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The Exchange Reaction between Octacyanotungstate(IV) and Octacyanotungstate(V)
Ions!

By ELpEN L. GOoODENOW AND CLIFFORD S. GARNER
RECEIVED MAY 13, 1955

Exchange of radiotungsten between W(CN);~* and W(CN); % ions in aqueous solution at complex ion concentrations of
0.001 and 0.0001 f and at pH 2.4-3.0, 5.8-6.6, and 11.3-11.8 has been found to be apparently complete in an exchange
time of 0.2 secoqd at 1-2° in the dark. The possibility of an induced exchange was 1ot excluded. Heterogeneous exchange
between W(CN); ~* in the aqueous phase and [(CsH;):Asl,W(CN)s in the solid phase is approximately one-third complete

under the same conditions and with a reaction time of one minute.

If it be assumed that the homogeneous exchange is not

separation-induced and that the rate law is first order in each of the reactant tungsten complexes, the specific rate at 1-2°

is greater than 4 X 104 liter mole ! sec. ~1.
at O°' were found to be ~10~1% and ~10-%, respectively.
solution are presented.

Relatively few anion—anion systems have been in-
vestigated for isotopic exchange via a possible elec-
tron-transfer mechanism. Complete exchange in
the times required for mixing and separating the re-
actants has been reported for the hexacyanoman-
ganate(II)-hexacyanomanganate(III),? octacyano-
molybdate(IV)~octacyanomolybdate(V)? and hexa-
chloroiridate(IIT)-hexachloroiridate(IV)4systems.

Two other systems, reported earlier as immeas-
urably rapid, have recently been found measurable
by rapid-mixing techniques, namely, permanga-
nate-manganate(VI), for which a half-time of sev-
eral seconds at 1° and reactant concentrations of
ca. 0.0001 f were reported’ and hexacyanoferrate-
(IT)-hexacyanoferrate(1I1), for which a half-time
of ca. 0.3 second at 4° and reactant concentrations
of 0.002 f was found.$

In this paper we report our examination of an-
other anion—anion system, octacyanotungstate-
(IV)~octacyanotungstate(V), for possible measur-
able rates of radiotungsten exchange.

Experimental

Radiotungsten Tracer.—Radiochemically purified 73-
day W1, produced by (n,y) reaction on tungsten(VI)
oxide, was obtained as an alkaline solution of potassium
tungstate(VI) from the Oak Ridge National Laboratory.
The purity was checked by a half-life determination and by
determining the energy of the y-radiation with a ~v-ray
spectrometer; the values found were in good agreement with
those reported.?

Wis-Labeled Potassium Octacyanotungstate(IV).—This
compound was prepared and analyzed in the same manner
as the inactive compound described in the preceding paper®
except that the above radiotungsten tracer was added to
the disodium tungstate(VI) at the start of the preparation.
The synthesis was carried out by Dr. Bernard Finkle.

Anal. Caled. for K;W(CN)-2H,0: W, 31.5; N, 19.2;
H,0, 6.2. Found: W, 31.4; N, 19.7; H.0, 6.2; 97.3%,
pure by KMnOj titration.

Potassium Octacyanotungstate(V).—The method of pre-
paring and analyzing this compound was given in the pre-
ceding paper.® The substance was dried to a composition
corresponding to K;W(CXN)s-0.87H:0.
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Solubility product constants for [(CsHs)sAs]sW(CN)s and [(CsH;)As],W(CN)s
The absorption spectra of K;W(CN); and K,W(CN); in aqueous

Anal. Caled. for K;W(CN)0.87H.0: W, 35.0; X,
21.3; H:0, 3.0. Found: W, 34.6; N, 22.3; H,0, 3.0.

All other reagents were C.P. or reagent quality.

Exchange Runs.—Separate aqueous solutions of the octa-
cvanotungstate(V) and labeled octacyanotungstate(IV) were
prepared from weighed portions of the potassium complex
salts immediately before carrying out each exchange run.
If other than the natural pH was desired, the pH was ad-
justed with potassium hydroxide or hydrochloric acid.
These reactant solutions were cooled in an ice-bath, then
loaded into an apparatus at 1-2° where the reactants were
mixed in a 3-way stopcock? and the resultant 4 ml. of ex-
change mixture injected directly into an equal volume of
0.05 f tetraphenylarsonium chloride contained in a 15-ml.
centrifuge cone. Independent experiments showed that
the mixing was at least 959, complete and the effective ex-
change time was 0.2 second. For the ‘‘infinite-time”’
samples the reactants were mixed in the same way and de-
livered into an empty centrifuge cone and kept at 1-2°
for 5 minutes, then the tetraphenylarsonium chloride added
and the separation made as before. The precipitate of
tris-(tetraphenylarsonium )-octacyanotungstate(V), which
forms immediately, was centrifuged out for 5 minutes,
washed with two 1l-ml. portions of 0.025 f tetraphenylar-
sonium chloride, and the washings added to the supernatant
solution for radicassay. Experiments indicated that the
separation is essentially quantitative at 0.001 f complex
concentrations. At 0.0001 f complex concentrations some
mechanical difficulties were occasionally experienced in the
separations due to the small amount of solid phase.

Heterogeneous exchange runs were carried out in the same
way, except that the labeled octacyanotungstate(IV) solu-
tion was injected into a suspension of the tris-(tetraphenyl-
arsonium )-octacyanotungstate(V), agitated for 1 or 5
minutes, then the mixture centrifuged for 5 minutes. The
effective exchange time was considered to be the time during
which the mixture was agitated, namely, 1 or 5 minutes.

All handling of the octacvanotungstate(V) and of the ex-
change runs was performed under a red dark-room light in-
asmuch as the octacyanotungstate(V) is decomposed by the
action of ordinary light.

Specific Activity Determinations.—The combined super-
natant solution and washings, 7.e., the octacyanotungstate-
(IV) fraction, was made up to volume with water in a 10-ml.
volumetric flask. A 2-ml. aliquot was pipetted into a 1-
dram screw-cap glass vial which was then inserted into the
well of a Nuclear-Chicago Model D8-3 well-type scintilla-
tion counter connected to a scale-of-64 and recorder circuit.
The 0.13-Mev. v-rays were counted. Background correc-
tions (ca. 470 c.p.m. with extra lead shielding) were applied.
Decay corrections were unnecessary because samples, in-
cluding standards, for a given run were all counted on the
same day.

Determination of Solubility Product Constants and Spec-
tra.—The spectra of various solutions of the potassium coni-
plex compounds and of tetraphenylarsonium chloride were
determined in the visible and ultraviolet at ca. 25° with a
Model 11 PMS Cary recording spectrophotometer, using
quartz cells of 1-cm. path length, immediately after prepara-

(9) F.J. W. Roughton and G. A. Millikan, Proc. Roy. Soc. (London),
A155, 258 (1036),
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TABLE I
EXCHANGE OF W sETWEEN W(CN)s~% AND W(CN)s™* Tons IN AQUEOUS SOLUTION AT 1-2° IN THE DARK
Exchange mixture, f pH of exch. Exchange W(IV) fr.. Total Exch.,
System KsW(CN)s K(W(CN)s mixture time, sec. net ¢.p.m.® net c.p.m.¢ %%

Homogeneous 0.00106 0.00103 2.4 0.2 3857 =+ 57 11825 + 79 100
5.8 5787 + 56 101
11.8 5772 =+ 56 102

® 5857 £ 57
000100 000089 3.0 0.2 527 &= 7 983 4+ 9 106
6.6 586 = 7 92
11.3 606 = 7 88

@ 552 &= 7
Heterogeneous .00053 00078 Nat. ~ 60 5767 £ 57 6516 =+ 60 28
~300 d779 £ 57 6458 =+ 59 28
.000050 .000050 ~ 60 822+ 9 964 £+ 9 29

¢ Brror given is statistical counting error, taken as the square root of the sum of the squares of the standard deviations of

sample and background.

tion of the solutions. These spectral data were employed
to analyze the complex ion concentration of a solution
equilibrated at 0° with tris-(tetraphenylarsonium )-octa-
cyanotungstate(V) at a known concentration of tetraphenyl-
arsonium chloride, and thus to obtain a rough value of the
corresponding solubility product constant. A rough value
of the solubility product constant of tetrakis-(tetraphenyl-
arsonium )-octacyanotungstate(IV) was found by deter-
mining the specific activity of the solution having a known
tetraphenylarsonium chloride concentration and equili-
brated at 0° with the W%-]abeled solid.

Results

The exchange results are exhibited in Table I.
The counting rates given are averages of duplicate
runs, the agreement of duplicates with each other
being ca. 2 and 109, for the homogeneous runs at
0.001 and 0.0001 f, respectively, and ca. 5%, for the
heterogeneous runs. The per cent. exchange was
calculated from the equation

100Scyy/Sew = 100(¥ — 3)/(¥ — ye) (1)

where Siy) and S.. are the specific activities of the
W(V) fraction at time ¢ and at infinite time, re-
spectively, and yo, ¥ and y. are the net activity
(c.p.m.), respectively, of the initially active W(IV)
fractionatt = 0,¢ = tand ¢t = . Isotopic frac-
tionation has been assumed to be negligible. Values
of y. were calculated from the relationship

Yo = yb/(a + &) (2

where ¢ and b are the volume formal concentrations
of octacyanotungstate(V) and octacyanotung-
state(IV), respectively. These values were used in
equation 1 for the heterogeneous runs and served
as a check on the experimental values of y= for the
homogeneous runs. The over-all standard error
in the per cent. exchange is estimated to be 5 and
109% for the homogeneous runs at 0.001 and 0.0001
f, respectively, and 10 and 309, for the heteroge-
neous runs at 0.0005 and 0.00005 f, respectively.
There were some indications of incomplete separa-
tions in the lower concentration runs.

Approximate values for the solubility product
constants of [(CeHs)sAsz,W(CN)g and [(CeH;)sAs )4
W(CN)s, in terms of volume formalities, f, were
found to be ~10~% and ~10%, respectively, at 0°.
Equilibrium was approached from one side only,
the solid phases were not analyzed, and activity
effects were not considered. These rough values
were obtained primarily as an aid in selecting con-
ditions for the exchange separations.

9% exchange =

The visible and ultraviolet spectra of the potas-
sium salts of octacyanotungstate(IV) and octacy-
anotungstate(V) in aqueous solution (natural pH)
are presented in Fig. 1. At the concentrations shown
there is essentially no absorption in the range 525~
700 my for the former and 400-700 mu for the latter.
Beer’s law is obeyed by the former within the ex-
perimental error of 109, over the range 0.001-
0.008 f for the peaks at 429 and 368 my and over the
range 0.00001-0.00010 f for the 249-mu peak. For
the octacyanotungstate(V) Beer’slaw is valid within
the experimental error of 159, over the range
0.0001-0.0010 f for the 356, 255 and 242-mu peaks.
In the ca. 4-minute interval required to scan the
spectrum, there appeared to be no significant pho-
tolysis of the light-sensitive octacyanotungstate(V)
ion, as was shown by getting the same spectrum on
rescanning. However, exposure of a scanned 0.0005
f KsW(CN); solution to the laboratory fluorescent
lighting for several successive 10-minute intervals,
with rescanning of the spectrum in between expo-
sures, showed that the 356-mu peak decreased in in-
tensity slowly, while the twin peaks at 255 and 242
my grew more intense and changed over to a single
peak at 249 mu. As can be seen from Fig. 1, this
behavior is in accord with the known decomposi-
tion of the octacyanotungstate(V) ion to octacyano-
tungstate(IV) ion in the presence of light.
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Fig. 1.—Absorption spectra of K,;W(CN); and Ks;W(CN);
in water solution at 253°; 1l-cm. light path.

Discussion

The apparent extent of the heterogeneous ex-
change of radiotungsten between W(CN)s—* and
preformed solid [(CsHs)sAs]sW(CN)s is essentially
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constant at ~309, under the experimental condi-
tions tried. Such an initial relatively rapid ex-
change is characteristic of many solid-fluid hetero-
geneous exchange reactions,!® representing rapid
exchange between the reactant on the surface of the
solid and the reactant in the fluid. Subsequent ex-
change may be much slower, occurring by slow self-
diffusion and/or recrystallization. Although the
accuracy of the heterogeneous run measurements
was poor, these experiments indicate that the rapid
exchange found for the homogeneous systems is
probably an exchange actually occurring predomi-
nantly in the solution phase and not on the precipi-
tate surface introduced in the chemical separation.

Within the experimental error, complete ex-
change of radiotungsten between W(CN)s;~* and
W(CN)s—® in aqueous solution was found for all
concentrations and pH values noted in Table I.
Although within the experimental error, the appar-
ent trend toward incomplete exchange with rising
pH for the homogeneous exchange at 0.0001 f com-
plex ion concentration may possibly indicate that
the experiments at pH 11.3 are approaching meas-
urable rates. Inasmuch as our mixing apparatus
was not designed for shorter reaction times and the
separation method was already giving some trou-
bles at this low concentration, we were unable to
check this possibility experimentally.

Because kinetic measurements could not be made,
the possibility of rapid exchange arising during the
separations could not be excluded. If the observed
exchange be not separation-induced, and if we as-
sume that the rate law is first order in each of the

(10) O. E. Myers and R, J. Prestwood, Chap. 1, ’"Radioactivity Ap-

plied to Chemistry," John Wiley and Sons, Inc., New York, N, V., 1951
(A. C. Wahl and N. A. Bonner, editors).
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tungsten reactants and that the homogeneous ex-
change at 0.0001 f reactant concentrations may
have been incomplete by as much as 209, then the
specific rate at 1-2° is greater than 4 X 10! liter
mole~! sec.~!. This lower limit on the specific
rate is roughly an order of magnitude larger than
that estimated by Wolfgang? for the Mo(CN)s~*~
Mo(CN)s~? radiomolybdenum exchange at 2° (es-
timated 5-second exchange time) and than the
specific rates measured by Sheppard and Wah!®
and by Wahl and Deck$ for the MnO,~—MnO,~
radiomanganese exchange at 1° and the Fe(CN);~*~
Fe(CN)g~? radioiron exchange at 4°, respectively.

The very slow exchange of radiocarbon between
CN- and either W(CN)s—* or W(CN);3~? reported
by us in the preceding paper® and the large coérdi-
nation number of the tungsten in these complexes
suggest that the apparent rapid charge-transfer reac-
tion does not occur through a bridged activated
complex of the kind demonstrated by Taube!!!% as
valid for many charge-transfer exchange reactions.
Theoretical considerations made by Libby!? and by
Marcus, Zwolinski and Eyring!* suggest that elec-
tron transfer between anions may be very rapid.
However, Sheppard and Wah!® have remarked that
electron transfer between MnO;~ and MnO,~ in
aqueous solution is relatively improbable, since
the exchange rate was observed to be smaller than
the collision frequency 1in spite of presumably small
Franck—-Condon restrictions.

(11) H. Taube, H. Myers and R. L. Rich, Tais Journar, 75, 4118
(1953).
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(14) R, J. Marcus, B. J. Zwolinski and H. Eyring, ibid., 58, 432
(1954).
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The Reduction of Cupric Chloride by Carbonyl Compounds

By Jay K. KocHr
RECEIVED MARCH 2, 1955

Cupric chloride is easily reduced to cuprous chloride by organic carbonyl compounds which are oxidized to the chloro

compounds.
this reaction have been studied.

The first indications that solutions of cupric chlo-
ride in acetone are abnormal were reported by Jones
and Veazey! and Kohlschiitter,? who were unable to
get reproducible results in electrical conductivity
experiments with this system. Kohlschiitter noted
the formation of cuprous chloride, acid and chlorin-
ated products,

We find that the reaction between cupric chloride
and acetone proceeds readily at room temperature
according to the following stoichiometry

2CuCl; + CH;COCH; — 2CuCl 4 CICH.COCH; + HCl

The rate of the reaction is increased by increasing
acetone concentration (in aqueous solutions) and by
chloride ion, decreased by neutral salt and is inhi-

(1) H C. Jones and W. Veazey, 7. phvsik. Chem , 61, 641 (1808),

(2) V. Kohlschiitter, Ber., 37, 1153 (1904).

With acetone the reaction is: 2CuCl, + CH;COCH; —> 2CuCl + CICH,COCH; + HCIl.

The kinetics of

bited by the products, hydrogen chloride (or acid)
and cuprous chloride. The dependence on copper
concentration is half-order in gross copper. The
variation in half-order rate constant at constant
copper concentrations shows a first-order depend-
ence op chloride ion.

Experimental

Materials. Acetone.—Mallinckrodt analytical reagent
grade acetone was refluxed with chromic anhydride over-
night, decanted and distilled from more chromic anhydride
and then from sodium hydroxide pellets. The foreruns were
discarded; b.p. 56.6°.

Cupric Chloride.—Mallinckrodt analytical reagent grade
material was recrystallized from dilute hydrochloric acid and
desiccated by heating on a steam-bath ¢z zacvo. The brown
crystals analyzed correctly for CuCl,.

Lithium Chloride.—J. T. Baker analyzed reagent grade
crystals were dissolved in water, filtered, and the solution
standardized with silver nitrate potentiometrically.



