
p r o c m 3 . D e r stei lere Anst i eg wird verständl ich, w e n n 
m a n a n n i m m t , daß bei den E n t l a d u n g e n in c luster-
Strahlen d ie G le i chung für den A u f b a u eines P l a s m a s 
in e i n e m G a s gilt , 

dn\/dt = n0 ne o v — a(ne, Tc) ri[ nc . 

(o v = Mi t te lwer t des P r o d u k t s Ion is ierungsquerschni t t 
o x E l e k t r o n e n g e s c h w i n d i g k e i t v bezüg l i ch al ler vorhan -
denen G e s c h w i n d i g k e i t e n ; a = R e k o m b i n a t i o n s k o e f f i -
z i ent ; nt, = E lektronend i chte = Ionendichte n ; ) . 

D a n a c h ist der erste, d ie I o n e n e r z e u g u n g beschrei -
b e n d e T e r m der Neutronte i l chendichte n0 p r o p o r t i o n a l . 

D a s V e r h ä l t n i s der gemessenen Anst iegsraten u n d 
der M a x i m a ist j e d o c h kle iner als das der Neutral te i l -
chendichten , was durch den stärker von rii a b h ä n g e n -
d e n zwei ten , d ie Ionenvernichtung beschre ibenden T e r m 
erklär l i ch ist. 

A u f f ä l l i g ist, d a ß die Ionendichte bei der g r ö ß e r e n 
Neutra l te i l chendichte bere i t s vor Durch lau fen des 
S t r o m m a x i m u m s wieder abs inkt . A u s f rüheren Bi ld -
w a n d l e r a u f n a h m e n 6 ist a b e r bekannt , daß der a u f g e -
heizte P l a s m a f a d e n mit e iner radia len Geschwindigke i t 
von ca . 1,5 • 10 6 c m / s e c e x p a n d i e r t , was e iner Vervier -
f a c h u n g des V o l u m e n s in 1 0 0 nsec entspricht. E s ist 
daher wahrschein l i ch , d a ß sich der Di chteabbau durch 
thermische E x p a n s i o n d e m schnel leren P l a s m a a u f b a u 
entsprechend f r ü h e r b e m e r k b a r macht . 

Wir danken Herrn Prof. E. W. BECKER für die Förderung 
der Arbeit und wertvolle Diskussionen und Frau J. VOGELS-
GESANG für ihre Hilfe bei den Experimenten und bei der 
Auswertung der Meßergebnisse. 

6 R . K L I N G E L H Ö F E R , H . R Ö H L U . J . W Ü S T , Z . N a t u r f o r s c h . 
2 1 a , 1967 [1966] . 
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S o m e relative cat ion mobilit ies determined b y the co lumn 
m e t h o d are reported. The results are c ompared with ex -
ternal ion mobil i t ies reported b y a n u m b e r o f authors w h o 
used the zone electrophoresis technique. I n some cases the 
agreement is sufficient, in others the d iscrepancy is evident , 
b u t this can also occur when different measurements o f 
external mobil i t ies are c ompared with each other. S o m e 
sources o f error are discussed. 

T h e techniques used t o determine e lectromigrat ion m o -
bilities in mol ten salt mixtures can be d iv ided into t w o 
classes. In a review b y ALBERTI and ALLULLI1 the first one 
was called " o p e n - b l o c k m e t h o d o f zone e lectrophoresis" . 
Here a zone o f a tracer migrates along a strip o f s ome 
porous m e d i u m , which is soaked with mol ten salt. Since 
the d isplacement along a strip is measured, the ion mobi l i -
ties are measured relative t o the support , and are thus 
"externa l mobi l i t ies" . Techniques o f this class have been 
used b y a n u m b e r o f research groups, mainly in France, 
I ta ly and the Netherlands, and the results obta ined prior 
t o Oc tober 1967 have been summarized in where also a 
discussion o f some experimental difficulties is f ound . The 
other class was originally deve loped b y KLEMM for s tudying 
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isotope ef fects in pure salts. I t has been called the co lumn 
m e t h o d 1 since a packed co lumn separates the electrode 
compartments . A f t e r quenching , the whole cell is d iv ided 
into samples f o r each o f which the amounts present o f the 
different c o m p o n e n t s are determined. In this w a y it is 
possible t o determine the displacements o f one cation 
species relative to another, and " internal mobi l i t ies" can 
thus be obta ined . Since this m e t h o d is much more tedious 
than the var ious open -b l o ck ones, it has f ound little use 
for salt mixtures e x c e p t when combined with studies o f 
isotope effects. W e have recent ly reported its use for 
s tudying the system L i 2 S 0 4 — K 2 S O 4 (loc. cit. 2 > 3 ) . Appl i -
cations o f co lumns b y Chemla and coworkers to isotope 
enr ichment in halide and nitrate mixtures have not been 
evaluated for cat ion mobi l i t i es 4 , 5 . T h e y have, however , 
reported mob i l i ty ratios for an arrangement where a disc 
separates the t w o c o m p a r t m e n t s o f the ce l l 6 ' 7 . Our interest 
for relative mobil i t ies in nitrate melts dates back to our 
a t t empts t o measure isotope ef fects for cells containing 
L i N 0 3 and R b N 0 3 (loc. cit. 8 ) . W e shall n o w report o n 
some test measurements o f relative mobilities in different 
b inary a n d ternary mix tures 9 , f or which it is possible t o 
make comparisons with mobil it ies measured b y the strip 
m e t h o d . 

T h e mixtures studied are listed in Table 1. The length o f 
the separation co lumn was a b o u t 20 c m in all exper iments 1 0 , 
T h e concentrat ions o f the alkali metal ions were determined 
b y f lame spec t rophotometry , o f Ca b y E D T A titration and. 
o f A g b y th iocyanate t itration. 

5 F . LANTELME a n d M . CHEMLA, J . C h i m . P h v s . 60, 2 5 0 
[1963], 

6 F . LANTELME and M. CHEMLA, Bull . Soc. Chim. France 
1 9 6 3 , 2 2 0 0 . 

7 F . LANTELME a n d M . CHEMLA, E l e c t r o c h i m . A c t a 10, 
663 [1965] . 
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1 0 F o r exper imental details see e .g . A . LUNDÉN and A . EK-

HED, Z . Natur forsch . 23 a, 1779 [1968]. 
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Transport numbers and relative mobi l i t ies are ca lculated 
b y means o f the f o r m u l a s 2 

h - ^ = (Ni - ND/Q (1) 

and bik/b = (t{Xk — tkxi)/xixic = (Ni/xi — Nk/xk)/Q (2) 

where 

b = A/F = (average) m o b i l i t y o f cat ions relat ive t o an-
ions 

A = equivalent c o n d u c t i v i t y 
F — F a r a d a y constant 

ti = transport n u m b e r at initial equiva lent f rac t i on xt 
bik = mob i l i ty o f species i relative t o species k 

N i = n u m b e r o f equivalents o f species i present in a v o l u m e 

for which the original a m o u n t was N\ 

Q = transported charge, F a r a d a y s 
F o r all exper iments the indices 1, 2, 3 are used in se-

quence o f increasing mass o f the cat ion. 
T h e results are summarized in Tab le 1. 

Comparison with mobility measurements on strips 

T h e relation between external mobil i t ies (u^, uk) a n d the 
internal mob i l i ty bik is 

bik = Ui — uk . (3) 

F o r calculating relative mobi l i t ies f r o m strip exper iments 
w e have f o r pure salts used the c o n d u c t i v i t y d a t a c o m p i l e d 
b y JANZ et a l . 1 1 . F o r mixtures Noo i j e r ' s d a t a are u s e d 1 2 . 
T h e mob i l i ty b is a lways ca lculated f o r the t emperature at 
wh i ch u is reported t o be measured. Since there is reason 
t o assume that this temperature is t o o l o w for s o m e early 
invest igat ions 1 3 , including Arnikar ' s , this means that the 
ca lculated relative mobil it ies are t o o high in these cases. 

Li, Ca-nitrate: K W A K 1 4 has measured the mobi l i t ies o f 
L i a n d Ca on a strip containing a L i N 0 3 — C a ( N 0 3 ) 2 m i x -
ture . F r o m his results f o r 80 e q u v . - % L i N 0 3 at 304 °C it 
f o l l ows that U L i — u a = 2.08 X IO" 4 c m 2 V~l s " 1 , w h i c h 
corresponds t o 612/6 = 0.67 (1. c . 1 5 ) which is in g o o d agree-
m e n t wi th our results, and also with measurements o f 
a n d uc& in other metis , e . g . pure N a N 0 3 at 3 5 0 ° C (ARNI-
KAR 1 6 ) : uLi — «Ca = 2.87 X 10~4 c m 2 F _ 1 s _ 1 , a n d equ i -
m o l a r N a K ( N 0 3 ) 2 at 2 7 0 ° C (BERLIN et a l . 1 7 ) 1 — «CA 
= 1.58 x 10~4 c m 2 V - 1 s _ 1 . 

Na, K-nitrate: HONIG1 8 has measured mobil i t ies o f N a 
a n d K in mixtures o f N a N 0 3 and K N 0 3 . F o r 9 0 % N a N 0 3 

his d a t a g ives M{ja — uk — 0.43 X 10~4 c m 2 V ~ 1 s ~ 1 at 
350 °C. F o r pure N a N 0 3 at 350 °C — « K is o b t a i n e d as 
0 .64 x I O " 4 c m 2 V ~ 1 s ~ 1 (ARNIKAR1 6) or 0 .30 X 1 0 - 4 c m 2 V - i 
p r o s (HONIG 1 8 ) . Mob i l i ty dif ferences o f the same o rder 
o f m a g n i t u d e are repor ted f o r the equimolar N a N 0 3 - K N 0 3 

mixture . I t was f o u n d that the mob i l i ty di f ference decreases 
w i th increasing temperature . T h e strip measurements are 
thus in d isagreement wi th our result. 

Na, K, Rb-nitrate: T h e studied ternary mixtures can b e 
cons idered as di lute solut ions o f N a N 0 3 and R b N 0 3 in 
K N 0 3 . F o r this reason o n l y 612/6 and 6 2 3 /6 will be cons idered 
in our compar i son . R e g a r d i n g 612 /6 we are in a concentra -
t ion a n d temperature region where there is d isagreement in 
the l iterature whether 6jja is larger or smaller than 6k . T h u s 
at 3 5 0 ° C HONIG'S 1 8 ' 1 9 values o f «NA and uk f or a m i x t u r e 
o f 1 0 % N a N 0 3 and 9 0 % K N 0 3 co inc ide within e x p e r i m e n -
tal error, while he f inds that «Na — « k = — 0.12 X 10~ 4 

c m 2 V _ 1 s _ 1 f o r pure K N 0 3 . On the other hand , ARNIKAR1 6 

reports this d i f ference t o be 1.88 X I O - 4 c m 2 V - 1 s - 1 . T h e 
re lat ive mobi l i t ies o f Na+ a n d K + h a v e also been s tudied 
w i t h t h e d i s c m e t h o d b y L A N T A M E L E a n d C H E M L A 6 , w h o 
f ind i .a . tha t TISA > uk f or all concentrat ions at 360 °C, b u t 
that «Na < « K at 400 °C f o r mixtures containing m o r e than 

6 0 % K N O 3 . 

E x p . Cat i ons 3 100 -x i 100-x 3 T e m p . D u r a - T r a n s . Transpor t Mobi l i t i es ; Mobi l i t ies ; 
n o eq. % eq . % °C t i on p o r t n u m b e r s Our results strip exper iments 

hours charge 
m F a r a - t\ 6 1 2 / 6 6 2 : 3 / 6 6 1 2 / 6 6 2 3 / 6 

d a y 

1 Li , Ca 80.4 — 300 21.5 211.7 0 .814 — 0.62 — 

2 N a , K 91.8 — 376 12 136.0 0 .963 — 0.59 — 

3 N a , K , R b 5.3 4 .4 381 37.2 249.4 0 .054 0.041 0 .021 0.0691 
4 N a , K , R b 6.5 5.4 380 30.6 229.3 0.067 0.051 0 .029 0.056] 
5 Li , K , A g 90.5 5.2 291 7.0 60.6 0.907 b 0 .15 b 

0 . 6 7 1 4 ; ( 0 . 5 2 1 6 ; 0 . 3 9 1 7 ) 
0 . 0 8 1 8 ; ( 0 . 1 2 1 6 ; 0 . 0 6 1 8 ) 

0 . 0 0 6 1 8 ; ( - 0 . 0 3 2 1 8 ; 0 . 4 9 1 6 ) 
0 . 0 3 1 1 8 

Tab le 1. D a t a o f e l ec t romigrat ion exper iments . 
a T h e sequence o f the ions corresponds t o t h a t o f the indexes . 
b Interpretat ion di f f icult due t o partial d e c o m p o s i t i o n o f A g N 0 3 . 

1 1 G . J. JANZ et al . : Mol ten Salts : Vo l . 1, Electr ical Con -
ductance , Densi ty , and Viscos i ty D a t a , N S R D S - N B S 15, 
N a t . Bur . Stand. , W a s h i n g t o n 1968. 

1 2 B . DE NOOIJER, Thesis A m s t e r d a m 1965. 
1 3 E . P . H O N I G a n d J . A . A . K E T E L A A R , T r a n s . F a r a d a y 

Soc . 62, 190 [1966], 
1 4 J. C. T . KWAK , Thesis A m s t e r d a m 1967. 

1 5 F o r the rest o f this c ompar i son the relative mobi l i t ies 
will b e g iven o n l y in Tab le 1, where t h e y are g iven in 
the same order as the under ly ing external m o b i l i t y 
measurements are m e n t i o n e d in the text . 
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c o n f i r m e d b y K W A K 1 3 - 1 4 . 



Turning our attention to the heavy impurity R b N O ß , 
mobi l i ty data exist for a strip with KNO3 at 450 °C f rom 
which it fo l lows that m k — «Rb = 0.14 X 10~4 c m 2 V - 1 s " 1 , 
which is in reasonable agreement with our results. 

Li, K, Ag-nitrate: Due to thermal decomposit ion our 
samples f r o m the separation column were found to contain 
bo th A g N 0 3 and silver as metal or oxide. Of course this 
complicates calculations o f £>13/6 but is not so important 
for &12/&. 

Regarding &13/6, our experiments only allow the qualita-
t ive conclusion that it is likely that g > &Li in our L i N 0 3 -
rich mixture. As for b^ /b , it is difficult to make any 
meaningful comparisons, since data on external mobilities 
in pure UNO3 or LiN03-rich mixtures are very scarce, and 
the values o f i tu and uk determined in other melts spread 
considerably. 

Discussion 

Some possible sources o f experimental error should be 
remembered. As pointed out previously 1 , there are differ-
ences in the way the different authors have evaluated their 
measurements o f external mobilities. Also, u\ — u% is not 

measured directly but calculated from more or less indepen-
dent measurements o f u\ and u<i. Regarding our experi-
ments with columns, in principle, two types of disturbances 
can occur at solidification. Thus, a certain remixing might 
result f rom flow caused b y volume changes. In this case the 
measured value o f b\i\b would tend to become too small, 
while, on the other hand, partial fractionation during solidi-
fication would give rise to bx^b values which are too high. 
The importance o f these two sources o f error depends on 
the construction o f the cell as well as on the quenching 
technique. 

Consequently, either method of determining bn (or bulb) 
has its weaknesses, and the results obtained so far should 
be viewed with some suspicion. Bearing this in mind, it is 
comfort ing that the different measurements agree reason-
ably well for Li-Ca and K - R b , while the serious discrepan-
cies for N a - K are a challenge for further work. 
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