NOTIZEN

Die schon im Ionisierungsraum durch den Zerfall
des SFg~ gebildeten Ionen miissen im Spektrum bei
ihrer eigenen Masse m, auftreten. Sie sind auch prak-
tisch immer bei 0eV Elektronenenergie, d.h. energe-
tisch ebenso wie das Ausgangsion SFg~ beobachtet wor-
den. Das Gleiche gilt natiirlich entsprechend fiir den
Zerfall des SF;-Ions.

Tabelle 2 gibt eine Ubersicht iiber die beobachteten
metastabilen Peaks und ihre so gefunden Deutung.
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Es fillt auf, daB anscheinend ein S™-Ion weder pri-
méir (bei 20—24 eV vermutet) noch als Zerfallspro-
dukt auftritt und ein SF™-Ion ebenfalls nicht iiber dis-
soziativen Resonanzeinfang, wohl aber iiber den Zerfall
des SFg~

Durch die endliche Breite des Trennrohraustritts-
spaltes kénnen Ionen, die im letzten Teil des Magnet-
feldes autoionisieren, trotz ihrer dann gradlinigen Bahn
noch das Trennrohr verlassen und am SEV einen Im-
puls auslésen. Diese Autoionisation fiihrt dann im Mas-
senspektrum zu dem auch beobachteten schwicheren

Elf\f;:;sl;e Ene;ﬁl;;‘;ﬁ;:‘eg;gke“ e Abfall des Peaks zu hoheren Massen hin. Die gleiche
Beobachtung am Peak des SF;~ scheint auf eine Auto-
24 SF,” SF-— F-+R ionisation auch dieses Ions hinzudeuten.
g’g ggﬁ_ ‘gg“_: I;‘_—:_I;{ B Mein besonderer Dank gilt Herrn Prof. Dr. H. NEUERT
1 8’7 SFG' SF:'—» SIZ'" +R fiir Anregung ungl Unterst.utzung der volyliegenden Untersu-
37’ s SFo' SF,~— SFy+R chungen. anerhln dar'lke ich qer DFG fiir die Bereitstellung
5 4: H SF:‘ SFy~—> SF-+R der notwendigen finanziellen Mittel.
80,0 SFg~ SF¢g~— SF,+R
91 SF;~ SF;~— SF,+R
(110 SFg~ SFg~ — SF5"+R)

Tab. 2. Ubersicht iiber die metastabilen Peaks der Abb. 2.
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Since recently ! the first experimental data on cen-
trifugal and gravitational cells containing molten salts
have been published, the rigorous derivation of the
formulae for the EMF of this type of galvanic cells
will now be given.

The corresponding formulae for aqueous electrolyte
solutions have been obtained by MILLER 2 and indepen-
dently by SCHONERT 3 who also included polyelectro-
lyte solutions. Both authors refer to experimental in-
vestigations of TOLMAN4, GRINNEL and KOENIGS,
MacINNES, RAY, and coworkers 8~8, who proved that
the measurements of the EMF of centrifugal cells re-
present a precision method for the determination of
transport numbers in electrolyte solutions.

If we restrict the discussion to isothermal cells we
may indicate a centrifugal or gravitational cell in the
following form
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We obtain the general formula for the EMF of this cell
from Thermodynamics of Irreversible Processes ?:

P+ AP
—tay V'}dl@fim(g Vk)dP

Fo- /[

(1)
—[ o k (Qur)r, p+— f(dllr)r P

where F denotes the Faraday constant, @ the EMF,
P the pressure, Mg and My the molar mass of the
electron and of ion constituent k& respectively, Va, Vr
and Vi the partial molar volume of a (species a is the
neutral atomic species belonging to r), of r (r is the
ionic species for which the electrodes are reversible),
and of k respectively; oA and o denote the density of
the terminal A and the molten salt respectively, zx the
charge number, ¥ the stoichiometric transport number
and uzx the chemical potential of ion constituent k.
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Equation (1) is valid for any number of ion con- Comparing Eq. (1) to the equations derived previ-
q 10 q . .
stituents. We have introduced the stoichiometric trans- 0115_1}' , we see that the last two integrals in Eq. (1),
port numbers 9 here since the reduced transport num- which are to be taken over a range of concentrations
bers occuring in the original formula® are inappro- at constant pressure, represent the term for the EMF
of a concentration cell with transference. For 4P — 0

priate for the description of ionic melts. For the ion and Ah—0 the eentrifugsl or geavitarional sell ber

constituent chosen as reference system we have: 9 =0. ¢omes 4 pure concentration cell. Thus the two first

Thus the summations in Eq. (1) may be formally ex- integrals in Eq. (1) represent the initial value of the
tended over all ion constituents. EMF.

In the following we consider a mixture of two molten salts containing three ion constituents altogether (ex-
ample: AgNOg+Ba(NOg),, the electrodes being silver electrodes, for example]. We designate the two salts as
components 1 and 2 (i=1, 2). The ion constituent occurring in component 1 only will be denote by a, the ion
constituent occurring in component 2 only will be denote by f, and the ion constituent common to both com-
ponents by ¥ (k=a, 8,7). We consider the average velocity v, of the common ions as reference velocity w. We
also suppose that the electrodes are reversible to a (r=a). We then obtain, using the condition of electrical
neutrality as well as the relations

Mo My M, M, Mg My M, M,
2 2y ZaVa  ZyVy zp 2Zy 288 zyvy

Yo Vo _ Vi VW, Vo_Vr_ Vs V.
Za Zy ZaVa  Zy¥y 28 2z 28V Zy vy

the following formula for the initial value of the EMF

P+ 4P
Mo Va M, 1—,9q | Mo—M
<15=f{7_7 — 12T We | Me—My g “ P. 2
F 9, Jlea za+zae o - (Ve=V,) |1 d (2)

(r=a, w=mv,).

Here ,¥, is the stoichiometric transport number of a with reference to y. Adding up the term for the EMF of
the concentration cell, we find:

4
1
Fo=Fo+ ' [ (100 Gue-du)  (r=a,w=wv). )
b

In the case of sedimentation equilibrium we find the final value of the EMF of the centrifugal cell. In another
paper 1! we proved that the condition for sedimentation equilibrium

(Mi—oV;:) g=(grad wi)r, P (i=1,2)

holds without any restriction for the neutral components of a molten salts without a fixed phase (porous glas

disc, sinter plate). g denotes the gravitational acceleration. For the one-dimensional case we obtain with
o g =grad P the final value of the EMF:

P+ 4P v o
M a
F¢m=ﬁ/<gf—zf—}—ﬁ>dP, RE— 4)
If we calculate the transport numbers, we have to determine them from the difference
P+ 4P
F@o0)= - [ a0 [P M -7 |aP, r—a,w=v,). (5)
Zy Vy F e

The corresponding equations of the gravitational cell follow from the condition of mechanical equilibrium
dP= —pgdh.
h+4h

Foo= [[T2e Moo Ma_3=epy, pM,—o(ri-¥01)gdh, (=a,w=v), (6
h

Za [N 2q Zy ¥y

10 J. RICHTER, Ber. Bunsenges. Phys. Chem. 72, 681 [1968]. 11 J. RICHTER, Z. Naturforsch. 25 a, 373 [1970].
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F¢m=f(ﬂ—@f’——-tt—°)gdh (r=a, =1, )
h

and the difference of these two equations.
In the same reference frame (w=v,) the electrodes can also be reversible for the ionic species # (r=p).
We then obtain the initial value of the EMF

P+A4P
= [1%8 ¥ . M 1‘7’9ﬂ[ M, _ “ - -
Fo- (Mo Mttt gy opee) @
and the final value
P+ AP B
_((Ms _Va _ =
mm_ﬁ[(w e MOV ap, (r=pw=0v). ©)
Finally we must deal with the case r=y, w=1v,:
P+ AP
_ Mo Va M, 1 (%_ ) 71913 M,— Ml_ o “ . =
M"_p““ ot (Bn) - 22 MM ,-vy|| P, (-viw=v).  a0)

We see that Eq. (10) has a form slightly different from Eq. (2) or (8) with regard to ,,=0. @, however,

remains analogous
P+A4P

_[(Me _Va _ -
Fcpoo_rj( —— +zye)dP Am— 1)

Because of the sedimentation equilibrium, Eqs. (4), (9) and (11) describe a reversible cell and they can re-
presented by a common equation

P+A;l 7
_|[(M6 _ Va _
FQ““PJ-( on m T zrg) (r=a,8,7). (12)

Equation (12) is also correct without any change in the other possible reference frames, because there is no
quantity in it depending of the reference frame. Equation (12) is also identical with the formula of the EMF
of the reversible centrifugal cell containing only one pure molten salt.

The formulae for @, cannot be represented in such a closed form, because all contain one independent trans-
port number, which depends on the reference frame. In the following we give the formulae for @, in the re-
ference frame w = v, and w = vg:

P+ AP
_[[Me _Va 1 (M, a¥8 ] — =
F@»—P/[Q ey (R-m) - (R _p)|aP, (=0 w=va), (13)
P+APM V. 1—,%3 /M
_ Me  Va —aVp (M — =
FQO_P./[QA +Zﬂe+ Zy Vy (0 Vg)]dP, i 'B,w va), W
FMe v M 8, (M
_[|Mo _Va , My 1—o(M, _ -
ngo_})fl OA Zy T zy 0 Zy Vy (Q Vz]dP’ (r-y,w va), (15)
PMe Ve . M. . 1—sdu(M
F¢°=/[9—:—Zj—+z 9+ zy va(il—Vl)ldP (pe=0, 0=2y), (16)
P+AP M 1 M P M
- Vs B+ (M2 _ BV My - -
m,—[[ g Moy My e M y)|aP, (=, w=va), a7
P““;W V M. 1—5%, (M
_[[Me _Va _J__lvil_y] ol e
i P'/[QA 2y +z,@ ZyVy (Q 1) APy =gy w0 =), (18)

We easily obtain the corresponding equations for gravitational cells in the manner indicated above.
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