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Fig. 2. Hanging-strip paper-electrophoresis cell and rack. 
( A )  Cell with parts separated for  visualization. (B) For-
mation of dependent drop of electrolyte. (C, D) Elimi-
nation of drop by intermediate wick. 

Fig. 3. Reproducibility study. Strips from eight different 
experiments, performed on the dates indicated, with the 
cell shown in Fig. 2. The experimental conditions were 
Whatman No. 3MM filter paper, eight strips 29 by 300 
mm, 0.01 ml of serum applied a t  the apex, barbital buffer 
p H  8.6, p =  0.075, 16-hr duration, constant current of 8 
ma (for eight strips), and stained with bromphenol blue 
(4 ,  6). 

Under these conditio~lsthe strips dry with practically 
no shift of the resolved zones. This procedure also 
prevents the formation of apical creases, which are 
difficult to avoid when any of the heavier papers (for 
example, Whatman KO. 3MM) are dried over an 
apical rod. Since these creases are reproduced as 
spikes by most photoelectric scanners, they may ob-
scure the "application artifact" which is caused by 
the presence of particulate material, traces of fibrin-
ogen, and other substances in the serum that are pre-
cipitated or otherwise bound a t  the origin. The ap-
plication artifact probably has clinical significance. 

Figure 3 illustrates the reproducibility and resdn-
tion obtainable with apparatus of this design when 
Whatman KO. 3MM strips, 29 by 300 mm were used. 
The same serum was studied during eight dBerent 
experiments over the course of 2 wk. 
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Use of Narrow Holes for Producing
low-to-Arc Transitions 

Paul L. Copeland and B. Pearson De Lany 
Illinois Institute of Technology, Cbicago 

When, in experimental apparatus designed to con-
fine the cathode spot on the surface of a mercury 
pool to a small area ( I ) ,  a pinhole is left in a funnel-
shaped glass member joined to the envelope in a ring-
seal ( 2 ) ,  a glow-to-arc transition usually results in 
an arc passing through the pinhole. These observa-
tions are presented as unmistakable evidence that a 
concentration of current in the positive column of a 
glow discharge is a condition that favors the estab-
lishment of a cathode spot and the resulting transi-
tion to the arc. If the hole is in the millimeter-size 
range, the arc takes the path through it in the major-
ity of cases over a considerable range of gas pres-
sures. In  a glow discharge, the current density through 
a hole of fixed size can be increased by adding appro-
priately placed conducting extensions to the cathode, 
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and this increases the probability that the arc ~vi l l  be 
set u p  through the hole. 

The form of the tubes used in this inr7estigation is 
suggested by Fig. 1.A hole is intelitiollally left in the 
wall of the constriction, and its approxinlate size is 
measured. With a given geometry, in which the size 
of the hole is a dominating factor, there is a definite 
variation with vapor pressure in the ratio of the num- 
ber of times the arc is initiated within the constriction 
to the number of times it  is for~ned through the hole 
in the constricting ~ncn~ber .  This is shown in Fig. 2, 
where the ambient temperatures of the experi~nental 
tube shown on the X-axis correspond to the vapor 
pressures shown at  the top of the figure. The propor- 
tion of the glow-to-arc transitions that take the path 
through the hole is plotted on the Y-axis. 

The sampling procedure is to raise the potential 
difference between anode and cathode until the arc is 
established and to record whether or not the arc 
column passes through the hole. The data plotted in 
Fig. 2 were obtained by repeating the procedure 
until 20 events of the same kind had been recorded, 
and since this did not result in sa1npli.s of large size, 
considerable statistical fluctuation associated with the 
experiment,al points plotted is to be expected. The 
first curve, a t  the lower right-hand side of the figure, 
corresponds to a hole of approximately circular cross 
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Fig. 2. Statistical distribution indicating the probability 
of the arc stream passing through lloles of various sizes 
as a fulletioll of vapor pressure. 

established. I t  should be mentioned, however, that a t  
pressures in this range, the discharge begins to  con-
centrate in streamers, whether or not there is a con-
striction anywhere along the path. Also, in this range 
of pressures, the potential gradient along the colunill 
increases ; thus, the more direct path would be favored. 

section with a iliameter of about 1 mnl. This c ~ ~ r v e  
shows the characteristic behavior of the phenoincnon 
as the vapor pressure is varied. At low rapor  pres- 
sure, none of the glo~r-to-arc transitions t,akes the 
path through the hole. The onset of the phononicnon 
requires sufficient vapor pressure to supply current 
carriers for  the concentration of the current through 
the hole. At intermediate vapor pressures of about 1 
mm, more of the glow-to-arc transitions take the path 
through the hole than take the direct path down the 
funnel. As the vapor pressure is raised above 1 mrn, 
the proportion that take the path through the hole 
decreases. The cause of this decrease has not been 
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Fig. 1. Experiilielltal tube for the production of glow-to- 
arc tra~lsitioiis through a pinhole. 

I f  the hole is enlarged, the transitions through the 
hole occur at  lower pressures and also at  solnewhat 
higher pressures. The intermediate curve of Fig. 2 
was obtained by using a hole of circular form having 
an approximate diameter of 2.5 mm. I n  this case 0111~~ 
0.1 ninl of rapor  pressure is required for  the larger 
share of the transitions to take the path through the 
hole. There is a considerable range of vapor pressures 
in which transitions through the hole occur in virtually 
all the tests. 

The curve marked "large" was obtained with a hole 
in the form of a slit about 1.5 mm wide and 6 111n1 
long. Glow-to-arc transitions through this hole begilt 
a t  pressures of slightly less than 0.01 mm. There is a 
relatively wide range of pressures in which glow-to- 
arc  transitions take the path through the hole in vir- 
tually all the tests. ~ h e i e  is a decrease in the pro- 
portion of transitions through the hole at  the higher 
pressures, and further work with different experimen- 
tal tubes has shown that this trend persists until the 
arc stream in all tests takes the direct path down the 
funnel. 

The dependence of this phenomenon on pressure 
has been verified by experiments in which the gas 
used was air and also in other experiments in which 
helium was used. The data on tubes containing helium 
were especially interesting, fo r  the breakdown poten- 
tials were very low and the glow-to-arc transitions 
were very rapid. The length of the arc stream in two 
such tubes was about 1 2  in., and the diameter of the 
hole was about 1.75 mm. At optimum pressure, esti- 
mated to be about 0.5 nun, glow in such tubes was 
set u p  a t  about 600-v potential difference, and the 
transition to the arc took place quickly. I n  another 
sinlilar tube containing helium a t  a pressure of about 
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Fig. 2. Inc~.eese in the proportion of glow-to-arc transi- 
tions through 8 hole produced by the addition of a 900-
mm' conductillg extension to the cathode. Open circles 
indlcate results obtained without the use of the extension. 
The slnall black circles indicate results obtained with one 
extension connected to the cathode through a 10,000-ohm 
resista~~ce.  

1.5 mm, the breakdown required 1000 v, but the tran- 
sltlon was so rapid that the arc appeared to be set up  
directly. 

Although the arc is often established so quickly 
that no glow appears to precede it, under other con- 
ditioni the glow is seen to be established wlth the 
small portion of the pool within the funnel as a 
cathode. This area is so slnall that, with lnodest cur-
rents, an abnormal cathode fall  is required f o r  the lib- 
eration of the electrons from the cathode. I n  this case. 
there is a tendency for  the glow to overspread a larger 
area of the cathode pool in order to reduce the ab- 
normal cathode fall. Ions are  present in the vicinity 
of the pinhole, and they are drawn through it  by the 
potential gradient' A glow is then in the 
large, outer portion of the tube. The pool area out-
side the constriction is sufficiently large that, with 
the potential difference applied, a relatively large con- 

Demonstration of the Basicity of 
Water in Alcoholic Solutions 

Experinlents either designed or interpreted as de-
termining the relative basicity of water versus alco-
hols have given contradictory answers. Halnmett ( 2 )  
points out that because charged acids such as am-
lnoniuln ion have slnaller pK, values in ethanol than 
in water, one may conclude that the former is the 
more basic solvent. On the other hand, the same 
author cites references to  colorimetric and acid cata- 

centration of the current is set up  a t  the hole. Over 
a considerable range of vapor pressures, this provides 
the conditions needed to establish the arc along this 
path. 

The efficiency of the process would be expected 
depend not, only on the size of the hole but also on 
the cathode area outside the funnel. This has been 
verified by experilnents performed with the tube 
shown in Fig. 1.As the drawing shows, this tube is 
provided with two conducting areas, C and C', that 
were made by painting the inside wall of the tube 
with a platinum alloy. Each of the two areas is pro- 
vided with a lead-out wire by means of which it may 
b.e electrically connected to the cathode R.If  this con- 
nection is made directly, the cathode spot is most 
likely to be set up on the platinuln alloy, and the con- 
ditions in this case differ enough that co~nparisons 
with data in which the spot is established somewhere 
on the mercury pool may not be justified. To avoid 
such criticism, the platinum alloy areas have been 
connected to the cathode through a resistance of about 
10,000 ohms. This resistance is high enough to prevent 
the formation of the cathode spot on the platinunl 
alloy, but i t  is low enough to permit the alloy to serve 
as additional cathode area fo r  the -glow discharge -
passing through the pinhole. 

The results obtained show that the connection of 
the platinum area to the cathode through the re-
sistance generally increased the ratio of the number 
of times that the cathode spot was set up  on the an- 
nular area of the nlercury pool to the number of 
times that it  was set up  within the funnel. The data 
obtained are plotted in Fig. 3 ;  the lower curve was 
obtained without either of the plat inu~n areas, and 
the upper curve was obtained by using the single 
platinum alloy area nearest to the cathode pool. I t  
was also verified that the addition of the second 
patch raised the curve somewhat. 
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lyzed reactions that indicate the reverse. Hine and 
Hine ( 2 ) ,  in  reviewing the literature on both the 
relative acidity and basicity of water versus alcohols, 
also show that these evaluations depend on the system 
chosen for  study. 

The simplest way of assessing the relative magni- 
tude of a given property of two substances is through 
a competitive situation. I n  studylng the solvochro~n- 
ism ( 3 )  of alcoholic solutions of an indicator com-
posed of propyl gallate and ferric chloride, we ob-
served that the blue color of the chelate was pro~notrd 


