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D varies only slightly with concentration in this 
range and can be taken as 1.474 X 

Measured pore volumes, bulk lengths and D, 
when substituted into equation 2 gives (dRt/ 
ddi)calcd for a system of open area q and length L,. 
The observed values of d R t / d d t  taken from Mysels 
and Stigter are for a system of open area q and 
length 1, where 1, is the actual fluid path length 
thro1Jgh the porous medium. The ratio (dRt/ 
d~t )ca lcd / (dRt /d~)obsd  is then a tortuosity, h, 
where kl = lu/Lu.5 The tortuosity so obtained 
should be characteristic of the pore geometry only. 
It gives the ratio of the length of fluid path through 
the porous disc to the bulk length of the disc. 

The Mysels and Stigter solution of the transient 
diffusion equation is based on the assumption that 
the porous material is equivalent to a bundle or 
network of capillary tubes and that there are no 
dead end pores which can act as sources or sinks of 
diffusing material. 

Columns 2 and 3 in Table I give the calculated 
and observed values of dRt /dd i .  Column 4 gives 
the tortuosity, ICl, calculated from these transient 
diffusion measurements. 

TABLE I 
COMPARISON OF TORTUOSITES FROM 

DIFFUSION AND CONDUCTANCE 

cm.2/sec. 

1 2 3 4 5 
ki I kif 

Disc ( s ) c , a l o d  ( 2 ) o b r d  ( f ~ ~ ~ ~ O f ~ -  (dffpol%t$- 
2 U  0.01765 0.01331 1.325 1.315 
4u .02713 .02000 1.365 1.375 
5 u  ,02620 .OM75 1.396 1.395 
6 U  .02610 ,01874 1.391 1.385 
Many authors6-8 have shown that the pore ge- 

ometry characteristic called the tortuosity above 
can also be calculated from electrical resistance 
measurements on a porous material saturated with 
a conducting fluid. The relation is .- 

kl’ = & (3) 

where r is the measured resistance of a porous body 
of pore volume V ,  length L, and saturated with a 
fluid of specific resistance p .  Equation 3 is also 
based on a model of a porous medium that does not 
include dead end pore space. 

If the tortuosities calculated from transient dif- 
fusion and electrical resistance measurements on a 
given porous material are the same then there is no 
dead end pore volume or not enough to influence 
transient diffusion. This must be true because 
dead end pore volume will not have the same effect 
on tortuosities calculated from transient diffusion 
and electrical resistance. 

The porous discs listed in Table I were saturated 
with sodium chloride solution for which p = 257 
ohm cm. a t  23”. For this solution, about 0.05 If, 

( 5 )  This is not the same tortuosity used by Barrer’ and Wyllie and 
Rose.2 The difference lies in the  use 
here of an open cross-sectional area equal to Vu/Lu whereas Barrer, 
Wyllie and Rose, and others have used V u / l u .  

(6 )  P. C. Carnian, “Flow of Gases Through Porous Media,” Aca- 
demic Press, New York, N. Y. ,  195G, p. 46. 
(7) R. K. Schofield and C. Dakshinamurti. Disc. Faraday Soc., S, 

56 (1948). 
(8) L. J. Klinkenbeig, Bull.  Qeol.  Soc. Amer., 62, 559 (1951). 

Their tortuosity is equal t o  kl2. 

in porous glass the surface conductance has been 
shown to be less than one per cent. of the total con- 
ductance.8 The resistance of the saturated discs 
was measured between gold-plated brass electrodes 
by use of a conductance bridge operating a t  1000 
C.P.S. An electrolyte-saturated piece of blotting 
paper was placed between the discs and the elec- 
trodes to  ensure contact. The resistance of the 
two saturated pieces of blotting paper alone was also 
measured. This resistance was subtracted from 
the total to give the resistance of the porous disc. 
The resistance of the paper was 5% of the total and 
could be reproduced to * 5y0. The uncertainty in 0 

the resistance of the porous disc introduced by use 
of the blotting paper as contact material was no 
greater than o.%yO. The total uncertainty in the 
resistance is probably 0.5%. 

Column 5 of Table I gives kl’ calculated from re- 
sistance measurements by use of equation 3. 

The tortuosities given in columns 4 and 5 are 
identical within the precision of the measurements. 
This can be taken to mean that the tortuosity of 
sintered porous glass is the same in transient diffu- 
sion as in electrical conductance. 

Schofield and Dakshiiiamurtie already have 
shown that the tortuosity of a given porous material 
is the same in steady state diffusion and electrical 
conductance. Their conclusioii means simply that 
Fick’s first law of diffusion and Ohm’s law for a po- 
rous body are analogous. The conclusion drawn 
here, that for sintered porous glass the tortuosity is 
the same in transient diffusion and electrical con- 
ductance, is more significant. It indicates that 
Fick’s second law of diffusion, when applied to sin- 
tered porous glass, has no source function and can 
be integrated directly to give Fick’s first law which 
is in turn analogous to Ohm’s law. That is, G(x,t) 
= Oin 

= D + G(x,t) at 3x2 (4) 

where G(x,t) is the strength of the source or sink in 
unidimensioiial diffusion. A dead end pore can 
act as a source or sink because it can add or sub- 
tract from the transient diffusion flux. If G(x,t) 
= 0 for sintered glass then there are no dead end 
pores in this material or at least none which can 
influence transient diffusion of the kind carried out 
by Mysels and Stigter.3~4 

Studies are now under way in this Laboratory to 
evaluate the effect of dead end pores on transient 
diffusion. 
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(8) H. L. White, F. Urban and B. Monagham, THIS JOURNAL, 45, 
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It appears that the gaseous products formation in 
y-radiolysis of ethylene has not been investigated.’ 
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We have studied the problem and summarize our 
results in this note. 

Experimental 
Matheson C. P. grade ethylene and Matheson nitric oxide 

(min. 99%) were degassed by freeze-pump technique and 
subjected to bulb-to-bulb distillation on a vacuum line. 
The only detectable impurities in the purified gases were 
0.007% ethane in ethylene and 0.3% nitrous oxide in nitric 
oxide. The irradiation vessel was made of Pyrex glass and 
equipped with break-off seal and capillary constriction at 
opposite ends. Four fuel elements from a Materials Testing 
Reactor, shielded by 5.5 meters of water, were used as an 
irradiation source. All experimental data were obtained 
a t  22.5 =!= 1’ (the temperature of pool water). Gamma field 
intensity was obtained by ionization-chamber technique, 
calibrated with a cerious-ceric chemical dosimeter.2 Ioni- 
zation chamber readings before and after each run were 
averaged. In a week of irradiation the 7-field intensity 
decreased 14%. After irradiations, gaseous products were 
analyzed by gas-liquid partition chromatography. 

Results and Discussion 
Gamma irradiation of ethylene yielded Hz, CH4, 

C2H2, CzH6 and n-C4Hlo as gaseous  product^,^ with 
G-values independent of energy input rate. G- 
values were also independent of initial ethylene 
pressure (Table I) and surface-to-volume ratio of 
the glass reactors (Table 11). In  order to  identify 
the presence of free radicals, nitric oxide was added 
to a standard run. The results summarized in 
Table I11 show that the formation of ethane was 
completely inhibited by the presence of 5% nitric 
oxide. In  electroii bombardment of e t h ~ l e n e , ~  hy- 
drogen atoms and methyl radicals are formed by 
direct detachment and by ion-molecule reactions. 
Similar reactions could occur in yradiolysis. 
Hence, ethane probably is formed by free radical 
reactions, such as 

. 

H + C& + C2H6 
C2Hs + fI + C2H6 

and 

The G-values for hydrogen, acetylene and n-butane 
were not affected by nitric oxide. This suggests 
that the reactions resulting in these products do not 
involve free radicals. 

TABLE I 
G-VALUES OF GASEOUS PRODUCTS IN ?-IRRADIATION OF 

ETHYLENE AT DIFFERENT ETHYLENE PRESSURES 
Energy input rate: 2 X 10’9 e.v./g. hr. 

CH3 + CH3 + C2He 

Ethylene 
pressure ---G (molecules per 100 e.v.)--- 

(om.) C2H2 Hz CHI CzHe n-CIHlo 

120.0 3 .2  1 .9  0.05 0.56 0.48 
99.8 3 . 0  1.8 a .48 .45 
80.0 3 . 7  2.0 .04 .59 a 

60.0 3 . 7  2.0 .06 .67 .89 
40.0 3 .9  2 . 0  .10 .85 .89 

a G-value not measured. 

(1) E. Collinson and A. J. Swallow, Chem. Revs., 56, 482 (1956). 
(2) J. Weiss, Nucleonics, 10, No. 6, 28 (1952). 
(3) Negative results of Hayward and Bretton to identify these 

gaseous products may be due to the ineffectiveness of their analytical 
technique, viz. ,  copper oxide reduction method. (See J. C. Hayward, 
Jr., and R. H. Bretton, Chem. Eng. Progr. Symposium Seriea, 50, 78 
(1954)). 

(4) F. H. Field, J. L. Franklin and F. W. Lampe, J. Am. Chem. 
Sac., 79, 2419 (1957). 

TABLE 11 
EFFECT OF GLASS SURFACE UPON THE GASEOUS PRODUCTS 

FORMATION IN THE  RADIOLYSIS OF ETHYLENE 
Ethylene pressure, 120 cm.; energy input rate, 2 X loL9 

e.v./g. hr. 
Surface area, 

vel. ,---- G (molecules per 100 e.v.) 

0 .8  3 .0  2 . 2  0.06 0.3G 0.30 
5.70 3 .2  1 . 9  .05 .56 .48 

C Ha CzHe n-C~Hlo om. -1  CzHz Hz 

a Packed with glass beads (4  mm. in diameter). 

TABLE I11 
EFFECT OF NITRIC OXIDE ON THE GASEOUS PRODUCTS I N  

THE 7-IRRADIATION OF ETHYLENE~ 
Ethylene pressure, 100 cm.; energy input rate, 2 X 

e.v./g. hr. 
Nitric oxide 

pressure --G (molecules per 100 e.v.)- 
(cm.) CaHa Hz CaHs n-CdHe 

0 .0  3 .0  1.8 0.48 0.45 
5 . 0  3 .6  1 . 8  . 00 b 

10.0 3.9 1.7 . 00 .40 
20.0 4.1 1.9 . 00 .37 
30.0 4 . 1  1.7  . 00 .41 

a Due to the overlap of methane and nitric oxide peaks in 
chromatographs using silica gel columns, the effect of nitric 
oxide on the G-value for methane was not obtained. bG- 
value not measured. 
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Published miscibility relations of hydrogen cya- 
nide are meager, perhaps because of its toxicity. 
Several handbooks indicate complete miscibility 
with water or alcohol; and distribution a t  low 
concentrations is reported1-6 between benzene and 
water or aqueous solutions. Freezing curves of 
four binary systems of hydrogen cyanide have been 
observed.6-* Its unique structure suggested studies 
of binary and ternary solubilities. 

Hydrogen cyanide was distilled from a cylinder 
and condensed in a large tube in an ice-bath. It 
was kept a t  0” (its b.p. is 26’) in a glass stoppered 
vessel. All operations were conducted in a hood, 
and no odor of cyanide was noted during the in- 
vestigation. 

Samples of hydrogen cyanide were taken by a 1- 
ml. graduated pipet connected to a ‘ (pr~pipe t te ,”~  
and mixed \$ith other liquids in a small graduated 
glass stoppered tube which could be shaken for 
equilibrium studies. In  view of the small samples, 

(1) A. Hantnsch and F. Sebaldt, 2. physik. Chem., 80,  258 (1899). 
(2) A. Hantzsch and A. Vagt, ibid., 88 ,  705 (1901). 
(3) P. Gross and K. Schwarz, Monatsh. Chem., 55, 287 (1930). 
(4) P. Grossand M. Iser,iMd., 55,329 (1930). 
( 5 )  M. Randall and J. 0. Halford, J. A m .  Chem. Sac., 52, 192 

(1930). 
(6) “Solubilities of Inorganic and Metal-Organic Compounds,” 

A. Seidell, Ed., D. Van Nostrand Co., New York, N. Y., 1940, PP. 
569-70. 

(7) J. E. Coates and N. H. Hartshorne. J. Chenz. Soc.. G57 (1931). 
(8) A. L. Peiker and C. C. Coffin, Can. J .  Research, 8 ,  114 (1933). 
(9) Instrumentation Associates, New York 23, N. Y .  


