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ABSTRACT

The stoichiometry of charge transfer complexes formed between Schiff base donors and
aromatic hydrocarbon acceptors was established by solid-liquid phase equilibrium diagram
studies. The thermodynamic functions of some stable charge transfer complexes were
determined by differential scanning calorimetry and the area under the curve of the
congruent compound is fixed as the criterion to predict the relative strength of charge transfer
complexes on the basis of thermodynamic parameters.

INTRODUCTION

Solid charge transfer (CT) complexes are also called organic metals
because of their high electrical conductivity comparable to those of metals.
Quinolinium TCNQ was the best organic conductor at the time of our
research [1]. A large number of complexes formed between various donors
and acceptors have immense application in basic and applied sciences [2-4).
Therefore, to synthesize a new type of CT complexes one must know their
stoichiometry and stability. Bearing this in mind, we have initiated our
research in this direction by fusibility diagram studies, since diagrams of
systems with more than one component provide valuable information about
the equilibrium state between the various components and their phases, and
for the synthesis of material with special properties [5]. In this article we
have reported the stoichiometry, thermodynamic functions and relative
stability of some solid CT complexes formed between Schiff bases as donors
and aromatic hydrocarbons as acceptors.

* To whom all correspondence should be addressed.
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EXPERIMENTAL

All the electron donors (Schiff bases) were synthesized and purified by a
method reported in the literature [6]. The acceptors (aromatic hydrocarbons)
used were obtained commercially and purified by recrystallization.

Various compositions of donors and acceptors over a whole range of mole
fraction were prepared by grinding together the requisite amounts of donors
and acceptors in the presence of ether as solvent. The ether was removed by
evaporation under low pressure and precautions were taken to avoid mois-
ture from the beginning.

A small amount of sample was sealed in a capillary and the melting point
of the same was recorded. The uncertainty in the measurement of tempera-
ture was +0.5°C. The average melting and solidification points were used in
the present investigation. The melting points over a whole range of mole
fraction of different systems were recorded and the temperature-composi-
tion plots for various systems were drawn. Some representative curves are
shown in Figs. 1-4.

Heat of fusion (AH;) was calculated for some of the representative
complexes on a Du Pont differential scanning calorimeter using Al,O; as
reference. The observed values of AH; along with the entropy of fusion
(AS;) and free energy of fusion (AG;) are tabulated in Table 1.

220

200

180

>
o
T

c
&

Temperature
&
o
T

=]
o
T

@
o

o
o

1
T ) 1

1 1 1 1 L 1 1
00 010 020 030 040 0S50 060 070 080 090 100
Mole fraction of donor

a)

Fig. 1. Fusibility diagrams of: (@ ®) anthracene+ ¢ —-CH=N-¢$-OCH,; (a
naphthalene+ ¢ -CH=N-¢-OCH, systems.
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Fig. 2. Fusibility diagrams of: (@ ®) phenanthrene + ¢ -CH=N-¢$-OCH;: (a A)
diphenyl + ¢ -CH=N- ¢ ~OCH; systems.
TABLE 1
Thermodynamic functions of some representative solid molecular complexes
Systems Stoichiometry C.pt.® AH, AS;
(D:A) (°C)  (kcalmol™!) (ew.)
Cl- ¢ —CH=N-¢—naphthalene 3:7 174 51.83 115.95
3:2 64 26.71 79.27
¢ —CH=N-¢ —anthracene 1:1 192 8.88 19.05
¢—CH=N-¢-0C, H;-anthracene 3:7 187 63.97 139.06
¢ —-CH=N-¢-0C,H;-diphenyl 1:1 44 11.07 3491
¢ —CH=N-¢~OCH;-naphthalene 3:7 70 56.88 165.83
3:2 65 34.08 100.73
3:1 67 23.21 68.26
¢ ~CH=N=¢ ~OCH , -anthracene 3:7 203 55.24 116.05
¢ -CH=N-¢-OCH;-phenanthrene  3:7 70 46.41 133.75
3:2 57 26.33 79.77
¢—CH=N- ¢ -OCH , -diphenyl 1:1 55 9.59 26.26
¢-CH=N- ¢ -NO, —diphenyl 1:1 125 11.48 28.84
HO- ¢ —CH=N- ¢ —naphthalene 1:4 84 26.32 73.72
3:2 190 28.50 61.55
HO- ¢ -CH=N- ¢ —phenanthrene 1:4 131 21.45 53.10

2 C.pt. = Congruent point, AG; = 0.
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Fig. 3. Fusibility diagrams of: (@ ®) anthracene+ ¢-CH=N_-¢-1: (a &) naph-
thalene + ¢ ~CH=N-¢ -1 systems.
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Fig. 4. Fusibility diagrams of: (® @) anthracene + HO- ¢ -CH=N-¢; (4 A) naph-

thalene + HO- ¢~-CH=N-¢ systems.

RESULTS AND DISCUSSION

The melting point of a pure donor decreases on the addition of a small
quantity of the acceptor and the presence of a congruent composition with a



kY]

ast TP 16
21 ot Ligl
s A A 6:11
£t £TUSIT £1L 1 STISIL 116
1 761 $8T'68T €11 £ 11 OTTEL 1€ TON~ ~N=H~
€6 0Lt8 1€
56 16°06 (413
S61 SHT081 1€ 76 0689 £:T
061 ARSI 't 06 89°0L L€
AR #L €12 807°507 ¥iL [SE A28 444 £8 oL'L8 vl [~ &-N=H~$
- 961 g81'L81 €1 p g~ ¢~N=H¢
2 X r4Y 0s'se (£33 D E-N=HD~¢
$31 781081 {16'€9)L°¢ - oF ov'Iy 7€ *H30~¢~N=HD-¢
79 085S (rweore
08 SL9L €L 65 95°0§ (soye)e:e
(47 LOT 081°L61 pTesdL e rAl 219 £9 09°€9 (88'96)L € *HOO~ ¢ ~N=H)~¢
£97 L¥T0sT £:L
881 Z812LT I:¢ RET £12°02¢ 't
| £F S61 BLI'68T €1 £:1:7 €T 0TZ'0£L £:7 HO~¢~N=H~$
€S 056 ¥
761 081681 (88911 8S O£pE £1L
[RL11 RA N Lot SO7'S1T €1 1:9 85 578 LiE SNy
.} (Do) Cuviv:a Do) Do v
T Wy ‘sydg Answonoog oV < WD - 5idyg ANPUIONNOIS
SUIDENPIUY auapeyiyden %8G AP

soxafduos suis Jo serdpeyyus pue swesderp Amqisny jo sisysurered snsudEIEYD S Y,

HIHVL



308

SE1 zer'ocl iy
L£1 OETZEL £:L
Otl 9TI'ST1 L€l 001 86'€6 €1
1z (441 SII'LIT (A ut 1111 s6 £€6°06 L1:€ ON-$~N=HD~$
- 8¢ zeze wotpD1:1 - 8¢ sy'ep 1:¢  *H*D0-9-N=HD-¢
143 s (€977 €
- St wop 6se)1:1 1y 9 09'9S (o)L ¢ FHO0~$-N=HD~¢
$91 091°LST 'y
LST ov1ozt 6°11
0zl Ir'sit £:C 0st S ANYAl (837
£piTip T€t s1t'0z1 L€ 1L $ST STTLET €L HO~9-N=HD~%
- Ly o'y 11 # ¢-N=HD~¢
Huaydig 2usnfupudYy gy
Ly wov 1€
8¢ 96°3¢ 7€
- 11 $91°661 (€8 19)L:¢ FAT 34~ 09 £5°8S Lo 1 S-N=HD--1D
10T €6TLEL 11 (43 1r'os [ 433
$:1 8LL  LET'TLI €T (41 8§ 0s'sy €1 ¢-N=HO-$-0D‘H
£61 S81'681 €L
761 681°061 1°€
L6T S61'p6T (0s'80T €
6LY SLI'891 €L 61 8LISLL €7
¥:s 061 SLT681 £:1 €691 08 TLOL (4% 74, 281 $-N=HD~$~0OH
o) Do) Crviv:a o) ©.) Cav)(v:a)
v ado ‘odg Anpuonping v 91D e MY Anawonios
sueNpUY sudreyqydeN aseq JJyog

(penuniuod) 7 F1IV.L



309

‘wonexa(dwod oN - X
‘WOTRULIO) AW ~# |
*BOJE JO ONBY =V
1wod yusniduo)) = 3d'y q
symod anoong = sidy ,

[AX A%

S 1Tl

7
19

149
154

L31
oLt
1341
131

SE'8E
8£°9€
ow'is
6£8¢€

S81'P81

0ST'0ET

OET'yT1
6L°OL

[

..

v aw

.

— e e e e ) et et
o
NN e =

+

et

1:z:2:¢

1:T:T-C

11401

26
08
16

981
681
661
0tl

o

[4 4813
oL'sL
$868

T N ot
]

¢-N=HD~%~1D
¢-N=HD-$-00'H

* o~

X

8L1°781
T8I8LT
rA48%41
$01°86 (sv'1z

TL'S9
89°€9
TL'sL
18°06

e

F o )

$-N=HD~¢-OH

el e ]

I-$~N=H)~%

IRy

15494
0s'op
1233Y
oL'el

1S 294
13 2914
Wy
£L°18

Lan B0 sl o B8 ]
v

1g-$-N=HO~¢

¢ N -
IO e

1D-%-N=HD~¢



Le=1:I<¢:1 L'e<g:T<?¥'1l L'g I'e<tig<g’l ¢-N=HD-¢-1D

1 # £IT<11 TE<gil $-N=HD-%-0D'H
Vil<€iLl=
LL:E=T'I<€:Z<I:¥ UVi=vil<€:L=T1:1 €1L<€°1 I'E<TiE<giy $~N=HO-%-OH
* DE=TE=€:T<P:l L[II<LiE=%:1 LE=LIE<EIT=PII<T:E [-$-N=HO~¢
# Liv<Til=Lig=L1:€ €1 # g~ -N=HO~9
x L'6<TE<¥:IT x x D-¢-N=H)~¢
LIEI<1'1 [P <LI'€=¢€:1<EiL €1 LEl=611=L1'E<I1!6<1:6 ‘ON-¢-N=HD-¢
Il L€ L€ '€ HDO-¢-N=HD-¢
A8 1 TiE<Lig £iL<L€ 1'e<zig<Lig *HOO-$-N=HD~ ¢
£ T<I:b<6:1l=LIE b <€:L I'E<€iL T:I<EiT<g:L HO~$~N=HD~¢
1 +* Ly <1:1<g:1 EiL<L'€ b -N=HD~ ¢
[Auaydiy auaxyjueusyq AUNBINIUY suareyIydeN aseq JJyos

V puE (J Usamiaq patnio] soxopdios Iemos[ow Jo AIIqeis sAnwioy
£ 4T1dVL

[l
on



311

congruent melting point indicates the existence of a stable molecular com-
plex [5]. Perusal of the individual phase diagrams of the Schiff base—aromatic
hydrocarbon systems (Figs. 1-4, Table 2) reveals that hydrocarbon accep-
tors form congruent compounds of unusual stoichiometries. The absence of
the 1:1 stoichiometry in some cases may be due to the instability of the 1:1
complex at high temperatures [6,7]. The formation of complexes of unusual
stoichiometries in these donor—acceptor systems could perhaps best be
explained on the basis that when a donor is added to an acceptor, the
molecules arrange themselves in an order which is energetically favourable
for charge transfer interactions. Different proportions of donors and accep-
tors offer different energetically favourable geometries of orientation. Con-
sequently, molecular complexes of different composition result [7].

The area under the curves of congruent compounds with compositions
3:7, 3:2, 3:1 in ¢—CH=N-¢-OCH,-naphthalene, 3:7, 3:2 in ¢-CH=
N-¢—-OCH ;-phenanthrene and 1:4, 3:2 in HO-¢-CH=N-¢-naphthalene
systems in the temperature—composition plot in Figs. 1, 2 and 4, respec-
tively, follow the expected trend of thermodynamic functions of these
complexes (Table 1) as ¢—CH=N-¢-OCH,-—naphthalene (3:7>3:2>
3:1), ¢—CH=N-¢-OCH;-phenanthrene (3:7 > 3:2) and HO-¢-CH=N-
¢—naphthalene (3:2>1:4) where the quantities within the parentheses
correspond to the stoichiometries of the complexes. These areas, therefore,
implicitly reflect the dependence on the enthalpies of these complexes.
Hence if this trend in area under the temperature—composition plot of the
congruent compound is taken as the basis for the strength of molecular
complexes, one can qualitatively predict the relative stability of the molecu-
lar complexes. The relative stability predicted on the basis of the area under
the curve of the congruent compound is reported in Table 3. However, no
fixed relationship exists between the stoichiometry of eutectic components
and their melting points.
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