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Tig. 5.—Potentiometric titration of e¢-hydroxyplienyl-
glycine at 25° and 0.1 p¢ (KNO;) in the absence of metal
ions and in the presence of various amounts of Cu(II) and
Fe(III) nitrates. Numbers indicate molar ratio of ligand
to metal. Abscissa, m, represents moles of base added per
mole of metal.

analogous to XIII. This effect is scen in the ab-
sorption spectra by a decrease in extinction coeffi-
cient of the Fe(I1I) chelate above pH 11.

The significant difference in the Fe(II1) complexes
of T and IIla brought out by the titration and
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stability of the former, in accordance with the fact
that the IIla chelate does not form until a relatively
high pH is attained.

The absorption spectrum of the copper chelate of
IITla is quite similar to that of the corresponding
EHPG chelate. 1In the ultraviolet region there is
an absorption band at 238.5 mu which increases in
intensity with an increase in pH. This is appar-
ently due to the copper phenolate linkage which is
formed as the pH increases. There is also a band
at 213 mu at very low pH which disappears at and
above the inflection point and which probably is due
to the presence of the free phenolic group in acid
solution.

In the visible region the similarity between the
copper chelates of EHPG and IIla are quite strik-
ing and the effects observed as a result of partici-
pation of the phenolic groups in complex forma-
tion are the same for both compounds.

Like EHPG, the ultraviolet spectra of a,a’-
ethylenediiminodi-o-cresol (I1I) and of 2-(o-hydroxy-
phenyl)-glycine (I1la) show a band at about 277
my (with e of about 2000 per cresol group) which
shifts at high pH to give a phenolate band at 2926
mu with e of about 3000 per cresol group. In all
three compounds the spectra indicate that the
ionization of the phenol group is not complete un-
til the pH is over 12. In the case of 2-(o-methoxy-
phenyl)-glycine (IIIb, not shown), this variation
of spectra with pH does not occur, and the 273 mu
band remains at the same intensity (e 2000) over
the whole pH range.

Comparison of the ultraviolet spectra of II and
I11a with the spectra of their iron chelates indicates
that no significant changes are introduced by com-
bination with the metal ion. This is roughly in
accord with the titration data, which indicate that
a stable chelate between the Fe(IIl) ion and the
ligand is not formed except perhaps at rather high
pH.

spectrophotometric data is the much greater WorcestEr, Mass. TRAMINGHAM, M ASS.
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Tlhe acid hydrolysis of [Pt(NH,)Cls] ~ ii1 aqueous solutiott has been studied by spectropliotonietric aud potentionetric
titration techniques in tlie temperature range of 0 to 35°. For the first hydrolysis: [Pt(NH;)CL]~ 4 H:O <_—>—1 [Pt-
(NH,;)ClL(H,0)] + Cl7, k1 is 3.6 X 105 sec. “tand k- is 2.5 X 107% L moles ™ sec.~1at 25°. AH,*is 18.9 keal. and 1AH._l ES
is 16.8 kcal. The existence of a second acid hydrolysis lias beent demonstrated: [Pt(NH;)Cl(H.0)] + H,O <__>—z [Pt-

2
(NH;)C1(H;0)2] * + Cl=. Approximate values, K; = ko/k_2 = 4 X 10~% nmiole/l. and k_; = 0.2 1. mole~! sec. "1 at 24°
were indicated.

Introduction
In an earlier publication! it was shown that the

acid hydrolysis reaction in aqueous solution for
which rate constants and an equilibriun constant

tetrachloroplatinate(II) ion undergoes a reversible

(1) L. F. Graantham, T. S. Elleman and D. S. Martin, Jr.,, Tsis
JoURNAL, TT, 2065 (1955).

were presented. A similar aquation has been ob-
served for cis-[Pt(NH;):Cl;] and [Pt(en)Cly], (en is
ethylenediamine) by Banerjea, Basolo and Pear-
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son.? However, they found that aquation was not
observable for trams-[Pt(NH,).Cl;] or for [Pt-
(NH,),Cl1]+.

The present paper concerns a study of the
kinetics and equilibrium behavior of aqueous
systems containing K[Pt(NH;)Cl;]. The aqua-
tion process, in which a chloride is reversibly re-
placed by H,O, provides a means for the isotopic
exchange of chloride ligands with chloride ion in the
solution. This work was undertaken to supple-
ment a study of such isotopic exchange which is to
be reported later.

With the [Pt(NH,;)Cly]~ system special con-
sideration needs to be given to the possible non-
equivalence of the chlorides in the well-recognized
square planar complexes. Thus in the reaction

ko
[Pt(NH;)Cl] ~ + H,0 ==
by
[Pt(NH;)ClL(H,0)] + Cl1= (1)

the replaced Cl— might be either cis or frans to the
NH;. Since the replacement of Cl~ by NH; to
give predominantly the cis-[Pt(NH;).Cly] is often
cited as a classic example of the frans-effect, which
was reviewed by¢Quagliano and Schubert,® one
expects the cis-chloride to be the more labile.
However, the possibility exists that a mixture of the
isomers may form. Also, in case of a second
aquation

kg
[Pt(NH;)CL(H,0)] + H.O (T_;

2

[Pt(NH;)CI(H:0)] * + C17  (2)

a cis- or a trams-isomer may result. According to a
summary given by Chatt, e/ al.,* NH; and H,O
do not differ greatly in their frans-directing effects
which are relatively weak. If the frams-directing
effect of NH; is greater than that of H,O, following
the order given by Chatt, ¢ al., the cis-[Pt(NHs)-
CI(H:0);]*t would predominate even if it were
formed from the cis-[Pt(NH,)CL(H,0)].

Experimental

Materials. —K [Pt (INH;)Cl;] was prepared from the Ko-
[PtCly] starting material.! To attain a satisfactory purity,
the final salt was crystallized from a concentrated solution
which contained no excess chloride. An involved procedure
was required to attain these conditions.

The preparation utilized suggestions of Lebedinskii and
Golovnya.? K;[PtCly] was first converted to cis-[Pt (INHa)e-
Cly] by refluxing with 59, ammonium acetate. The crys-
tallized cis-[Pt(NH;)eCly] was refluxed for ca. 2 hr. with
concd. HC! in the presence of some reduced platinum metal
catalyst. After the mixture was cooled, unreacted cis-
[Pt(NH;):Cl:] and catalyst were removed by filtration.
[Pt(NH;)( Cl; was added to precipitate the golden salt
[Pt(NH,)¢] [Pt(NH;)Cl]:. After they were washed, the
golden crystals were mixed with a freshly prepared, concen-
trated solution of a stoichiometric quantity of Ks[PtCl] and
heated for a short time to precipitate the [Pt(NHs), ™+
from the golden salt as the highly insoluble Magnus green
salt, [Pt(NH;),][PtCl]. The resulting solution of K[Pt-
(NH,)Cl;] was evaporated to dryness under reduced pres-

(2) D.Banerjea, F, Basolo and R. G. Pearson, THis JoUurNaL, 79,
4055 (1957).

(3) J. V. Quagliano and L. Schubert, Chem. Revs., 50, 201 (1952).

(4) J. Chatt, L. A, Duncanson and L. M. Venanzi, J. Chem. Soc.,
4456 (1955).

(58) V. V. Lebedinskii and V. A. Golovnya, Izvest. Sektore Platiny
¢ Drug. Blagorod. Metal Inst. Obshchei i Neorg. Khim. Akad. Nauk
S.S.S.R., 20, 95 (1947).
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sure below 45° to avoid deposition of Pt metal. The crystals
were taken up in a small volume of warm water and recrys-
tallized in an ice-bath. They were washed finally with al-
cohol and ether and dried at 60°. Typical analyses of
freshly dried crystals were: K = 10.8, Pt = 54.6, Cl =
31.2, 28.4, NH; = 5.1; calculated K = 10.9, Pt = 54.5,
Cl = 29.6, NH; = 4.8.

Analyses for chloride were made gravimetrically as AgCl,
after platinum had been plated out of a basic solution.
Platinum was determined gravimetrically by electroplating
on Pt-electrodes from an H,SQ, solution containing a trace
of nitrate. The potassium and ammonium ion in the solu-
tion were determiined by the use of the sodium tetraphenyl-
boron reagent, following the procedure of Gloss.®

Analyses indicated that in the laboratory atmospliere the
crystals slowly added approximately one HO per mole.
However it was shown that the H,O did not replace ligands
on the platinum.

The sodium tetraphenylboron was purcliased from the
Hach Chemical Company. It was dissolved and filtered
to prepare the precipitating reagent.

For ion-exchange separations, Dowex-1 anion-exchange
resin, screened 20/50 mesh (inches), was employed. Other
reagents met ACS specifications. Water from the labora-
tory distilled water tap was redistilled from alkaline per-
manganate.

Equipment.—Solutions were thermostated in a water-
batli whose temperature was controlled to &=0.1°. A re-
frigerating coil in the bath permitted controlled tempera-
tures down to 0°.

pH measurements were made with a Beckman model ““G’’
pH meter, with electrode model 1190-80, calibrated with a
standard buffer at pH 4 or 7.

Ultraviolet spectra were scanned with a Cary recording
spectrophotometer, model 12. For following kinetics, the
absorbance of a solution, 4, at a fixed wave length, was
followed as a function of time by a Beckman model DU
spectrophotometer. The conventional definition of ab-
sorbance is used: 4 = log Iy/I, where I is the intensity of
light passing through the solution cell and I, is the intensity
of light passing through solvent in an equivalent cell.

Behavior of K[Pt(NH;)Cl;] Solutions.—It was observed
that when K[Pt(NH;)Cl;] dissolves in H;O at room tem-
perature, the pH of the solution falls and slowly approaclies
a value of 4.5 to 5.0. A simultaneous change in the ultra-
violet spectrum occurs, and the titer of the solution by base
increases. These changes ensue over a period of several
hours and they are reversed by the addition of KCl. Such
behavior is cousistent with the reversible replacement of a
chloride ligand by a water molecule if the aquo-ligand is a
weak acid which can dissociate to give H* and [Pt(NH;)-
Cl(OH)]~. If an NH; were replaced by H;O, the addition
of C1~ would yield [PtClj=. The presence of [PtCL]™ is
not detectable in the solution, although tests showed that
the presence of 19, [PtClL]= gave discernible changes in
the ultraviolet spectrum. Apparently, NH; is not replaced.

A number of solutions of K[Pt(NH;)Cl;] in water were
prepared in which Na,SO4 was added to give an initial jonic
strength of 0.318 mole/l. The solutions were allowed to
stand in a constant temperature bath to attain a steady-
state condition; usually a period of one to seven days was
allowed. The temperature range was 0 to 35°. Samples
were withdrawn, and the equivalents of acid present were
determined by the procedure which was used for the study of
[PtCL]=.! A typical titration curve is shown in Fig. 1.
In this figure the blank titer has been subtracted. If the
degree of second aquation described by equation 2 were neg-
ligible, the equivalents of base gave the amount of [Pt-
(NH,;)Clp(H20)] in the solution, which also was equal to the
chloride ion. Most titrations were carried out with an in-
itial platinum complex concentration of 0.0166 Af; however,
a few were made at a concentration of 0.00415 3/ to test the
consistency of the equilibrium constant for the system.

The kinetics of the aquation was conveniently followed
spectrophotometrically. The absorbance at 343 mu of a
0.0166 M K[Pt(NH;)Cly] solution, containing Na,SO, to
give an ionic strength of 0.318 mole/l., was followed with
the Beckman DU spectrophotometer until the steady state
was attained. It was assumed that the only significant
platinum species were [Pt(NH;)Cl]~ and [Pt(NH;)Cl,-
(H:0)]. The concentrations could then be calculated as

(6) G. H. Gloss, Chemist Analyst (Baker Chem, Co.), 42, 50 (1953).
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Fig. 1.—Titration curve of an aged solution of 0.0166 A
K[Pt(NH;)Cl;]; NaSO, added to give ionic strengtli of
0.318 mole/1.

a function of tiine from the absorbance of the initial K[Pt-
(NH;)Cl3] solution and fron: tlie absorbance of the equilib-
rium state.

[Pt(NH;)Cly(H,0)] Solutions.—Since [Pt(NH;)Cly(H,0)]
species is uncharged, it was possible to prepare solutions of
tliis compound which were relatively free from [Pt(NHs)-
Cl;] — and Cl- by the use of an anion-exchange resin. The
formation of the aquo-species was favored by dilution, so
approximately 10~3 molar solutions of K[Pt(NH;)Cl;] were
aged to establish the steady state. This solution was theu
passed at a rate of about 5 ml./inin. througha 1.5 cm. X 40
cm. column filled with Dowex-1 anion-exchange resin in the
sulfate form. The ultraviolet spectrum of such an effluent
solution is shown in Fig. 2 whicl also includes the spectrum
of [Pt(NH;)Cl;) ~ for comparisout.

2.4 ‘ l T ]1
| I
20t - . i . | B ‘l ‘l
f ‘ PIPtiNmg) Clptom)] T — |
s,s{ P ! | i
; : f
b j [P iNHg) clz {Hz0)]
2 i
< L2 i ‘ B i :
S ‘
o ;
S
w
m
g

400 360 320 280 240
WAVE LENGTH ma.
Fig. 2.—Ultraviolet spectra of solutions: [Pt(NH;CL]-,

spectrum for 0.001 37 solution of K[Pt(NH;)Cl] in 10.00 cin,
cell with excess KCI to suppress aquation; [Pt(NH;)Cl,-
(H,0)], spectrum for 0.001 A7 solution in 10.00 cmi. cell.
This solution is an aged effluent from the Dowex-1 auion-
exchauge colunius in wliclt [Pt(NH;)Cly(H0)] is tlie dom-
inaut species, pH 4.0; [Pt(NH;)CL,(OH)] ™, spectruiut ob-
tained when the pH of the solution for the [Pt(NHj;)Cly (H,0)]
spectrum was raised to 9.0 by the addition of NaOH.

The titration curve of Fig. 1 indicates that [Pt(NH;)-
Cl(H:0)] is an acid with a pK of about 7. Neutralization
of the free acid by base gave inumediately tlie third spec-
trum shown in Fig. 2, labelled [Pt(NH;)Clo(OH}] - sitce
this anion must be the predominant platinum species.
Although thiere were distinet differences, the spectrum of
[Pt{NH;iCL{OH)) ~ was not greatly different from that of
its conjugate acid. After tlie wneutralization, liowever,
slow chauges i1 tlie spectrum indicated that a furtlier sub-
stitution reactiont occurred.
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After they had aged for several days, the efluent solutions
from the anion-exchange columns were chemically ana-
lyzed for platinum content, total equivalents of acid and total
chloride. Results of the analyses are i1 Table I.

TABLE I
ANALYSES OF SOLUTION SEPARATED BY ANION EXCHANGE

FROM AGED K[Pt(NH;)Cl;] SoLuTioNs
Effluent at room temperature, 24 =£1°

Conen.,,
Constituent mmoles./ml.
Total Pt 2.40 X 10~3
Tatal Cl 4.73 X 1073
Equiv. acid 2,74 X 108

Base Hydrolysis of [Pt(NH;)Cl,OH]~.—Since cis-[Pt-
(NH;)oCly] is prepared by the action of ammonium acetate
on [PtCly]=, stoichiometric amounts of ammonium acetate
were added to dilute solutions of the anion-column sepa-
rated [Pt(NNH;)Cla(H:0)]. To other solutions were also
added NH;, KOH and K(C,H;0;) in amounts equivalent
to the platinum complex. A dark-green precipitate usually
was observed after about 1 hr. with 0.01 M platinum con-
centrations. No precipitation was discerned over a period
of several hours with 0.001 M concentration, and changes
in the ultraviolet spectrum could be followed readily for
eaclt of the bases. All of the reagents appeared to produce
eventually very similar spectra. In Fig. 3 is given an ex-

1

43
g/s/lf2 |
|

ABSORBANCE .

! i
400 360 320 280 240
WAVE LENGTH

200
mK.

Fig. 3.—Effect of the addition of NH; on the ultraviolet
spectruni of aged [Pt(NH;)ClL(H,0)] solution to give 0.001
M total Pt and 0.0015 &/ NH;; temp., 24 =& 1°, 10.00 cu1.
cells: (1) Iuitial [Pt(NH;)Cly(H,0)] soln.; (2) 2 niin, (NI
added at ¢ = 0); (3) 17 min.; (4) 53 min.; (5) 85 miu.; (6)
154 min.

ample of tlie observed spectral changes when NH; was
added. Furtlierinore, analysis of tlie solution showed that
uncomplexed NH; had not changed significantly. Tliese re-
sults were interpreted to indicate that a second hydrolysis
llad occurred, giving the complex [Pt(NH;)CI(OH)q .
Tlie spectral clianges, shown in Fig. 4, followed after the
ammoniacal liydrolysis solution had beeu treated witlt H-
SO, and KCl. It can be seen that tlie reaction had beeun re-
versed, and it appears from the spectra that [Pt(NH;) Cle-
{H;0)] re-formss. In other cases for wliiclt much higher
conceutrations of cliloride were added, the final spectruni
clianges indicated first tlie formation of [Pt(NH;)Cl-
(H,0)] followed by nearly complete couversion to [Pt-
(NH;)Cl] —.
Results and Discussion

Acid Hydrolysis Equilibria.—The system was
considered in which K[Pt(NH;)Cl;] and KCl were
dissolved in H,O and allowed to approach a ste:ady
state with regard to the reactions 1 and 2. If K,
is very small, the equivalents of acid indicated
bv the potentiomietric titration end-point, such as
shown in Fig. 1, give the value of x=-. The
complete titration curves indicate that [Pt(NH;)-
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Fig. 4 —Changes in the ultraviolet spectrum of [Pt(NH;)-
CI(OH),] ~ solution following the addition of HySO; to give
pH 4and KClto give 0.01 M KCI1; temp., 24 & 1°, 10 cm.
cells:  total platinum = 0.001 M (1) same as curve 6 in
Fig. 3; (2)¢ = 3 min. (H,SO, added at¢ = 0); (8)¢ =10
min., (KCladded at ¢ = 6 min.); (4){ = 13 min.; (B) ¢ =
18 min.; (6) ¢ = 31 min.; (7)¢ = 56 min.

Cl;(H;0)] is an acid with a pK of approximately 7.
The titration curves were obtained rapidly over
10-15 min. intervals to indicate clearly the loca-
tion of the end-points. However, as the acid is
removed by neutralization, it is continually re-
generated by reaction 1. Also, the second hydroly-

a = original couecn. of [Pt(NH;)Cl;] ~ (before aging)

b = original concu. of C1~ (before agiug)

x = concn, of [Pt(NH;)CL(H0)] at time ¢

X¥» = conen, of [Pt(NH;)Cl;(H-0)] at the steady state

y = conen. of [Pt(INH;)Cl(H.O),] ™ at time ¢

Yo = concn. of [Pt(NH;)CI(H.O).] * at the steady state

K = %00 + %0 + 2vs)/(a — ¥« — ¥i) = equilib-
rium constant of reaction 1

Ky = 900 + %o + 2Y2)/%

sis removes additional base. Therefore, values of
X~ were taken from one point titrations, in which
the estimated base to reach the end-point was
added, and the pH of the solution was determined
immediately. A small correction to the end-point
pH could be made from the titration curve to give
the equilibrium equivalents of acid, or ¥.. Values
of K,, determined at various temperatures, are
included in Fig. 5. Consistency in the values of
K, over a fourfold platinum concentration (¢ =
0.00415 — 0.0166 and & = 0) supported the assump-
tion that K is very small.

For reaction 1 AF° at 25° is 2.5 kcal. The
temperature dependence of K; is small and AH?
is only +2.1 kcal. These values give an entropy
of aquation of —1 e.u. for [Pt(NH;)Cl;]™, reaction
1, a value in excellent agreement with the value of
+1 e.u., predicted by the treatment of Latimer
and Jolly.”

In the aged solutions which were passed through
the ion-exchange column, the liigh dilution (ca. 2 1.
at 2.40 X 103 M total Pt) provided the optimuin
chianice for observing the second aquation equi-
librium. The exchange resin removed Cl~ and
[Pt(NH;)Cl;]~ from the solution, substituting
sulfate. Immediately after passage through the
resin, the [Pt(NH,;)Cly(H:0)] concentration was
X« and the [Pt(NH;)CI(H;0):]* concentration was

(7) W. M, Latimer and W. L.. Jolly, THis JournaL, T8, 1548 (1953).
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Fig. 5.—Equilibrium constant for the first acid hydrolysis
reaction: log K, vs, 1/T.

¥=. Upon further standing, additional aquation
followed so that
[Pt(NH;)CI(H:0)2] ¥ = yo + A¥o
[Pt(NH;)CL(H,0)] = (¥ — Ayw)
(C17) = Ay,

A potentiometric titration curve with sodium hy-
droxide showed only a single break corresponding
to an acid with pK between 7 and 8. The same
end-point, pH 9.35, which was taken for the aged
K[Pt(NH;)Cl;] solutions, served for these titra-
tions. It did not appear feasible to add the large
amounts of Na,SO, to adjust the ionic strength in
these experiments, so they were carried out at the
very low ionic strength provided by the electrolytes
under study. The equivalents of acid determined
were greater than the moles of platinum in these
solutions. For the interpretation, it was assumed
that whereas [Pt(NH,)Cl,(H,O)] provides one
replaceable hydrogen in the aqueous system, two
hydrogens can be replaced in [Pt(NH;)CI(H;0),]*
to give [Pt(NH;)CI(OH);]~. This should then
be the same species produced by the treatment of
NH;, NH,(C.H;0,), etc. From the excess acid
equivalents the concentration of [Pt(NH,)Cl-
(H20).]* was estimated by the use of the equations

[Pttt = ¥o + ¥w 3)

[Li+] = X& + ﬁym + Aym (4)
Since the equilibrium 2 was established both before
the solution was passed through the ion-exchange

resin and after the second aging

Yoo + 2¥0) _ (Vo + Ays) Aye

K, = X = (xe — Aym)__ ®)
With the use of the analytical data in Table I,
these three equations can be solved to give: x. =
236 X 1073 M, yo = 0.04 X 10780/, Ay~ = 0.30 X
10—% Af. The total chloride analyses are satis-
factorily comsistent with the predicted quantity,
(2%¥» -+ v=). The indicated value of K; is 4 X
10~® for room temperature, 27 =+ 1°. With the
uncertainties i1 the determinations of K, it appeared
pointless to attempt an evaluation of the tempera-
ture dependence of this constant. The sinall
magnitude of the constant, K., served to justify the
assumption that the acid equivalents of the aged
K [Pt(NH;)Cl;] solutions gave accurately the con-
centration of [Pt(NH;)CL(H;O)] for the de-
termination of the values of K, shown in Fig. 5.
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Kinetics of the Acid Hydrolysis of [Pt(NH;)-
Cl;]—.——1It is expected that in case the amount of
[Pt(NH;)CI(H;0);]* can be neglected, the ap-
proach to equilibrium with respect to reaction 1
will be given by the differential equation

de/dt = k(e — x) — k_1(x)(b + x) (6)
The solution of equation 6 is

la(e = ¥a)lt = #o + V& + K)? + 4Ka]/
(%0 = %)X — %o + V(0 + K)? F+ 4Ka] =
kB BT AR ()
wliere ap is the value of x at £ = 0. A typical ex-
perimental plot of this function from a solution
followed by the spectrophotometric method is given
in Fig. 6. The description of the system by equa-

b4
)
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3 obb\
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¥ -6
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s - o) <3
x -l NG
¥ \
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=, O\o
= 0 ( 3 3 2 5
TIME - Hr.

Tig. 6.—Kinetics of approach to steady state for reaction
1 followed spectropliotometrically (848 mu): for 23°% a =
0.0166, b = 0.

tion 7 appears satisfactory. From the equilib-
rium constants. given by tlie smooth line of Fig. 5
and from the slopes of the lines such as the one in
Fig. 6, values of £, and %k have been calculated and
are included in Table II. Also included are the
indicated values of AH+ and ASY, based on the
assumption that transmission coefficients are unity.

TasLE II
RatE CONSTANTS FOR THE FIRST AQUATION OF [Pt{NHj)-
ClL;]) ~ (ReacTtioN 1)

k1. ko1,
Temp sec. 7! 1. mole 7! sec. ~!
°C. X 108 > 103
0.0 0.21 0.19
5.5 0.37 .33
13.0 1.31 98
20.0 2.35 1.65
25.0 3.6 2.5
30.0 5.8 3.7
AH?, keal. 18.9 16.8
as%, cu -1 —14

‘The numerical values of b and k-1 at 25° are
close to the values of 3.9 X 10—% and 2.1 X 103
found for the corresponding rate constants in the
[PtClL]~: [PtCL;(H.0) ]~ system, despite the dif-
ferences in charge.! Banerjea, Basolo and Pear-
son? have noted that for a large number of substi-
tution reactions in which chloride is replaced by
the other groups in cis- and trans-[Pt(INHs).Cl:],
in [Pt(NH;);CI]*, in [Pt(en)Cl] and in [PtCli]~,
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the rate is independent of the substituting group.
The first-order rate constants are all very close to
the value of 2. They propose that acid hydrolysis
may therefore be a common step in such reactions
which involve the substitution of ligands which are
weakly frans-directing.

It was noted that the rate of the acid hydrolysis
was independent of pH if the pH were less than ca.
4.5, so the predominant species of the first hy-
drolysis was the acid rather than its conjugate base.
A solution of aged K[Pt(NH;)Cl;] in water nor-
mally attains a pH of 4.5-5.0.

In solutions for wlich the pH has been raised to
values of 6 to 10 by the addition OH—~, NH;, am-
monium acetate or sodium acetate, the spectral
changes indicated the stepwise base hydrolysis to
give, first, [Pt(NH;)CL(OH)]~ and then, [Pt-
(NH;)CI{OH),]~.

Kinetics of Second Hydrolysis Reaction.—The
small equilibrium constant, K, precluded the
possibility of obtaining directly an accurate value
of the rate constant for the forward reaction, k..
The effluent solutions from the ion-exchange
column were observed to be stable for long periods
of time and frequently were stored at a pH of
about 4 without observable changes for several
weeks in an ice-bath. However, the spectral
changes upon the addition of limited antounts of
base indicated the formation of [Pt(NH,)Cl-
(OH):]~, for which Fig. 3 is a typical example. If
acid is added to the resulting solution of [Pt(INHj)-
Cl(OH);]~ to convert it into the form [Pt(NHj)-
CI(H;0):] ™, the rate of reverse reaction of equation
2 can be followed after the addition of chloride.
TFrom the results of such an experiment, Fig. 4, it
can be seen that the spectrum changed rapidly
when H,SO, was added to give tlie initial neutraliza-
tion of the OH~ groups. Addition of a large ex-
cess of chloride gave further rapid chianges in which
the valley at 260 myu and the shoulder at 325 my,
characteristic of [Pt(NH;)CL(H:0)], reappeared.
That the final spectrum of Fig. 4 did uot return
exactly to the initial spectrum of Fig. 3 may be due
to the formation of limited amounts of cis-[Pt-
(NH,):ClL], [Pt(NH,)CL]~ or possibly a polymer
in the system. The largest measurable absorbance
changes occurred at the 260 mu valley of the [Pt-
(NH;)ClL:(H;0)] spectrum. Therefore, for a very
rough estimate of the rate constant, k_.[Cl] was
set equal to the initial slope of the curve, li(4 — 4o)
vs. {, where

A4

absorbance at 260 mu as a function of timic, ¢, after
the addition of chloride, Fig. 4

Ay = absorbance at 260 mu of curve 1, [lig. 3, with
[Pt(NH;)Cl(H20)] the predominant species

The value found was k-, = 0.2 1. mole~! sec.”!
for 24 &= 1°. With the value for K, given above,
a value of 1 X 1073 sec.~lis indicated for #,. This
value is therefore in line with the %, and the other
first-order constants for the substitution reactions
studied by Banerjea, Basolo and Pearso.
Althouglt information about the equilibrium and
kinetics for the acid hydrolysis has been obtained,
the interesting question of the stereochemistry re-
mains unanswered. Since the liydrolysis is en-
hanced by dilution, it does not appear likely tliat
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pure hydrolysis products will be obtained by crystal-
lization procedures in view of the complexity of the
system.

It is to be noted that these acid hydrolysis
reactions provide a means for the isotopic exchange
of chloride ligands with chloride ion in the solution.
The use of radioactive chlorine-36 therefore may
possibly give information which will clarify some of
the stereochemical features of the reaction. There
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is also the question whether isotopic exchange
may take place by alternative mechanisms. The
authors are conducting exchange experiments with
CI38 whicli will be reported at a later date.
Acknowledgment.—We wish to thank Dr. F.
Basolo for providing us prior to publication with
information concerning the kinetics of otlier com-
plexes of platinum.
Awmes, Iowa
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The Thermal Decomposition of Methyl Cyclobutyl Ketone'?

By Lovuis G. DAIGNAULT AND W. D. WALTERS
RECEIVED SEPTEMEER 3, 1957

The vapor-phase thermal decomposition of methyl cyclobutyl ketone has been investigated over the temperature range

360-410°.

ucts, were found to be present in essentially equivalent amounts. s
mm. and from data taken during tlie course of the decomposition the reaction is first order.

During the initial stages of the reaction ethylene and methyl vinyl ketone, which are the only important prod-

On the basis of experiments at pressures from 10 to 65
No appreciable inhibition

of the decomposition by propylene, toluene or nitric oxide was observed. Experiments with initial pressures near 50 mm.

gave an activation energy of 54.5 kecal./mole.

The thermal decompositions of methyl alkyl ke-
tones have been observed to proceed by free radical
chain processes.® On the other hand cyclobutane*
and several other four-membered ting compounds®®
appear to undergo simple ring cleavage reactions
which are not inhibited by propylene, toluene or
nitric oxide. Therefore, the investigation of the
thermal decomposition of methyl cyclobutyl ke-
tone was of interest, particularly for comparison
with the behaviors of these related compounds.
Moreover, the photochemical decomposition of
methyl cyclobutyl ketone has been investigated at
2654 A. with temperatures from 60 to 250°7
Carbon monoxide, ethylene, methane and cyclobu-
tane are the principal products, but at the lower
temperatures methyleyclobutane, ethane and cy-
clobutene are present also. Free radical processes
were used to explain the formation of the products.

Experimental

Materials and Apparatus.—The methyl cyclobutyl ketone
was prepared by passing a mixture of cyclobutanecarboxylic
acid and acetic acid (1:2.5 mole ratio) over a manganous
oxide catalyst at 380-390° and collecting the products in a
receiver cooled to —78°8 A number of samples were
prepared and purified. In the first two preparations the
sample was separated into fractions by distillation in a
Claisen flask. Rate measurements were made with the

(1) This work was supported by the Celanese Corporation of
America during the summer of 1954 and by the National Science
Foundation from 1955 to 1957.

(2) Abstracted from the Ph.D. thesis submitted by Louis G. Daig-
nault.

(3) (a) I'. O. Rice and O. L. Polly, J. Chem. Phys., 6, 273 (1938):
(b) J. R. E. Smith and C. N. Hinshelwood, Proc. Roy. Soc. (London),
A183, 33 (1944); (c) C. E. Waring and M. Spector, Tr1s Jour~ar, 77,
6453 (1955); (d) C. E. Waring and V. L. Garik, ¢bid., 78, 5198 (1956);
(e) W. T. Barry, Jr., and W. D. Walters, ¢bid., 79, 2102 (1957).

(4) C. T. Genaux, F, Kern and W. D. Walters, ¢bid., 76, 6196
(1953).

(5) R. E. Wellman and W. D, Walters, ibid., 79, 1542 (1957).

(6) M. N. Das, F, Kern, T. D. Coyle and W. D. Walters, 1bid., 76,
6271 (1954).

(7) 1. Norman and J. N. Pitts, Jr., ibid., 77, 6104 (1955).

(8) N. Zelinskif and E. Riachina, Ber., BTB, 1932 (1924);
Kazanskil, ¢bid., 69B, 952 (1936).

B. A,

The first-order rate expression is & = 3.4 X 1014 ¢=5400/ET gao ~1

fourth fraction of the first preparation (A-4) and a small
fraction (B) taken after the distillation of 609, of the second
sample. In the third preparation the fourth fraction from
the first distillation was fractionated in a small column
equipped with Podbielniak Heligrid packing. Sample C-4c
was the third fraction. The D samples were from the
fourth preparation after distillation in a Claisen flask and
fractionation in a nitrogen atmosphere at a reflux ratio
greater than six to one in a columu with 85 em. of Leckv-
Ewell packing. Sample D-2 was one which was purified by
conversion to the semicarbazone, recrystallization, and re-
generation of the ketone. The melting point of the semi-
carbazone was 148.0-148.5°; literature value, 148-149°.9
Sample D-5 was a portiou of the fifth fraction placed directly
on the vacuum line and used for rate studies. Sample D-5a
was a portion placed in storage at about —15°; after seven
months’ storage plus some contact with air this samnple gave
a peroxide test with the sensitive ferrous ion-thiocvanate
reagent. Before this sample was used in a few experiments
the peroxides were reduced to a hardly detectable level by
long shaking with mercury. The infrared absorption spec-
tra of samples B, D-2 and D-5 were obtaiited in a one-meter
gas cell with Perkin-Elmer models 12AB and 21 infrared
spectrometers. Since the spectra from the three samples
were in agreement, no indication of the presence of an im-
purity was obtained. None of the fractions used for kiuetic
measurements had a boiling range in excess of 0.2° and in
most cases the boiling point was constant (within 0.1°)
during the collection of the sample. The indices of refrac-
tion (#¥D) for the various samples were: B, 1.4322; C-c,
1.4317; D-2, 1.4321; D-5, 1.4322. The index of refraction
has been reported as 1.4322 at 19.3% and 1.4315 at 20°.1°

Propylene (99.5%,) was obtained from the Ohio Chemical
and Surgical Equipment Co. Toluene (Mallinckrodt an-
alytical reagent) was dried over anhydrous calcium sulfate.
In general all compounds were degassed immediately prior
to use. Nitric oxide (Matheson) was distilled under vacuum
two times. Before each use the nitric oxide was degassed at
—196° and then distilled from a storage bulb (placed in a
bath at —78°) into a small tube at —196°.

The furnace, temperature control, and vacuum svstem
were similar in design to those described earlier.!! For the
study of surface effects the cylindrical Pyrex reaction vessel
(310 ml.) was replaced by one packed with thin-walled Pyrex
tubing which increased the surface-to-volume ratio 28-fold.
The temperature at the center of the reaction bulb was

(9) (a) N. Zelinskif and J. Gutt, ibid., 41B, 2431 (1908);
Pinson, Jr., and S. L. Friess, THis JourNaL, T2, 5333 (1950).

(10) H. Pines, W. D, Huntsman and V. N. Ipatieff, ibid., T8, 2315
(1953).

(11) D. W. Vanas and W. D. Walters, ibid., 70, 4035 (1948).

(b) R,



