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TABLE I11 

S o L c m n r  OF POLYMERIZED TRIMERIC PHOSPHONITRILIC 
ISOTHIOCYANATE I N  HOT BENZENE 

Temp. of Time of Wt. dissolved, 
polymn., OC. polymn., hr. 7 0  

145 1.75 62.2 
145 2 21.9 
145 6 19.50 
145 12 14.96 
145 24 14.92 
210 10 min. 43.2 
210 0 . 5  21 .1  
210 1 17 ,61  
210 2 15.65 
210 6 14.40 
210 12 13.89 
210 24 12.08 

The infrared absorption spectrum verifies the retention of 
the eight-membered phosphorus-nitrogen ring system and 
the presence of the isothiocyanate grouping.' The molecu- 
lar weight was determined cryoscopically in benzene. 
Calcd. for P4N4(NCS)8: mol. wt., 644. Found: mol. wt., 
601, 606. The presence of reactive isothiocyanate groups 
was verified, as for I ,  by formation of adducts with amino, 
hydroxy and hydrazino compounds, for which pertinent 
data are given in Table 11. Treatment of the octa-thio- 
ureido tetraphosphonitrile (ammonia adduct) in aqueous 
solution also results in the liberation of only one-half of the 
bound ammonia. Significantly different is the product ob- 
tained by reaction with n-butylamine. The octa-( N-butyl- 
thioureido) tetraphosphonitrile is soluble in ether, the re- 
action medium. If, however, the ether solution is refluxed 
a white precipitate, m.p. 155', gradually separates. The 
composition and molecular weight of this product corre- 
spond to an adduct that  can be represented by the empirical 
formula, [PN( NCS)2] 4 6C4HsNH2. 

Anal. Calcd. for [PN(NCS)2]r.GCaHsNH2: C, 35.6; 
H,6.3; N,25.2. Found: C,36.1; H,6.0; P.;,22.9. 

Polymerization of the Phosphonitrilic 1sothiocyanates.- 
Heating in vacuo or in contact with the atmosphere a t  
higher temperatures results in the gradual conversion of 
the liquefied isothiocyanates I and I1 into rubber-like gels. 
A solubility criterion was adopted to  establish the extent 
of polymerization as a function of time and temperature. 
The polymerizate was extracted with benzene for 24 hours 
using glass extraction thimbles containing glass-wool filter 
pads. Typical results are given in Tables I11 and IV. For 
the most highly polymerized samples of both I and 11, 
some 10 to  157, extractable material is still retained in the 
polymerizate. Up to  210' polymerization was not accom- 
panied by appreciable weight losses; above this tempera- 
ture the polymerizates became darker in color and more 
brittle. Weight losses of 27.8 and 16.6% were observed 
when samples of I were heated for 2 hr. a t  300 and 260", 
respectively. 

Attempts also were made to effect homogeneous poly- 
merization in solvents such as benzene, n-heptane, xylene, 

TABLE IS' 

ISOTHIOCYANATE IX HOT BEKZENE 
SOLUBILIT1' OF POLYMERIZED TETRAMERIC PiIOSPIIONITRII.IC 

Temp. of Time of Wt. disnolved, 
polymn., O C .  polymn., hr. 9% 

180 2 94.0 
180 0 16.20 
180 12 11,7(i 
180 21 11.71 
210 1 45.7 
210 " 16.70 
210 0 14.49 
210 24 9.43 

o-dichlorobenzene and nitrobenzene. No solid products 
were obtained with concentrations of I and of I1 as high as 
20% and with temperatures a t  the boiling points of the sol- 
vents for reflux periods of 48 hr. 

Preliminary X-ray diffraction studies of the polymeric 
phosphonitrilic isothiocyanates under various conditions 
of temperature and also under tension revealed that the 
transmission patterns of all samples are similar, consisting 
of two distinguishable halos corresponding to  spacings of 
3.5 and 9.5 -4. The possibly analogous phosphonitrilic 
chloride polymer gives three distinguishable halos (3.35, 
6.15, 13.5 A4). These differences suggest a lesser initial 
order in the case of the polyphosphonitrilic isothiocyanate. 
X-Ray diffraction patterns of stretched fragments of the 
most extensible samples (maximum elongation, 200%) 
failed to  show evidences for fiber patterns. If the structure 
of the polyphosphonitrilic isothiocyanate is imagined to  be 
similar to that of the chloride polymer (i.e., analogous re- 
peating units, chain length and linearity), i t  is noteworthy 
that an approximate 400% elongation was required for crys- 
tallization in the case of the latter.3 
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Lead metal was a by-product of reactions of a number of tetravalent lead salts with alkylmetal compounds. The corre- 
A reaction sequence, based on the instability of sponding reaction with phenylmetal compounds produced no lead metal. 

monoalkyllead salts, is proposed to explain the formation of lead metal as well as the range of organolead yields realized. 

The reaction of lead dichloride with ethyl Gri- lead. The reaction of divalent lead salts, in 
general, with active ethylmetal compounds has 
been investigated thoroughly.2 The reactions pro- 

gnard or ethyllithium represents the conventional 
laboratory method for the synthesis of tetraethyl- 

(1) Presented a t  the 134th meeting of the  American Chemical So- (2) R.  Vi. Leeper, I,. Summers and  H. Oilman, Chem. R P ~ I S . ,  64, IOR 
(1954) .  ciety, Chicano, Ill., September 11, 1958 
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ceed by the equation 

wherein half of the lead is reduced to lead metal. 
Very little attention has been given to investigation 
of the reaction of tetravalent lead  salt^^,^ with al- 
kylmetal compounds. This reaction is of interest 
because the tetravalent lead salt might be expected 
to be converted quantitatively to the desired tet- 
raalkyllead compound without formation of any 
by-product lead metal 

2PbXz + 4EtM --f Et4Pb f 4MX + Pb (1) 

PbX4 + 4EtM + EtaPb + 4MX (2) 
This investigation was undertaken initially to 

determine the reactivity of various tetravalent 
lead salts with triethylaluminum. However, 
when it became evident that lead metal is a by- 
product of all the reactions, the investigation was 
directed to a determination of the source of lead 
metal formation. 

Experimental 
Preparation of Reagents. ( a )  Alkylmetal Compounds. 

Ethyllithium,s ethyl Grignard reagent,# ethylaluminum ses- 
quibromide? diethylcadmium? diethylzinc,O diethylmer- 
cury,lO phenyllithium” and triphenylaluminum12 were pre- 
pared by standard procedures reported in the literature. 
Triethylaluminum was obtained from Ethyl Corporation, 
Orangeburg, S. C. The triethylaluminum was found by 
infrared analysis to be better than 9570 pure. The ether 
solutions of ethyllithiurn, phenyllithium and ethyl Grignard 
reagent were standardized by hydrolysis and titration with 
standard acid. N o  effort was made to determine the exact 
purity of the other materials since these reagents, with the 
exception of diethplmercury, were used in 100% excess. 
The purity of diethylmercury was not important as no tetra- 
ethyllead a t  all was produced in its reactions. 

b. Tetravalent Lead Salts.-Lead tetraacetate was pre- 
pared by reaction of lead tetroxide in glacial acetic acid- 
acetic anhydride.13 The butyrate, benzoate and stearate 
salts were prepared by reaction of lead tetraacetate with the 
appropriate acid and distillation of the acetic acid a t  re- 
duced  pressure^.^^^'^ The complex hexachloroplumbates 
were prepared by reaction of lead dioxide with cold concen- 
trated hydrochloric acid and addition of a saturated aqueous 
solution of the appropriate ammonium or metal halide.’# 

All the lead salts were shown by analysis to have a mini- 
mum purity of 9770. 

Reaction Procedure.-The reaction of the tetravalent 
lead salt with the alkylmetal compound was conducted in a 
300-ml. 3-necked flask equipped with a Trubore stirrer, a 
reflux condenser and a dropping funnel equipped with a side 
arm for pressure equalization. 

A typical reaction consisted in charging the lead salt (5 -  
10 g.) into the flask and adding one-half the desired volume 
of solvent. The alkylmetal compound was weighed or 
pipetted into the dropping funnel and the remaining half 
of the solvent was added. The dropping funnel was 
charged in a nitrogen box. A rapid nitrogen purge was 
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(3) G. Gruttner and E. Krause, B e y . ,  49, 1415 (1916). 
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Wiley and Sons, Inc., New York, N. Y., 1951, p. 65.  
(6) V. Migrdichian, “Organic Syntheses,” Vol. I, Reinhold Publ. 
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(11) J. C. W. Evans and C. F. H. Allen, “Organic Syntheses,” Coll. 
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(14) C. R.  Colson, Compt. rend., 136, 1664 (1903); 136, 675 (1903). 
(15) C. D. Hurd and P. R. Austin, THIS JOURNAL, 63, 1543 (1931). 
(16) H. F. Walton, ref. 13, p. 83. 

Sons, Inc., New York, N. Y., 1953, p. 184. 

Vol. 11, John Wiley and Sons, Inc., New York, N.  Y., 1953, p. 517. 

Englewood Cliffs, S. J., 1948, p. 138. 

maintained during the reaction. The alkylmetal compound 
then was added dropwise to the stirred flask. After addi- 
tion was completed, heat was applied and the reaction mix- 
ture was refluxed for ’/* to 1 hour. After reaction was com- 
pleted, the reaction mixture was quenched by dropwise 
addition of isopropyl alcohol and the evolved gas was col- 
lected. A sample of this gas was submitted for mass spec- 
trometric analysis. After addition of alcohol, the reaction 
mixture was extracted with aqueous caustic solution to re- 
move the by-product metal salt. The organic phase was 
then brought to volume in a volumetric flask. The organic 
lead content of the reaction mixture was determined spec- 
trophotometrically by the dithizone method.” Two con- 
ditions assured the absence of any unreacted lead salt. 
The first was the use of a 1007, or greater excess of metal 
alkyl to assure complete conversion to tetraethyllead. 
However, if any unreacted tetravalent lead salt remained, 
it was decomposed during the aqueous caustic extraction, 
since all the tetravalent lead salts are hydrolyzed by water. 

The weight of lead metal produced in the potassium hexa- 
chloroplumbate-triethylaluminum experiments was deter- 
mined by amalgamating the lead metal in the reaction solids 
with a pool of tared mercury under a hot 10% aqueous hy- 
drochloric acid solution. After amalgamation was complete, 
the acid solution was decanted and the amalgam was washed 
with water and methanol and air dried. Lead weight was 
determined by difference. This method has been used ex- 
tensively for the analysis of lead residues from the NaPb- 
EtCl reaction and has been found to be very accurate. 

Discussion 
Tetraethyllead yields from the reaction of tetra- 

valent lead salts with the various ethylmetal com- 
pounds are given in Tables I and 11. In all the re- 
actions where organolead compounds were pro- 
duced, lead metal came as  a by-product except 
when arylmetal compounds were used, in which case 
no metallic lead was formed. Ethyl chloride also 
appeared as a reaction by-product when potassium 
hexachloroplumbate was the tetravalent lead salt 
employed. 

TABLE I 
HEXACHLOROPLUMBATES WITH ETHVLMETAL COMPOUNDS 

Hexachloro- Ethylmetal Tetra- 
plumbate comp. ethyllead 

(meq.) (mecl.1 Solvent yield (yo) 
Ammonium (115.2) EtrAl (110.4) Toluene 3.6,4.0 

Ammonium (115.2) EtaAl (110.4) DiglymeQ 2 . 3  
Potassium (55.0) EtsAl (110.4) Toluene 48.1,50.3 
Potassium (55.0) EtaAl (110.4) Diglyme 50.2,48.0 
Potassium (64.8) EtMgBr (65.0) Toluene 0.8 
Potassium (64.8) EtMgBr (65.0) DMEb 68.3,68.8 
Potassium (47.6) EtnZn (95.4) Toluene 56.1,53,7 

50.0,49.6 Potassium (47.6) EtzZn (95.4) D M E  
Potassium (95.2) EteZn (95.4) Toluene 47.3 
Potassium (95.2) E t Z n  (95.4) D M E  48.1 
Potassium (63.6) EtLi (66 .O)  D M E  64.2 

Potassium (102.4) ErAleBra (253,5) Toluene None 
Potassium (37.8) EtzHg (37.8) Diglyme None 

Ammonium (115.21 EtaAl (110.4) Hexane 3.2  

Potassium (48.6) EtnCd (97.4) D M E  45.5 

a Diglyme = dimethyl ether of diethylene glycol. 

The range in yields, as  well as  the formation of 
metallic lead and ethyl chloride as  by-products, can 
be explained by the reaction sequence 

* DME 
= dimethyl ether of ethylene glycol. 

KzPbCla + 2EtM + 
2KC1 + 2EtPbCla + 2MC1 (3) 

2EtPbCla --f 2EtCl + 2PbC12 
2PbC12 + 4EtM + Et4Pb + Pb f 4MC1 

(4) 
( 5 )  

The tetraethyllead yields from reaction of ammo- 
nium hexachloroplumbate with triethylaluminum 

(17) M. E. Griffing, A. Rozek, 1,. J. Snyder and S. R. Henderson, 
A m l .  Chem.,  29, 190 (1957). 
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TABLE I1 
REACTION OF LEAD SALTS WITH ORGAXOMETALLIC COMPOUNDS 

PbCl? E t  Mg B r 
PbClz EtMgBr 
KnPbCls Ets.41 
Pb( OAc), Et3;21 

Pb(0Bu)i Et3.11 
Pb(OSt)," Ets.11 

Pb(OBz)4 EtsAl 

K2PbClg CaHsLi 
Pb(0Ac)r (CsH5)3-4l 
(OSt) designates stearate. 

(C&)J'b isolated. 

Solvent 

-------Normal addn.---? Inverse addn. and excess EtsAl 
R : P b  7' Yield R : P b  yo Yield of 

r a t io  RAPb ratio of EtdPb 

Ft.c-L)1\IE 2 0 
Et.O--I>blE + EtCl 2 0 
TolUeIle 
Tiiluene 2 5  
Tiiluene 4 4  
Toluene 4 4  
Toluene 2 0  
I3 t?O- D?rl E 1 3 
Toluene 1 . 4  

(CsH6)rPb isolated as crystalline solid. 

tetraphenyllead yields of 69 and 9GYo,, respectively. 
were poor because of loss of triethylaluminum by 
reaction of the labile hydrogens of the ammonium 
ion to evolve ethane. With potassium hexachloro- 
plumbate-triethylaluminum, the yields reached a 
maximum of joyo and 44-46Y0 of the lead values 
were converted to metallic lead. The formation of 
lead metal can be attributed to the alkylation of 
the lead dichloride which is produced via (4) on de- 
composition of the ethyllead trichloride formed as 
a first intermediate. Reaction 4 should be quite 
rapid, for the monoalkyllead salts are very unstable 
and, with one exception,18 attempts to synthesize 
such compounds have been unsuccessful. Further- 
more, Criegee,lg Dernroth and Schempf have shown 
that the products resulting from the attempted 
synthesis of monoalkyllead salts are always the 
divalent lead salts and the alkyl esters. 

The best yields with potassium hexachloroplum- 
bate were obtained using ethyl Grignard reagent 
and ethyllithiurn. Although the higher yields 
with these reagents can be explained by assuming 
the ethylation of the ethyllead trichloride, a more 

EtaAl EtjAl 
EtPbCls + -+ EtnPbCla -+ EtrPb (6) 

logical explanation is the direct ethylation of by- 
product metallic lead by ethyllithium or Grignard 
shown in equation 7.  

2EtLi + Pb + 2EtCl --+ EtaPb + 2LiCl 
The reaction depicted in equation 7 is believed to 

occur in the conventional laboratory synthesis of 
tetraethyllead where lead dichloride and ethyllith- 
ium react in the presence of ethyl iodide, the pur- 
pose of the ethyl iodide being to react with the 
metallic lead produced in the lead dichloride-ethyl- 
lithium reaction and quantitatively convert the lead 
values to tetraethyllead. 

2PbC12 + 4EtLi --+ EtlPb + Pb + 4LiCl 
Pb + 2EtLi + 2EtI --f Et4Pb f 2LiI 

Furthermore, the ethylation of lead metal by ethyl 
halide and ethyllithium, ethyl Grignard or di- 
ethylzinc has been reported.20 T o  demonstrate 
that the ethyl chloride evolved in (4) can react 
with lead metal before escaping from the reaction 
flask, lead dichloride was treated with ethyl Gri- 
gnard reagent in the presence and absence of ethyl 

(7) 

( 8 )  

(18) hI. Lesbre, Compt. rend., 206, 1181 (1938). 
(19) It ,  Criegee, P .  Demrvth a n d  P. Schempf, Bw.,  90, 1337 (19.57). 
(20) G. Calingaert and H. Shapiro, E. S. Patents 2,535,193 (19.50) 

2,,5,58,207 (1951) and 2,5G3,85G (1951). 

44.9 
69.1 

11.0 64 .0 ,57 .8  

90.1,9;.0 
11.0 9 3 , 1 , 8 5 . 8  

87.6,54.6,55.5 5 .0  6 4 . 0  
66 .4 ,64 .6  11.0 
a i  .2 ,G6.  1 

50.2 
69.3b 
95. XC 

-- 

Yield based on solution analysis alone; no 

chloride. With no ethyl chloride present, the 
yield of tetraethyllead was less than soy0, as ex- 
pected (Table 11). However, when ethyl chloride 
was bubbled slowly into the solution during the re- 
action, the yield was increased to 69y0. These data 
confirm the possibility of ethyl chloride reacting with 
metallic lead in an open system. With diethylzinc, 
the yields were slightly greater than 50%, while 
with diethylcadmium the yields approached those 
obtained with triethylaluminum. Both diethyl- 
zinc and diethylcadmiurn are only slightly reactive 
in the reaction shown in (7 ) .  

With our conditions, diethylmercury and ethyl- 
aluminum sesquibromide gave no tetraethyllead on 
reacting with potassium hexachloroplumbate. In- 
stead the potassium hexachloroplumbate was re- 
duced to lead dichloride via (3) and (4). This is not 
surprising since these two reagents are rather weak 
ethylating agents and, whereas they can react with 
covalent potassium hexachloroplumbate to produce 
ethyllead trichloride, they are not active enough to 
react with the more ionic lead dichloride obtained 
on decomposition of ethyllead trichloride. 

Reaction of triethylaluminum with organic salts 
of tetravalent lead gave tetraethyllead in yields ex- 
ceeding SOY0 (Table 11). 115th these salts the 
higher yields cannot be attributed to a reaction 
similar to (7)  since the ethyl esters of organic acids 
are not reactive. Instead the increase in yields 
over <5OY0 must be attributed to the greater stabil- 
ity of the monoethyllead salt because of its more 
covalent character. This greater stability permits 
its further reaction with triethylaluminum to pro- 
duce the very stable di- and triethyllead salts before 
it decomposes oiu (4). This is strikingly dernon- 
strated by using a large excess of triethylaluminum, 
under which conditions the tetraethyllead yields 
were increased considerably and in some instances 
were nearly quantitative. 

Finally, when the aryl metal compounds re- 
acted with tetravalent lead salts, high yields of the 
aryllead compound were obtained without forma- 
tion of any by-product metallic lead. This is con- 
sistent with the proposed reaction sequence for the 
alkylmetal compounds since the monoaryllead 
salts are stable and isolable.21 Thus, reaction of 
phenyllithium with potassium hexachloroplumbate 
and triphenylaluminum with lead tetraacetate gave 

(21) K.  A. Kocheskoo and E. RI. Panni,,  Riill. i l c a d .  .Sei. L'..S..S R , 
Dio. Chem. Sci. ,  633 (1955). 
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In  conclusion, then, it is shown that high yields 
of tetraethyllead can be obtained by the reaction of 
tetravalent lead salts with the ethyl derivatives of 
the electropositive metals. The less reactive ethyl 
metal compounds, diethylmercury and etliylalumi- 
num sesquibromide, do not produce tetraethyllead 
but simply reduce the tetravalent lead salt to the 
divalent lead salt. Metallic lead results in all re- 
actions in which tetraethyllead is produced. The 
primary factor which determines the yield of tet- 
raethyllead is the stability of the monoethyllead 
compound produced as the first intermediate. With 
potassium hexachloroplumbate a secondary reaction 
can occur to produce tetraethyllead. This reaction 

involves the ethylation of the by-product lead metal 
by the ethyl metal compound knd the ethyl chloride 
which is formed on decomposition of the unstable 
ethyllead trichloride which forms as the first in- 
termediate. Ethyllithium, ethyl Grignard reagent 
and diethylzinc are the only ethylmetal compounds 
found to be reactive in this secondary reaction. 
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An Electromotive Force Investigation of the Product of the Solution of Antimony in 
Liquid Antimony Triiodidel 

BY JOHN D. CORBETT AND FRANK C. ALBERS 
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Formation of a lower iodide of antimony is strongly suggested by the transport of metal by gaseous SbIa and by the solu- 
tion of the metal in liquid triiodide. The oxidation-reduction process relating the unknown solute and SbIS has been in- 
vestigated at 2.51’ by electromotive force measurements on the cell C [ Sb(LVVuo), SbIs;Sb(N?a), SbIa [ C where th t  solution of 
mole fraction “dissolved” metal NHO in equilibrium with solid metal serves as a reference electrode. Treatment of the re- 
sults in terms of a general electrode reaction indicates that the solute is formed by a two electron reduction of Sb13. The 
assumption that ions derived from the solvent carry the current within the cell is supported by similar results obtained 
for solutions containing 2 to 5 mole % added KI. The product of the reaction of antimony with liquid SbIa appears to be 
the catenated S b L ;  the alternative, a diamagnetic, solvated SbI, is considered less likely. 

Introduction 
Although antimony triiodide is the only known 

iodide of antimony stable in the solid state, there is 
some evidence that significant amounts of reduc- 
tion to a lower iodide may occur when the product 
can exist a t  low concentrations. The transport of 
the non-volatile antimony metal by gaseous Sb13 at  
300’ is fairly unequivocal evidence for the forma- 
tion of a subiodide, and the apparent solution of the 
metal in molten Sb13, 1.69 mole yo a t  201’ and 5.8% 
a t  400°, also has been attributed to a similar reac- 
tion in the liquid state.2 

In  this particular case, application of the tech- 
nique of acid-stabilization that has allowed the iso- 
lation of the lower oxidation states from other such 
systems3 has not proved fruitful. The amount 
of reduction of Sb13 is essentially unchanged by the 
addition of either AIIB or ZnTz to the melt, probably 
as a result of the small basicity of the molecular 
Sb13 toward these acids4 

A study of the number of electrons involved in 
the oxidation-reduction process relating the lower 
halide (or metal) and the normal, solvent salt (as 
might be determined from concentration cell meas- 
urements) should be a particularly useful means of 

(1) Presented a t  the 135th meeting of the American Chemical So- 
ciety, Boston, Mass., April 8 ,  1959. Work was performed in the Ames 
Laboratory of the U. S. Atomic Energy Commission. 

( 2 )  J. D. Corbett, S. v. Winbush and F. C. Albers, THIS JOURNAL, 
79, 3020 (1937). 

(3) J. D. Corhett and R. K.  Mchlullan, i b i d . ,  78, 2900 (1956); R. K. 
Mchlullan and J. D. Corbett, ibid., 80, 4781 (1968); J. D. Corbett, 
W. J. Burkhard and L. F. Druding, to  be published. 

(4 )  S. v. Winbush and J. D. Corbett, unpublished. 

characterizing the solute in such solutions. This 
approach to the study of metal-metal halide solu- 
tions was pioneered by Karpachev and co-work- 
e r ~ . ~ - ~  Using carbon as  oxidation-reduction elec- 
trodes, they reported that the dependence of cell 
voltage on the concentration of “dissolved” metal 
indicated that molten solutions of CdC12, PbC1, and 
LiCl reacted with the respective metals to form 
CdO (or Cdsf2), Pb+7 and LiO or Liz+6 as solutes. 
In addition, the Ce-CeCl3 system recently has been 
investigated, using a CeC1-CI2 reference electrode, 
by Senderoff and Afellors.* The present paper is 
concerned with a study of concentration cells with 
solutions of antimony in SbI, and the interpretation 
of the simple dependence of voltage on the amount 
of “dissolved” metal for this system. 

Experimental 
Somewhat different techniques than those previously re- 

ported6 are necessary in the present system. The cell 
found most suitable for the concentration cell measurements 
is shown in Fig. 1. The electrodes consist of 1/2“ sections 
of l / g “  spectroscopic electrodes (National #L3803) drilled 
3/le“ deep from one end and then heated to 1000” in vacuo 
to remove the binder. These slip over l / , 6 “  tungsten wires 
which are sealed through the Pyrex cell with uranium glass. 
The diaphragm is a 10 mm., ultrafine, sintered glass disk; 
occasionally this was partially fused so as to  decrease its 
area and porosity. Approximate amounts of metal (A. D. 
MacKay, 99,999%) were placed in the two compartments, 
with excess in the anode so that the so-called metal-satu- 

( 5 )  S. Karpachev and A. Stromberg, Z h u r .  Pia. Khim..  13, 397 

( 6 )  S. Karpachev and E. Jordan, ib id . ,  14, 1495 (1940). 
(7) S. Karpachev, A. Stromberg and E. Jordan, rbid., 18, 43 (1844). 
(8) S. Senderoff and G. Mellors, J .  Electrochem. Soc., 105, 224 

(1939). 

(1958). 


