
30t
0 -
0 40 80

[(Crl (ppm)

FIG. 3. Effect of pollutant- concentration-(Cr) versus chromium removals, under constant ratio. of Cr:
(laurylamine) in dissolved-air flotation (Air-water recycle: 16.7%, saturated at 5 atm).

with a ratio of 1:2, showing a reduced need for surfactant at high cell concentra-
tions. The effect also of the ionic strength of solution could be considered a disad-
vantage of ion flotation, in the case investigated.

Flotation of Arsenic Ions .

The only reported works on flotation of arsenic ions, to our knowledge, are those
which used the method for analytical reasons, i.e. concentration of sub-microgram
amounts of it. Applications were known for seawater'®, and natural waters.!?

‘Many other methods of treatment have been studied, as coagulation, precipita-
tion, bed filtration, lime softening, etc. In one of them'®, the importance of adsorption
onto amorphous ferrous and aluminum hydroxides was determined; but the findings
cast doubt on this importance as a removal mechanism in water treatment precipita-
tion processes. The most likely mode of removal was thought to be occlusion.

It is noted that occlusion has been restricted to include only phenomena such as
ion entrapment, lattice substitution and solid solution formation. Even so, occlusion
is vague, hard to measure and difficult to distinguish from adsorption in rapid
precipitations.



FLOTATION OF TRACE POLLUTANTS 139

Examining the chemical forms of arsenic in aqueous solutions!®, jt is noticed -that
arsenious anhydride (or arsenic trioxide) solubility is influenced by the pH, in solu-
tions free from complexing substances. As,O, is an amphoteric oxide which dissolves
in water and in dilute solutions of pH between 1 and 8, with the formation of un-
dissociated arsenious acid HAsO,. At pH’s above 8 solubility increases with the for-
" mation of arsenite ions AsO3.

The process studied here was the so-called adsorbing colloid flotation developed
mainly at the Vanderbilt University, Tennessee.?? It involves generally the removal of
a solute by adsorption on (or perhaps coprecipitation with) a carrier floc, which is
then floated. As collectors (adsorbents) for arsenic, ferric sulphate and alum were
also tested in this paper. Preliminary experiments investigated the efficiency of «ad-
sorption» and the parameters that affect it. So, filtration and analysis followed the
tests. : .
With ferric sulphate, initial conditioning was not found to affect the process and
an average time of 10 min was selected for mixing.. Changing the iron concentration,
for 10 ppm of arsenic, a ratio [Fe]:[As] of 6:1 (and over) was found to give
removals near 100% (Fig. 4). The pH of solution was a crucial parameter giving low
removals at acidic or basic solutions, while for intermediate values (pH = 5-9) com-
plete removal of arsenic was achieved. Due to the coiloid state of the precipitate,
problems were observed with filtration.

[Fe]
100¢t 5 B £ T
pH=9
Re , ]
_(0/0) i
50} ]
L (ALl
MH=7
0 50 100

collector {(ppm)

FIG. 4. Removal of arsenic anions (10 ppm) by adsorption after the addition of ferric {Fel or
aluminium {Al} sulphates versus the concentration of the collector (sodium oleate). ’
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With alum the obtained results were less promising. At pH = 9.5-10.0, initial
concentration of 50 ppm As and ratio [As]:[Al] 1:7,-the removals were around 63%.
Some of the preliminary results are shown in Figure 4.

Dispersed-air flotation -experiments followed after the coprecipitation with ferric
hydroxide. A retention time of 30 sec and nitrogen flowrate of 100 cc/min were
found to give 90% separation. A small quantity (of around 0.2 cc) of ethanol was
added for foaming, whille sodium oleate was the surfactant. It is known that ferric
hydroxo complexes are positively charged, so an anionic surfactant was used. Op-
timum surfactant’s concentration was found to be 15 ppm. Without ferric sulphate,
flotation results were as low as 5%.

Other variables studied was the influence of arsenic concentration, keeping cons-
tant the ratio {As} : {Fe} : {oleate} at optimum value. Process efficiency was
decreasing with increased arsenic concentrations. Ageing of the ferric sulphate solu-
tion had some reducing effect on its activity. For-example, after 100 h arsenic
removals dropped under 90%. The pH of the solution played an important role in
flotation, as shown in Figure 5. An adjustment of pH, after the flocs were formed,
was necessary.

sol [As]:[Felicol) {ppm)
-—10:60:40
Re
(%)
sof
[/}l]
50:350:275
10:60:20
1910:20
0 5 10

PH.

FI1G. 5. The effect of pH of solution in adsorbing colloid ﬂbtation of arsenic ions, on adsorbates formed
from ferric or aluminium sulphate. Collector used: sodium oleate.

Disssolved-air flotation tests were also carried out. Parameters investigated were
the stirrer revolutions, flotation time, and recycle ratio. Figure 6 shows some of these
results. In conclusion, we can say that process is effective for the separation of ar-
senic from waste waters.

Generally, one of the problems of foam fractionation and ion flotation is said to
be the relatively large quantity of surfactant required to remove a given amount of
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Re
(%)

Recycle 33%

L L . 1 L s 1 L s L "

0 20 40 60

Sodium oleate (ppm)

y , . .
FIG. 6. Effect of variation of the surfactant (sodium oleate) concentration, on the removal of arsenic
ions after preliminary treatment with ferric sulphate and dissolved air flotation.

the solition component to be separated. The relative high cost of surfactant perhaps
precluded the use of these methods for large scale operations in effluent treatment.
Precipitate and adsorbing colloid flotation, on the contrary, do not involve a
stoichiometric reaction -of surfactant with the substance being removed. For this
reason attention was focused on them.?

However, with these techniques the process can not be selective. For instance,
adsorbing coloid flotation was described for the simultaneous separation of trace
levels of germanium, antimony, arsenic and selenium from an acidic aqueous
solution.?! It is believed that this could be a disadvantage from the technological
aspect of selective recovery, if necessary, of a valuable by-product.

Flotation of Germanium

Published work involves the flotation of tannate and gallate complexes, of citrato-
and tartrato-germanic acid and also of trihydroxofluoronate complexes with rosin
aimine acetate, done by Seifullina and coworkers??, among others. Processes of com-
plex formation as the forementioned has been widely used for concentrating ger-
manium,.

The reason is that nearly all the germanium present in solution, at low concentra-
tions (below 107M) and at pH from 2 up to 7, exists in the form of undissociated
metagermanic acid H,GeO, and cannot be floated. At pH lower than 2 appear un-
ivalent Ge(OH)¥ cations, while in alkaline solutions anionic forms appear owing to
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the dissociation of H,GeOQ,, according to Nazarenko.?*> With both, due to competi-
tion by ions of the same charge, absence of flotation is apparent.

The problem of removing germanium from dilute aqueous solutions with the aid
of collectors (of surfactants), which act by electrostatic interaction, is usually solved
by the selection of effective flotation activators. Pyrogallol is known to form strong
complex acids of composition GeL, (where L is the ligand) with germanium in dilute
solutions, and so could be tested as activator. Other substances are generally the
polyhydroxy-compounds. Noteworthy complexes are also formed by germanium and
humic acids and in the geochemistry of germanium, the accumulation of the element
in coals was attributed to humic acids.

Figure 7 shows some of the experimental results with pyrogallol and laurylamine
as surfactant. As tested variable was germanium cell concentration, and temperature
against removals, which were near 90%. An optimum value of 1:2:3 for {Ge} :
{laurylamine}: {pyrogallol} was found. A decrease in recovery was noticed with tem-
perature. A possible reason is that adsorption is an exothermic process and an in-
crease in temperature leads to a decreasé in the amount of surfactant on gas bubbles,
with a parallel reduction in recovery.

temperature {°C)
10 30 50

Re
(%)

[Gel (x10* M)

FIG. 7. Effect of initial concentration and temperature on recovery of germanium ions by flotation,
{Gel{laurylamine}:\Pyrogallol} ratio is 1:2:3. ’
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Keeping the same system the effect of ionic strength of solution has been also
studied on germanium without any pH adjustment, as shown in Figure 8. The effect
of this parameter appeared again-to be substantial. The recoveries were reduced
down to 10% in high concentrations of phosphoric salt.

o NH,CI
1
x (NH,), SO,

Re o (NH,,PO,

(%) ]
60 1
30t
0 03 06 09

ionic strength (M)

FIG. 8. The effect of ionic strength on germanium ions flotation.

More results obtained under the same flotation conditions, are shown in Figures
9 and 10. In the first, the effect of gas flowrate was studied at optimum conditions
and in the second, different fritted glasses in the flotation cell were used, having a
reported porosity change from 10-16 pum up to 100-160 um. An increase in the
porosity gave better results, as the bubbles size is expected to decrease, giving greater
surface areas.

It was seen that the complex acids H,GeL,, which dissociate forming (GeL,)*~ a-
nions, can be floated by cationic collectors (amine-type substances). The latter give a
product-precipitate of the possible composition C, {GeL;}, where C is the collector.

Our work is continuing in this area. It will be interesting for technological
reasons to see whether this technique could separate selectively the different ions; for
example, arsenic from germanium.

In conclusion, flotation is a promising method for trace pollutants separation and
further attention with closer investigation is warranted.

Conclusions

Different flotation techniques, according to the studied system, have been in-
vestigated for the separation and treatment of chromium, arsenic, or germanium ions
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FIG. 9. Flotation recovery of germanium ions versus time under various gas flowrates.
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FIG. 10.: Germanium ions removal versus time under various porosities of the diffuser, with constant
gas flowrate (200 cc/min).

from. dilute aqueous solutions, containing each time one only of the above ‘element
ions. The ways developed for the generation of gas bubbles wére the dispersed-air
and dissolved-air flotation. Methods studied involved ion flotation and adsorbing
colloid flotation and the following optimum conditions were found. '

Chromium ions were floated with laurylamine giving removals over 75%. Gas
flowrate in the range 100-300 cc/min had not any appreciable effect. The pH of
solution was a crucial parameter and the optimum range should be found. Ionic
strength, with the addition of ammonium salts, was affecting considerably the
removals in the sequence PO*; > SO?; > CI-, due to competition for the collector
~of similarly charged ions.
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Flotation generally requires the formation of a,stable froth layer to be effective.
Also, higher collector concentrations than the stoichiometric were needed in ion
flotation of chromium, and particularly in the lower range of Crf* concentration
(around 10 ppm).

Adsorbing coloid flotation was found to be especially effective for the treatment
of waste or surface waters containing traces of- arsenic. The pollutant was
coprecipitated with ferric hydroxide and the floc was floated by sodium oleate. An
optimum ratio of {As} : {Fe} : {oleate}] = 10:60:40 ppm was found giving removal
near 100% at pH 5. However, it was not noticed any economy .in the quantity" of
chemicals required, as mentioned in the bibliography.

Finally, germanium ions was effectively separated after treatment with pyrogallol
‘and flotation by laurylamine. The process gives promises for being selective-the selec-
tive separation of germanium from arsenic is a known technological problem, The
recovery of germanium from dilute aqueous solutions by ion flotation is a potential
method of reclaiming metal values and also recycle materials of waste streams.:
Possible application of this work is the processing of fly ash and recovery- of
valuable metals.

TlepiAnyn

Teyvikég EmMAELONS Yla T0 OAYWPIOUO LYVDY PURAVTWDY

H eninhevon eivon pio guokn diepyocio nov skiextikd doayopilel enipaveka
EVEPYEC EVOOELS amd £va SlaAvua, ovykevipovoviag ovtég otv- A/Y Sempdvela
kot an’ exel TG EMALEL PE TIG PUOAAIdEG otV empdveln g de€apevig. TNV TeX-
vohoyio. avtippOnavong eivol onotedeouatiky yioo to dwxwpiopd Pounyovikdv
pumavtdv nov Bpiokovior ot WKpEG CLYKEVIPOOELS. XTnv 7epintoon vmapéng -
EMIPOVELRKG 0veVEPYNG ovoiag, Onwg To mopdderypua tov yepuoviov mov diveron,
avtf unopel va aropakpuvlel av npootebel n kotdAAnAn enlQavelokd gvepyn ovoio
KoL MEPKEG QOpEg uie emimAfov ovcio mpoopoenTiky N CLUMAOKOROINTIKT
(ovhAéxtng). Xmv mepapotiki  epyacio  efetdotnkav  ddgopot  TEXVOAOYLKES
napdueTpol ERITAELONG, MOV EMWOPOVV OTNV CROUAKPLVOT] OVIOV Ypwuiov, op-
OEVIKOD T YEPUAVIOL amd apold v3aTikd SiiAvpa kaBe crotysiov, 6nwg 0 TPONOG
napoymyne Tev aéptwv puoadidov (enindevon Sworapuévov 1 StaAvpévov aépa),
70 EMiNESO CLYKEVIPAOOEWV, T ATUITOVUEVT TPOKOIEPYHTiX, N £nidpacn tov pH tov
StoAduotog, M EmITLYYAVOUEVT oviktnon, kAw. Ou péBodor emimdevong mov
uehetnOnkav fitav M 1ovikn enimAevomn, Le nopadstypa TV anopdkpvven ypwuiov
ue Aovpikf apivn kot 1 enindevon npoopoPnuévon koAAOESOVS, UE EQUPUOYT OTNV
amoudkpuvoTn apoevikod and opoid dwAvpara. To tehsvtaio &yiwve Dotepa and
ocvykatoBobion pe vdpokeidio tov Tpobevodg Gidipov KAl YPMOWOROINCT TOL
gA0ikoy vatpiov oav emipavewakd evepyn ovoic. To gpyactnpokd omoteAéopato
fitov Witepa evBopovtikd. H ernindevon anotehel uia teyvoioywkd mibavi uébodo
avakTnong Tov yepuoviov g4mod vypd andPinta.
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Sommaire

Les constantes d’ionisation des acides tartrique et succinique ont été déterminées a 25°C
dans des mélanges eau-méthanol et eau-dioxanne de pourcentage volumique allant de 10 a
50% en cosolvant organique. Les calculs ont été effectués a I’aide d’une nouvelle méthode d’i-
‘tération autocohérante permettant la détermination des pK thermodynamiques et de & (distan-
ce minimum d’approche des ions). Les valeurs obtenues sont discutées en relation avec la nat-
ure du solvant et la structure de Ilacide.

Key words: Tartaric acid, Succinic acid, dissociation constants, ionisation constants, medium effect,
methanol-water mixtures, dioxane-water mixtures.

Introduction

La dissociation des divers acides faibles dans des mélanges hydroorganiques et
les influences du milieu solvant sur les équilibres de dissociation ont été largement ét-
udiées dans notre laboratoire.!”” Dans le cadre général de ces recherches, nous avons
entrepris I’étude systématique des équilibres de dissociation des acides tartrique
(H,T) et succinique (H,S) dans des mélanges hydro-organiques ou I’adjonction du
cosolvant organique en quantités croissantes permet de faire varier de fagon notable
les caractéristiques du milieu.

Nous présentons ainsi dans ce mémoire les résultats concernant les constantes de
dissociation des acides ci-dessus dans des mélanges eau-méthanol (H,O - MeOH) et
eau-dioxanne (H,O - diox.) de pourcentage volumique allant de 10 a 50% en compo-
sant organique, a 25°C.

Notons qu’ a partir de cette étude comparative nous nous proposons d’élucider
dans quelle mesure Pintroduction dans la molécule de I’acide succinique de deux
groupements - OH impliquerait des variations remarquables sur les équilibres de dis-
sociation de cet acide.

Mais a part Paspect théorique, du point de vue pratique, ’étude de la dissociation
de Pacide tartrique présente en particulier un intérét certain. En effet, aujourd’hui on
sait bien que ce produit organique est un adjuvant des plus actifs susceptible d’inhi-
ber les excroissances dendritiques formées au cours de 1’€lectrodéposition des divers
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métaux.® D’aprés des études antérieures on a pu démontrer que l'effet inhibiteur de
cet adjuvant dépend trés sensiblement du degré de dissociation de ’acide considéré.”
10 DyY’autre part, en tenant compte que les propriétés physico-chimiques des divers
bains électrolytiques sont souvent réglées par I'adjonction des solvants organiques, il
s’en suit donc que, connaissant les constantes de dissociation de H,T, on détermine
d’une certaine manicre lactivité inhibitrice de cet acide.

La détermination des constantes de dissociation des acides examinés, dans des
solutions aqueuses, a fait ’'objet de nombreuses recherches.!''® Par contre des me-
sures. systématiques dans des solvants mixtes sont rares et ils concernent, pour la
plupart, P’acide succinique en milieux hydroalcooliques riches en alcool.™ ™19 Cer-
tains des résultats concernant les pK de P’acide succinique dans des solvants mixtes
sont aussi donnés par-d’autres auteurs.'” '® Cependant nous avons répété ces déter-
minations parce que les données de la littérature proviennent, soit de mesures faites
- par titrage au pH-métre préalablement étalonné a I’aide des tampons aqueux, soit de
calculs effectués a partir de méthodes sensiblement différentes de celles que nous
avons suivies dans cette étude.

En outre, il nous semble qu’une étude comparative est plus stricte dans le cas ou
les valeurs comparées ont été déterminées par la méme méthode-de calcul et sous les
mémes conditions expérimentales.

Partie Experimentale

1. Réactifs

Le méthanol utilisé est un produit Fluka de pureté “puriss. p.a.” distillé avant
usage. Eb = 64,7°C/760 mmHg.

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

Les solutions ont été préparées a I’aide de I'eau bi-distillée d’une conductivité de
ordre de 10~¢ Q! ecm~ ' :

Les acides succinique (Merck, Zur. anal., p.a.) et d-tartrique (Carlo Erba RP-
ACS) sont produits commerciaux, leur pureté ayant été vérifiée par titrage. Si celle-ci
métait pas jugée satisfaisante, I’acide était purifié, suivant des méthodes déja décrites
dans la littérature® et jusqu’a un titrage indiquant une pureté au moins de 99,5%.

2. Mesures

Les pK des acides étudiés dans cet article ont été déterminés par la méthode de
titrage potentiométrique. La mesure 'du pH- est effectuée a I’aide de la pile:

KCl KCl solution en ‘| électrode

Hg, Hg,Cl, saturé dans saturé dans mesure dans de
H,O H,0 le solvant verre
mixte

~ Cette cellule galvanique est du type de celle utilisée par Bonhomme et Juillard®®
dans les mélanges eau-éthanol et par Roletto et Zelano?' en eau-dioxanne.
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Le couple d’¢lectrodes est branché a un pH-métre “Beckman research pH-meter”
dont la précision de lecture et la reproductibilité est de 0,002 unité pH.

La température est maintenue constante a 25,00 + 0,01°C grace a un thermostat
“Haake Ultra-Thermostat NBS”.

Les mesures sont effectuées sous atmosphére d’azote; celui-ci barbote successive-
ment dans une solution aqueuse basique de pyrogallol, dans de 1’acide sulfurique di-
lué et dans une solution de composition analogue a la solution mesurée et régulée a
la méme température. :

L’agent titrant est une solution de potasse dans le milieu mixte considéré. On I’a-
joute a la solution acide a ’aide d’une burette a piston (Metrohm dosimat) dont la
précision de lecture est de 0,005 cm?. -

Pour les mesures dans les mélanges eau-méthanol, I’étalonnage du couple electro—
de de verre-électrode au calomel est effectué a I’aide des tampons de Bates, Paabo et
Robinson.?? Les valeurs du poj{=—log a3l de ces tampons, étant interpolées pour
des concentrations exactes en méthanol, sont groupées dans le tableau I. Rappelons
que dans le cas ou I'activité de H* dans un milieu quelconque est rapportée 4 un état
de référence défini dans le milieu considéré, cette activité est notée par habitude a,3.2?

Dans les mélanges eau-dioxanne, puisqu’on ne trouve pas des solutions tampons
de pay connu, préparées dans le milieu considéré, le tarage de ’appareil est réalisé a
’aide des tampons aqueux -recommandés par N.B.S.%?

TABLEAU 1. Valeurs de divers paramétres physicochimiques (densité d, concentration en H,0 CH o>
fraction molaire en MeOH X).oq. constante di¢lectrique D) de quelques mélanges hydromethanollques
et de poff des tampons: acide succinique (m=0,01999) succinate acide de sodium (m=0,009995) et
chlorure de potassium (=0,009995). t=25°C.

% MeOH

d Cu,0 XMeOH D posd

en en (g/ml) (mol/[)
volume poids

10 8,01 0,9827 50,2 0,0467 75,13 3,962
20 16,2 0,9694 45,1 0,0983 71,72 4,107
30 24,7 0,9570 40,0 0,1555 67,79 4,261
40 324 0,9425 349 0,2199 63,40 4,428
50 425 0,9257 29,6 0,2936 60,05 4,611

En particulier on a employé la solution tampon de phthalate acide de potassium
0,05 m de pH = 4,01. Cependant, on sait bien aujourd’hui que la mesure du pH
dans des mélanges hydroorganiques a I'aide d’un appareil ainsi étalonné ne conduit
qu'aux grandeurs apparentes pHap. > ** %6 Déduire alors de ces grandeurs les valeurs
correspondantes du paj implique la connaissance d’un paramétre § introduit par
Bates?> 24

8 = pHap — pag = Ej — log (mYH) ¢))
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ou E est le potentiel de jonction liquide exprimé en unite de pH et vy, leffet du
m111eu 25,26 Bn effet, en nous servant d’une méthode analogue dans son principe de
celles proposées dans la littérature,?> 2> 28 nous avons pu déterminer ce paramétre J,
leurs valeurs sont groupées dans le tableau II. Mais les détails de cette méthode ainsi
‘que des résultats concernant des divers systémes hydro-organiques (binaires ou ter-
naires) font Pobjet d’un prochain article.

TABLEAU II. Valeurs de divers paramétres physicochimiques (densité d, concentration en H,0 Cu,0-
fraction molaire en dioxanne XDIOX, constante diélectrique D) et du paramétre § (=pH,, — pog}) de
quelques mélanges eau-dioxanne a 25°C.

% dioxanne
d Cu,o Xprox D 8
en en (g/ml) (mol/1)
volume poids
10 10,21 1,0060 50,14 0,0227 70,25 —0,011
20 20,24 1,0145 4491 0,0493 61,73 —0,019
30 30,15 1,0217 39,61 0,0811 53,18 —0,029
40 39,93 1,0286 34,30 0,1197 44,71 —0,060
50 49,68 1,0335 28,87 0,1680 36,22 —0,123

3. Procédé de calcul pour la détermination de pK

Les constantes K, et K, ont été calculées a partir des courbes de titrage des aci-
des par une solution de potasse. Les calculs de ces deux constantes ont été effectués
par la méthode de Speakman.?” Nous avons utilisé la forme la plus générale de cette
équation:

YA2- 1—h YA2-
— (0tg+)? = [ — aH+] K, +KK, (2
2—h Yo 2—h . Yea-
avec
— b+ {H"
B2
C 3

ou ¥y, est le coefficient d’activité de la molécule neutre H,A que nous considérons é-
gal a I, yga— et y,2- les coefficients d’activité des anions HA~ et A>, C la concen-
tration analytique de I’acide, b la_concentration de la base forte ajoutée. Les coeffi-
cients d’activite des aninns s’expriment par la loi de Debye-Hiickel:

Az \/T

log v; = — ——A V7 4
B Yi 1+B a1 “
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ou les paramétres A et B peuvent étre calculés pour chacun des mélanges étudiés par
les formules appropriées.’® L’utilisation de la loi de Debye-Hiickel semble ici condui-
re 4 une bonne approximation des coefficients d’activité des ions du fait du caractére
dilué des solutions étudiées (1,5 10~2m). D’aprés un calcul relativement simple on
constate que la force ionique I est égale a

I =5+ [H] + [A¥] (5)
avec
(ar] ——mEm, = ®
O+ Km Klem1
1+ Ly — 2
aH+ ail+

ou Kp, et Ky, sont les deux constantes apparentes définies par les relations

o+ [HA-] oy - [AZ]

Ky=———-———,Kpp=——"7-—-——
m, [HZA] ] m, [HA_] (7)

Or, le calcul des coefficients d’activité des anions, a I'aide de la relation (4), exige
de connaitre, d’une part, les constantes apparentes et, d’autre part, la distance minim-
um d’approche des ions & Ce dernier paramétre pourrait étre déterminé & partir des
mesures conductimétriques, mais la valeur de &, ainsi déterminée, dépend sensible-
ment de ’équation conductimétrique choisie. En outre, la méthode conductimétrique
impose de longues et délicates mesures. Ces problémes ont poussé de nombreux
auteurs a proposer une valeur moyenne pour 4 égale & 5 A.334 Mais si le choix de
cette valeur permet d’éviter dans bon nombre de cas des erreurs grossieres, il ne con-
stitue en général qu’une approximation plus ou moins satisfaisante.

Nous avons essayé de nous affranchir de cette contrainte en nous servant d’une
méthode d’itération qui nous permet a la fois la détermination de 4 et des pK ther-
modynamiques.

Le point de départ de cette méthode est la relation (2) qui se transforme an

y = KK, + K, x ®

Dans une premiére étape, a ’aide des données expérimentales tirées de la courbe
de titrage considérée, on calcule les variable y et x, en mettant y,2-= 1 et yg,— = 1.
Dans le calcul de h nous avons confondu Pactivité de H* avec sa concentration, ce
qui n’entraine pas une erreur importante car [H*] est généralement faible devant b,
mais pas toujours négligeable. Par ailleurs, la relation (8) montre une dépendance li-
néaire entre y et x. Il est donc possible de la résoudre statistiquement en utilisant la
méthode des moindres carrés. Evidemment dans le cas ou les coefficients d’activité
des anions sont considérés égaux a 1, la relation (8) conduit aux constantes apparen-
tes K et Ky,
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A partir des graphiques représentant la variation y = f(x) on obtient les valeurs
de Kpy, et Kpy, pour tous les mélanges eau-méthanol et eau-dioxanrie.

1l est intéressant de souligner que si on se limite aux solvants mixtes pauvres en
composant organique (D > 40), on observe en général une dépendance linéaire entre
pK et inverse de la constante diélectrique (1/D) du solvant.?6: 3% 3536 s pente de
cette droite est exprimée par une relation donnée par Bjerrum et Larson et basée sur
le modéle électrostatique de Born. Cette relation appliquée dans le cas des acides di-
carboxyliques prend la forme?$

dpK, Ne?
d(1/D)  2RTIn 10

@y &)

avec n est égal a I ou 2 respectivement pour le premier ou deuxieme équilibre de dis-
sociation de I’acide considéré. En désignant par r, le rayon moyen des ions positifs
et négatifs, on a

1 1 2 1 4 1 4
D, = + = , Oy=——+ - =— (10)
Ty+ T'ya— ry I'y+ Tp2— Tga—~ r,

En partant donc des diagrammes pK,, = f(1/D) et pK 5, = f(1/D) correspon-
dant aux melanges eau- -méthanol ou eau- dloxanne, on obtient respectlvement compte
tenu de la relation & = Zri, les valeurs initiales &, et 4,. La valeur moyenne entre &,
et &, est la premiére estimation sur &, soit @,

Dans une deuxiéme étape, en partant de cette valeur de &, on peut avoir de la
méme fagon que précédemment, une premiere estimation sur les valeurs de K, et K,
thermodynamiques pour tous les mélanges respectifs. Ensuite, on aboutit a une
deuxiéme approximation sur la valeur de 4, soit a,, etc.

L’ensemble des opérations est répété n fois jusqu’a ce que la valeur a, obtenue
pour la n*™ approximation reste invariable entre deux approximations successives.
Evidemment, les constantes de dissociation définitives correspondent & cette derniére
valeur.

Globalement on estime que la précision et la reproductibilité de cette méthode sur
les valeurs de pK a +0,01.

4. Résultats et discussion

Les valeurs de pK, et pK, des acides dicarboxiliques succinique (noté par la suite
H,S) et tartrique (noté par la suite H,T) dans les mélanges hydroorganiques étudiés;
sont groupées dans le tableau III. Dans ce méme tableau on porte les valeurs corre--
spondantes de 4 calcylges a I'aide de la méthode itérative utilisée dans ce mémoire.

Notons que les pK de H,S dans les mélanges hydrométhanoliques utilisés ont été
determmes par t1trage au pH-metre, utilisant un étalonnage dans le milieu solvant
considéré (a.Iaide des tampons du tableau I) d’une part, et un étalonnage dans I’eau
d’autre part. Dans ce dernier cas, les mesures de pH ont été corrigées compte tenu
de la variation du potentiel de jonction liquide.””?* Par ailleurs, dans une étude anté-
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TABLEAU 11 Valeurs de pK, et pK, des acides dicarboxyliques succinique et tartrique dans différents
mélanges eau-méthanol et eau-dioxanne a t=25°C.

Acide Acide
% Succinique Tartrique
volume
PK, pK, PK, PK,
H,0 - MeOH
8=4310,1 A 4=75,26'1+0,09
10 ¢ 4,35 5,79 3,18 4,58
20 4,47 5,97 3,32 4,71
30 4,63 6,19 3,47 488
40 4,83 6,45 3,66 5,08
50 £ 4,99 6,70 3,85 529
H,0 - dioxanne
4=59 +02 A 84=634+0,07 A’

. 10 4,46 5,94 3,26 4,60
20 4,68 6,23 3,52 492
30 5,03 6,66 3,82 5,28
40 5,46 7,21 4,25 . 5,76
50 5,89 7,78 4,75 T 6,27

rieure on avait aussi déterminé les pK de cet acide dans des mélanges hydrométha-
“noliques, par la méme methode expérimentale, utilisant cependant un étalonnage réa-
lis¢ a I’aide des tampons de De Ligny et Luiks.’” Les trois modes d’étalonnage con-
duisent pratiquement aux résultats identiques vérifiant ainsi la validité du procédé
d’étalonnage suivi dans la présente étude.
A partir de ces résultats on a étudié Peffet du milieu solvant sur les équilibres de
dissociation des acides examinés. Dans ce traitement, on a considéré la réaction gé-
nérale de transfert protonique

HA + H,O = H;0® + A~ (D

en admetant que le proton, selon toute-probabilité, est sous la forme H,0* dans:les
meélanges hdroorganiques riches en eau. 1l est évident que la constante de I'équilibre
(I) est liée au pK- correspondant par la relation

pK' = pK + log ay, @an

Notons qu’une valeur approchée de I'activit¢ de I'eau ay g dans les solvants hy-
droorganiques est fournie par sa concentration.??
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Les valeurs des parameétres physicochimiques, figurant dans les tableaux I et II,
indispensables a la réalisation de cette étude, ont été puisées dans des travaux
antérieurs. 3340

Dans une premiere étape on a tracé les courbes représentant la variation des pKj,
(pKy + log Cy o) en fonction de 1/D, n étant successivement égal a 1 ou 2. Le
support théorique de ces graphiques dérivant du modéle électrostatique de Born im-
pliquerait une variation linéaire de pK}, en fonction de I'inverse de la constante diélec-
trique 1/D, si la théorie s’appliquait rigoureusement. En effet, a partir des résultats
rassemblés dans le tableau III, on a pu constater que les dépendances pK, =
f(1/D) peuvent étre assimilées a des droits jusqu’a des teneurs de 40% en volume de.
dioxanne, dans les mélanges eau-dioxanne et pour toutes les teneurs en méthanol
dans les mélanges hydrométhanoliques. Nous en donnons quelques exemples dans la
figure 1.

Hzo - MeOH “z° - dioxanne

6,9

13 14 15 16 14 18 22 26 30
/D 103 —

FIG. 1. Variation de pK, + log Cy, o en fonction de l'inverse de la constante diéléctrique a 25°C.
A: acide Succinigue (n=1). B: acide Tartrique (n=2).

L’insuffisance de la théorie de Born de s’appliquer aux mélanges eau-dioxanne ri-
ches en composant organique pourrait étre attribuée en lignes générales a I'interven-
tion des diverses interactions spécifiques, de nature non coulobienne, entre la soluté
et le solvant.’® En effet, selon les données de la littérature®® ces interactions devien-
nent importantes a partir d’une constante diélectrique de 40 environ, ce que I'on a
observé dans la presente étude.

A part les diagrammes pK, = f(1/D), I'effet du milieu solvant sur la dissociation
des acides peut &tre illustré par des graphiques représentant la variation de pKj
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avec la teneur en composant organique, cette teneur €tant exprimée par habitude en
pourcentage en poids, en pourcentage volumique ou en franction molaire X. Ce der-
nier mode de représentation se révéle trés commode étant donné que les graphiques
correspondants conduisent, le plus souvent, a des droites.” 44

Nous avons tracé, pour chacun des acides étudiés, la courbe pK; = f(X) cor-
. respondant aux mélanges eau-méthanol et eau-dioxanne. Nous avons constaté que
ces courbes peuvent &tre assimilées a de bonnes droites, de la forme générale,

pK, = a;, + b, X, (12)

jusqu’a des teneurs de 40% en dioxanne, dans les mélanges eau-dioxanne et pour
toutes les compositions utilisées des mélanges hydrométhanoliques. Les valeurs des
paramétres a, et b, de ’équation (12), calculées a I’aide de la méthode des moindres
carreés, sont rassemblées dans le tableau IV. Dans ce méme tableau IV, on porte les
valeurs correspondantes de r? (coeffient de détermination linéaire) indiquant que les
portions des courbes pK; = f(X), correspondant a des teneurs relativement faibles en
cosolvant organique, peuvent effectivement s’exprimer par des relations linéaires.

TABLEAU 1V. Valeurs des paramétres a, et b, de 'équation (12) correspondant a ’acide succinique et
tartrique dans des mélanges eau-méthanol et eau-dioxanne. t = 25°C.

H,0 - MeOH (0-50%) H,0 - dioxanne (0-40%)
Acide n '
a, b, R? a, by, R?
Succini 1| 597+0,02 1,74+0,09 0,9913 5,9310,04 8,73+0,47 | 10,9943
uccinique

2 7,36+0,01 2,79+0,07 0,9983 7,35+0,04 § 11,49+0,53 0,9957

4,79+0,01 1,80+0,03 0,9990 4,76+0,02 8,48+0,23 0,9985
6,18+0,01 1,98+0,05 § 0,9983 6,07+0,01 | 10,21+0,18 0,9994

N =

Tartrique

Dans un articles récent’ concernant la dissociation de quelques acides dicarboxy-
liques aliphatiques dans des mélanges hydrométhanoliques, on a pu démontrer que la
pente b, (= dpK,/dX) est largement influencée par I’existence dans sa molécule d’un
substituant chargé comme —COO~. )

Les résultats acquis dans cet article précedent nous ont incité, dans la présente
étude, a entreprendre d’élucider dans quelle mesure la pente b, d’un acide dicarboxy-
lique serait aussi influencée par I’existence dans sa molécule d’un ou plusieurs substit-
uants polaires comme —OH. Il nous semble que toutes ces influences pourraient étre
mises en évidence en comparant, dans chacun des systémes de solvants mixtes, la va-
leur de b, d’'un acide correspondant substitué - comme ’acide tartirique (acide dihy-
droxysuccinique). Evidemment tous ces effets peuvent étre estimés quantitativement
par le paramétre

up = bys — ba (13)

ou b, et by expriment les valeurs de b, de ’acide succinique et tartrique respective-
ment.
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Tout d’abord a I’aide des valeurs figurant dans le tableau IV on a calculé, dans le
cas des mélanges hydrométhanoliques, la valeur du parametre u, (= b, — by,), trou-
vées égale a

u, = —0,06

On estime que cette valeur est négligeable, étant donné que les paramétres corre-
spondants b, et b, ont été déterminés avec une précision moyenne (écart-type) du
méme ordre de grandeur (v. tableau IV).

_On pourrait peut-étre interpréter ce. résultat en partant de considérations théo-
riques. Evidemment, le paramétre b, peut s’écrire

b — dpK,  dpK, d (1/D) (14)
T dxX  d(/D) dX

Avec ce traitement le parameétre b, a été exprimé par le produit de deux facteurs.
Le premier facteur, d’origine électrostatique, se décrit par la relation (9). Il est tres
possible de considérer que dans le cas ou I’état de solvatation des ions reste constant,
ce terme .doit rester invariable lorsqu’on passe d’un milieu & un autre. Par contre le
second terme doit étre largement influencé par la nature chimique des composants du
milieu solvant. Si cela est vrai on s’attendrait a une variation remarquable de ce der-
nier terme (d (1/D)/dX) lorsqu’on passe des mélanges hydrométhanoliques aux mé-
langes eau-dioxanne. En effet, c’est justement ce que Pon a observé. A laide des va-
leurs rapportées dans les tableaux I et Il on a pu constater que la variation de 1/D
en fonction de X peut étre ajustée a une bonne droite, pour toutes les compositions
des mélanges hydrométhanoliques, et jusqu’'a 40% en dioxanne dans le cas des so-
Ivants mixtes d’eau-dioxanne. En nous servant de la méthode des moindres carrés, on

- a aboutit aux relations suivantes:

Mélange H,0 — MeOH

1/D = 0,0126 + (0,0138 .+ 0,0004) X0 R? = 0,9978
Meélange H,0 — dioxanne

1/D = 0,0122 + (0,084 + 0,003) Xp0x  R? = 0,9976

D’aprés les relations ci-cessus, on constate effectivement que la valeur de f =
d (1/D)/dX, égale a 0,0138 dans les mélanges hydrométhanoliques, est multipliée par
6 lors du passage de ces solvants en milieu eau-dioxanne ou B = 0,084.

D’aprés tout cela, en tenant compte des relations (9) et (10), ’équation (14)
devient:

BNe2d,

=_ 7 1
2RT - Inl0 (13)

n
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d’ou
B Ne? 1 1
b, = ) 1
'~ T3RTIn 10 ( e Tras (16)
et
B Ne? 4 1 1
b, = ~ ) 1
» =m0 e tmr | Tan a7

en désignant ry. le rayon des protons trouvés dans la solution. En ce qui concerne
T'ya- €t T 42—, d’apres divers auteurs?, ces grandeurs expriment en réalité le rayon du
groupe portant la charge de ’anion correspondant.

De la confrontation des relations (13) et (15) on aboutit a

BNe2 ( 1 1 )

U =bi b= 1o -

(18)

Tys—~  Tur-

ou les grandeurs ryg— et ryp— correspondent respectivement aux monanions de I’acide
succinique et tartrique.

Etant donné que le paramétre u,, dans le cas des mélanges eau-méthanol, pra-
tiquement s’annule, il en resulte que dans ces milieux ryg— = ryp- . Or introduction
dans la moléule de I’acide succinique de deux dipéles —OH n’a aucune influence sur
le rayon du groupe portant la charge (—COO~) formé juste aprés la premiére disso-
ciation. .

En ce qui concerne le paramétre u, = b, b,, compte tenu de P’égalité rye- =
Tyr—» en procédant de la méme fagon que précédemment on aboutit a :

2B Ne? 1 1
e ¢ (rsz_ a rTz_) (19)

Dans le cas des melanges hydrométhanoliques on constate facilement que la pa-
ramétre u,, contrairement a u,, atteint-une valeur positive trouvée égale a 0,81. Evi-
demmment cette valeur ne peut pas étre considérée négligeable étant donné que les
erreurs .commises sur la détermination des b,, rapportées dans le tableau IV, sont
bien inférieures a elle.

D’abord, en partant de la relation (19), on pourrait interpréter la valeur u, =
0.81 en considérant que rg>- < rr2-. On admet ainsi que le rayon du second groupe
carboxylate de I’acide tartrique (H,T) est plus grand que celui de ’acide succinique.

Cependant, la relation (19) est basée sur le modele électrostatique de Born. Ce
modele repose sur I'hypothése de la sphéricite des ions dont la charge est localisée
au centre de la sphére. Nous pensons donc qu’il n’est pas légitime d’étendre cette hy-
pothése dans le cas des dianions de ces diacides, deux fois ionisés, ol les charges se
trouvent a la fois assez loin du centre de I'ion, et 'une de 'autre. D’autre part, selon
Bjerrum,* la deuxiéme ionisation d’un diacide est génée par la présence de la charge
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apparue sur le premier groupe —COO~ déja ionisé. Or, le proton encore fixé a I’acide
doit vaincre un potentiel supplémentaire V crée par la premier groupe —COO™:

(<

| Sp——
DR

(20)

ol R’ désigne la distance séparant le proton ionisable et le premier groupement car-
boxylate. N

D’aprés tout cela on peut déduire que les rayons rg-, r2- calculés de la con-
frontation des résultats exprérimentaux avec la relation (19) expriment trés probable-
ment des grandeurs apparentes, liées a la molécule d’un acide hypothétique possédant
des ions avec une configuration de charge sphérique et dont le comportement ionique
en solution est semblable a celui de P’acide réel. Il est évident que le rayon de cet aci-
de hypothétique résultant de la relation (19) est d’autant plus petit que la distance R’
est plus courte.

Or, ayant observé que rg— < rq2—, il sensuit que la distance R’ est plus courte
dans I’acide succinique que dans l’acide tartrique. Notons encore qu’il ne serait pas
légitime d’attribuer la variation observée sur les valeurs des grandeurs rg- et rp2- a
n’importe quelle influence des hydroxyles. Rappelons que la valeur u, = 0 ne nous a
pas permis précédemment de formuler une telle hypothése.

Pour confirmer cette trés intéressante conclusion d’aprés laquelle deux acides di-
carboxyliques symétriques de la méme longueur de la chaine carbonée présentent des
distances R’ sensiblement différentes entre elles, on a appliqué la théorie électrosta-
tique de Kirkwood-Westheiner.> D’aprés cette théorie, la constante diélectrique in-
troduite dans la relation (20) est remplacée par un paramétre ajustable Dy appelé
“constante diélectrique effective”. Kirkwood et Westheimer calculent Dy a partir des
données structurales. Ils considérent que le travail électrostatique dépend non seule-
ment des charges et de la distance entre elles, mais aussi de la forme des molécules.
Ils supposent que les diverses particules participant aux équilibres de dissociation
sont contenues dans des cavités de forme et de taille identique de constante diélec-
trique D; = 2,0. Pour les molécutes courtes, ils adoptent une forme sphérique, les
longues sont représentées par des ellipsoides prolates. Cette théorie permet de cal-
culer Dy et une grandeur R étant proportionnelle a la distance R™ de Bjerrum. 1l en
résulte que cette grandeur R exprime la distance séparant les protons dans le diacide
considéré (H,A). Nous avons constaté que cette grandeur restait pratiquement con-
stante dans tous les mélanges hydrométhanoliques. Ainsi la valeur moyenne pour I’a-
cide succinique R, = 6,15 A est sensiblement inférieure a celle correspondant & I’aci-
de tartrique R, = 6,65 A.

On pourrait interpréter ces résultats en partant des considérations structurales.
Ainsi, dans le cas des diverses particules de ’acide tartrique, il est sans doute raison-
nable, en accord avec la littérature,'? d’admettre des liaisons H internes:

Il est vite apparu que la distance R, dans la structure (II) attemt effectivement
une valeur maximale. ‘

En revanche, dans le cas de ’acide succinique il n’y a pas de possibilité de for-
mation de liaisons H internes. La distance Ry alors exprime en réalité la valeur
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OH OH 0

0 ¢ 0 C 0 o
|:| \CH/ \0 | l:l/ \CIH/ ~§q ':'/ \iCH/ \Q
o CH H -0 CH_ -H 0. _CH ¥
\\\C/ o~ \Cu/ ~o~ \%/ ~g”

|

OH | 0 0.
1(H,T) I (HT") (")

moyenne des diverses distances résuitant de la libre rotation des carboxyles autour
des liaisons C-C. :

D’aprés tout cela on peut conclure que dans le cas de ’acide tartrique la forma-
tion des liaisons H internes (en proportion considérable parmi ses particules trouvees
en solution) géne ici la libre rotation impliquant ainsi R; > R.

Enfin, il ne faut pas omettre de souligner que dans le cas des mélanges eau-
dioxanne un traitement analogue conduit généralement aux conclusions identiques.

Summary

Potentiometric study of the dissociation equilibria of tartaric and succinic acids in
water-methanol and water-dioxan systems

The dissociation constants of Tartaric and Succinic acids were determined at
25°C in water-methanol and water-dioxan mixtures of a 10, 20, 30, 40 and 50% or-
ganic cosolvent content. The calculations were performed with the aid of a new me-
thod of successive approximations which allows for the simultaneous calculation of
the thermodynamic. pK's and of the minimum distance of approach of the ions (&).

The results obtained are examined in relation to the nature of the solvent and the
structure of the acid molecule.

Iepidnyn

TTotevotouetpiy} HeAETn 1wV 160pPOTIOY S1a0TAGEWS TOV TPLYIKOU Kal HAEKIPIKOU
o&éoc oe vdaroucbavolikd kar voarodioéavikd GuoTHuaTa

Ot otofepég Srauotdoeme Tov Tpuykov kat Tov HAsktpixkov o&éog npoodiopicOn-
kav otovg 25°C péoa™de vdortopedovorkd katl viutodlofavikd peiypoTa meplekTIKS-
mrag 10, 20, 30, 20 kot 50% o€ opyaviké cvvdieAvtn. Ot vroAoyiopol npoypato-
nomBnkav pe ™ Ponbewn piog xdivovpywng peBodov Swdoyikdv Tpoceyyicemv, M
OToie EMITPENEL TOV TOVTOYXPOVO LTOAOYISUO TV feppoduvvapikdmv pK KaL g EAG-
XLOTNG OMOCTACE®MS TPOCEYYicE®S TMV 160vIwV (&).

To anotedéopota mov npoékvyay eEeTdlovial o8 oxECT UE TN PUSM ToL SwAdtn
kat TN doun Tov poplov Tov 0&€og.
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Introduction

The interest in solid state properties of the simple salts of organic sulfur or
selenium containing m-donors was increased last years because of the observation of
ambient presure superconductivity in the salts (TMTSF),C10, and (BEDTTF),I,
[where TMTSF=tetramethyltetraselenafulvalene and BEDTTTF = bis
(ethylenedithio) tetrathiafulvalene]!-%. In this paper the preparation of bis [4,5-b]
pyridino--1,1",3,3 -tetrathiafulvalene (abbriviated as Bl[4,5-b] PTTF), of a number of
its charge transfer complexes and preliminary results of their electrical and optical
properties are described. The new n-donor was prepared according to the scheme 1.

EN \”/ e N(LHS GT\CQZ or [J/SH Ma“s
NN NO{ MeoH Q NO Fe- Cal \Nl-li Pfap %&Ac QJ\NHQ
(1a) () (3a) (ib)

3 | et

\J\NHQ.H(Q

{3b)

(Bedor(5b) oty O[ // ;;10( Or s (8, ()P (Ol %‘
N 5
.42

4) {5) {6)
Scheme 1

2-Chloro-3-nitropyridine (1a) was transformed to 2-mercapto-3-nitropyridine (2)°.
2-Chloro-3-aminopyridine (1b)*¢ or compound (2)*7 was transformed to 2-mecrapto-
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3-aminopyridine (3a)*. Compound (3a) or its hydrochloric salt-(3b)* was transformed
to 1,2,3-pyrido-[4,5-b] thiadiazole (4)™%. Reaction of thiadiazole (4) in carbon dis-
ulfide at 220°C in an autoclave afforded 1,3-pyrido [4,5-b] dithiol--2-thione(5)".
Refluxion of a solution of (5) in triethylphosphite afforded B[4,5-b] PTTF (6). By
electrooxidation of a CH,Cl,-solution of ¢6) in presence of Bu,N*X~ (where X~ =
BF 7, ClO7, PF4, BrT, I3 ete) a number of charge transfer complexes was obtained.

Experimental

Materials and instrumentation

.Commerical 2-chloro-3-nitropyridine and 2-chloro-3-aminopyridine were used as
starting materials without further purification. Also, commercial triethylphosphite
was used after double distilation. Elemental analysis was performed by ILSE BEETZ
mikroan. Lab., 8640 Kronach (W. Germany). Conductivity measurements were
made by the four probe-method using a Keithley-225 current source, a Keithley-614
electrometer (uA), and a Keithley-602 electrometer (mV). The reflectance and ab-
sorption spectra were recorded on a Varian -2390 spectophotometer. 'H NMR spec-
tra were recorded on a Varian FT 80A NMR spectrophotometer.

Preparation of bis(4,5-blpyridino-1,13,3 “tetrathiafulvalene.

2g of 1,3-pyrido[4,5-bldithiol-2-thione (5) were dissolved in 8ml of warm
triethylphosphite and the resulting solution was heated at reflux temperature for
10min. The solution was cooled and the resulting «first» precipitate was filtered,
washed with ethanol and dried (yield: 18-25%). The compound was found to be solu-
ble in CH,Cl,, CHCl,, CH,CN etc. Recrystallization from CHCI, gave a golden
yellow solid (mp=278°C). M.Calc. 306.5, found (mass spectroscopy) 306.
Analysis (%):

for C,,H(N,S,(306.5); Calcd:C, 47.03;H, 1.97;N,9.15;5,41.85; Found: C, 47.16;
H,2.13;N.9.17;S8,41.92; UV(CH,CN); A/nm(e)358: (2290), 302(3420), 280(3420),
211(8700); 'H NMR (CDCl,): & 8.23, 8.17, 7.44, 7.42, 7.30, 7.23, 7.09, 7.02. A
very small amount of a «second» precipitate was obtained after cooling the filtrate at
-15° C. UV (CH,CN); A/nm(e)** :330(2400), 302(3310), 278(3200), 212(8700). It
was suggested that the «first> precipitate is the thermodynamically more stable trans-
form of (6) (t-B[4,5-b] PTTF) and the «second» precipitate the cis-form c-Bl4,5-
bIPTTE).

Preparation of the charge transfer complexes

Charge transfer complexes of the type (Bl4,5-b]PTTF),X were prepared by the
clectrocrystallization of t-B[4,5-b] PTTF (1.55x10-3M) and Bu,N*X~ (5x1073M,
where X=BF,, ClO,, PF,, Br, I, etc) in CH,Cl, using platinum electrode at

* Also Se-analogs of (3)-(5) were prepared by similar methods using NaHSe and CSe, instead of NaHS
and CS,, respectively.®

** gvalue of 212nm of the «second» precipitate was considered to be equal to that of 211nm of the
«first» precipitate.



BIS{4,5-b]PYRIDINO-1,1",3,3-“TETRATHIAFULVALENE 163

1uA/cm? at 22°C. The length of the anodic oxidation was varied allowing for 35%
and 10% oxidation of the neutral B[4,5-b] PTTF. The 35% oxidation required 2-3
days while the 10% oxidation was completed in 2 days. This short term oxidation
was carried out so that the earliest formed crystals could be used. The crystals were
washed with CH,Cl, and air dried. (B[4,5-b]PTTF),BF, which was the extensively
studied compound is crystallized in copper-black needles with lustrus appearence.
Analysis:

for C,,H,,N,S,BF, (699.77);Cald:-C, 41.19; H, 1.72: N, 8.02; §,36.66; Found: C,
41.15,H,2.14;N,8.00, S, 36.33. Also the compounds with X=ClO,, PF,, Br,, I, etc
were obtained in crystalline forms.

Electrical and Optical Properties and Discussion

The dc-conductivity of compressed pellets of (B[4,5-b] PTTF),X measured at
room temperature (6zp) was found to be of the order of 10~'Q~'cm™", namely higher
than that of (BPTTF),X [where BPTTF is bis (pyrazino) tetrathiafulvalene]!* and
of the same order of magnitude as that of (DBTTF),X and Se analogs (where
DBTTF=dibenzo-tetrathiafulvalene)'*'*. Also were found similarities in the reflectan-
ce and absorption spectra. The reflectance spectrum of a compressed pellet of (B[4,5-
b] PTTF), BF, for example, is similar to that of (BPTTF),BF,!!; it shows bands at
235,300 (sfl), 380-430, 490 (sh), 630,900 (sh) and an upward slope from 1500 nm to
longer wavelengths. The value of the reflectivity at 2500 nm was found to be 0.16,
while that of (BPTTF), BF, (o, ,=10Q~! cm™")"! and (DBTTF), (SnCly); (5,,=100
Q7lem~HY was 0.14 and 0.76, respectively. .

The absorption spectrum of (B[4,5-b] PTTF),BF, rubbed on a quartz plate
shows the same bands as those of the reflectance spectrum. The electrical and optical
data obtained from (B[4,5-b] PTTF),BF, indicate that the new donor and selenium
analogs could be used for preparation materials with conductivity higher than that of
(BPTTF)_X. Detail studies on a large number complexes of B[4,5-bJPTTF and
selenium analogs will be subject of a future paper.
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Summary

Bis [4,5-b] pyridino-1,1",3,3 -tetrathiafulvalene was prepared as a golden-yelow solid after
refluxing of a solution of 1,3-dithiole [4,5-b] pyridine-2-thione [RN:69212-30-2] in neat
triethylphosphite and cooling. Electrooxidation of its CH,Cl,-solutions in presence of
Bu,N*X"~ (where X~ = BF7, ClO},PFy, Br, I3 etc) gave conducting and highly reflecting
crystalline solids.

Key words: Tetrathiafulvalenes, n-donors, charge transfer complexes, synthetic metals.
TepiAnyn

Aif4,5-b] mopidvo-1,14,3,3 ~retpalberapovifarévio: Zovleon ka1 ovunloka perapopdc
poptiov.
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To &1[4,5-b] mupidivo-1,1",3,3 -tetpabeia@ovAfarévio TAPUCKELACTNKE OAV Y PL-
coKiTpLVO OTEPEO pEtd onO Bpacylo e GUAAN LE KATOKOPLYO YUKTYpa SeAvuaTOG
1,3-810c10r0-[4,5-b] mopidivo-2-0e16vng [RN:69212-30-2] o€ ¢@wogopddn
tprubureotépa.  HAsktpookeidoon dwAvparov avtov oe CH,Cl, napovsia
Bu,N*X~ (6nov X =BF73, ClO3;, PFy, Br, I3 etc) £€8woe aydywo kpvotaiid
VAMKG pE AGUTOUCO. EMLPAVELD. '
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