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-The compound [?O(CO)A]ZITCo(phth)B] was preparsed

by a previously described méthod’(IS). It was
found to be unstable 1In the dry state and in sol-
ution in various organic solvents.

The solubility of the compound in variocus organic
compounds was determined.

Conductance measurements in benzaldehyde and aceto-
phenone were made. The molar conductances 6btaihed
Indicate that the coqpound is é true salt.-
Transference measuremeﬁts»were made in an acetone
solution. The concentrations were détermined by
making one or other of the cobalt atoms active.

The results obtained are probably invalid because
of exchange between the two cobalt atoms.

Exchange between the two cobalt atoms in [Qo(CO)éL;
LCo(phth)B] was studled, and no exchange was found
under the conditions of the experiment.

The exchange between active, cobalt (11l) ions and
the cobalt phenanthrolene complex lon was studied.
The exchange was foupnd to be very rapid, reaching
an equilibriﬁm in a few minutes.

The exchange between active, cobalt metal and di-

cobalt octacarbonyl was studled, no exchange being

‘ found.
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I. HISTORICAL INTRODUCTION

Carbonyl chemistry began in 1890 with the discovery
by LudwiglMond of nickel carbonyl, Ni(CO)A. Since thils
time many metallic carbonyls and éllied compounds have
been discovered, and thelr physical and chemical properties
extensively studiled.

The covalent metallic carbonyls so far known are
restricted to the elements of the transition groups VIa,
VIIa, VIITa, b, ¢, a nd Ib of the periodic table. Soms
of these elements also form carbbnyl hydrides, containing
one or more atoms of hydrogen, and carbonyl nitrosyls in
which one or more of the CO molecules are replaced by NO.

The carbbnyls, carbonyl hydrides, and nitrosyl
carbonyls so far known arse shown in Table I.

The metal carbonyls differ in their-physical prop=-
ertles from all other compounds formed by the transition
elements. All of the monomeric carbonyls are extremely
volatile, and most of the polymeric carbonyls can be
sublimed. This volatility connotes lack of cohesion be-
tween the molecules, caused by lack of external fleld.

A closed electronic structure is indicated by the fact
that all of the simple carbonyls and their substitution
products are dimagnetic. The carbonyls and carbonyl
hydrides are soluble in non polar orgahic solvents, and
insoluble iﬁ polar solvents. |

The carbonyl hydrides are extremely volatile

substanées, existing normally only at temperatures well
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below room temperature. Above this temperaﬁure they spont-
aneously'decompose into the carbonyl, with the evolution
of hydrogen. They are weakly acidic in nature and will
form salts with the alkeli metals and bulky amine cations.

The present work entalled the preparation and &
study of some of the properties of cobalt carbonyl hydride,
Co(G0) ,H, dicobalt octacarbonyl, [Go(c0),],, and a salt
of cobalt carbonyl hydride, [Co(CO)Alz[Co(phth)Bl where

60
phth:zo-phenanthroline, using radioactive Co as a tracer.
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Methods of Preparation of [Co(C0),1, and Co(C0O),H.

(1) HighIPreésufé Syhtheéis.

A The original and usually the simplest method of
formation of the carbonyls is by the direct interaction
of the metal with carbon monoxide. The metal must be in
a finely divided state, and the reaction is usually carried
out under high pressure and temperature. The techniques
of this method have been greatly improved by Helber and
hilis co=-workers (l), who used a rotating autoclave cagﬁle
of withstanding pressures up to 350 At.

Dicobalt octacarbonyl was first prepared in this
manner by Mond and Hirtz (2), by passing carbon monoxide
over pure cobalt at 30-250 At. and 150-220%1. This method
1s somewhat inconvenient however, as the metal must be in
a carefully reduced, finely divided stats.

In 1939 it was found by Schulten (3) that dicobalt
octacarbonyl could conveniently be produéed_from anhydrous
cobalt halides in Hieber's autoclave. CoF, is without
" reaction, whereas the other halides increase in reactivi%y
in the order |

CoCly < GoBr, <CoI, (1) (4) |
The reaction preceéds according to the equation
2C0Xo+4Cu +8C0—> Co0,(CO) g + 4CuX
the Cu coming from the autoclave lining. During the reac-
tion no carbonylhalide (COX), was formed, so the reaction
did not seem to occur through the reduction of the halide
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to the metal by cafbbn monoxide. On the other hand, cobalt
lodide was shown to react with carbon monoxide even at room
temperature giving an addition compound, CoI,CO which is
‘appreclably volatile. This is believed to react at the
copper or silver walls of the vessel to form {CO(CO)4]2
and the copper halide. The presence of copper or silver
to act as halogen acceptor is essential to the process,
and it has been found that the admixture of the finely
divided metals to the cobalt hallde increased the yield.

Cobalt sulphide (1) when treated with carbon monoxide
at 200 At. and 200°C. will alsb produce the carbonyl ;ccor-
ding to the equation

2008 + 4Cu + 8C0 ——+[cO(co)412 + 2Cu,s

In general it has been fouﬁd that carbonyls can be
formed by the compounds of 1iron, cobalt and nickel with
highly polarizable non-ﬁetals, l.e. from solides in which
the lattice forces are not of purely lonic tybe.

Cobalt carbonyl hydride has been shown to be formed
(1) in the high pressure synthesis whenever the regctants‘
contaln traces of hoisture. Partial conversion‘into the
hydride also occurs when metallic cobalt or cobalt suiphide
is heated in hydrogen (50 At.) and carbon monoxide.

200-+800-+H2——*200(CO)4H
éCoS + 8C0+ Hy + 4Cu —,200(00)413 +20u,8
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(2) Preparation in Solution.

Carbonyls can be prepared by a number of reactions in
solution in which the reduction of the metal is brought
about by sulphides, cyanides,.or even carbon monoxide 1ltself
in strongly alkaline solution.

In 1926 Job and his co-workers (5) observed that the
reaction between carbon monoxide and the Grignard reagent
was accelerated by the presence of salts of the transition
metals, and from the reaction mixture they separated an
ether soluble compound of chromium which was proven to be
chromium hexacarbonyl.

The mechanism of the reaction appears to be the partial .
reduction of the metal salt, and the combination of carbon
monoxide with one of the reduction products, which upon
acid decompositioh yields, among other proaucts, the metal>
carbonyle The product by this method is very pure, and
it has pfoved to be the beét method for preparing chr&mium
hexacarﬁdnyl.

Alkaline solutions of cobalt and nickel salts absorb
carbon mﬁnoxide in the presencé of cysteine, a sulphide,
cyanide, tartrate, or amino acid, which on acidification
give Ni(C0)4 and Co(CO)4H respectively.

Cysteine, SH.CHZ-CH(NHz)COgH:(HZSR), forms with biv~
alent cobalt é complex saltvgf the.type

’602[&(/\5/&/5- 2/3,@0; ):z/

which in alkaline solution is sensitive to oxygen and also
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absorbs one molecule of carbon monoxide per atom of cobalt
(6)e The complex undergoes dlsproportlonation, The cysteine
belng recovered in the form of a copalt(III) complex,
Ky [Co(_SR)_g] .3H2'o, and cobalt carbonyl hydride being formed.

9[CO(SR)2j;800-+2H20-—aGCo(SR)3—3+ Qo(OH)2-+2Co(CO)4H
Thevcysteine_is‘thus regenerated so that a small amount
suffices to bring ébout nearly complete conversion of the-
cobalt salt (7). |

Analogous reactions take place with cobalt (II) salts
and other tﬁio compounds that form inner complex.salté (8).
Absorption of carbon monoxide. first fbrms a substituted
cobalt carbonyl derivative (9) which furnishés cobalt’carbonjl
hydride when decbmposed with acid. Thus with pétassiuﬁ

xanthete, KX, (Xp # C2H,+04CS8.57)

5
8CoCly + 12KX, + 5C0 + EtOH — 12KC1 + 4COXA3 +Co,(C0) 5-EtOH
002(00)5.EtOH + 2H—)EtOH + Co + Co +-;3-H2 + Co(C0) H

An alkaline suspension of a cobalt salt in the pres-
ence of cyanlde wi}l absorb carbon monoxide, the cyahide
agaln acting“as a carrier. Thié method has been developed
by Blanchard and Gilmont as a means of producing {90(00)4]2
(10) (il). The potassium salt of cobalt carbonyl hydride
is formed, which upon acidification yields the free hydrids.
This dedomposes at room temperature drvon gentle warming

to give dicobalt octacarbonyl and hydrogen. The reactions

involved are as follows:
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2C0(NO3 ) 5+ L2KCN—s2K,Co(CN) g + 4KNO4
12KOH + 2K,C0o(CN) g + 11C0 —>3KC05 + 12KCN +6H,0 +2KCo(C0),

200(N03) 5 + 12KOH +11G0—34KNO3 + 3K,C0, + 6Hy0 +KCo(CO) ,
KCo(CO) 4+ H'—sCo(CO) H+K” |

200(00) ;H—s [00(C0) T2+ H,
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Properties of [CO(CO)Alz‘and CO(CO)4H

Dicobalt octacarbonyl usuaiij exlsts as a dark brown
microcrystalline solid, but when pure 1t 1is obtained as
yellow crystals. 1If it stands in a vacuum it slowly sub-
limes, forming a few clear orange crystals on the walls.

Cryoscoplc molecular weight determinations in benzene
and Fe(CO)s'(9) indicate the dimeric formula. It has a
vapour pressure of 0.07mm. at 15°C. and melts at 51°C.,
decomposing at slightly above this temperature into tetra-
. cobalt dodecacarbonyl [CO(CQ)3]4, and carbon monoxidse.
Further heating produées the free metal.

[00(00)4]2 is insoluble 1h water, soluble in CS3,,
ether, naphtha, alcohol and Ni(CO)4 (2). If these solut-
ions are kept for some time or warméd decomposition ensues.

The pure carbonyl 1s unstable in air, forming a violet
basic carbonate. It is stable however 1in an atmbsphere
of CO or'Hz. |

Cobalt carbonyl hydride is a yellow gas which is’
extremely poisonous and has a very bad odor. If cooled
to below -33°C it forms a pale yellow soiid, which on warming
melts to a 11ght yellow liguid, which darkens rapildly due
to decomposition into [bo(co)4]2 and Hye. This reaction
has been shown to be reversible, [CO(CO)AJé being partly
converted into the hydride when heated in H, (120 At.) and
CO, at 165 Ce (1)

The hydride is relatively stable 1n CO,, and can be

distilled in a steam of CO with practivally no decomposition.
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It dissolves out of such a stream, in water at OOC.; and
although the solution decomposes in a few minutes; it
persists long enough for a rough estimate of its acid
strength to be made. Coleman (12) carried out an experim-
ent of this type by passing C0 carrying hydride vapours
through a rotary absorption ﬁower containing 200c.c. dis-
tilled water and some methyl orange. The methyl orange
quickly turned red. Postulating the acid nature:
'HCo(CO) ;=2 H ™Y + Co(C0),~
and making rough eétimates of the amount of acid and its
neutral salt indicate an ionization constant between that
of acetic acld 1.8x1077, and that of formic acid, 2x10 7.
. More recently (13) the ionizatlon constant of the
similyar iron carbonyl hydride, Fe(CO)4H2, has been deter-
mined with a fair degree of accuracy. Using a potentiomet-
ric method, and excluding all air from the apparatus, the
values Kj = 4*10-5 and K2= 4)(10"14 were obtained for the

primary and secondary ionization constants.

Reactions of [Co(co)

4]2 and Co(QO)AH

As a class the carbonyls are regtive compounds, under-
going a wide variety of substitution and addition reactions.
A good many of the reactions that have been studied for
cobalt carbon&l involve the formation of the hydride, or
the Co(CO)Z lon as a primary step in the reaction.
[00(00)4]2 1s hydrolized in either strong or weak
bases, with the formation of the hydride (14) (15). With



(11)
strong bases such as Ba(0OH), or KOH the reaction is:
3 Co(C0), 5 +40H"—y400(co)4ﬂ + 2003‘4r 2[00(00)3'lp01ymer

At lower hydroxyl ion concentrations (NHB) the reaction is
given by:

3 €o(C0), 2+ 4Hy0—4C0(C0) ,H +2C0(0H), + 8CO

- The dilute solutions obtained by hydrolysis reduce methylens
blue; and are very easily oxidized by air or mild oxidants,
glving cobalt tetracarbonyl.

Cobalt carbonyl hydride acts as a weak monobasic acid,
forming true salts with the alkali metals and with bulky
ammine cations. It also forms compounds with the heavier
metgls, but these compounds do not have the properties of
true salts, but have conductivities corresponding to weak
saltse. |

From the reaction of an ammonia solution of Co(co)4H,
obtainéd by hydrolysis of the carbonyl, with solutlons of
heavy metal salts, Hieber and Schultem (14) obtalned comp-
ounds of the foliowing type:

HCo(C0) , + [Mear] ™24 (Co(C0) ;1 5 [MeAr]+2H"
An ¢NH3, amine.
Me = valence 2 metal.

With hexamine cations of valence 2 metals 1t was found that
no reaction was obtained with Zn, Cd or Cu.salt solutions.
With hexamine CoCl, solutions EJ@(CO)A]Q[CO(NHB)GJ was

obtained. With NiCl, a similiar compound [Co(CO),], (Ni(NH;)g]

2
was formed. Gaseous ammonia will also react directly with
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cobalt carbonyl:

3[co(c0),]2 +12NH,— 2 [co(co) ;] 2lco(nmy) J+8c0

- Both the cobalt and nickel compound are extremely soluble in
water, and therefore difficult to isolate. They are char- |
acterlized by ease of spontaneous decomposition and ammonia
loss.

With trisphenanthrolene cations salts of the type
{CO(CO)A] Z[M(phth)al are formed, where M =Co, Ni. These comp-
ounds are very insoluble in water and can be used as a method
of analysis for Co(Cb)4H. They are reasonably stable‘in the
dry state. |

With HgCl, and ammoniacal Co(CO)AH the compound Co(CO)AHg
i1s precipitated.This compound is insoluble in water, soluble
in organic solvents. Its formatlion can be used to detect
the presence of Co(co)4H. It is unstable, and decomposes in
a short time to A grey powder.

with emmoniacal AgNO4 the compound Co(CO)4 Ag%CO%HZO
can be isolated. This compound is also insoluble in water
and soluble in organic solvents.

In order to determine whether or not they could be
considered as true salts of the hydride, Hieber (16) made
studles of the conductivities of these compounds and the
simillar compounds of iron carbonyl hydride. He found that
in solutions of methanol and of acetone, the salts formed
with the hexammine and with the trisphenanthroline cations
had molar conductivities corresponding to solutions of strong

electrolytes. These compounds may therefore be considered
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as true salts of the carbonyl hydrides. The conductivities
decreased with time, indicating decomposition of the comp=
ounds 1n solution. With the mercury salts however, the molar
conductivity was very low (0.4Afor Co(CO)AHgCI in acetone)
and 1t can be inferred that these compoundé are not true
salts.

_ Hleber expresses the view that structures such as Co(CO)Z
are not stable, and can only be stabilized by the formation .
of salts with complex catlons. He also states. that alkaline
solutions of the hydride contain aquo salts rather than
normal salts not yet pfepared, and that the formation of
metal derivatives of the hydrides ié by far not as general
as it 1s suppoéed to be in an ordinary formation of salts.

- The preparation of the anhydrous salts Fe(CO)4K2 and Fe (CO),KH
(13) and measurement of the 1onization constant of Fe(CO)4H2
as a weak acid, seem to disprove this view.

The rea ction of cobalt carbonyl with complex forming
amines has also been studied by Hieber and his coworkers (17).
They find that in general the amines displace a part of the
carbonyl group with the formation of mixed complexes. When
cobalt tetracarbonyl or cobalt trlcarbonyl are placed in
pyridene, effervescence due to escaping CO ensues, and the
compdund C02(00)5(C5H5N)4 crystallizes out. In a similiar
fashion the éompléx Co(CO)B(phth)2 is formed with a phenanth-
roline. With alcohols the compounds 002(00)5.CH30H and

275

002(00)5.1.50 H_OH are obtained, and with thiocalcohols
Co(CO)é.SCzH5 (18)+ All of these compounds liberate Co(CO)4H

when treated with aclde
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The Structure of Metal Carbonxie.

A theory for the structure of the monomeric carbonyls
has been worked out, which fits in with their peculiar
properties, such as volatility, and agrees with the experim-
ental facts. Although a number of structural theories have
. been proposed for the polymeric carbonyls, none of these
haé as yet been completely satisfactory, and thelr structure
is still somewhat in doubte.

The useiof effective atomle number (E.A.N.) in class~
ifying the volatile monomeric carbonyls has been found
extremely helpful a§§ the propertles of the carbonyls_show
aimarked uniformityméccording to this classification. The
E.A;N. is defined as the total number of electrons held
within the sphere of the atom, and includes those furnished
by the atom itself, those added by electron transfer, and
those added through establishment of covalent and obordinate
bonds. Whenever the E.A.N. of the central metal stom of
the compound 1s equal to that of an inert gas 1t is possible
for the compound to be volatile.

In the volatile carbonyls it can be shown that the CO
groups exlst as such iIn the molecule and retain on the whole
the bond nature of the CO atom, i.e. :C:::0:. The CO metal
| link could thus be represented by M:C:::0:. It can be seen
that each CO molecule thus donates one pair of electrons
to the central metal atom. Thenif the criterion for volate-

11ity 1is the atfaimment by the metal of the E.A.N. of an
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inert gas, then for examplse nickel with an atomic nﬁmber of
28, which 1s eight less than the atomic number bf krypton,

" should take up four molecules of C0O, forming Ni(CO)A. It
has been found that all of the monomeric carbonyls follow
this rule, having central metal atoms with the E.A.N. of
rarevgases.- This accounts for their volatility and also
the diamagnetism of the molecules.

Elements of odd atomic number cannot attain the E.A.N.
of rare gas by the simple coordinét;on of electron pairs;
and do not form monomeric éarbonyls. In their highest
carbonyls the elements of group VIITb., to which cobalt
belongs, coordlnate such a number of CO groups as would be
expected to‘give_them as E.A.N. of one less than the_rare»
gaé_structure, and then combine to form dimeric molecules.
The lower carbonyls formed by many of thé elements are also
polymeric, suggeéting.that the atoms are stabilized in some
way by polymerization. The polymeric carbonyls are not
volatiie, but In most casés can be sublimed. '

To explain the case of dicobalt octacarbonyl Sidgwick
and Bailey (19) suggested a general principle for formilat-
ing polynuclear carbonyls and nitrosyls. Their theory was
based on the hypothesis that all the mefal atoms should
acquire the E.A.N. of a rare gas, and that the CO group
can form two collinear coordinate links.

| —0=C— |
They suggested that in [?o(co)4jz one CO molecule forms

a second coordinate link through the oxygen as donor, leading \
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to the structure*
(050 —)2L o~ 0O=C—Co (é'“oz‘—*"a)a

This gives one cobalt atom an E.A.N. of 37 and the other
35, the extra electron on the former being passed along t§
the latter to give each the kryptén structure.

.A:good deal of doubt has been cést‘on the structures
proposed by Sidgwick and Balley, mainly through X-ray cry-
stallographic studies on thé en%hcarbonyl of iron, Fez(CO)9

(20)s This compound has been shown to have the structure:

. =0 _
e=C //////’ ¢=0
‘G““*Fﬁf"——_”“::::::::’ jbé——-c o
& ‘o
A similiar structure for Co(CO)4 5 would be:

C o

, ‘"‘-~\\\~
O’Q-*QO/ /Q.?{—c )
Q

These structures however leave each atom with one unpaired
" electronic épin, and the molecules should be paramagnetice.
Thelr diamggnetism can only be explained by the hypothesis
that the two metal atoms are so close together that the
electron spins are pailred, even though no bond 1s formed.

K.A. Jensen (21) has more recently suggested linking

of the bridge ggoups by resonance between the forms

[} |\

e \ 7 A

M M ™M M

This fits the observed bond lengths of FefC0)g, andaccounts
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for the dlamagnetism of the moleculs.

The structural principle undeflying the composition

of the series |
Po(CO),H,  Co(CO),H  WL(CO),

seems to be the attainment of the clesed electronic conf-
‘iguration of Ni(CO)A.

~ In the carbonyl hydrides it 1s possible for atoms of
odd atomic'number to attain the éffective atomiq number
of a rare gas, since it can be assumed that the hydrogen
a#om donates one electron to the.central metai atom. This
may explain why, in many reactions, cobalt carbonyl hydride
is formed in preference to the octacarbonyl. The carbonyl
hydrideg'have been shown by electron diffraction measur-
ements (22) to be isoelectronic with Ni(CO)4. The mode
of linkage of the hydrogen 1s however not definitely est=
ablished by the electron diffraction data. Hieber (23),
(24) holds the view that the hydrogen atoms are incorp-.
orated in some way as protons within the core of the :cobalt
and iron atoms. Thls structure however does not conform
wiﬁh the observed acld nature of the hydrides.

Evans and Lister (25) have suggested that ths hydrogen
1s situated at the end of the chain M-C-0-H. This struc-
ture agrees with electron diffraction measurements and also
is in agreement with the properties of the hydrides. Oxygen.
rarely as sumes a covalency of four, and it is therefore
not surprising that the hydrogen‘is easily loste. Liber-

ation of a hydrogen atom accounts for the reducing power
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and instabillty of these compounds, which decompose at a
temperature well below room temperature. They may also
dissociate as an ion:-

M:C:::0sH— M:C:::0: +H"'
allowing the hydride to form salts such as for example
Co(CO0) ;K and [99(00)4]2[¢°(phth)3] . Whilé the chemical
properties of the hydrides seem to agree with this struc-
ture, there has as yet been no evidence advanced to show
that there are two types of M-C and C-0 bond dimensions
within the molecule, as would be expected for a structure

of this typee
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II. Introduction.

The object of this work was td prebgre the compound
1?0(00)4]2[Co(phth)3](phth e.o-phenanthroline), and by
transference measurements to determine if possible the
relation which it bears to the Cd(CO)Z ion. Either
the Co(CO)z‘ ion or the Co(phthf+ ion could be traced
by the use of radioactive cobalt. I:was assumed that
there was no exchange between the fwo cobalt atoms in
the compound, but this was later proved not to be the
case. Difficulfies were sencountered because of the
extreme instability of the compound, and only very rough
measurements were obtained. Approximate measurements
of thé molal conductivity in benzaldehyde and acetophen-
one were also made, and these compared favorably with
measufements made on simillier cimpounds (16), indicatihg
that the compound is a strong electrolyté.

The solubility of the compound and its stebility
in various organic solvents were determined.

Because of the results obtalned in the transference
measurements, the ekchange between cobalt (11) ions

and the Co(phth.);+ ion was studied.
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ITI. g;perimehtal.

‘The redloactive 0060

used was prepared in the pile

at Chalk River by irradiating Cop03. The bxide‘was diss-
olved in concentrated hydrochloric acid and the solution
neutralized with ammonlium hydroxide. For the experiments
an exchange CoClpy«.6H,0 was added to the solution of active
cobalt to glve the deslred specific activity, and the
amount of ccbalt in a given ﬁolume was determined using
theA-nitroqu -napthol method (26). portioné of the
solution were then counted to obtain the number of counts
per gram of cobalt.

The counting circult consisted of an argon methonal
filled Geiger tube attached to a scaling oifcuit. The tube
nad a plateau of about 300 volts with about a 1% rise.

The béckground remained constant over the period of oper-
ation. The samples were counted on small watch glasses,
held in position on an aluminum tray, and were thin
enough that internal sbsorption could be neglected. The
standard and sémples were counted under identical cond-
itions of geometry. The half life of five years for Coso

is long enough so that decay of the active cobalt, over

the period of measurement; could be neglected.
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gggpafation of Dicobalt Qctacarbonyl.

Dicobaltvoétacarbonyl was prepared by the method
outlined by Gilmont and Blanchard (11) using the sams
amounts of reagents as described by theme. 1In this proc-
‘edure the alkall salt of cobait tetracarbonyl hydride 1is
first prepared 5y shaeking an alkaline cobalt(II) cyanide
sﬁspension in the presence of carbon monoxide._ A shaker
of the type shown in fig.l was used and the carbon‘monox-
1de was passed in a slow stream through the apparatus
during the shaking process. The Co(CO)4K formed 1s very
easlly oxidized and it was found that any trace of air
in the apparaﬁus led tovdarkening of the suspension,
and no 00(00)4K was obtained. To prevent aif entering.
~the exlt sidearm during”the shaking a trap was attached
conslsting of a glass tube just touchlng the surface of
a small amount of water contained in a 500ml. flaske.

This procedure was found to be effective in preventing
the oxidation of the Co(C0) 4K*

Cobalt cafbonyl hydride was liberated from the sol-
ution of the potassium salt by the addition of 12N hydro-
chloric acild. The set-up used for collecting the hydride
1s shown in fig.z; The solution was swept with CO for
about ten hours -and the hydride collected 1n a U-shaped
tube cooled to -79°¢. in,dry ice-alcohol mixture.  When
the hydride had been collected the tube containing it
was evacuated at‘-79° and then allowed to come to room

tempersture. The Co(CO)AH mqlts to a light yellow liquid
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which darkens rapldly due to decompositioh 1nto[§o(00%412
and Hye | -
The dicobalt octacarbonyl formed in this>manner is
a dark brown microcrystalline solid. Tt decomposes in
the presence of air to give a violet basic carbonate.
It is stable in an atmosphere of carbon monoxide or hydr-
ogen, and it was found that it could be kept without
decomposition in the tube in which 1t had been prepared
1f no alr was ailowed to énter.,
Most of the (00(00)4]2 could be removed from the
tube for use by gently tapping the sides of the tube.
Any that could ndt be removed in this manner was washed
out with the particular’soivent to be used, usually

concentrated NH4OH.
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Preparation of [Co (00)4) 2 [Co (phth) 3].

‘90(00)4l21p6(phth)3] was prepared by shaking fof
36 hours Y?O(CO)4]2 with concentrated NH,0H, in the ratio
1.25gms. [Co(C0),], per 150mls. NH,0H. It was found that
air must be excluded from the apparatus during shaking,
or a dark red sulution is obtained which will not prec-
ipitate the phenanthroline complex. To accomplish this
a stopcock was attached to the shaking flask so that the
system could be evacuated after the carbonyl had been
welghed, and the NH,OH then added. The colorless or
Vfaintly pink solution prepared in this way was added
to an equal volume of solution containing O0.6gms. CoCls.
6H20 and ls4gmse. o-phenanthroline. monohydrate per 50mls.
water. The heavy flocculent reddish brown precipitate
which immedlately formed was filtered through a Gooch
crucible, washed with water, and dried in a vacuum desse
icator under high vacuum. It was found to be unstable,
decomposing to a grey brown substance which would not
dissolve in anj of the solvents which dissolve the original
compound. The decomposition of the product depends to a
large degree on the rapidity with which it is dried.

Washing the precipitate with Water and drying 1t in a

vacuum dessicator was found to generally result in partial -

decomposition, unless the amount of precipltate was
extremely small, alliowing rapid drying. If the precipitate
was washed with ether or alcohol to remove the water, it

was found to decompose very little during drying and
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oould be kept for seversal days over P505. The preciplt-
ate 1s slightly soluble 1in these substances; but the rate
of solution seems to be slow and the amount of product
lost during the washing was amply compensated for by lack
of decomposition during dryinge

Hieber and Schulten (1l4) state that the compound is
relatively stable in the dry state._ It was found however
thaﬁ even when thoroughly dry it could not be kept more
than a few days without considerable decomposition taking
~place. Storage in an atmosphere of carbon monoxide did
not seem to alter the rate of decdmposition. These
workers purified the product by dissolving it in a little

acetone, flltering the solution and reprecipitating the

compound with water. »This procedure however leads to further

decomposition during the drying, and no attempt was made
in these experiments to purify the'compound in this manner.
If partial decomposition had set in the compound was diss-
olved in the particular solvent to'be used, and the insol-
uble residue filtersd oute.

In transference and exchange méasurements one or
other of fhe two cobalt atoms was radioactive. Wherever
possible the cobalt in Co(phth)g4 was made active, since
making the carbonyl cobalt atom active involves the hénd-
iing of the extremely volatile Cd‘(CO)AH.

In order to make the cobalt atom in the phenanthroline
compléx active a given volume of standard radioactive

.~ solution was added to orthophenanthroline and enough
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enough CoCly.6H,0 then added to give the necessary weight
of 00012.[00(00)4]2(po(phth)B] was then precipitated by the. .
addition of ammoniacal cobalt carbonyl solution.

If it was necessary to make the cobalt carbonyl active,
the active cobalt chloride solution was added in the prep-

aration of the carbonyls

Solubility of [Co(C0),] Q[Co(phth)3] .

[?0(00)412 [ggggggg?zjsdissolves readily in acetone
forming an orange-brown solution. TUpon étanding this
solution gradually turns cloudy, and eventually a flocc-
ﬁlent dark brown precipitaté iz formed. If the cobalt
atom in the phenanthroline complex is made active, almost
all of the activity is removed by filtering off this prec-
ipitate. When analysed radiochemically it showed 2.5%
active cobalt. It 1s soluble in water, forming a pale
yellow solutione

It was thought that the decomposition of the cOmpound
in acetone might be due to the presence of small ampunts '
of water in the acetone used. The acetone was accordingly
redistilled over activated alumina to remove any traces of
water. It was found however that the compound was still
unstable in this solvent.

The solubility and stability of the compound were
measured in various other organic solvents in an effort
to find a solvent in which it was more stable. The results

obtained are given in table II. The acetone used was
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CePe grade and was dried in the method described. It had
a boiling point of 56.5 C. No attempt was made to purify
any of the other solvents used, buf they were all of C.P.
grade. The [bo(co)4]2ico(phth)i}was purified by dissolving
it in acetone, filtering off the insoluble residue, and
gvaporating the solution to dryness under reduced pressure.
The compound prepared in this manner was completely sol-
uble in acetone.

The solubility of equal amounts of compound in equal
amounts of solvent were tested at room temperature for the

following solventse.

Table II.

Solvent. Solubility Stabllity.
acetons. *‘l heavy ppte. overnight
methyl ethyl » + slight ppte 1 hr.

ketone. _ heavy overnight
acetophenone. + ‘ slight ppt. overnight
methyl paratolyl sl. sol. ppte in few hrs.

ketone.
formaldehyde . —
benzaldehyde + 1{0c ppte
gsalicylaldehyde -+ no ppte.
eannamaldehyde R no ppte.
benzene . _ -
ether sl. sol.
absolute ethanol dissolves

' slowly

ethyl acetate + heavy ppte. in few hrs.
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If the stability of the compound in Various solvents
is judged by the rapidity with which an insoluble precip-
itate 1s formed, it would appear that the compound is
unstable in ketones, stable in aldehydes. However 1f the
precipitatg formed in an acetone solution i§ filtered off,
and 1ts solubllity tested in the various aldehydes used,
1t 1s found to be soluble. The apparent stability of the
compound 1in aldehydes therefore appears to be due only to
the solubility of the products of disintegration in these

solvents.

The Conductance of LCo(co)4]2[00(phth)3] in Benzaldehyde

and Acetophenone.

Aé a result of the sclubility measurements and the
fact that [Co(CO)é]z(Co(phth)i}appears to be more stable
in benzaldehyde or acetophenbne than it is in acetone,
the molal conductance of the compound in these solvents
was determined to see 1f they would be suitable as solv~-
ents for transference measurements. Since the instability
of the compound precludes making accurate measurements of
the conductance, only very approximate values were obtalned.
The resistance of the solutions was measufed in the
following manner. The solution was contained in a weighing
bottle, and two silver electrodes, approximately lcm.
square, were inserted into the solution through a rubber
stopper. Résistance across the two slectrodes was measured

with a Simpson resistance meter. The cell was standar-
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d;zed by measuring the resistance of an equal volume of
0.1M KC1l solution. The following results were obtained:

Benzaldehyde:

conc, - 0,00084M

resistance of pure benzaldehyde - 1.2*106J1,
Table IIT.
Time Reslistance Time Resistance
0 min. 8X104 45 min.  6.5x10% -
5 | 7« 5x10% 60 6.0%10"
10 7.8+10% 150 5.3%10"
17 78 %10% 1110 6.2%10%
26 7 4¥10% 1170 6.2%10"
Acetophehone: _
conc. = 0.0023M
resistance of pure acetophenons - 24K10441—
Table IV. )
Time Reslstance Time Resistance
0 min. 3 x10% O 105 min,  17.0x10% -
5 3.6x10" 18 hrs.  13.5x10%
10 4.0%10% 19 13.0%10%
15 Lehx10" 20 12.7%10%
25 5.3y10" 22 11.7v0
40 8.0x10% 23 11.0¥10%
75 16.0x10% 24 10.5x10%

For a 0.1M KCl soln:
R=1500 = 20°C.
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From the resistance in the cell of 0.1M Kcl; the
cell constant J was calculated, using the relation
J =1IR nhere I.= the specific conductance
R =the measured resistance
At 18°C. the specific conductance of 0.1 demal KC1
is 0.0111661\r} (27). The demal solution 18 defined
as a solution containing a gram mol. of salt dissolved in
i R
a cublic decimeter of solutlon at(ffig;iiéggggj The corr-
ections involved in changing this to molar concentration
are outside the accuracy obtained in the above conductance
measurements. |
Knowing the cell constant, the specific conductance
of the [bo(CO)Alz[Co(phth)i[solutions were calculated
from the measured resistances, the conductance due to the
solvent belng subtracted from the conductance of the sol=-

ution. The molar conductance was then calculated using

the relation,

A\ m =1000 L where/Am =molar conductance

Q

concentration of soluticn
inmles/liter,

C

The values glven are for the initial readings only, before
the solutions had decomposed to any extent.
Table V. Molar Conductivity ofECo(Co)419[Co(phth)3]

Solvent J Conc. -LIil NAmal

Benzaldehyde ©0.84 1077 1.95 1074 232
| 16,7 _3 ”
Acetophenone 2.3 10 557 10 212
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Hieber (16) has measured the conductivity of compounds
similiar to this, 1n methanol and acetone. Some of his

results are shown in table VI

Table VI.

Compound Solvent Am.a ™t
[FeE(CO) ] 5 [Ni(phth)5] CH;0H 129.7
[FeE(CO) 4] 2 [Ni(phth) 3] Acetone 114.0
Eo(00)4]2[Ni(phth)3] Acetone 248.8-280.15
@%H(CO)Ajz[Co(pbth)3] Acetonse | 168.4

Measurements made in acetons solutions showed that the

conductivities decreased with time.

Table VII
 Compound A mal

(Pom(00) ] o[ N4 (NHy)g]  114.5 88.4(75') 74.2(4hr.)
| | 44+1(25h0rs.)

[Fer(CO) ;] 2[Co(NH3) ¢ 133.5 102.4(15') 99.5(25')

95.6(501)

From conductivity measurements of (CO(CO)Ajz[Co(phth)j
in benzaldehyde 1t can be seen that the reslsitance decr-
eases with time, indicating an increase in_conductivity.
This result may be due to the fact that benzaldehyde is
easily oxidized to benzoic acld, which would contribute
to the conductivity of the solution.

In acetophenone the conductivitj decreases at firast,

then increases slightly. The decrease in activity can be
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atfributed to decomposition of the solute. vThe subsequent
increase may be due to the fact that in the course of dec-
omposition ions, such as cot? , may Be formed which are
soluble in acetophenone and lead to an increase in the
conductivitye.

Since the molar qonductivity of a solution is equal
to the sum of the mblar_conductivities‘of the lons present,
the molar conductivity of [CO(CO)AIZ[pb(phth)Blcan be
calculated from the data given by Hieber in table VI. This
calculation gives a value of 303.2 - 334.65° for the
molar conductivity of (?0(00)4]2(b0(phth)31 in acetone. .
The higher the dielectric constant of the solvent, the
higher will be the conductivity in that solvent. The
dielectrlc constants of acetons, acetophenone and benz-
aldehyde are 20.4, 18.6 and.18 respectively. It can
therefore be seen that the values of 232 for the molar
conductivity in benzaldehyde, and 212 for the molar
conductivity in acetophenone, agree within experimental

error with the value obtained by Hieber in acetone.

Transference Measurements.

A transference cell of the type designed by Washburn
(28) was used in an attempt to measure transference numbers
- . . _
of [bo(C0)4]2[Co(phth)3J in so%utions of acetone and aceto
phenone. The cell had a volume of approximately 100mls.
and a dlstance between electrodes of_450ms. The-electrodes

were of platinum and were set in horizontally through
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gfound glass stoppers so that they could be removed for
counting.

It was found to be impossible to obtain results with
a cell of this type, because of the foilowing difficulties.

In an acetone solution the compound showed signs of
decomposition by the formation df a precipitate, before
the current had been passed long enough to secure éccurate
results. With decomposition the current through the cell
dropped rapidly, resulting in practically no current at the
end of about an hour.

Iniacetophenone the compound was more stable, but also
less soluble, so that only very dilute solutions could be
prepared. The resistance of thése solutions was so high
that very little current flowed fhrough thé cell, even
béfore decomposition had set ine

To overcome these difficulties a cell of the Hittorf
type was designed, having a volume of approximately é5m1.
end a distance between électrodes of 8cm. With a cell of
these dimensions the resistance of the solution is much
reduced, end measurements can be made in a shorter time
before.the solutionAhas time to decompose appreciablye.

The cell that was used is shown in fig. 3. The
electrodes were of platinum and were set in through ground
glass joints, with the cathode at the bottom. This helps
to prevent mixing, since the ESo(phth)BIh&which presumably
migrates to the cathode, 1s heavier than the [po(CO)4J~1on.
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The cathode was set in through the side of the 5611, so
that 1t coﬁld be removed easily to count any précipitate
formed on 1t, and was cup shaped so that 1t would hold
the precipitate more easily.

The stopcock at the bottom was for the purpose of
removing the solution” from the cell, but it was found that
1f the solution was removed in this way mixing resulted
from some of the cathode portion remaining in the side arm
and running out with the anode portion. The anode and
middle portions were therefore removed with a suction
plpette from the top of the cell, and the cathode portion
then run out from the bottom; To test whether or not
mixing resulted when the solution was removed in this
manner & few crystais of potassium permanganate were placed
in the cathode portion and the cell filled with water,
giving a colored solution sround the céthode. No mixing
of the solution could be observed when 1t was removed
in the manner described. ‘

The circuit used is shown in the diagram. It wés
found that for the small number of»éoulombg passed during
a8 measurement a silver coulometer would not give sufficien-
tlyagccurate resultse. A potentiometer was used to measure
the voltage drop across a standard hundredvohm resistance

connected in series with the transference cell. The

circult used is shown in figete. The potentiometer was

standardized agalnst a standard Weston cell before thg
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run and several timés during measurements. The.voltage
drop across the standard resistance was measured every )
fow minuteé during a run, and from the calculated current
a graph was plotted of current vs. time. The area under
the curve represented the number of coulombs passed.
Procedure:

Transference measurements were made in solutiéns of
scetone. The acetone wés C.P. grade and was redistilled
several times over‘activated alumina to remo&é any water,
The [Co(CO)412[Co(phth)3]was dissolved in the acetone,
and any insoluble residue that remained due to decompos-
1fion was filtered offe. The cathode and anode were welghed
accurately and after the solution had been introduced into
the cell, were sealed in with paraffin. After the current
had been passed for the desired length of time the anode
was carefully removed, and the solution drawn out as des=-
cribed into weighed glass stoppered bottles, and the
three portions weighed. The solutions were kept tightly
stoppered to prevent evaporation of acetone.

The solution was drawn out-in three portions, the
anode portion extending‘tb about two cm. below the anode,
the middle portion to about two cme. above the cathode, the
remaining solution being run out'as the cathode portion.

During electrolysis a heavy dark brown precipltate
wés formed on thé cathode. This was removed, washed with
acetone, and weighed. The anode was also weighed after

each run, but no welght difference was found. A gas
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appeared to be fofmed at both the anode and cathode, but
was not collected in sufficlent quantities to be identified .
The concentration of the original solution was obt=-
ained by evaporating known volumes to dryness, obtaining
the welght of the {bo(CO)A]Z[Qo(phth)B] in this volume,
and then counting the samples. The concentration of the
three portions after electrolysis could then be obtained
by evaporating known volumes to drYness and counting them
under the same conditions.
The precipitate on the cathode was also counted,
and from its welight the percent active cobalt calculated.
From the weight of the precipitate on the cathode and the
number of coulombs passed 1t should be possible to calc=
ulate the equivalent weight of the precipitate. No consis-
tent results could be obtailned however, probably due to
the fact thaﬁ the precipitate did not adhere to the cathode
very well, and was probably not all removed for weighing.

Results and Calculations:

Transference numbers were calculated, assuming the
following reactions to take place:
anode: 2 [co(c0),| —— co(C0), , + 2E
cathode: . H,0 =H"*+ OH™ |
" [colphth) 4 ¥ 208——[Co(phth) 3} 0H),
26" 4 2E—sH,
at anode:
gain t. equiv. [QO(CO)4]-
lose t, equiv. [Co(phthj3]+$
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at cathode:
lose t_ equiv. [CowCO)4I-
gain ty equiv. [Co(phth%ﬂ++
deposit 1 equiv. (Co(phth)ﬂ (OH) 5
net result: '
lose (1 - t;) equive = t = equiv.[@o phth)Bj
The cobalt atom in [Co(phth) ] was made active. At the
end of the run the middle portlon had changed concentrat-
ton. Since its final concentration was the same as that
of the cathode portion, the two were taken together.

Table VITII.

ctse./mind® conce volume equive
10.2ml. equive./1l. in mls. transferred
original 2398 * 28 0.0117
cathode 2291 * 30 0.0113 10.005 3.8%10°
middle 2288 * 38 0.,0113 2.02 0.81x10 -6
anode - 2151 38 0,0106 2.05 2.20x107°

coulombs passed = 0.83
=8.67th—6 faradays
* Background éubtracted.' i
Transference numbers calculated:

(1) from change in conce. of anode portion:
t =0.256
t_=0e744

(2) from change in conc, of cathode portion:
t, 04465
t - 0.535



(37)

The precipitate on the cathode was dark brown in
colour, with é small amount of lighter brown material on
the surface. It was soluble in water, forming a yellow
solutién, Calculation of 1ts equivalent weight, from the
weight of precipitate deposited and the number of coulombs
passed, gave the follqwing results, including values

obtained 1In previous runs:

Table. IXe.
| Wte. of ppt. Coulombs. _Equiv. Wt.(ono)
0.0036 gms. 0.83 420
. 0.0176 518 293
0.0176 5045 312
0.0026 1 1.167 216

A radiochemical analysis of the precipitate gave the

following results:

Table X.
Wt. ppt. Counts/min. Gms. Co " % Co
o.ooévgms. 4533;.33 0.00025 3.76
0.0118 7241 T 41 0.00040 - 3641
0.0103 6549 1 39 0.,00036 3453

Aveo = 3457%
‘If the precipitatev1sipo(phth)3](OH)2 the following values
should be obtained: A'-
Molecular weight = 616.2
Equivalent weight = 308.1

Percent active cobalt = 9.58%
(assuming no exchange)
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- Measursements were also made with the cobalt in the
[CO(CO)41- ion a ctive. The results obtainéd were 00
Inaccurate to calculate transference numbers, as the diff-
erence in concentration between the cathode portion and
the original solution was too small to be significant.

The anode portién showed a definite increase in acﬁivity,
‘which agrees with the equatlions postulated. The precipltate
on the cathode however was found to be active. If this
precipitgte 1s {po(phth)BX(OH)é as has bheen postﬁlated,
it éhould not have been active_in this case, unleés exchange
had occured between the two cobalt atoms. Analysis of the
precipitate showed that it contained 6.7% active cobalt,
a much larger percentage than was'fdgnd when the cobalt
in the phendnthroline complex was active. |

An attempt was made to analyse the precipltate for
total cobalt content using the o - nitroso-ﬂ naphthol
method. However it was found that only a very small aﬁount‘;
of the cobalt could be precipitated in this manner, since
the ortho-phenanthroline complex prevents the precipitation

of cobalt in the usual manner.
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Study of Exchange between the Two Cobalt Atoms in
[60(00)4]2 [Co(phth)jl_

Because of the results obtained in the transference
measureménﬁs, which seem to indicate exchange of some
type, an experiment was carried out to determine whether
or not exchange occurs between the two cobalt atoms in
[co(co) 4]2 [co(phth) 4.

Because of the weak aclid nature of Co(CO)AH, it

- should be possible to liperate Co(CO)AH from (06(00)412-
ﬁJo(phth)j]by the addition of a sfrong'acid such as‘H01,
and this was found to be-the case. The actiﬁity ~of this
will be a measure of the exchange if only the phenanth-
roline Co was active 1nitia11y.

[00(00)4]2[Go(phth)3)was prepared as previously,
with the cobalt atom in the phenanthroline complex active.
The precipltate was washed well with water, but no attempt

~was made to dry it., A small distilling flask was conn-
ected thfough the side arm to a drying train, and a trap
cooled to =79°C. The pr601p1tate was washed into the

"drying flask with a small amount of distilled water, the
system was attached to the carbon monoxide generator and
cbncentrated hydrochloric acid added until ‘the precipitate
completely dissolved, giving a bright blue solﬁtion. About
an hour elapsed between the time the compound was made,
and the time that it was acidified. A slow stream of

carbon monoxide was allowed to pass for about ten hours
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at the end of which time a small amount of Co(CO)AH had
~ collected in the trap. The trap was evacuated at -79°C.
and allowed to come to room temperature, giving dicobalt
octacarbonyl.‘,This was dissolved in benzens, evaporated
to dryness, and counted. |
- background - éltB
00(C0), g = 6043
"This indicates that there was no exchange between

the two cobalt atoms, under the conditions of the experiment.

_ ++
Study of the Exchange Between Cc?'+ and [Co(phth)3] o

Since 1t appears that thgre 1sbno exchange between
the two cobalt atoms in [Co(CO)4]2[Co(phth)5L some other
explanation must be sought to account for the results
obtained in trgnéference measurements. If the lbo(CO)AS-
ion were to decompose in acetone SOIution, giving cobalé
1oﬁs, it might be possible for thesé cobalt ions to
. exchange with the ®balt in [Co(phth)B?“t‘ Such an exchange
has beeﬁ observed between Fe & ions and [Fe(phth)31H129).

T A standard radiocactive cobalt solution was prepared
in the following ménner. Approximately O.ngs. CO; 04
were dlssolved in HCl and a little HNOB. " The solution
was made up to approximatelyIlOOml. and CoCLp.6H50 added
to obtain the desired specific activity. Three 2.0ml.
samples were measured out, evaporated nearly to dryness
to get rid of the HNO, diluted to 10ml., and analysed

+

for cobalt usingo(-nitroso/@-naphthol.
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Table XI.
1. - 0.1252 gms. : - 0.0121 gms.
2 0.1170 0.0118
3. 0.1299 0.0120

Ave.- 0.0120 gms. Co/ 2 mls. Solution.
0.0060 gms. Co/ 1 ml. Solution.
1l portions of the solution were evaporated to dryness
and counted: 2400%57 counts/min.
1 gm. cobalt =4»10% counts/min.

- In order to study the exchange between ggq'and
A[@o(phth)BIt*a solution was prepared by adding to a Kknown
- weight of ortho-phenanthroline sufficient C0C12.6H20 to
.complex the ortho-phenanthroline and provide a CS*vion

concentration of gpproximately 0;02M. To this was added
5mls. of standard 00*012 solution, and the solution was
diluted to 50mls.’ At the end of the desired length of
time 5 mls. of solution were withdrawn and the [Cof phth)j}
precipitated with an ammoniacal solution of Co(CO)AH, as
[CO(CO)IP]z(Co(phth)Bl. The time was taken as the time at
which the precipltate formed. 'The precipitate was filt-
ered througha Gooch crucible, washed well with water and
a little-alcoh61, and dried in a vacuum. When dry thé
precipitate was weighed In the crucible, ;nd then dissol-
ved in acetone, usually leaving a small amount of 1lnsol-

uble residue. After drying in a vacuum the crucible was
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reweighed, glving the weight of [CO(CO)4IQ(C°(P'hth)3] in
solution, The solution was diluted'to‘50mls.-and 0.4 ml.
samples counted. From the weight of preclpitate in the
acetone solution and its activity, the activity of the
[Co(phth)3]+;as calculated, and hence the percent exchange,
the percent exchangé being taken as the percent of cobalt
which had been transferred from the cobalt ion to the
phananthfoline complex. From the concentrations of Cdrt
¢d'*Y, and [Co(phth)B]“in the original solution, the theor-
etical percent exchange at equilibrium was calculated,
using the fact that at equilibrium the ratio of active
to iInactlive cobalt atoms will be the same for co'™* and
for [Co(phth)B]”;f
The following results were obtaiﬁed:
1. Wt. o-phth.H,0 = 0.5940 gms.
2 Wte CoClpe6Hg0 = 063000 gmse
5 mls. C& Cly soln. = 0.0300 gms. Co=1.2 10 c/m.
Wt. of cobalt as C&¥ - 0.0454 gms .
Wt. Co in Complex - 0.,0589 gmse.

Table XITe

Time. . %Exchange.
1 hr. ' bk o %
2 hrs 43.2 %
4 hrs. 449 %

Theoretical percent exchange at equiliprium - 56.5%
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2e Wte o-phth.Hy0 - 0.5943 ems.
Wte COClzosto - 003459 gms.
5 mls. Co'Cly sdn. = 0.0300 gms. Co

1.2 107 c/m.
Wt. cobalt as co*? 0.0568 gums.
Wte cobalt in complex 0.0589 gms.

Table XTIIT,.

Time. %-Exchange.

2.5 min. 31.5
10 30.9
20 - ‘;‘ 36.9
30 34.5
0 3544

Theoretical percent exchénge’ét eéuilibriﬁm
- 50.95% |
From these results it can be seen that the cobalt
seems to exchange very rapidly reaching an equilibrium
value in a few hinutes. This'equilibrium value 1s however,
‘ considerably lower than the theoretical value which 1s
expected. The method used has_the disadvantage that the
précipitate of [éo(CO)A]Q[Co(phth)jlmight carry down with
.1t a certaln amount of adéorbed Co Clz. Then 1f the raté
of exchange 1s slow, the adsorbed C&x012, which would be
expected to be a constant, would cover up any‘change in
the percentage exchange, and make 1t appear as though an
equilibfium had béen attained. The slight upward trend in

the figures 1n the gecond set of'measurements.make it éppear'
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as-though this may be the cése.

In order.to ascertain whéther the observed results
_are_due'to a very rapid exchangé between cobait ions
and the cobalt in [Co(phth)B]*t or whether the activity
is merely the result 6f adsocrption of active cobalt
chloride by the precipitate, a different method of sep-

: : 4 ++ o : .
arating the Co and CCo(phth)Blions was devised.

Cobalt forms two 1nsoluble hydroxides, cbbaltous
hydfoxide, Co(OH)z, and cobaltic hydroxide, Co(OH);.'
Since cobalt normally has the valence of two, Co(0H)p
1s generally formed on the addition of & base such as
sodium hydroxide. If however the cobalt is first oxidized
to a valence of threé with an oxldizing agent‘Such as
hydrogen peroxide, cobaltic hydroxide can be preéipitated,
and is much more insoluble than cbbaltous hydroxide,
having & solubility in water of 0.00032.gms./100>mls.

Tt should thus be possible to separate co ' from
CCo(phth)3]+%y the precipitation of the cobalt ions as
cobaltic hydroxide, provided that this method does not
alsq precipltate some of the cobalt frdm the phenanth-
roline complex. After flltering off the precipitate_of
Co(OH)B, determination of the’activity of the solution
gives the amount of exchange. By running a blank cont-
aining cobalt ions only, the activity due tb cobalt ions‘
unprecipitated by the hydroxide can be determined and
subtracted from the activity of the solution.
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| To determine whether or not the cobalt in [Co(ph.th)':i]-H
~ can be precipitated as cobaltic hydroxide, a solution

" was made up containing enough CoClz and #Z o-phenanthroline
to form the cobalt phenanthroline complex and provide a
very slight excess of o-phenanthroline. A few drops of
30% hydrogen peroxide were then added, and the solution
made basic with 6N NaOH to a P.H. of about 10. Under
these‘conditions no precipitate of cobaltic hydroxide
could be observed.

A solution was prepared containing [po(phth)3]*30ns'
and active cobalt (IT) chlofide. To separate the‘tﬁo
1Qns after the desiped‘length of time had elapsea; 5 mle
portions of the solution were withdrawn, 3 drops of 30%
Hy0p were added, and 10 drops 6NaOH to bring the P.H. to
about 10.  The precipltate of Co(OH)3 was coagulated by
bringing»the solution to the boilling point, and was filt-
ered off through a double thickness of filter paper. The
precipitate was washed with about 45 ml. distilled water
to bring the volume of the filtrate to 50 mls. 0.3 ml,
portionsbwere evaporated to dryness and counted. A blank
was prepared cdntaining the séme amount of activg cobalt
(I1) dhloride, but no cobalt phenanthroline cbmplex.
Co(OH)3 was prégipitated under the same conditions as
described above and the activity found in the f£ilitrate
subtracted from the actlivity obtained in'tﬁe éxchange

mesgsurements.
1
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The following results were obtained:

Wte. of o-phth.H20 ~ 0.5897 gms.

2
5 mlse. active CoClZ'soln. containing

Wte of 00012.6H 0 ~ 063457 gms.

0.0211gms. Co = 84425 10° cts/min.
Solution diluted to 50 mls.
Wte of cobalt in complex = 0;0586 gmse.
Wte of cobelt as (}o'N - 0.0480 gmae.
Blank - 1825 cts./min../O.B'ml's.v

Table XIV. .
| Time éts./min./O.B mls. | % Exchange

of filtrate :

5 mine 3659251 | o 72.2%

1l day 3788 £ 46 746

2 days - 3681226 7245

3 days - 3830 234 7544,

8 days 3693260 . 72.6

Theoretical percent exchangé at equilibrium
| - 55,04 %. |
These figures confirm the result found previously,
that Gd“‘ionsiexchange very rapidly with [Co(phﬁh)37‘:'
| reaching aﬁ equilibrium value in a few minutes.
The equilibrium value found experimentally howeveB,'
1s much higher than the value calculated from the . conc-
- entrations of thé various lons. This 1s probably due to
the fact that Co(OH)3, in the presence of {Co(phth)3]™)
tends to form a colloidal solution, which is hard to filter.
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CO(OH)B. left in the filtrate in this manner would increase
the activity of the filtrate, making the experimental

exchange valué too high.»
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Study of the Exchange Between Cobalt Metal and Dicobalt

octacarbonyl.

The exchange betwseen active cobalt metal and cobalt
- octacarbonyl in a solution of benzéne, was studied at~
room temperature. The active cobalt was’prepared in the
follgwing manner: 0.0508 gmse. of Co'zo3 were dissolved
in HZSO4, 10 gms. of (NH4)2304 and 40 mlse. conce NH4GH
added, and the solution diluted to 150 mls. The solution
wasvélectrolysed between platinum electrodes usingll amp .
at 5 volts. The deposit of cobalt was waéhed well with
water, dried and weighed. ‘

Wt. of Co deposit-= 0.0191.gms.

This would contain 1.1x10° c/m. i:0.0445 gms.[bo(00)4]2

" were dissolved in benzene, giving = 0.00325M solution.
The radloactive cobalt was added, the system evacuated,
and allowed tb stand for .18 hrs. at room temperature.
At the end of this time a good deal of the carbonyl had
decompred, forming a pinkish precipitate. The active
cobalt mefal was removed‘from the éolutioﬁ,'the precip=
itate filtered off, the,soiution‘evaporated to dryhess,
and both precipitate and solution counted.

Bagkground = 5011 cts./mine

Solution - 5021

Precipitate ~ 622 |

This indicates no exchange between cobalt metal

and [Co(C0),]2s
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IV. Discussion of Results.

The. compcugd [CO(CO)AQCCO(phth)B] was prepared and
found to be unstable both in the dry state and in sol-
ution in various organic solvents. Conductivity measure-
ments in aqetophenoné and benzaldehyde>indicate that the
compoun@ has a molar conductivity corresponding to that
- of a strong electrolyte, indicating that 1t 1is a true
. salt of cobalt carbonyl hydride. The results obtained
agree with those quoted by previous'workers;

Transference measurements indicate that the'frans-
ference number of the [po(CO)Al- ion is greafer fhan that
of the [po(phth)3]+§on. This ié to be:eXpected, since
the latter.ion is probably the larger, and hence would
have a lower ionic moﬁility. ’ '

The precipitate formed on thq cathode during the
electrolysis of an acetone solution of Eo(CO)Ag[_Cc?(phth)Q
was found to contain 3.5% active-cobalt, whereas with the
cobalt atom in [Co(CO)iY éctive the pfécipitate confained
6.7% active cobalt. If the reactions postulated are
correct the precipitate should be [po(phth)gkOH)z, which
would contain 9.58%“active cobalt in the first case and
should be inactive in the second casee. It 1s possible
that the precipitate could be a compound contéihing
both [Cd(phtﬁ)Br‘;nd[Co(Qo)lj in some manner. This does
not seem probable however because of the highly lonized

form of [Co(CO)A]Z[Co(phth)B]. Tt seems likely, there-
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fore that tﬁe precipitate contains only the [Co(phth)3]++
ion, and the results can only be explained by exchange
of some sort between the two cobalt atomse. It has been
shown that the two cobalt'atoms in [Co(CQ)A]zfgo(phth)é]
do not exchange'at rbom temperature in an acid solution
over a period of a few hours, This does not pfeclude'
their_ekchange in an acetone solution, but it is hardly
to be expected that if such an exchange did occur it
would be rapid-enough to give the results obtained.

Exéhange_has been observed however between cobalt
(II) ions and [bo(phth)3]+;ons in solution. This exchange
is very rapid and reaches an equiLibriumfvalue almost
instantaneously. .If,therefore; Cé“ibns were present
in the acetoné solution, due to decomposition of [bo(co)zr,
they wbuid exchange Wiph ﬁhe [po(phth)é];;ns; giving the
results obtainad. Assuming this to be the case, and that
the pi‘eCi_pitate on the céthode is [Cb(phth )BI(OH)Z the
_amount of cobalt exchanged at equilibrium; and hence the
percent active cobalt in the precipitate can be caicul-
ated. >i
For bfclo-(co)_Az{Co (phfh)ﬂ:
In one mole of the compound, -

118 gms.@oiin [00(00)4]2

. 59 gms. Co in [go(phth)3]

Then at equilibrium, the ratic of active to inactive

atoms will be the same in both cases so that:
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X - 59 - x

where x&wt., of active
118 59 cobalt transferred from
' _Coﬁphth)B to 00(00)4

1t

b4 39 gms.

The [go(phth)Bj therefore now contains |

59 - i~=20 gms e active-cobaltl Tpe bercent
active cobalt in [Co(phth)3](OH), is therefore,

0 00% = 3.25%
2 xlf 3.25%

~ 616.2 :

Similiar calculastions for {90(00)412(po(phth)Blgive
for thq weight of actilve cobaltiiﬁ {Co(phth)i] at equil-
ibrium a value of 39 gms. , and a percent active cobalt
of_6;5%.‘ These calculations assume that all the cobalt is
in a form In whieh it can exchange. it can be seen that
these values agree very closely with those obtained .
experimentaily. . -

Percent Active Cobalt in [ﬁo(phth)B(OH)Z:

Experimental. Calculated.
[00(00)4]2[c§(phth)3} 3.57% 3.25%
T x |
@o(co)Az[co(phth)BX 6.7% ‘ 645%

In the présence of an exchange such as this it 1s of
course impossible to obtain the correct transference

numbers by the method described.
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V. Suggestions for Further Work.

‘An analysis of the precipitate formed on thé cathode
during the electrolysis of [00(C0),]z[Co(phth)] should be
made, to détermine whether or not its formula agrees with
’thét postulated.- Becausebbhe presence of o-phenanthroline
eliminates the normal 1onic reactions of valehce two cobalt,
this can not be done by any of the usual analytical methods.
Hieber (15) however has devised a ;uitable method for anal;
ysing the cobalt in [00(09)4]'2(Co(phth)3] by heating the
_substance_in a platinum crucible, decomposing the residue
 with KHSO,» dissolving 1t in water, and precipitgting
the cobalt.as the anthranilate.

The passibllity of ekchahge BetWeen the cobalt atoms
tn [60(60) ;]2 [0o(phth) ] should be studied further, esp-
eclally in solutions of acetone. Exchange may be present,
but may‘not have been sufficient to detect in the short

time that the compound was in existencee.
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