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followed by 

3CuAc2·H2+Cr207-+8H+~2Cr++++7H20+3CuAc2. (6) 
fast 

Under these conditions the CUAC2 is regenerated and functions 
as a true homogeneous catalyst. No reduction of CUAC2 was ob
served until all the Cr207- had reacted. This reaction is kinetically 
similar to that between CUAC2 and H 2. For both reactions the rate 
at which hydrogen is consumed is represented by Eq. (2). This is 
to be expected since the rate controlling step is the same in each 
case. 
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RECENTLY Katzin et al.! reported the reflection spectrum of 
dipyridinium cobaltous tetrachloride and dicesium co

baltous tetrachloride in the visible region. Their measurements, 
however, were made with powdered solid, and, therefore, their 
results, limited to the visible region, were only qualitative. In the 
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FIG. 1. Absorption spectrum of Cs,CoC!' in crystalline 
state at room temperature. 

course of study on non planar quadricoordinated complexes, we 
have obtained with a single crystal of Cs3CoCls, which contains 
CoCl,~ ions, a quantitative absorption spectrum involving a 
regular series of sharp peaks in the visible and ultraviolet region, 
and succeeded in correlating those bands with electronic-vibra
tional transitions and in expressing wave numbers of those band 
maxima by a simple equation. Such a regular structure in the 
visible and ultraviolet has hardly been recorded before with 
crystals of inorganic coordination compounds. 

Blue, tetragonal crystals of Cs3CoCl; were prepared from an 
aqueous solution of cobaltous chloride and excess of cesium chlo
ride. Quantitative absorption spectra were determined at room 
temperature by Tsuchida-Kobayashi's microscopic method' using 
a microcrystal in the region from 2400 to 7500A with polarized 
light having its electric vector along and perpendicular to the 
c-plane.3 The absorption bands in the region of the measurement 

TABLE 1. A series of absorption bands of Cs,CoC!, in crystalline state. 

min Eq. (1) 

('p)oal 10'/cm 
(p)ob' 10'/ cm 
logas 

0(;;'0) 

15.0 
15.0 
1.43 

18.8 
18.9 
0.47 

22.0 
22.2 
1.99 

3 

24.6 
24.4 
1.71 

4 

26.6 
26.6 
1.50 

a a represents absorption coefficient per mm of the crystal. 

28.1 
28.1 
1.43 

(Fig. 1) are evidently due to the CoCl,~ ions under influence of 
cesium and chlorine ions. Between the spectra corresponding to 
the two directions there could be observed only a very slight differ
ence. The slight dichroism, which is supposed to be caused by 
dissymmetrical crystalline field, confirms the tetrahedral configura
tion of CoCl,~ ions in this crystal.3 Positions of absorption peaks 
almost correspond with those reported in the visible region,! and 
displaced slightly toward shorter wavelength compared with the 
data in solution.' It is readily noticed that absorption peaks in the 
region covering p 40 to 85XlO!3/sec form a series. It has been 
found that the set of absorption peaks, considered to be due mainly 
to coordination linkages in the complex, can be expressed satis
factorily by the equation: 

v=vo+am-bm(m+1) (1) 

where v denotes wave number of a band maximum, vo that of the 
band head, a and b constants, and m positive integer including 
zero (Table I). For a and b, the following values have been ob
tained: a=4.37X103/cm and b=2.92X102/cm. The above 
expression might be derived approximately on the assumption 
that the mentioned peaks correspond to transitions from the 
ground electronic state with vibrational quantum number zero 
to the excited electronic states with m as vibrational quantum 
number, and that the vibrational frequency is changed very little 
in the transition. The intensity relation may also be understood 
qualitatively on this basis. 5 Assuming the above mechanism of the 
transition, the dissociation energy of the complex ion can be esti
mated,' in the rough approximation, as 40.2 kcal/mole. The 
above approximate value seems reasonable, favoring the above 
assumption. 
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O NE may expand the dipole moment as a function of inter
nuclear distance as follows: 

/L=/Lo+(a/L) _ (r-ro)+ .... ar r-ro (1) 

The derivative (a/L/ar)r=ro may be obtained from infrared in
tensity measurements. Using the best available data of (a/L/ar)r=ro 
for NO, CO, HCl, and HBr,' and the most generally accepted 
values for the dissociation energies and equilibrium internuclear 
distances of these diatomic molecules,' (a/L/ar)r=ro is found to be 
proportional to the dissociation energy divided by the square of 
the equilibrium internuclear distance. A graph of (a/L/ar)r=ro as 
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F!G. 1. Graph of (alL/ar)r =ro in e (electronic charge units) 
as a function of E/ro2(ev/ A2). 

a function of E/r02 s given in Fig. 1. The values used for E, ro, 
and (ap./ar)r""ro are given in Table 1. It is pleasant to observe 
that the data may be correlated so that a straight line goes through 
the origin, which, in a sense, constitutes a fifth plotted point. 

The higher values of CO and NO, which are perhaps more widely 
accepted, were used here. It is interesting that the value of 
(ap./ar)r=ro reported by Penner and Weber for NO, which differs 

TABLE 1. Molecular parameters. 

(~)r=ro ro(A) E(ev) 

HBr 0.121e 1.414 3.75 
HCl 0.198e 1.275 4.43 
NO 0.352e 1.151 6.48 
CO 0.655e 1.128 11.11 

appreciably from previously reported values, correlates with 
these results. It is further interesting to note that the constant of 
proportionality has a value of approximately one electronic 
charge per cubic angstrom. 

A fair correlation for overtone intensities on HBr, HCl, and CO 
has also been noted by plotting one of the possible values of 
(a2p./ar2)r=ro against E/ro3.' These relations should be useful for 
estimating infrared intensities of molecules such as HF and OH, 
where measurement is difficult. 

* Supported by the U. S. Office of Naval Research, Contract N onr-
220(03), NR 015210. 
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I N Navier-Stokes' equation!,2 we have neglected the elastic 
forces. Let us introduce them. 

Let Vx, V y, and V, be the components of the velocity V; 
S., Sy, and S. be the components of the displacement S; and 

Sx and Sx+dSx be the displacements in the x direction at 
two planes dy apart (see Fig. 1). If A and C be such laminas, 
while B is a plane between them, A exerts a force per unit 
area on B= -N(aSx/ay), where N is the modulus of rigidity of 
the liquid in dyne/cm2. Also, C exerts a force per unit area on 

B= [N
as• + a2

S'd J . 
ay aj' y 

Therefore, the net force on B per unit mass = (N / p) (a2s./ ay2), 
where p is the density of the liquid in g/cm3• In the general case, 
the total elastic force per unit mass due to the component of dis
placement Sx is 

or, briefly 
N 
-\l2S •. 
p 

Also, that due to Sy is (N /p)\l2Sy , and that due to Sx is (N /p)\l2S,. 
This force must be added to those on the right-hand side of 

Navier-Stokes' equation, and the general equations of flow become 

dV
x 
=X _~ ap +V\l2V'+~\l2S') 

dt pax p 

dVy lap N 
- = Y -- _+v\l2V +- \l2S dt pay y p Y, 

dV. lap N 
-= z-- _+v\l2V,+_\l2S, 
dt p az p 

(1) 

where X, Y, and Z are the external forces, P is the instantaneous 
pressure, and y is the kinematic viscosity. 

The first two terms on the right-hand side of each of the Eqs. (1) 
express the rate of variation of the component of velocity in conse
quence of the external forces and of the instantaneous distribution 
of pressure (this is the case of a frictionless liquid). The terms 
v\l2Vx , y\l2Vy, and y\l2Vz , due to viscosity, give an additional 
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FIG. 1. 

variation (this is the case of Newtonian liquid), and the remaining 
terms (N/p)\l2Sx, (N/p)V'Sy, and (N/p)V'S" due to elasticity, 
give another additional variation (this is the case of a non-New
tonian liquid). 
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