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We have previously reported (l-3) that hydrogen 

exchange occurs at room temperature between acetylene, 

or molecular hydrogen, and the electron donor-acceptor 

(EDA) complexes of various phthalocyanines with sodium, 

while the exchange did not proceed over pure phthalo- 

cyanines even at higher temperatures such as 2OO'C. 

Accordingly, the reactivity of ~hthalocyanlnes incre- 

ased strlkingly by forming EDA complexes with sodium, 

and the hydrogen atoms In the complexes can exchange 

with those in acetylene and molecular hydrogen. In 

this communication we should like to report the re- 

activity of EDA comi1lexes Of sodium with several ac- 
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ceptor aromatic hydrocarbons. 

A small amount of aromatic hydrocarbons such as 

blphenyl, naphthalene, anthracene, phenanthrene, py- 

rene, and vlolanthrene were sublimed onto the evapo- 

rated films of sodium metal, which had been purified 

by repeated distillation prior to the use, and violet 

complexes were obtained. Vlolanthrene was obtained by 

reducing vlolanthrone with zinc powder and by repeated 

recrystallization and sublimation. The EDA complexes 

thus.prepared were subjected to a heat treatment at 

80°C for 24 hours. 

When C,D, was Introduced onto these complexes, a 

considerable amount of C,HD appeared in the gas phase, 

the total pressure staylng constant. Thus, it Is demon- 

strated that hydrogen exchange takes place between acety- 

lene and the complexes. The exchange reaction proceeded 

reversibly so that C,HD was al&produced when C,H, was 

brought into contact with the complexes which had been 

deuterated by C,D,. These observations can be accounted 

for by the following reactions: 

C,D, + HZ = C,HD + DZ 0) 

C,H, + DZ = C,HD + HZ (2) 

where HZ represents the EDA complexes. The first-order 

rate constants and the activation energies of the hydro- 

gen exchange reaction between acetylene and various com- 
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plexes are given In the Table. 

Since the number of hydrogen atoms in acetylene 

gas was considerably more than that of the exchangeable 

hydrogen in the surface of the EDA complexes, the rate 

of the exchange Is prooortlonal to the concentration of 

the hydrogen in the surface Of the complex. Consequent- 

ly, the rate constants shown in the Table are independent 

Electron First-order * 
acceptor rate ;n;:ayj 

TABLE 

kB/kD *++ Activation 
energy 
(kcal/mol) 

Blphenyl 1.8 x 1Q-2 1.0 4.6 

Naphthalene 3.5 x 10 -2 1.0 3.7 

Anthracene 4.0 x lo-2 1.4 3.5 

Phenanthrene 2.8 x lo-2 1.2 4.0 

Pyrene 0.96 x 10 
-2 

2.0 5.0 

Vlolanthrene 7.6 x lQ-2 2.4 6.8 

of the surface area or the number of the exchangeable 

hydrogen atoms In the surface of the EDA complexes. 

Upon Initial contact of CsD, with the fresh com- 

plexes the reaction rate of the exchange was different, 

usually lower than the subsequent reversible exchange. 

jr The rate constant In the stationary state at 20°C 
under 12.5 cm Hg acetylene pressure. 

i&i kh and k are the rate constants of the reactions 
(1) and P 2) respectively. 
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It is reproducible for fresh complexes and is not af- 

fected by the longer heat treatment Of the films Prior 

to the use. The repeated exchange on the EDA ComPlexes 

showed a reproducible rate except the first experiment. 

These suggest that the heat treatment Is sufficient to 

roach &I equilibrium formation of the EDA ComPlexes. 

In the case of the anthracene-Na complexes, the ex- 

posure to acetylene gas resulted in a gradual decolorlng, 

while the exchange reaction still proceeded reversibly. 

The resulting pale yellow solid complex was dissolved in- 

to tetrahydrofuran and was examined by NKZ technique, and 

there appeared new absorption peaks d:fferent from those 

of anthracene ano 9,10-dlhydroanthracene. It is sug- 

gested that the IL-conJugate system of anthracene was 

Partly destroyed. 9,10-dlhydroanthracene-sodium complex 

was not reactive for the exchange at room temperature. 

These results suggest that the exchange reaction takes 

Place via some sigma-bonded hydrogen intermediate of the 

hydrocarbon. 

When an electron acceptor, SbC$, was added to an- 

thracene, instead of the electron donor, no exchange re- 

action took Place with acetylene, which suggests that the 

exchange reaction proceeds with basic hydrogen rather 

than acldia hydrogen. 

The rate constants given in the Table can be cor- 
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related with the highest electron density (q) of the 

half occupied molecular orbitals of the aromatic hydro- 

carbon anions. Thie correlation is shown in the Figure, 

where the highest electron densities have been calculated 

from the Htickel ILAO method,(4-6). Accordingly, the 

FIGURE 

L * ’ 

0.12 0.16 0.20 

Electron density (4) 

electroneeatlve carbon atom, or the hydrogen which at- 

taches to It, seems to behave as an active site for the 

exchange reactions. 

It should be noted here that when molecular deu- 

terium was brou@ht into contact with the EDA complexes 

of vlolanthrene, anthracene, pyrene and phenanthrene, 

exchange occurred and hydropen deuteride was formed. 
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