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tween calculated and observed frequencies, it is evi
dent that their assignment of numerical frequency 
values is incorrect where it differs significantly from 
that of Miller and Inskeep. 

Further confirmation of Kilpatrick, Pitzer, and 
Spitzer's concept of pseudorotation has been found in 
investigations of thiacyclopentane,5 a restricted pseu
dorotator, and pyrrolidine,6 a free (or only slightly 
restricted) pseudorotator. The consistent treatment 
found necessary for these two substances and for 
cyclopentane is conclusive evidence that such molecules 
do undergo pseudorotation as originally proposed by 
Kilpatrick et al. 

* Contribution No. 76 from the Thermodynamics Laboratory 
Petroleum Experiment Station, Bureau of Mines, United States 
Department of the Interior. 
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WHEN a mixture of gases flows along a hot plate, 
a thin layer of laminar shear flow with extremely 

high-temperature gradient-called thermal boundary 
layer!-appears. The thermal gradient across the 
boundary layer depends upon the difference of tempera
tures of the plate and the free-stream gases, the flow 
and gas parameters,! e.g., Reynolds number, Mach 
number, and Prandtl number (0'= }J.cp /'}..)' If the mix
ture consists of gases of unequal molecular weights, 
thermal-diffusion flux will be set up so that the lighter 
gas tends to move to the hot region and the heavier 
gas, to the cold region. When the temperature of the 
plate is maintained much higher than that of the free 
stream, the concentration of the lighter gas increases 
monotonically from its free-stream value at the outer 
edge of the boundary layer to a maximum at the plate. 
Suction of the mixture at the plate, through either slots 
or porous wall, serves two purposes: (1) collection of 
the enriched light mixture, and (2) rendering the 
boundary layer more favorable for diffusive separation 
by boosting its temperature gradient and delaying its 
transition to the turbulent state. 

In the following, a summary of the theory of diffusive 
separation in the boundary layer along a hot plate with 

surface suction is given. In the analysis, a flat plate 
with constant suction is assumed. It is also assumed that 
the concentration of the lighter gas is much smaller 
than unity. Notations used in reference 2 are followed, 
except that 0 substitutes for n!O, D for D!2, V(u, v) for 
co(uo, va), and 1n2>m!. Note that the pressure gradient 
across the boundary layer is negligible. From the 
application of the equation of continuity to the total 
flow and to the light component flow with thermal
diffusion flux,2 we obtain the equation of concentration 
(0) distribution: 

n( ao/at) +n V· 'VO- [((3-0) /(3J'V' 

. {nD['VO-aO(1-0) 'V InTJJ =0, (1) 

where (3= 1n2/ (1n2-ml)' It is assumed that nD/(nD) 00= 
(T /T 00)', where s is constant for a given mixture, and 
subscript rfJ denotes the condition at the free-stream 
edge of the boundary layer. By applying the order of 
magnitude analysis used in usual boundary-layer 
approximations, namely, u»v and a/ay»a/ax, we can 
simplify Eq. (1), for the case 0«1, into 

n( ao/at) +nu(ao/ax) +nv(ao/ay) 

= a/ay{ nD[aO/ay) -aO(a InT lay) JJ. (2) 

In the case of flow along a flat plate with constant 
suction, both the velocity and temperature distribution 
in the boundary layer approach their respective asymp
totic profiles in a short distance! from the leading edge; 
the asymptotic profile is given by3 

T/T 00= 1- (1- To/T oo)e-ut 

where 0'= }J.cp /').. is assumed constant and 

t= - povofoY dy/}J.. 

(3) 

Subscript 0 denotes the condition at the plate; Moo is 
the free-stream Mach number. 

It can also be shown that the relaxation time for 0 
to reach equilibrium is small; we need to solve Eq. (2) 
only for its steady state, which becomes 

0/1 + SO' - a[O (In T) 'J' = 0 (4) 

where the prime denotes d/ dt; S=}J./ pD. The solution 
to Eq. (4) together with the boundary conditions 
0=000 and IJ'=O at t= 0Cl, in the case Moo«l, leads to 
the enrichment factor 

(Oo-ocr,) /lJoo= l-a(1- To/Too) (To/ T 00) a 

. (1-A)-lF(l+a, l-A; 2-A; 1- To/Too), (5) 

where F denotes the hypergeometric function4; A= S/u 
lies between 0 and 1. 

It is well known5 that the enrichment factor for 
Clusius and Dickel's thermal-diffusion column is 
Toa/T ooa_l. The enrichment factor as obtained from 
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Eq. (5), for isotopes with 0.01 <a<O.l and To/Too=2, 
is about 14 times greater. The possible contribution to 
mixture separation by capillary effect6 through the 
porous wall is not included. The surprising effectiveness 
of mixture separation by suction of the thermal
diffusion boundary layer is attributed to the unusually 
high temperature gradient existing in the boundary 
layer near the plate. It should be noted that the present 
method cannot compare with the diffusion-column 
method from the standpoint of economy or power 
consumed in separating a mixture. 

An experimental program is being planned. 

* The present work is supported by the Meteorological Branch 
of Evans Signal Laboratory (Contract No. DA-36--039 SC-64659). 
Stimulating discussions with Professor Sydney Chapman are 
gratefully acknowledged. 
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PRELUSIVE to using the mass spectrometer in the 
study of primary products (ions, radicals, and/or 

molecules) formed during the radio lysis of gases, mass 
spectrometric studies1 of the photochemical reaction of 
chlorine with formic acid2 ,3 were made. In these 
studies the ions CIa+ and CIa- were observed. These 
species, which have not been previously reported, were 
also detected in pure chlorine. Rollefson and Eyring4 

have predicted the stability of neutral CIa. This mole
cule has also been suggested as the active intermediate 
in a number of proposed mechanisms of photochemical 
reactions of chlorine. We were interested, therefore, in 
learning whether the observed triatomic chlorine ions 
resulted from ionization of neutral Cb. 

Data were obtained using an especially constructed 
six-inch radius, 60° sector type mass spectrometer. 
The detection system consisted of a fourteen stage 
electron multiplier with a gain of 108, a vibrating reed 
electrometer, and a counting circuit. Currents as small 
as 5 ions per second could be detected. However, the 

minimum useable signal was considered to be 20 ions 
per sec or 3.2X 10-18 amp. Since the customary tungsten 
filament used to produce ionizing electrons was attacked 
by chlorine, it was replaced by a relatively inert 
tho ria-iridium filament.5 Further details of equipment, 
calibration, and instrument performance are given 
elsewhere.6,7 

Typical scans of the spectra of the triatomic chlorine 
ions are shown in Fig. 1. Experimental values from ten 
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FIG. 1. Typical scans of the spectra of the triatomic chlorine 
ions. 

separate determinations of the relative isotopic abun
dances agree with the calculated values within an 
experimental error of about ±0.2%. These calculations 
were based on the adopted8 value of 75.4% Cl35 as
suming negligible isotopic discrimination.9 The relative 
abundance of CIa+ normalized to Clz+= 100 varied 
from 0.02% to 0.1% over the pressure range of lXlO-6 

mm to 1 X 10-4 mm. A similar scan of the Br3+ spectrum 
of bromine vapor is shown in Fig. 2. The negative 
species Br3+ spectrum of bromine vapor is shown in 
Fig. 2. The negative species Br3- was also detected. 

An extensive investigation failed to establish whether 
any of the trimeric chlorine ions were derived from 


