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STUDIES ON THE NEW CRYSTALLINE PHASE OF AZAFERROCENE AND RUTHENOCENE

Atsushi KUBO, Ryuichi IKEDA, and Daiyu NAKAMURA*
Department of Chemistry, Faculty of Secience, Nagoya University,

Chikusa, Nagoya 464

A new low-temperature phase of azaferrocene Fe(CSHS)(C4H4N),

stable below 281 K, was found from the measurements of proton spin-
lattice relaxation time Tl and differential thermal analysis. For

ruthenocene Ru(csHs)z, a phase transition was located at 392 K.

Recently, it was revealed that ferrocene has a low-temperature stable ortho-

rhombic phase below 242 K,l’z)

although its monoclinic phase stable at room tem-

perature is usually supercooled to 163.9 K, below which temperature it forms still

metastable triclinic crystals.3_7)

Azaferrocene is known, at room temperature, to

form monoclinic crystals isomorphous with those of the room-temperature phase of

8)

ferrocene,

those of the low-temperature stable phase of ferrocene.

while ruthenocene to form orthorhombic crystals isomorphous with

The existence of

crystal modifications such as found in ferrocene would be expected for these

sandwich-type compounds.

The apparatus and methods of the 1

ferential thermal analysis (DTA) measurements have already been reported.
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This is the motivation of the present investigation.
H spin-lattice relaxation time Tl and dif-

10,11)

The compounds employed
were prepared and pu-
rified according to
the methods described
in literature.s’lz)
Since azaferrocene was
very labile even in a
sealed glass ampoule,
it was carefully puri-
fied by vacuum subli-
mation at 30°C imme-
diately before use for
the measurements.

Figure 1 shows
the temperature

Fig. 1. Temperature dependence of "H T, at 20 MHz observed for azaferrocene

1

in its three phases: room-temperature stable phase (4), low-temperature stable

phase (@), and low-temperature metastable phase (0).



1488 Chemistry Letters, 1982

dependence of 1H Tl observed for azaferrocene. For the sample treated by cooling
it rapidly to 77 K, the Tl values indicated by open circles were obtained in the
temperature range of 65-215 K. When the sample thus obtained was warmed, no single
T1 value could be determined above ca. 215 K. This is because a short T1 component
began to mix with the original long Tl' This coexistence of Tl values was observed
to occur during a time needed for the normal measurement process of Tl at a fixed
temperature. Moreover, the ratio of the long component to the short one decreased
continuously with the lapse of time until only the short T1 value was observed
after several tens of minutes at ca. 215 K. The time required for this transforma-
tion became shorter with increasing temperature and reached the minimum value of

3 min at ca. 255 K. The completely transformed sample yielded another Tl curve
different from that of the sample prepared by rapid cooling, as indicated by dots
in Fig. 1. The appearance of this new curve bears a strong resemblance to that

13) When the transformed sample

obtained for the orthorhombic phase of ferrocene.
was warmed, a longer Tl component again suddenly appeared at 281 K in addition to
the short one. While the sample was kept at this temperature, the longer T1 compo-
nent increased its intensity and the short one completely disappeared within ca.

20 min. After that, only the longer Tl value was observed. This Tl value in-
creased continuously with increasing temperature.

From these experimental facts, the following conclusions were derived. The
room-temperature monoclinic phase of azaferrocene is easily supercooled into a
metastable state. The low-temperature stable phase of azaferrocene similar to the
orthorhombic phase of ferrocene exists below 281 K, at which temperature it is
transformed into the room-temperature stable phase with increasing temperature.

The phase transition from the
metastable state to the low-

€exo ~250K
1 110K + temperature stable phase could be
observed at any temperature between
_-ﬁ 215 and 266 K, and required consid-
—)) erable time to complete.
l f These conclusions were con-
endo 281K firmed from the results of the DTA
experiments. When the temperature
was scanned with a rate of ca. 2 K
Fig. 2. DTA curves of azaferrocene min_l, the DTA curves as shown in
recorded with a temperature changing rate Fig. 2 were obtained for azaferro-
of ca. 2 K min_l. cene. With decreasing temperature,

a very broad exothermic anomaly was
recorded around 250 K. This anomaly can be well explained by the gradual transi-
tion from the supercooled metastable state into the low-temperature stable one
revealed from the present NMR study, because almost no anomaly could be observed on
the curve recorded with a cooling rate faster than 2 K min_l. With increasing
the temperature from 110 K, a big endothermic peak appeared at 281 K in agreement
with the transition temperature determined by the proton spin-lattice relaxation
measurements.

An anomaly in the 11 curve of ruthenocene was observed near 390 K as shown in



Chemistry Letters, 1982

400 380 360 T/K
LI ] | ] |
Tl/S ... [ ]
......
!
3‘ Ru(CsHs) 2
10} NG e
\ °°
\\..
\\.\.
‘\k\\
%
\u\\'\
1~ ‘~\q‘
I | ] ] | 1 A
2.5 2.7 2.9 KK/T

Fig. 3. Temperature dependence of
1

392K
endo
T ~365K
exo ~367K
391K

Fig. 4. DTA curves obtained for
ruthenocene.

H Tl at 20 MHz observed for ruthenocene.

1489

Fig. 3. With increasing tem-
perature, the Tl value increased
unusually above ca. 370 K. On
warming further, although the Tl
value itself changed continuous-
ly, the temperature gradient of
the Tl curve changed markedly at
ca. 394 K, suggesting the exist-
ence of a phase transition.

With decreasing temperature, the
reverse process of the tempera-
ture dependence of Tl could be
exactly followed, suggesting
that the phase transition is a
second-order one.

To confirm the presence of
the phase transition in rutheno-
cene crystals, the measurements
of DTA were carried out. The
results are shown in Fig. 4.

The heat anomalies, which appear
at approximately the same tem-
perature in both of the cooling
and heating runs, have a long
tail on the low-temperature side.
DTA curves showing this feature
have already been observed for
some methylammonium

11,14-16) For these

salts.
compounds, transition tempera-
tures associated with such DTA
anomalies were determined by
reading the peak position of the

DTA curve recorded on the heat-

ing run. This is because the temperature dependence of the nuclear quadrupole

resonance frequencies of halogens observed for some of these methylammonium salts
yielded a clearly determinable anomaly at the identical temperature as that of

the peak position of such DTA curves.

11,14-17)

Therefore, it is concluded that

ruthenocene undergoes a second-order or higher-order phase transition at 392 K.
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