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Within another work on the possibility of charge-trans- 
fer phenomena between aromatic hydrocarbon8 and combina- 
tions containing the thiocyan group (alkyl thiocyanatea or 
compound0 of organo-metallic coordination),we were conducted 
to study the spectral behaviour in ultra-violet of rhoaen 
solutiona in benzene, toluene, o--, m-, p-xylene, meeitylene 
and m-dioctylbenzene. 

Although the formation of E.D.A.oomplexee between aroma- 
tic hydrocarbons and halogens has been clearly pointed out 
relatively recently, among others, by R.M.Keefer and L.J.An- 
drewsl*2 and by G.Briegleb and J.Czekalla3 and although the 
analogy between the behaviour of rhoden and that of halogens 
ie known since long, the formation of such E.D.A. complexes 
with rhoaan has not been yet pointed out. 

This work ehould allow to establish the behaviour of the 
cyan groupe from the standpoint of the poeeibility of their 
acceptance of electrons in the oaee of rhodan (or of its de- 
rivatives) aa compared with the well known behaviour, from 
this standpoint, of the cyan group from tetracyanoethylene. 

+ Thia work is part of the die8ertatiOn theeie euatained by 
W.Scholz on July 2,1964,at the Petroleum,Gae and Geology 
Inatitute of Bucharest. 

' R.&i.Keefer and 
2 L.J.bndrews end 
3 G.Briegleb and J.Czekalla-2. 
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Qualitative data from literature and our preliminary 
quantitative experiments showed that the rate of decompo- 
eition of rhodan is varying substantially with the nature 
of the solvent, namely, decreases as the ionization poten- 
tial of the latter decreases. 

The existence of E.D.A. complexes of aromatic hydrocar- 
bons with rhodan has been established by the study of the 
spectral behaviour in ultra-violet of rhodan solutions of 
various concentrations in aromatic hydrocarbons as compared 
the spectral behaviour of rhodan solutions in inert solvent 
(nlheptane). There has been indicated in the literature4 
the absorption spectrum of some rhodan solution in chloro- 
form (Amax = 295 mu 1. 

In this work we have determinated the molar extinction 
curve of rhodan in n-heptene: establishing the doubtless 
existence of one maximum (A = 294 mu, lmax = 203). The 
existence of a second maximu??A =230-240 mu,Emax = 
1052 - 689) whose position and ox??%tion vary, to some ex- 
tent,with the concentration, appears to be less certain due 
to the sensibility range of the apparatus. 

Then, the absorption spectrum has been determined of 
rhodan eolutions in the above mentioned aromatic hydrocar- 
bona within the range A = 270 - 400 mu; the results obtai- 
ned are indicated in Table I. From theae data on may Bee 
that the maximum of rhoden at A = 294 mu ie covered by a 
charge-transfer band having an extinction of another order 
of magnitude (lo - 25 times-greater depending on the nature 
of the aromatic hydrocarbon) that can be ascribed only to 
the formation of a complex of charge-transfer and not to an 
effect of the eolvent. 

t R.G.R.Bacon and R.S.Irwin - J.Chem.Soo. 981 (1958) 
The spectra presented in this paper have been obtained 
with an electronic Jobin - Yvon spectrophotometer, by 
using 1 cm. cells. 
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TABLE I 

A end E of Rhodan Solutions 
i:atfariouem~omatio Hydrocarbons 

Hydrocarbon Conc.(SCB)2 A max & max 
(mol/l) (my) 

Benzene 1,03.10 -4 279 5280 
Toluene 2,46.10-4 286 3840 
o-Xylene 2,20.10-4 290 4480 
m-Xylene 2,20.10-4 290 3550 
p-Xylene 2130.10 -4 793 2540 

The direction of the bathochrome displacement (the de- 
crease of charge-transfer energy) of the extinction maximum 
when shifting from benzene to p-xylene coincides with the 
direction of the variation of the ionization potential Of 
the aromatic hydrocarbon. With the exception of o-xylene, 
the molar extinction decreasea in the same way. 

Considering the instability of rhodan solutions as well 
as the possibility of the occurrence of some product8 of 
reaction during the spectrophotometric determinatione (by 
photochemical initiation) the reproductibility of the ob- 
tained data has been checked. They did not exceed the error 
limits of the apparatus for the used concentrations. The 
determination of the absorption curvea after a previous 
irradiation of rhodan in n-heptane solutions with ultra- 
violet light, under conditiona more drastic than those in 
which the spectral determinations were being made,indicated 
an extinctions maximum characteristic for alkylthiocganatee. 
This maximum does not appear under normal condition8 of 
spectra determinations. 

Another problem was the poeeibility of the formation 
of polymeriaation products of rhodan. But it ie IULO~ that 

these polymera are not practically soluble in organic 



solvente5. Under conditions in which the determinations of 
the abeorption epectra were made , no formation of precipi- 
tate was noticed. However, after a longer period of conser- 
vation of solutions or after irradiation, a polymer eepara 
ted to which eolid state (tablets) spectrum was determined 
in infra-red. The above mentioned chemical reactions and 
the study of the reactioq products are diacusaed in another 
work now in progreee. 

Particular problems seem to appear where mesithylene 
is involved. 

Since the above mentioned aromatic hydrocarbone do ab- 
sorbe in used concentratione and in the range of the studied 
wave length, solutions of same concentrations in aromatic 
hydrocarbons have been used, by analggy with one of the 
methods descriebed in the literature , both for the blank 
sample and fpr the solution being investigated. 

Next wae checked experimentally the hypotheais of the 
formation of an aromatic hydrocarbon-rhodan complex in molar 
proportions of 1:l by the fact that in the expreaion which 
gives the concentration of the E.D.A. complex.at equilibrium, 
the concentration of rhodan does not intervene directly. 
With thie purpoee determinations have aleo been made at yexi- 
oue rhoden concentrations in solution. 

Further, the equilibrium conetante at maximum of abeorp- 
tion for these compounds have been determinated using the 
well known Beneei - Hildebrand method which holds good for 
complexes of lrl molar compoeitione: 

1 1 1 1 
-=-+ 
La- LA $- LA K Qfc- fA) l b 

where I 

5 S.S.Bhatnagar P.Kapur and B.D.K.hoata - J.Xndian Chem. 
6&& 

a. 
529 11940) 

L.J.An ewe and h.Y.Keefer-J.Amer.Chem.Soc.a 3776(1953) 
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m= 

a, b = 

$9 LA = 

K= 

extinction modulus or optical density 
of the solution 
initial concentrations of the acceptor 
and of the donor 
molar extinction of the complex, 
respectively of the acceptor 
equilibrium constant 

The obtained results may be seen in Fig.1 and in Table II 

FIG. 1. The Benesi - Hildebrand method applied 
for E.D.A. complexes of rhodan with aromatic 
hydrocarbons in n-heptane, at room temperature. 

TABLE II 
h ,t and K, of B.D.A. Complexes between 

AromaTg liyt%arbons and Bhodan in n-Heptane Solutions 

Hydrocarbon 

Bensene 
Toluene 
o-Xylene 
m-Xylene 
p-Xylene 
Yesitylene 

A m8x Lx KX 

279 5720 0,98 
786 3490 2.35 
290 4200 2955 
290 3890 2.94 
293 2750 3135 
303 3285 5.01 
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The values of charge-transfer energies hJCI for com- 
plexes with rhoden as acceptor depending on the ionization 
potential (varying between 9,2 - 8,3 eV) of the aromatic 
hydrocarbona being investigated which act as donor, are 
evidently higer than those of other known acceptors (io- 
dine, trinitrobenzene, chlorenil) versus the same hydrocar- 
bons. Thus,the charge-transfer energies, where rhodan com- 
plexes are involved, are varying between 4,4 and 4,l eV as 
compared with 4,2 and 3,7 eV in case of iodine and 3,6-3,0 
eV in case of chloranil. As a whole, it is found that the 
molar extinctions in the case of ti.D.x. complexes with rho- r. 
den are smaller as compared with those of the acceptors G 
(Br 2,12,ClI) and are of the same magnitude as those of some 
acceptors 'ii(tetracyanoethylene,SO2,maleic anhydride). In 
Fig.2 is represented the absorption curve (plotted with the 
Benesi - Hildebrand equation on the basis of our determina- 
tions) of an E.D.A: complex of o-xylenr; - rhodan. 

FIG. 2. Absorption curve of 
o-xylene - rhoden E.D.A. complex 

!She values of equilibrium constants of rhodan - aromatic 
hydrocarbons complexes mentioned above as compared with those 
of the same hydrocarbons with other acceptors, determinated 
by other authors,. are given in Table III. 
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T A B L E III 

Equilibrium Constants Kx of Certain 
Acceptors with Aromatic Hydrocarbons 

Hydro- 1 
tialeic 

carbon Br2 X2' (SCN)2 
Tetracyano-' 

anhvdride ethrlene 

Benzene 1,04 1150 o,98 0,667 31,l 
Toluene 1.44 1,65 2135 0.59 57,6 
o-Xylene 2.79 2,8o 3155 108,o 

m-Xylene 2,16 3.19 7,94 1,06~ 93.2 
p-Xylene 2,26 3,19 3,35 0,81 8 119,o 

biesitylene - 8,4c 5101 o,947 369.0 
____-_-________-____~~~~~~~~~~ 
Solvent ccl4 ccl4 Heptane CC14,CHC13 CH2C12 

____________________~~~~~~~~~~ 
Temperature 25OC 25Oc room temp. room temp. 22Oc 

It may be seen that the equilibrium constant values for 
E.D.A. complexes with rhodan are lower thsn in the case of 
complexes with tetracyanoethylene,but are higher than in the 
case of complexes with maleic anhydride.These values range 
between those found for bromine and iodine. The substantial 
differences between the equilibrium constant values and 
between the molar extinctions of rhodan complexes with the 
three isomers of xylene, should be mentioned. These diffe- 
rences are larger than in the case of other types of com- 
plexes. Lower values of equilibrium constant and higher 
values of molar extinction, where benzepe and o-xylene are 
involved,may be due in this case,to a higher extent, to some 
nonstoechiometric complexes of charge-transfer by contact. 
This is in agreement with the hypothesis of L.Orgel and 
Ei.kullikenly according to which, due to the electronic con- 
figuration of the component acting as an electrons acceptor, 

zL.J.Andrews and H.k.keefer -J.imer.Chem.Soc.a 3776 (1953) 
Authors - Xork now in progress. 

- 

qH.E.lGarriefield and K.D.Philipps - J.Amer.Chem.Yoc. g 
7778 (1958) 

l"L.B.Orgel and H.S .;iulliken -J.Amer.Chem.Soc.B 4839 (1957) 
J.N.kurrel - J.Amer.Chem.Soc. 2 5037 (1959)- 
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in excited state, effects of charge-transfer become possible 
at aietancee longer than those Van der Waale. 

In the case of meeitylene, where the difference between 
the equilibrium constant valuee, for the formation reaction 
of rhodan complexee end those corresponding to xylenes ie 
relatively small, ae compared with the differences in the 
case of complexes with other acceptors, the much higher 
instability of rhoden eolutione in meeitylene ahould be 
taken into account. This might indicate, during the irra- 
diation, the possibility of a homclytic eubatitution reac- 
tionll in the chain, with the formation of mesityl thio- 
cyanate or ieo-thiooyanate, which do not absorbe in the 
meaeured range. That is why, in thie case determinations 
have been made only on lower concentration solutione in 
meaitylene, prepared a few minutes before the measurement 
and only for a few points round the maximum. 

The data indicated in Table IV have been obtained for 
varicue wave lengths in case of E.D.A.complex of m-aioctyl- 
benaene (prepared, by analogy with the method described by 
Wooda and Jucker, from m-dioctylcyclohexadiene)12and rhcaan. 

TABLE IV 

k and K, at Various Wave Lengths 
for the Rhodan - m-Dioctylbenzene Complex 

h(rnp) L 
KX 

310 778 18,57 
315 790 13.90 
320 620 18,00 

These determination8 have been made in condition6 other 
than the previoue ones, namely, at concentrations about 

'l.R.G.R.Bacon, R.G.Gu 
f' 

R.S.Irwin and T.A.Robineon - 
l2 Proo.Chem.Soc. 304 1959) 

F Wood6 and J.W.Jucker - . . J.Amer.Chem.Soc.2 2174(1948) 
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ten timea lower, which may lead to greater errore. Conee- 
quently, in thie oaee, the obtained reenilts have only an 
orientative character. Molar extinctione,that were found, 
are low (due perhape to the great number of (r bonde iu the 
molecule) as oompared with thoee of the xylenea, while 
equilibrium conetante are high. Cn the bade of these re- 
eulte, the ionization potential of m-dioctylbeneene should 
be lower than that of dialkylbensenee with short chains. 


