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1. INTAGDUGCTION

The purpose of this reseesrch has been to investlgate the
kinetics of the resction of agqueous ammonie with the tetra-
chloroplatinate(II) ion. This work was & continuation of the
studies of the chloro-emmine—platinum(Ii) series previously
pegun 1n thie Laborstory (1, 2, 3, 4, 5, 6, 7, 8, ¢, 10, 11).

The chloro-ammine;platinum(II) series nes been studied
for over a hundred yeers. 1In 1840, Reiset (12) first prepared-
what is now called trans-dichlorodiamminepletinum(II). This
compound is glso sometimes called "Reiset's sglt". Five years
later Peyrone (13) prepsred e compound with the same composi-
tion tut with different properties. This compound is now
called cis-dichlorodiamminepletinum(II) or sometimes referred
to simply as "Peyrone's salt'.

Later Jorgenson (14) also pfepargd both of these com- -
pounds. He discovered thet dirferent products were formed

when sucstitution reasctions of the following type were under-

taken.
[PtA;-%] + X *QEtAZXJ + ZA (1.1)
[Pex,] + 28— [Fragky] « 2x (I.2)

In the above reactions A weas aumonie or en orgsric amine,
while X~ wes & helide. In 1893, Werner (15) proposed thet |
these compouncs were the cis and trans isomers of easch other.
He postulezted thet the amine and the halide ligands were 1h e

square planar arrangement about the central pletinum atom.



It hes since been shown that this 1s the normal configure-
tion for &ll platinum(II) complexes, but it wes some tine be-
fore acceptance of this idea was complete. Werner's theory
wes cased only on chemical evicdence end Reihlen and lestle
(16) cleimed in 1926 thet trans-dichlorodiammineplaetinum(II)
was only the dimeric form of cils-dichlorodiemmineplatinum(II).
Drew et 21. (17) cléimed in 193z to have discovered a third
isomer of dichlorodisammineplatinum(II). Since only two iso-
mers are possiole under VWerner's theory, this third isomer
would heve disproved Werner's idea. Leater work, however,
failed to confirm the existence of this third isomer end
finelly structural studles (18) in 1954 confirmed Werner's
square plansr configuration.

The aquation.of platinum{II) compounds hes been studied
by many people. Werner and,Miolati.(19) revorted the reaction
of g;g—dichlorédiammineplatinuﬁ(II) with water. They observed
-the increased conductivity of the soluﬁion upon aging,‘and mis-
takingly lnterpreted the results as an ionization process. It
is now known that tﬁe following equation reections, or more
accurately the acid hydrolyses, were taking place.

cie-[Pt(NHg) 50L5] + Hy0 S[Pt(NHz)01(H0)T + C1

(I.3)
[Pt(nHz)oC1(He0) T + Hzo.":_)[Pt(NH,3)2(Hzo)2*?7 + C17
(I.4)

Other authors have also used conductlivity meazsurements
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to study the aqﬁation of platinum(II) cémpounds. Among those
to use this method were Drew et al. (17), Jensen (20), and
King (21, 22). King worked with many compounds of the type
[Pt(NH3)2X2] angd [Pt(kHS)SK]X. He divided these compounds
into two clesses deperding on the externt of hydrolysis which
took place within a short time of dissolving the compounds.
He found that when X was Cl1™, Br , ér KOgo , the compounds
acted as non-~-electrolytes in the case of the dismines and as
salits of unlvalent cations in the triamines. When X wsas
NOS', SO4=, or plcrate, he found complete or nesrly complete
hydrolysis in all cases.

Yakshin (23) studied the hydrolysis of cis- and trens-
dithiosulfatoplatinate(II). He found that the rete of hydrol-
ysis of the cis lsomer was much greater tﬂan for the trans
isomer. | |

The aquation of [PtClf" has been étudied by Grentham
et al. (1). They used radioactive tréaers to follow the ex--
change of chloride between the complex and the solutiorn. They

~observed that the exchange could be explsined by an acid.
- hydrolysis mechanism with a direct, chloride independent,
exchange occurring with [PtClS(HzoX]_-

Sanders and kartin (5) later restudied this reaction and
found that it was necessery to include the second aquation |
product, [PtGlZ(HEO)é], in the reaction mechanism. They

determined equilibrium constants for both the first and second



aguation reactions which showed that for a 0.001 M solution of
KZPt014, tne equilibrium concentrations of the first end
second acguation products were of the same order of megnitude
with_bnly small amounts of [?tClgz remaining.

Tne cis and trens forus of dichlorodiammineplatinum(II)
were studied by Reishus end kertin (6) and vy Adems end kEsrtin
(8) respectively. For these compounds it was found thet the
rate of aquation or the trans compounda was sgbout four times
tnat of the c¢cis compound. For eesch cof these compouncs the
exchange of radioactive chlorlde between the sclution snd the
complex was followed, end thé extent of hydrolysis was deter-
wined es a function oI time by titretion metnods. The ex-
change of chloride in the cis compound was found to be first
order 1ln the complex and was independent of the chloride lon
conceniretion in the solution. The exchange wss sttributed
to an aclid hyarolysis mechenism. The acid hydrolysis was &8lso
important for the chloridé exchange of the trans-compound. In
thie compound, nowever, thevrate lew for the chlorlde exchange
also conteined & secoird term, which was first order in the
chloride ion concentration. Thus for the trans-compound, both
a direct exchange mechsnism and an scid hydrolysis mechanism
were needed to explalu the kinetlcs for the chloride exchange.

The sclia hydrolysis and chleride exchange for
[EtClS(NHS) ]_ were studled by Ellemen et al. (3, 4). They

observed thet the chloride exchange was more rapid than could
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be explained directly by the measured acid hydrplysis. This
was explalined by the non-equivalence of the chlorides in
[FtC13(NHz)] . The aquatlon rate for all three chlorides was
of the same order of magnitude; however the equilibrium con-
stants for the aquation reactions might differ for the
chloride ligands which ere cis or trans to the ammonia group.
Thus the chloride exchange due to the acuation of the ligand
having the lowest equilibrium constant would be more rapid
during the early portion of the reaction. They slso found it
necessery to include the second aquatiorn product in order to
explain the observed exchange phenomena. .

Aprile and kartin (9) studied the chloride exchange for
fPtCl(NH5)3]+. They found that the exchange was dependent on
the chloride concentration in solution. Thus 2 second order
reaction between the complex and chloride was needed in order
to explein the observea results.

Grincerg and Filinow (24) studied the exchange of bromide
in [PtBrg]~ using tromine-80 a2s a tracer. This work wes ex-
tended by Grinberg and Nikol'skays (25). They observed resc-
tions of the type,

[Ptx,]" + X

= [ptxx'J" + X, (1.5)

where X was CN™, I7, Br , or C17. They found that the ex-

change rates were in the order: CN I~ Br Cl The
stabilities of these complexes toward dissocletion were in the
same order, with the cyanide being the most stable. In other

words the AF°'s for the reaction



= .

4xt1ag.) + m*‘g(aq.) ”‘?):b"c)&é (20.) , (1.6
were'in the order C1™>Br >»I _>CN~. Thus they claimed the
exchange could not be expleined on the basis of a simple
dissociation mechanism.

Many things have been found to catelyze the reesctions of
platinum complexes. Rich and Tsube (26) have shown that oxi-
dizing agents like [}e(CN)é}n3 end [irClé]= greatly increased
the chloride exchange rate of [PtCl,] . They concluded from
this that the reaction proceeded through Pt(III) as an inter-
mediele witn a very high lability.

Ultraviolet light hes 2lso been shown in many csses to
affect the reasction rate o1r platinum complexes. Rich and
Teube (26) have shown that the chloride exchenge in [PtClgl~
1s greatly accelerated in the presence of light, although the
exchange in [?tc g - does not seem to be so strongly affected.
In Pt(II) compounds, Adamsonl hes indicsted tnet the aquation
of cis-(?t(NHS)Clé] and [ftClé]= is accelerated by the use of
intense light sources. Grinberg (27) found thet the reaction
of K, PtBr, with aumonla is strongly accelerated in the
presence of light, while the ammoniation of [?t014]= and
[thlS(NHSi]— were not similarly sffected.

Grinberg, with his coworkers (27, 28, 22, 30), have

studied the reactions of [PtCly)”, [PtBry]~, [Ptols(nus)]

lArthur Ademson, Los Angelesg, California. Photochemistry
of platinum complexes. Private communication. 1961.



[}tCl(NHS)é)+, Z?tErs(NH5£7—, and Z%tClS(pyZ], with hydroxide,
aumonis, and pyridine. They found the reaction of these com-
pounds wilth amines to te second order reactions. The reaction -~
of these compounds with hydroxide, which 1s often referred to
as alkaline hydrolysis, were found to be I'irst order, the rate
depending only on tne concentration of the complex. They
found tne rste for thne gliasline hydrolysis to ©e very nearly
equal to the rate for the acid hydrolysis. They therefore
described the reasction with hydroxide as consisting of two
steps. A slow aquation resction was followed by the repid
neutralization of the aclidic proton in the aquo species to
form the corresponding hydroxo-comnlex.

Teube (51) has classified the complex ions sccording to
the rate of their substitution reactions. He arbitrarily de-
fines those ions as lablle for which the resctions are essen-
tially complete within less than one minute. All other ions
he considers as inert. Under this definition most Pt(II) com-
pléxes would ce inert. Teuke correlated the reactivity of
variéus octehedrel complexes with thelr electronic structure
which in turn could Irequently be inferred from theilr magnetic
characteristics. As a general rule 1t is found that e central
aton: with s relatively steble unoccupled low energy orbitel
will be labile. In some cases an orbital becomes availatle
through the peiring of electrons into & single orbitel. Thus

the spin free complexes of cobalt(III), such as [?O(H20)5]+3,



are leplle es would be predicted frox the presence of unpelred
electrons as shown by magnetic suscéptability deta. The spin
paired complexes of complexes of cobalt(III), however, are
inert. In this case the first unoccupled orbital has en
energy so high that it is more profitable to crowd the elec-
trons in the lower orbitals. This feature implies thet the
éuostitution mechanism involves the formetion of sn sdditional
cond to give 2 co-ordination number of sever in the transition
state 1f the energy cost of the necesssry additionsal orkitel
is not too high.

The trons erfect has been studied for many yeesrs. In 1926
Chernysev (3Z) notliced thet negative groups in pletinum(II)
complexes caused the ligasncs in the position trens to tnis nega-
Tive group tc become more reesctive than those in the cis pcsi-
tion. With this rule it is possivle to predict whether the

cis or trens isomer willl result from & glven reaction. For

example, if [bt(NHS)Cléj— is reacted with emmonia, cisg-
[PtClz(NHs)é] wlll result since chloride is & stronger trans
director then ammonia. The trans effect acts through kinetic
rates and not through chemicel equilibrium since trans-
[Pt01,(NHz) ;) 18 formed by the resction of [Pt(NHz)g]*® with
chloride. » '
Grinberg (33) was one of the earlier workers to propose

a structural mechanism for the trans effect. He postulated

that the bond trans to an electronegstlve group was weakened



due TO tThe 1nduced dipole moment . f'or cetTter results the
permanenf diéole moment, - the electrical cherge, and the size
of the ligsnds should also ve considered 1in or@er to determine
the total eiectrical potential 1n the vicinity of the Irans
group.

Grinterg's theory works ressonably well for ligends hav-
ing no fI” bonding chsracter. However the increase in resctiv-
ity of a group due to the trans eifect is not always due to
the weekening of the bond to the ligand trans to that of the
trans-directlng group. In some 1lnstances 1t has been shown
tnat this bond is actuslly strengthened. Chatt et al. (34)
explain this on the basis of a bimoleculsr SyZ mechanlsm.
Since substitution in platinum(II) compounds is nucleophilic
in nature, & decrease in the electronic cloud surrounding the
leaving group should increase the reaction rate by fecilitat-
ing the approach of the entering group. Let us consider the
ligends of the complex to be in the Xy plane, with the x-axis
directed toward the /| conded ligend. The ] bonding will
cause the anguler grobabllity density of the electrons in the
dXZ orbitals of the pletinum stom to be snifted towerd the
bonding ligend, with & resulting decrease in electronic
derisity in the lobes directed toward the trens position.

Thus ligznds capeble of /J° bonding should have & high trans

effect. Orgel (35) independently proposed the same mechenism

to account for the trans effect of /) bonding groups. He used
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a Ttrigon&al clpyremld Ior tne transition state.

Chett et al. (34) have given the followlng series &s
veing the approximste order of the trans directing power of
verious ligends. HgOSOH < NH; AR <pyridine <01 < Br < NCS
¥ITANO,” AS0zH APRzAR.S *SC(NH,) S NO>CO>CzEs= CX~

pannerjea et al. (36) investigsted the effect of the
reactant on the rste of reaction of verious pletinum(II) com-
plexes. They found that the resctions with e given complek
could be divided into two classes. The first was e slow first
order reaction, the rate depending only on the concentration
of the complex. All reactions of this type hed eprroxim~tely
the same féfe conétant for a given complex. The second class
of reesctions were of second ordér, the rete being proportionsl
to both the complex end the reectent. The rztes for. these
reactions were much grester than for those of the first class.
In general they found the reactaents for the secornd order re-
sctions to have nigh trans directing properties, while the
reactants for the first order resctions had low trans
effects. They essumed that ¥ Dbonding in the transition
state for the second order resctions would help to stebilize
the intermedlate coamplex and thus partially counterect the
chernge in crystal field statilization energy in going from the
square planar configuration to & trigonel blpyramid.

Grinoberg (29, 30) cites evidence for a 'cis" effect. He

shows that the reaction of & leeving group 1s influenced by
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Wie group uls L0 1L 28 well as Tne Treans group. As an example
he points out thet tne reection of smunonia witn [}tCl3(K%5X]_
1s much faster thean the resction of ammonia witn [Pt014j=-

Ine cis effect seews 10 heve iis lergest influence on systems
w.ilcn also have a large trans effect. Grincerg explains the
cis eifect as a modificetion of tne trang effect. The cis
groups eliter the iufluence of the trens group on the reaction
rgte. For instance, =& [¥ -couding group in the cis position
wi:l compete witn e /¥ -bonding group in the ITrans position for
the ¥ -conding ability of the platinum etom, 2nd thus decrease

tne trens directing strength of the irans group.

Basolo a#d Pearson (37), ir their book; aeve proposed a
meeh anism for sucstitution in squsre plener compounds. the
mecnanlism is 2 slight wodirication of the theorles of Chatt
(34) and of Orgel (35). If eiiher the resctant or the orig-
innal complex conveins & T bond, & rzection intermediste with
£ Trigonsz. cipyrimid structure will be stebilized. The trens-
ition stete will tnen ce =s foilows, with X end ¥ teing the
lezving =nd entering groups respectively. The L, X, end ¥
groups form & vlene wnicn 1ncludes the platinum etom, with the

A groups celng zbove and celow this plane.

A
l/y

L= f"t\

A

X
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The transition state is stebilized by the JI© bbnding in
e similer menner to thet described earlier in Chatt's (34)
eXplenation of the trans erfect.

Besolo (37) suggested tne following mecnanism for the

sutstitution in the square plansr compounds of platinum(II).

S
L\?/H FAasT, L\X/H sLOW ‘H >

A X
PATH T ”sww FASTY | pATH L
o X
1 FEST |
N — /M\/
S NV
f 3
FRST TL
S
L\'://‘_/
S solvent. H///$?\\\
---- wesk bond S Y

According to this mechenism the reaction should be bi-
moleculer with & I'irst order dependence on the entering group.
However 1n some ceses water may act initially as the reactant
with & further immediate reéction with another reagent, so

that the overaell reaction 1s not dependeut on the concentration
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0L Lne eventual reagent. This latter possibility 1s necessary
in order to account for the fesct that the resctions of
platinum(II) complexes may be either first or second order,

or even & mixturs of the two.



Ile LArnAlmmiNIAL
A. DMaterisals

1. Pt

The platinum used in this work wes obtained either in the
form K PtClg or as HoPtClg-6Hy0. Platinum wes also obtained
Irom tne recovered wastes of previous experiments. To purlfy
these products from iridium, which mignt heve 2 catalytic
effect on the reactions to be studied, the followlng procedure
was used. The platinum compounds were dissolved in weter, the
solution was mede basic (pH 10) with sodium hydroxide, and the
platinum wae then reduced to metallic platinum with hydrazine.
After cozgulation, the pletinum waé dissolved in aqua regis
and eveporated to dryness three times with hydrobromic acid.
The H2Pt5r6 was taken up in & minilmum emount of hot water
from which K2Pt3r6 wes preéipitated by the use of an excess
of KBr. The KoPtBrg wes then recrystallized three times with

hot water.

Z. K PtCly

The K2PtBr6, previously purified from iridium bty the
acove procedure, was dissolved in weter. The solution was
then made pasic with sodium hydroxide and pt° precipitated
witn hyéreszine. The Pt° wes washed with weter, hydrochloric

ecid, and nitric scid, and then dissolved in agua regis.
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Al ler evaporating Lo dryness wnree oimes wiiln ACkL, KthGl6 was .
precipitated by edding excess KCl. ‘The KZP;C16 wes reduced

to KoPtCly by refluxing it.with e stoichiometric amount of
KgCz04. The KoPtCly was recovered by cooling the solution

in an ice beth cefore filtering. _It was usually necessary to
recrystallize the lmpure KBPECI4 from water 2t least ten times
before the desired purity was obtained. -The ultraviélet ab- .
sorption spectrum of =& preparatioh in solutioh served 25 a
criterion for 1its purity. Speclel attention was paild to the
depth of the velley at 283 m/», since impurities hed e strong
tendency to increase the optical density at this wave length.
The highest value octained for the ratlo of the C.D. at the

peak at 331 m/4 to the above valley was 4.0.

3. Cis-[Pt(NHz)gCls]

Cis-[}t(NHS)ZCIéj'Was prepared by.a rethod similear to
that devised by Lebedinskii and Colovayas (38). Six grems of
KoPtCly and six grems of KC1 were dissolved in a 5/ solution
of (NH,)(C,H305) end refluxed for half an hour. The impure
cis—[}t(NHs)zcl;] wes recovered by filtering the cold solu-~
tlon, safter which 1t was recrystallized seversl times from

water.
4, Wwater

The water used 1n these eXperiments was redistilled from

alkaline permanganate solutions.
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0. .LVtner reeggenis

ihe sulfamic acid, which was used to standardlze the
amﬁohia solutions, was purchassed from the Matheson Compeny.
A1l other chemlcals were resgent grade chemicals obtalned
from either the Baker Chemicsal Compzny or the Fisher Sci-

entific Compseny.
B. Equipment

l. Constant temperature vatns

The constent tempereture baths used in thls work were
manulactured by the Sargent Company. Intermittent heeters
calenced refrigerated cooling colls to keep the temperature

within + 0.1° C.

2. Spectrophotometers

Most of tne spectra for. this work weré obtained with
the Cary Recording Spectrophotometer, kodel 1Z, menurectured
oy the Applied rhysics Corporstion. A few spectra were tezken
with the Beckmen ratio Recording Spectrcphotometer, lodel DK-Z.
Witn ocoth df these machines it was impossicle to control the
temperature of the cell compartment while spectrz were re-
corded. Silica cells were used with path lengths of 20, 50,

or 100 nm.
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S. Jomputer

An IBM 704 computer, operated by the University of Wiscon-
sin, wes used 1in the cslculation of the rate constants. An
IEM 66 printing dats transceiver between Madisor, Wisconsin,
end Ames, Iowa, made possible the rapid transferance of
informstion cn IBM cards. This permitted th¢ efficient use

- of the computer while remaining in Ames.

C. Procedures

1l. Spectra determinations

In order to determine the spectra of [?tClS(HEOﬂ 0,
[po1,(m,0),], [Pre1(0d) =, end [PtC15(0H)~, solutions of
K.FtCl, at dirferent concentretions were allowed to age at
25° C. ror about one day to insure equilibrium. Ultraviolet
spectra for these solutions were then recorded. The solutions
were made baslic with NaOH end the spectrz were redetermined
lazmedicztely. With the use of the known equiiibrium constents
ernd with the sssumption of only a slow egquetion of
[pto15(0n) = ena [PtC1,(0R) 5[, the spectre or [PtC13(H0) 7,
[PtC15(H0) ], [PtC15(0H)] 7 end [PtC1,(0H)[™ were calculated

ss_shown in tne following sectilon.
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Z. Kinetic runs

The reaction of eumonia with [?t01%]= was studied by
gdding aqueous Nz, previously stendardized against sulfamic
acid, to a freshly prepsred solution of KoPtCl,. The smmoniz
and the water used to dissolve the KgoPtCly had previously been
allowed to come to equilibrium in 2 constant tempersture bath
oI tne desired tewperature. Following the sddition of the
ammonia, wnich was Teken es zero time, the solution was put
cack into the consuvant temperature bath. At intervsls samples
were wlthdrawn and their ultre-violet spectra were recorded
immediately. Since the temperature of the samples were not
controlled during the periods that they were introduced into
the spectrophotometer, errors due to this cause were inevit-
acle. These errors were probably lecet fér the experiments
at 250 C. and did not eppeer to leed to inconsistencies 2t
This tempereture. They dild eppeesr to be the source of some

difficulty st otner temperetures.
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11i. THEATNENT OF DATA
A. Spectra

In order to follow the kinetics of the reaction of
[PtC1l,]  with aqueous ammonia, it was first necessary to
obtain the ultraviolet spectrum for each of the speclies in-
volved in the reaction. The spectra of [PtCl4]=, cis- |
[Pt(NH3) 5C15], and [Pt(NH,),]"" were obtained directly from
freshly prepered solutions of pure compounds. The spectra
used for [Pt(NHz)Clz]™ and [Pt(NHz)C1,(OH)]™ were from the
work of Elleman et al. (3, 4). The spectrum of [Pt(NHz)C1]"
was obtained from Aprile and Martin (9).

Since it was impossible to isolate pure PtClz(HZ0) ,
[PtC1,(H0) 1, [PtC1z(0HY ~, or [PtClg(0H)g]™, the spectra
for these specles had to be obteined from solutions of mix-
tures. Solutions of KoPtCl, at various concentrations were
allowed to age &t 25° C. for azbout one day. Equilibrium con-
stants were given by Sanders and Martin (5) as follows,

[PtC1ly] ™ + Hp0 #= [PtClz(HZ0)]  + C1~ K, (III.1)

[PtC15(H,0)]™ + Hz0 &= [PtC1,(Hz0) ] + €17  Kg (III.2)
where

3.0x10°%
_,3'

Ky
1.0x10

Ko
The equilibrium constants cited were for zero ionic

strength and had to te corrected for the activity coefficlents
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as tne 1lonlc strength changed. ‘the lonic strength is defined
by

8 = 1/ Egmizi,
i

wnere "my " is the molarity and "Zi" is the charge of the ith
ion. \

Under the conditions of the experiments only lonic
strengtnsg of acout .04 or less were used. -In reection IIT.c
botn reactants and products heve one neutrel molecule and one
ion witn & single negative cnarge. Thus to a first approxime-
tion the ratio of the activity coefficients, srnd thus the
equilicrium constent, snhould ce appfoximately independent of
ionic strength Ior this reaction. For resction III.1, how-
ever, tne products have ditferent cherges irom the reactants.
Thus the ratio of tne activity coefficients sre expected to

vary witn the ionic strength even at these low lonic strengtns.

[1 is defined

Y =
F _ [PtCl4‘]
1

/V[PtGI;S(HEO)j

wnere the 7' 's sre the activity,coefficients Tor the indiceted
iomns.

To determire ‘fl e8 a function of ionic strength, the
results of Pinching and Bates (3%) were used. They determined
a value for the second dissocistion constant of oxslic acid
in solutions containing chloride ions by meesuring the electro-

motive force ol a cell without s liguid Junction. ‘the system
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studied wes

rt;

Ho

g), KHC 04(my), NegC O4(mg), NaCl(mz), AgCl(s); Ag.

The relation between the second disesociation constant

and the electromotlive force of the cell wes taken as

PK; = -logK, = (E-£0)F/2.3026RT + log(mymg/m.) + log(fyf3/f.)

where
E°

E

il

standard electromotive forée,
measured electromotive force,

gas constant,

temperature of cell,

molelity of @0204]_,

molality of ﬁibQézz,

molelity of Cl ,

sctivity coefficient of [HC, 04
activity coefficient of [Cp04 =,

zgctivity coefficlent of C1

Ks; was defined by the equatlon

where

a

gt

= activity of H+,

a[§2047 = activity of [bzog =,

: [EC,047

= ectivity of [HC,04] .

(II1.4)

Pinching end Bates (39) gives tables of log(fyfz/f.) o8
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a Iuncilon oIl molelity. From the calculated ionic strengths
obtained from the listed molalities from this tsble, a graph,
Figure 1, was @rawn of the value of (flf3/f2) vs. the square
root of the ionic strength. The reciprocal of this vélue was
used es an gpproximation for the retio of activity coeffi-
clients, f}, since the lonic bharges in both reections were
the sare, |

The concentrations o1 the species in ecquilibrium with

[PtCl;]z were celculsted in the following manner.

Let
8 = total concentration of platinum specles in solution,
x = [PtC15(H.0) 7,
y = [PEC1 (H0) ] -

Since one chloride is repleced to form [PtCl3(Hzoﬂ " and
two chlorides are repleced to form I?tClz(HEO)é], tne concen-
tration of cnloride is given by

[c17] = x + zy . (II1.5)
Sucstituting in the equations for the equilibrium constants
for reactions III.1l arnd III.z2 we have ‘
[1k1 = x[c1] / [pre1,T = x[c1T /(e-x-y) , (III.6)
Kk, = y[c1] /x . (III.7)

The elimination of x vetween equations III.5 eand III.7 ylelds
Ko = ¥y @17 /{ @17 -zy)
From this equation an explicit function for y may be obteained

as follows,



Figure 1. Ratio of activity coefficlent function versus
squere root of ionic strength
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v = Ky [01] /([o1T] weky) . (111.8)
The quentity y may elso be eliminsted between equstions III.O
and III.7. Solving the resulting ecguetlion ylelds
x = [o1] =/([c1] »2x.) . (II11.9)
Finally the expressions for x and y irom equations III.8 and
IX1..2 may be suostituted into eguation IiI.5 which upon
rearrangemeht glves,
1 017 (a-[e1d) + Mugig(ze-f1T) = [273 .
(111.10)
In order to determine the equilicrium concentrztions of
these specles in an sged solution of KZPtCl4, an appréximate
value Ior tne ionic strength wes estimated. the vealue of {1
was Uhen octained. from Figure 1 anddequation ITI.10 solved
Tor [plf{ by epproximation methods. The concentretions of
EP1015(H20ﬂ " and [}tClz(Hzo)é] were then octtained from ecua-
tions III.S end III.8. [}t014]= w2s obtained by difference.
A better velue for the ionic strength ﬁas then calculzted
Irom this Iirst espproximation to the equilibrium concentra-
tions. Tnis new value for the ionic strength was used to
give a cetter value for f; and the corncentrations of the
varicus platinum specles were recalculsted. .This reilterstive
procedure was continued until agreement was reached between
two successive célculations.

To octain the ultraviolet spectre of [?t013(H20ﬂ " and

[?t012(H20)é], the spectre of several equilibrium solutions
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i : S S =
ol KoPtCly were recordaed. ine concenirations ol L;LUié} )
[puc15(Hz0) ~, ana [PtC1,(Hg0) Jwere calculsted by the sbove
procedure. The optical density ol the solution at eny given

wave length 1s glven by'

= B . 7 & §
0.D./1 = [Pt0L,] ECPtCl4'] + [Pro15(50)7] [PtCls(H.0)7]
+ [Pto1,(H0) ] Bro1,(5,.0),] - (I11.11)
where
1 = path length,

éi = extinction coefficient for the species "i¥,

Using the known concentrstions of [?t014]= and the known
spectrum for [}tCl;}=, the contribution due to |PtCly)~ was
subtracted from the totval spectrum. Thus et any given'wave
length a lineer equation containing the twe unknowns,

e@tCl3(H20)f] and ‘E@t012(H20)é]’ may be ottained from
each of the spectre tasken at different concentrztions of
XoFtCl,. The spectra obtained at the highest and the lowest
concentration of KgPt014 were used in the calculsation. The
spectra of J?tClS(Hzoﬂ ~ and [}tClE(HZC)é] were calculeted 2t
z 1/¢ m/~ intervals using the set of equations and two un-
knowns thet were obtained at each wave length.

The spectra of [?t015(OH§K= end [?tClE(OH)é]= were
evalueted in a similar menner. Equilibrium solutions of
KoPtCly 1in distilled water were made baslc with NaOH and the

spectra recorded immediately. In the basic solution, the
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[PtClS(OH[]zvand [?tClz(OH)2]= respectively. With the assump-

»

c

LS

tion that the reaction of these compounds with water or with
hydroxide is negligible in the time required fo record a
spectrum, the concentrations of the hydroxo-complexes can thus
be taken eyual to the concentrations of the corresponding‘
aquo-complexes. The spectra of [PtClz(0H)] = and [PtClg(oH) 1"

were then calculated in a2 manner similar to the calculation

of the spectra of the aquo~complexes.

B. Treatment of Kiretic Data,

~

The reaction scheme given in Figure 2 was considered for
the reaction of KoPtCl, with aqueous ammonia.

With all 6f these reactions occurring simulteneously,
determination of all the individual rate constants from the
observed spectra becomes difficult. Let us first consider
only the basic aguation of [PtC1,] . The rate constants for
these reactions were studied by following the ultraviolet
spectra of solutlons of KoPtCly in 0.1 M NeOH. In the basic
solution all the aquation products are converted immediately
to the corresponding hydroxo-species. Thus in this system

only the following net reactions take place;

OH™ - OH™ =
[prory —, o [Pro15(0H] W[PtClg(OH)a—

(II1.12)



o NH NE. NH :
- 3 e , 3 g ) 3 o kH3 e
wtc1, :ﬁ [ktc;3(1\.d5)7 —W EPtClz(I\.HS)Q—E—S—’—? QtCl(LHS,Sﬁ W@t(; )

OH Kc,l OH kd,l

J, o L

Pre1son) ] 28, 1‘H3 [PtCl (NH,) (0H) ] _.F__?EJtC1(IH3 ) o (OH)] -Y{—__—%[l:t NHz ) (OH) T

a,l

N : L 4 : -

3 LH NH
- | 3 SN : 3
[ftClz(OH);j—kT;——) [lftcl( NHz ) (OH) j —W@t( NH ) (OH) 27

Figure <. Reaction scheme for reaction of PtCl4= wlith adueous ammonis

82



29

As GenL we se€en ln rilgure 7, the uditiraviolel spectrum oOr
: [?tCl%]= has & pesk 2t 390 g/b while the extinction coeff14
clents of the resctlon products is neerly linercr 1in wave
length in the region cetween 375 and 405 m . Thus the height
of the peak 2bove tne optical density at neighboring wave
lengths cen be teken &8 a measure of the }?tCl%}z concentra-
tion in the solution. A line wes drawn between the bptical
dersity at 405 mi and the opticel density at 3756 mM . The
difference between this lire and the opticel density of the
solution at 320 m/i was then essumed to pe proportionel to
the concentration of [?tClé]=. If in the resction of
[?tClg =, hydroxide 1s present in large excess so that &
pseudo first order reaction may be assumed, the pseudo rate
constant mey Ce determined by plotting log[PtCl4ﬁ ageinst
time. The pseudo r=te constant 1s obtained from the initisl
slope of the stralght line on the graph. As will te shown in
the next section, this resction rate 1s independent of the
hydroxide concentration and is first order in LPtCl;J= con-
centration.

Although the above method glves a very rough velue for
the rate constant k&,l’ errors were introduced due to the non-
linearity of the reection products in the reglon 375-405 mk« .
Also 1t was impossible by this method to obtain & value for
the rate of tne second besic hydrolysis reaction ka,2° To

avold these difficultles more elsporate methods of calculations
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were used.

Let us sgain consider only the reactions 2s glven in
equation III.12. If at t=0 only [?tClé]=_1s present, and if
we let a, €qual the initiel concgntration of [?tClé}=, solu-

tions for the concentretions of the various specles ss &

function of time are ss follows:‘

- \
[_PtCl;] = age ko, 10t , ‘ (II1.13)
= eolk, )(e - e )
[ptc1g(08)T = . e , (III.14)
a,e = Tea,l
[Pto1z(0H) ;7 = ey - Bto1,] - [Fweizlom)d . (111.15)

if the concentrations of all the species involved were
known, the optical density of the resulting solution could be
calculsated vy summing the product c¢f these concentrstions with
the corresponding extinction coefficients and multiplying the
result by the path length of the cell. Estimstes of the refe‘
coustants were uede and the concentretions of the products
calculated Irom these for the periods that the ultraviolet
spectra were obtained. Using these velues, the opticel
densities were calculated and compered to the results obtalned
experimentally. If the two d1d not sgree, new cstimetes of
the rete constanis were made and the process repested. Using
trial and error methods, the rate constents were veried until
the best it to thne experimental dzta wes obtained.

Due to the uncerteinties in the spectrs of [PtClz(OH)/~
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end i}cCLB(UH)é3= it wes diIrricult To octain a good I1T TO tThe
experimental cdata taroughout the entire ultraviolet region
using the above method. The peak in the spectrum of
[§t015(oﬁj ~ at 365 mM was considered to be the most reliable
polnt in 1tTs -spectrum. By neglecting the concentration of
EBtClb(OH)zj= formed during the eariy portion of the eXperi-
ments, &an iniinite 0.D. at this wave length wes calculeted on.
Tne basis of no further reaction following the formation of
[PtClz(0H)] . The log of the difference between tais O.D.
and the experimental 0.D. was plotted versus time. The rate
éonstant for tase hydrolysis of [?tClg =, ke,l’ wes celculated
from the initial slope of the ebove curve.

The rete constant for smmonisztion of cis—[?tClz(NHs)zj
waes studied by reacting pure cis-l%tClz(NH3)2] with aqueous
anmonle and following the ultraviolet spectrum of the solu-

tion. During the initial portion of the reactiorn, the follow-

ing simplification of the reaction scheme may ce used:

_ NHz - .
c1s- [F101,(NHz) o] o [Frca(ung) ]
)

OH | kg 3 (ITI.16)

\
[FtC1(1Hz) 5(0H)]
Looking at the ultraviolet spectre for cis—[%tClg(NH3)é]
and &%CI(NH5)é]+, Figure 9, we see that the extinctlon



coelllcieni8 neve wiaely separated vaiues st oUG gﬁé. Tne
optical aensity of the solution at thls wave length was thus
followed a8 2 function of time. This dete wzs used to calcu-

late the rate constants as follows:

0-D-/1 = Bro1,0085) ] €hro1g(nag) ]

NP Nps e
+ [Ptul(lvd,3)37 [Ptc1(NHz)z7]

« [Fro1(xHg)  (08)) efPtCl(I\‘H;)g(OHI] (III.17)

a [Pro(nay)
3130 _ 1 :
— = [Pre1 (NHy) g ks, (II1.18)
a PtC1(iHs ) 5 (0H])
3/2 3 CHo T ,
= - EPtClz(l.Hs}?j ko 1 (IIT.18)
a \PtC1,(NH<) .
d '3 = - ' \ i T o
at 2’ - - [prorg(su),] (k3 5+ %g 1) (ITI.20)
At 1=0,
¢ - [PECly(1Ez) ) = 4, ,
and
[pto1(afz)5] = [Pror(ms) (oH) = o ,
VY e LT +
[rcating) 5] . 3.8 (III.21)
[Ptcl(nis) (0H)]  ¥e,1
- o
[rtCl(I\dS)sj k5, 111.22)

[Ftc1l(NH3is"] + [PtCL(NHg),(0H)]  %3,a * Kc,1
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[PtC 1(1Hz ) o (OH) [ K
Le T (: 30298y - - el (ITI.23)
[PtoLKHz) 5[ + [Ftci(nrz) g(0H)/  ¥3,2 * %c,1
sut,
by = [Proigineg), T+ [prorting)s] + [peor(umg)g(en) |
| (IIT.24)

or the eculvalent expfession,
[ptci(nmg)s] + JPEOL(NHg),(0F)] = &5 - [PtOlp(nis)g] .
| (IIT.25)
iy s = . -ﬁ
Sucstituting this expression for [}tCl(hH3)3~ +

E?tCl(NHs)z(QHi7 into equetions IIT.x2 end III.Z3, we nhave,

kz (Ay - |PtC1l_(NHz).]) ,
[%tCl(NHS)aﬂ - 2,870 [; . AN éj , (111.26)
3,a 7 %c,1

kg (8, - [PtC1,(xHz),)) .

[Pto1(nHz) z(0H) =
e k + K
3,8 c,1l

Sucstitution of these queantities into III.1l7 yields,
¢.D. | ) c
== = |PtC1l_(kHz). - S

- _ a1 €,

k5 olho = [PECL(NF) ]) [FtC1(xH5) 5]

+
£3 g+ Ko 3

* K K
3,2 7 c,1l

(1I1.28)

Rearranging the right side of the gbove equation ylelds,
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_
O.. _ [ Ha)o| )
Lk = [Pe0Lp(0H5)p) | Gprcn (ig) ]

53,8 6[?1:01(&-}13).37 * ke [EtCl(l\‘Hs)z(OH):]}
k3 o+ Ko 1

‘ € G
Boks o “PPtcl(nHg)z] * fofc,1 T/PtCL(wHz)p(0HY
k3 gt Ko

+

(II1.29)

Further rearrangement of this equation ylelds,

ALk € ¢ : + Ak S . ]
°%3,a = [PtC1(KHg) '] 0%,1 ~[PtCL(NH;) (0H]]

0.D. _
1 k5,8. + Kc,l
= ‘ €
= E‘tClz(NHs)éj{ [PtC1,(5H5) )
£3 . a G@t“m\zu ) f] + 51 Cheor(nug) (oRY >
2 e 1 ) M .
k3 o + Ko 1 _ v)
(III.30)
Let
_ s Ak . €n (e + ALk €
2053 g [PtC1(NH) 0%¢,1 [PtC1(NH.),(OH)
(0.D.) 33 3
1 Kz o % B 1 |

(II1.31)

Ecuation I1II1.30 then reduces to

7/
(oia.) - (O-ii-L = @tClz(l\sz)ﬂéé@t012<1~\;H3)Zj

k € S ) + X € v
_E3,e Tpuoa(nag)g T Fe,n EE‘GCl(l\HS)z(OH)]}.(111.32)
K;:’),a + k-c’l
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The eapresslicon O Lwie el b neild sldae oi equesilon iiledz
is thus proportional to the concentration ot cis—[?tClg(NH5)é].
If the log of tnls expression could pe plotted against time,
the initial slope of the line would be proportional to the
total pseudc first order rste consivant ror the resction of
cis—[%tClz(NHS)éf, if the resction followed 2 pseudo first
order reaction kinetics under the conditions of the experi-
wert. Since tnis reste is tne sum of two resctions, the pseudo
first order rate constsnt for the ammonlation of cis-
[PtClg(NH3)é].may be calculated by subtraoting Tfrom this
totel rete tne kKnown rate for the squation of cis-[?t012(NHs)éj
as given by Reishus and kartin (6).

(O.D.)/ 1s the value for the 0.D. tast would result at
infinite time if the first reaction products, [?tCl(NH3)2(OHﬂ
and [?tCl(NH5)57, did not undergo further resctions. Since
Tt::1s is not tae casé, 1t 18 not possible to obtain this. quen-
tity directly frow experiusent, end reiterstion methgds were
ewployed. 5Since the solutlions conteined high concentrations
ol agueous ammoniea, the ammoniation rzte wa2s about ten times
tane rete ol aguetion. Therefore, to a first spproximetion,

the aquation wmey be neglected. Equation III.30 then reduces

to



O:8. _p € ey F
1 0 @tCl(kn3)5:]
= @tmz“‘ms)ﬂg G[Ptclz(rms)g - 6[1:'1:01(1\32{3)373 :
(II1.33)

The log o the left hand side or this ecuatlon wss then
plotvted against time and the first gpproximstion to the rete
constant obtained from the slope. Thils value wes tnen used
to calculate o value of (O-D.{ from equation IZI.31. Using
equation III.3x, the log of (0.D.)/1 - (O.D.),/l wes plotted
agelnst time and a better value for the rate constant obtained
frow the slope. A .new velue for (O.D.)/ was then calculated
and the rete constent recelculated in e similar fashion. The
process was repe=ted until agreemnent was reached between two
successive calculetions. Two of three reiterations were
usually sufficient to obtaih an accurete value.

The emmoniation of [PtCl,|™ was st;ldied by following the
ultraviolet spectrum of 0.01 M solutions of KthCl4 in verious
concentrations of emmonia. During the initisl portion or the

reaction, the principle reactions taking place are

KH :
&tclj—g—l%—é [Ft01lz(iHz) ]

OH™| kg 3 (III.34)

N

[Ftcis(on)T
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A reasouisvly good Vealue lor tue razle conslait, Kl,a: wey
be ootzined in a menner similer to the determination of the
pasic equetion rate, ke,l' Again the essumption was made that
trne spectra of the principal reaction products was linesr in
the region 375-405 mp . : The log of the dirference between
the optical density of the solution at 320 mp and the average
oI the optical densities a2t 375 HVW and 4095 m M was plotted
versus time. The slope of tne streight line on this plot then
geve tne pseudo Iirst order rate consisnt for the decrease
in [?tC14]= concentration. These pseudo first order rate
constants were plotted versus tne concentraetion of NHz. The
slope of this curve gives the second order rete constant for
the reaction or [?t0143= with equeous NHz, while the intercept
et NH5 = 0 should egein give the basic hydrolysis rete con-
stant ka,l' |

lhe above trestment glves fairly good velues for the
rate constant, however errors were egsin introduced due to the
glight nonlinearity of the reaction products in the region
375-405 mpu . In order to avoid this difficulty and slso to
obtain & value Ior the ammoniation of [?t013(NH3[]_, more
elacorate methods of calculation were used. The solutions
for the conceqtrations of reaction products in s chain of
first order reactiong are gs follows.

If

N __El7> N g s N AR (I11.35)
1 2 7 23 7 n o ==t
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then
-{k4t) ~(kot) -(kzt) -{knt)
Ny = Cle 1 + Cge < + Cge & + ... Cne t4n
(1171.38)
where
6, - kiko ... ky_1 N§
(k, - k) (kg - Kp) (kg - Ey) -.. (K, - E7)
; 0
c. - Klkz oo }{n—-l Nl .
ete.

The generél reaction scheme for the reaction of {}t014f]
witn ammonia, es given in Filgure 2z, was slightly simplified to
that given in Figure 3.

The reaction products omitted do not make any messureble
contribtution to the ultraviolet spectrum during the period
tnat the_reaction was followed. The first order or pseudo
first order rete constants are laveled 28 defined on the
reectlion scheme.

If 2 large excess of adqueous ammonie is used so that the
axmonia concentration may be'assumed to be constant, if et
t=0 only [?tClQJ: and aqueous ammonla sre present and if the
initlel concentration of I}t014]= 1s equal to s, , equation
I11.36 gives the solutions for the concentretions of tne
reactlon products as a function of time, as given in equations

ITI.37-1I1T.44.
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@tbl4]-j;—~——>@t013(kH5)] 3 {}t012(NH3)épqqu;—aﬁw01(y ]

OH™| Kg,1

&tCl3(UH)J'—“I~—>{}tbl4(hd3 ) (GH) ]
OH | k

&

[Prc1y(08) 7]

8,c

\

Figure 3. Simplified reaction scheme for resction of [FtCly]  with
aqueous smmonis

?t( Hs)4+%]

6¢
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2,1) (ITI.37)

l}tal4=_7» =

[PrCiz(oH)”]

[PtCL (OH) ;7] = ~ 2,1

Bolieg 1) (K, o)
TRt % )KL p F 5y )

(I11.39)
o (K )e—(kl’a + Ka,l)t
. - - SoVtla
[FtCl.(NHZ) [ = 2
SR (ky g+ Ky 3 - Ky 5 - Ky 5)
-(k&. + K.o7)t
(Kl,a * Ka,l - kz,a - ko,iY

(III.40)

c- [PtC1_(NHZ) 5]

e'o(]‘gl,a)(.‘iz,aa.)e
(kg 1 t8y, g ky o-kp 1/(k3 5- B 5-Kg 7)
“(kS,a)t

ao(kl,a)(kz,a)e

(ky atkg 1 - K3 gl{ky ok 1- K3 o)

(II1.41)
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[PtC1,(NHz) (OH) S

. 8olky, 100k e ’
(kg o+ kg o -k o = kg 1)(-ky o -k, 4)
(. )k, )e Fe,2* 10T
N ol a1’ 1 b C
(ky o * kg g = Kg 5= Ky )k o -k o)
aolk, 1)(ky )
eyt (III.42)

1,0 * K 1){kg o+ Ky 4l
Due to the difficulty 1n solving explicitly for the reate
constants, & type of trisl and error solution wes tried. ‘
Estimates of th¢ rste constants were made and the concentra-
tions of the resctlon products were calculated from these for
the times the ultraviolet spectra were taken. Using the
ultraviolet spectra previousiy determined for these specles,
the domposite spectra were celculsted on the basis of the
concentrations calculeted from the trisl rate constents.
These spectrea weré compared to the experimentally determined

spectre, and 1f recessary new rate constants were then tried.
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+ 8o
[PtCL{NHz) 5" ] — —
2,8 b,1 1,s

(k. + K )t

. a (k1 o)(kp o)(ks gle =22 2d

(kg g+ kg 1 - kg g = by 1)kg o kg o= hy 90k o - kg -l q)
+ ao(Kl,a)(kZ,a)(kS.a)e ’

(Kl,a AP K3,3)(k2,a * kg1~ KS,Q)(ké,a - kS,a)

& :

+ 8o (ky g)lky g)(kz gle _ e

(kl,a * ka,l - k4,a)(k2,a * kb,l - K4,3)(K3,a - k4,éj

Figure 4. Equation III.43, concentration of [PtCl(NH3)3]+ a8 & function of time
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Figure 5. Equation III.44, concentration cf [Pt(NH3)4:{+2 as a function of time
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in prsctice tThe only rate constents which could be determined

with any accurecy Ey this method were (kl a) egnd (k. The
, 8

2,a>'
values previocusly determined were used for the rate constents
(ka,l): (ka,k>: and (K5,3)° The besic ecquation rete for
[PtCls(NHz) 5]  wes from the work of Ellewan et sl. (4).
Varietions in the spectra due to changing wmost of the other
rate conetants were too small to meke the cslculation reliebvle.
However even 1f the estimates of tiese rete constants were in
error the effect on the calculaticn of the rste constants of
interest would not be affected.

A computer was used in order tc reduce the levor in csl-
culating the concentretions end converting these to predicted
spectra. A progrsm was writter for the IBM 704 and run on the
University of Wisconsin computer (see Appendix). Efficlent
use of the computer wes posslble due to en electronic date

link cetween Ames, Iowa, and kadison, Wisconsin,
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IvV. REsSULLTS AND DISCUSSION

A. 3pectra

The ultreviolet absorption spectrum of [PtClg] 1s given
in Figure 6 and in Teble 1. The. spectrum wes obteined from a
freshly prepared solutlion of XsPtCly in 2 0.1 N solution of
HC1l to repress the aguation. |

To obtain the spectre.of [PtC13(H20)] ™ end [?tClg(HZO)E],
solutions of K;PtCl, were aged <-3 days to insure chemical
equilibrium between [PtClé]z, [PtClS(Hzo)]—, and
[PtClE(Hzo)zj. The original concentrations of KoPtCly used
in this work were 0.00193 Mk and ©.01077 k. The ultreviolet
spectra of these solutions were then recorded, < cm. and lb
cm. cells being used ror the more concentreted and the more
dilute solutions respectively. The concentrestions of the
various equilibrium specles for these solutions were celcu-
leted frow ecuetions 1I1.8, III1.2, and III.10 using the
reiteretion method untll agreement was resched between two
successive calculations. The equilibrium concentrations of
the verious specles sre given in Table 3. These values ard
the previously determined spectrum for [PtCl4]= were substi-
tuted into ecuation III.11. Sincevtwo different ecuilitrium
solutions were used, it was possible to obtsin two equations
containing the two unknown extinctlon coefficients 2t zany

glven weve length. These equations were solved 2t 2 1/2 mu



Table 1. Nolar extinctlion coefficlients for vorious platinum specles 1n the
ultraviolet reglon

12i‘é§h [PtC14] [FtC1lz(Ho0)] [PtClz(Hzo)zj [FtCls(0H)I ™ [FtC1o(0H) o]
xgu M_lcm‘l i‘u“lcm‘l k=lem—1 M“lcm‘l ' ¥—leom—1
280 60.3 23.0 84.1 34,7 74,2
<85 - 28 .45 27.¢ 2.6 30.0 70.5
<90 16.94 35.0 87.8 35.5 72.6
295 15.81 51.0 26.0 44.1 76.8
300 12.89 70.0 102.8 52 .6 76.8
305 27.21 88.2 107.2 80.5% 78.0
310 36.19 104 .4 108.3 65.6 76 .2
3156 45.65 114.8 100.6 62.1 4.2
320 53.8 118.0 85.2 67.9 73.1
325 59 .6 110.0 72.0 83.3 - 4.2
330 62.15 96.0 60.1 57.5 , 77 .8
335 60.6 80.0 49 .4 51.6 B2.5
340 55.4 : 6c.8 42.1 49.4 86.7
345 48.05 49.1 32.0 51.6 8g.0
350 39.8 40.3 37.9 57.9 86.0
355 33.0 38.0 39.7 66.5 7% .8
360 22.75 32.2 40.1 74,0 71.0
365 30.81 43.7 35.0 78.5 61.8
370 35.85 49 .8 35.0 78,8 92.8
375 43.6 5.8 32.8 75.0 44 .4
380 51.1 5245 31.0 8.0 37.5
385 o4 .3 51.5 29.0 52.0 32.3
390 58.5 47.9 £7.9 48.5 7.1
395 55.9 42.0 £6.8 41.2 £5.0
400 50. 55 35.8 25.8 34.8 2.6

405 43.6 30.8 25.0 30.0 20.9

9y




Table 2. lolar extinctlion coefficlients for verious platinum specles in the
ultraviolet region

Wave [PtCl,] [PtClz(kHz) T [PtCl.(NHz) (0H)T co- [PtC1p(KH3) ) [PEOL(NHE) 3] [FH( (NHz) 45T
length

iy M cm—l h—lcm -1 'h“lcm -1 M—lcm"l I-'l"lcm"l 1\1—1cm—1
«80 6043 40.2 86.8 105.0 73.0 34.3
«85 28.45’ 50.5 ) 858.2 110.2 52.0 36.3
<90 16,94 bO 0 ' 85 .4 117.1 45.8 34,8
295 15.81 “QLE 85.3 124.7 38.1 32.6
300 1¢.88 71.0 80.5 131.4 30.1 29 .1
3095 <7 el 0% .5 8.1 13G6.0 273 25.3
310 36.1% 4.0 77.0 11% . =7.2 20.3
315 45.65 60.1 8.5 103.5 27.5 16.3
3<0 93.8 G .0 8l.8 77.5 c5.4 12.9
325 59 .6 70. 9 84 .7 , 53.8 8.8 C.8
330 6x.16 BZ.3 84 .0 41.0 7.8 5.5
335 50.6 856.53 7.8 31.5 b .4 5.1
340 5.4 162.3 ' 8L .8 v 2B.86 4.0 4,0
345 45.05 114.0 57.5 4.5 21.0 3.3
350 30.8 108.0 47 .8 z4 .6 17.8 2.8
355 33.0 95.5 ©39.8 5.5 14.5 2.5
360 z8.75 5.0 329 z2€.0 11.7 2.2
365 30.81 6z.0 8.0 26.0 .1 2.0
370 35.65 4a7.c 24 .9 ' 25.5 7.2 1.8
375 45.6 3.2 23.0 ) <4 .5 5.6 1.5
380 o1l.1 34.3 2.0 : 23.0 4.2 1.3
385 94.3 3.0 cle i 21.3 3.2 1.2
320 58.5 30.8 0.7 1¢.4 2.4 1.1
325 55.¢ 30.1 <0.4 17.3 2.0 1.0
400 oL .bE 30.2 - 20.0 15.2 1.6 .9

405 43,6 30.4 19.6 13. ¢
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Figure 6. Ultraviolet spectra of [PtCl,]=, [PtClz(H,0]] 7,
and [PtC1._(H.0).]
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Figure 7. Ultraviolet spectrs of [PtCly~, [PtCl3(OH)] -,
end [PtC1 (OH) 17
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Table 3. Concentrations of pletinum specles 1n equllibrium
with [PtClg ™ et 25° C.

Total Pt in [FtC1,] " [PtC15(20)] "  [PtC1o(H00) 5]
solution o ‘ : '
(x.) (3.) (i..) (3.)
.00193 .00002 .00128 .00056

.01077 .00185 00726 .00086

intervals to give the ultraviolet spectra for [PtClz(H50)] ~
end [PtCl;(H.0)z] as given in Tsble 1 and Figure 6. The re-
sults ere tabuleted at & mu 1intervals.

Uncerteinties 1in tne extinction coefficients of
[PtC1z(HZ0)] 7 and [PtCl5(Ho0).] erise because of the uncer-
tainties 1n the equilibfium constants and in the spéctral
deta, waich =re magnified somewhet in tne cslculations, which
involve smeall differences between la:ge numcers. However the
positicns and the extinction coefficlents of the pecks should
ce gilven ressonebly well since these would not be sffected as
greatly oy experimentzl error 2s other poftions of the spec-
truu. Lxtinction coefficlents for some portions of the
spectra mey be uncertzin by as much as 20%.

. The spectre of [PtC13(CH)] T end [PtC1l(CH)g]™ were
~octained in & elmilar wanner. The sged solutions used in the
deterwination of the aquo-complexes were made basic with NeOH,

and the spectre of the solutions immedistely redetermined.
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Lssuming no other resctions took place during this time except
for the rapid conversion of the acuo ligand to tie hydroxide
group, tne concentrations.of the hydroxo-complexes were teken
equal to tne concentrestions of tne corresponding aguo complex.
The spectre of the hydroxo-complexes were then celculcted at
z 1/& mp intervals in & menner similar to thet above.

The uncertainties involved in the determination of these
spectr: snould be most apparent in the case of [PtClz(Hzo)z]
end [PtClz(OH)zjz since the equilicrium constant involving
tae second aguation of [Pt314]= 1s consider=d to heave s larger
uncertainty tnan tne equiliocrium constent for the first acusa-
tion. Also since theAequilicrium concentrstion of
[EtClz(HzO)zj is less than the concentration of [Pt01z(Hg0)]~
al even the lowest concentrations or XK PtCly studied, any
error ig the determina@ion of tne spectra of the ecullibrium
solutions will have & larger effect on the spectra of
[PtClz(HEO)z] and [PtClg(OH)2]= thal. on tae spectra of
[PtC15(HZ0)] ™ end [PtClz(cH)]T. If it is assumed thet the
resction of [PtClo(0H).]™ with hydroxide, ir 1t exists, is
mucn slower taal the reaction of nydroxide with [Pt014j= end
[PtCls(OH)]=, & reesongbly pure solution of EPtClz(OH)z]: will
result from ean aged solution of [Pt014]= conteining en excess
ol' NaOH, 1r the aging process is not too prolonged. It was
nociced that such a solution yielded a spectrum very similsr

to thet previously calculated for [}tClz(OH)zjz. The velleys
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oI tThis experimental spectrum, were evern deeper than that ob-
tained from the cealculations. Since 2 deeper valley is
usually assoclated with higher purity, end dve to the uncer-
tainties 1in tne calculated velues, it was declded to use this
later experimental spectrum for the spectrum of [}tClE(OH)zjﬁ.
The spectrum for ‘}tCls(OHX]= wes then recelculated from the
previous aata using this new spectrum for [?tClg(OH)2]=, end
the =cuilibrium concentretions as previously czlculsted. The
resulting spectrum was sgain slightly modified, eos will be
shown later, to obtein 2 slightly better fit with the spectre
obteined durirg the basic aquetion of [FtClg] . These later
refinements were consicered to ce within the estimested accu-
recy of the celculation of thess spectra. . These firal values
for the spectre of [PtCl3(OHi]= end [PtClz(OH}zjz ere given
in Table 1 and Filgure 7. Agsin the spectre 2re given at 5 iy
intervels.

The values for the positions of the pesks give good
agreement to theoretlicel celculestions btased on crystal fieid

considerstions presented by 2. F. Fenske (7).

- -

Bt Dese Hydrclysis Rate Constants for [?t014]=

The rate constants for the bese hydrolysis of [}tCl4]=
were deterwmined by following the ultrsviclet spectrum of .Cl
M solutions of [PtCl4]= in 0.1 » ReOH. Difrficuvlties, however,

were found in the methods of celculation 2g indicated in sec-



tion Iil. Due to tae non-—ilnezriiy ol Lhe specirs ol ine re-

ection products in the region 375-405 g, tne plot of

log [ 0.0 300 gy - 2(0.D. 505 o * ODa05 op )]
versus tiwue ylelds & rete constart much nigher then thet ex-
pected for the tsse hydrolysis. Dilrficulties were 2lso expe-
rienced in the attempts to obteli & good rit to the experi-
Lel.tal aszta using ecquetions IIT,13-II1.15 to celculete the
concentretions of [PtCly] , [PtClg(0H] ™, ana [PtClo(cH),]™
froi trial rate constents. Any inaccurescies in tne espectrs
Ior thsse specles would meke it impossicle to octain a good
fit by these nmethods. Tne worst rit, es cculd te expected,
was found in the region 380-405 W In this region the
[PtClé]z pesk 2t 390 mu msde the determination of the spectra
of [PtClS(oH[]z and [PtC1,(0H)g]” difficult since the calcu-
lation involved the smell dliferences of lesrge numbers. The
most reliscle values for tThe spectrum of [PECIS(OHH = should
ce in tne reglon of its peak at 568 Lu , sirce the spectrum.
of [PtC1l,]  is also in & winimuw in this reglon. At about
365 wm  the extinction coefficients rfor these two svecles have
widely separated values. This wave length was thus tsken as
the 1.ost relletle for the determinetion of the bese hydrolysis
rates. Followlng the calculations of the theoretlicel O.D.
et this weve length, zs indicated in section III, the log of
the diliference between the theoretical O.ka and the experil-

nental 0.D. was plotted zgzinst time. The rcte constant,
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initial stresight portion of tae plot. Tre date from these
experiments 1s given in Teble 4, while thne results of tinis
calculation are given in Table &. A typical vlot of

log(0.D., - 0.D.) versus time is given in Figure 10.

Teble 4. Opticel density messurements for the basic
nydrolysis of [PtCly]

Experiment 1 Experiment 2 Experiment 3
Time O.D.zp: Time 0. .2z Time 0.D.zpgm,
(min.) 36 Ot (min.) 36 S (min.) 365
6 1/2 L.562 7 0.669 7 0.B46
33 . (.578 28 0.715 22 1/2 0.743
St 0.800 56 0.774 45 1/2 .845
1486 0,632 892 1/¢ 0.83% 63 C.C1lE
182 1/% G.65% 115 i/% 0.878 84 1/c 0.995
277 U.688 146 0.938 101 1.065
356 1/% 0.702 175 0.980 130 1.125
419 0.758 238 1/% 1.07z 186 1/z 1.200
523 U.814 266 1.075 210 1.230

653 1/% U.861 307 1/ 1.135
720 1/xz .01 383 1.188

781 0.23¢ '
855 U. 9046
47 0.980
1001 1.010

By the use of trizl rate constents, the known spectra,
end equetions III.13-II1.185, &an attempt wes made to determine

k by verying tnis rete constant until the best it to the

Z,a
experimental data was obtained. Due to the poor fit, it wes

necessery to make slight refinements in the spectrum of

[PtCl3(OH[] . Using the previcusly determined values for



Table 5. Rate constents for the vesic hydrolysis of [Pt014}=

NeOH  [FtClg]”  Celculeted ky Ky o
EXpt. Temp. conc. conc. 0.D. 0 -1 4 _1’ 4
no. (°C.) (1an) (o) (2 cm. cells) (sec”™ x 107) (sec™ x 107)
1 15 .1081 .0087% 1.367 125 .10
< 2O .1010 .0108¢ 1.68u . 381 «35

3 35  .1013 .00985 1.546 1.048 .81




- 0.D.) versus time
initiel [P1C1°
, £ cm. cells,

rigure 10. Typical plot of log(0.D.,
for the determination of Xk 1
- 0.0105% L., [04]- = c.10l07i.
250 C.
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Ka,l’ ana a rougn vaiue ior he,z: tie Goncentre vions of
[?t814]=, [PtClS(OH)]=, and [PtClz(OH)zjz were celculated for
the solutions from whicnh the ultraviolet spectre were taken
during the initisl pdrtion of the tese hydrolysis experiments.
Puring this period, the concentration of [PtClE(OH)é]: is
relatively low, and errors in the value of kg o or the spectrum
for [PtClz(OH)zj= will not have e large effect. From this
date tane spectrum of [?tci3(OH[]= was recelculeted using the
oreviously determined values for the specire of [PtCl4]= and
[Pto1g(0d)]7. It wes found thet a much better fit to the
experimentel data could ce obtained if the exXtinction coeffi-
cients for [PtClz(0H)] ™ were slightly increesed in the reglon
380-405 me . Sirce these values were wlthin tne estincsted
accuracy of the previous calculations, this new spectrum was
assumed to te the more accurste 21d 1s the one taculested in
Table 1.

Following this refinement of the spectrum for
fPtCl3(OHﬂ =, another attenpt was made to obtain the rate
constant for the second bese hydrolysis reaction for [PtClé]z,
ka,Z' Tnis rate ccnstant was veried until the best fit to the
experimental data wes obtained. The best values for these
rate constants are glven in Table 5. However due to tne un-
certainty in tae spectira, these values have the lsrgest uncer-

tainty of any rcte constanis determined in tals work.

As in the cese of most other pletinum complexes, the
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‘rztes 1or The c2se hydrcolysis of [}t014]: agree closely with
tne corfesponding retes for the ecid hydrolysis. It thus
appesrs that the tase hydrolysis proceeds mainly, if not
exclusively thfough ar. aquation mechenism, with an immediste
fest neutralizeation of the acildlc nydrogen of tze aguo-
coplex.
C. Rste Constants for the Ammonistiorn

of cis-[PtCl _(kdsg).]

The rate constvants for the zmmonletion of cis-
[?tClz(NHa)zj were deterwired by followlrng the ultreviclet
spectrum ol sclutlons of cis—[PtClZ(NH3)2] ir squeous anmonie.
The data were treated by the use oIl ecuations II7 .31 through
I11.33, with the relterstive procedure from section III. The
rete constants for the equation cf cis—EPtClz(NH3)2] at 150,
25°, and 35°C. sre teken from Relshus znd kartin (8) as
C.05 x 10-4, O.2d x 10'4, ena 0.7z x 107% sec”! recspectively.
The essumption was made that these vealues for the rates for
the ecid hydrolysls are equel to the rstes for aguation in
tesic soluticn, Ko 1 Tne spectrum ror‘cis—[}tClz(NHS)Z] was
obtained Irom Reishus and kartiu (6) ernd is given in Figure 9
and Tscle z. The spectrum for [}t013(NH5ﬂ T wss octeines from
Aprile end hartin (9)‘and is also given in Figure 2 and in

Tacle 2. A rough vziue for the extinction coefficient for

[FtC1(NH3)5(0H)] at 300 mu wes obteined from the deta of
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Reishus and Mertin.' An urcertainty of 15~¢0~ in the vadiue
used, <O moles"lcm’l, would not meke an ewgrecisbie error in
the caléulated values for the rate constanis. Data from these
uexperiments ere given in Tacle . Zaquation I17.33 wes used
to outeir & first approxination to the rsts constant kS,a'
The quentity (D.D.f, was then celculated from equetion III.31
and log (0.D.) - (O.D.)f was plotted epainst time. The totel
pseudo Iirst order rete constant end the net pseudo first
order rate consiant were then czlculsted fromw the initiel
slope of thils curve with the use of ecusticn IXl.Sc. IT
necessery tie process wes repeated until agrecuent weas
resched Pbetween two consecutive calculetions. The second
order rets constants for the reactions were then octelned by
dividing bty the concentration of the ammonis in the solutions.
The resulis of these experliments are given in Teble 7. A
typicel plot ot log (0.D.) - (O.D.)/ versus time is given
in Figure 11.
D. Rete Constants for the AmmoLl tion
of [PtC1l,]~ end [PtCls{NHs)]"
The rete constents for tne reasction of sumonie with

[?3014]2 end [}tClS(NH3[]— vere determined by following the

17w, Reishus and D. 85. lkert.n, Jr., Ames, Io. 2.

Ultreviolet spectra of [PtCl(NHz), (08)] . 'Privete communi-
cetion. 19860.



lTacle 6. Optical denslity messurements at 300 g/c for the ammoniation of
cis-[PtC1ly(NHg) o]

Experiment 4 Experiment & Experiment 6 Experiment 7 Experiment 8 Experiment 9

Time Time Time Time Time Time

(min.) 0.D. (min.) 0.D. (min.) 0.D. (min.) 0.D. (min.) 0.D. {(min.) ©.D.

7 1.801 8 1.762 7 1.838 7 1.712 8 1/21.818 5 1/2 1.682

22 1.770 15 1.698 22 1/2 1.728 14 1/2 1.598 17 1.758 14 1/2 1.460
43 1.735 30 1/2 1.624 39 1,2 1.680 23 1.502 27 1.600 24 1/2 1.270
69 1/2 1.68%2 53 1/2 1.835 56 1.608 31 1/2 1.398 37  1.528 34 1.125
94 1/2 1.630 73 1/2 1.452 71 1/2 1.548 40 1/2 1.300 57 1.382' 42 1.018

116 1/2 1.521 93 1.380 87 1.487 54 1.195 77 1/2 1.278 57 1/2 0.888

174 1/2 1.495 122 1.285 113 1/2 1.410 74 1.042 95 1/2 1.160

207 1/2 i-458 156 1.2056 127 1.398 145 1/2 0.950

281 1/2 1.372 13 1/2 1.080 186 1.225

357 1.268 226 1.180

415 1.215

541 1.198

49



lTaple 7. HRate constants for the ammoniation of'cis-[}tClzﬁkq3)2]

Mg oo [PtC1.(NHS) ] Kfl +—§38 kcl_l K-Sa_l [_23] _1

Expt. “emp. conc. p sec (sec (sec (L™ "sec
no. (%¢.) (w.) (conc. x 103)  (0.D.) x 10%)  x 10%)  x 1% x 10%)
4 156 .3369 1.348 .08 .82 .OBOV | . <02 -6QO
) 15 8367 1.546 : 407 .B0% . 080 . 072 611
av. .606

6 <& . 2083 1.375 .58 . 842 <50 .98 1.20
7 PAS) .2035¢ 1.360 .456 1.94 . 250 l-6é 1.87

| ev. 1.82

8 50 1936 lewz3 .64 1.5¢ .72 | .87 4 .49
5 ‘ 30 . 08¢ 1.3253 475 3,78 e 3,04 S.2%
ov. 4.85

89



7
Figure 11. Tyoilcel plot of log(0O.D. - C.D. ) vercus tine
for the determinstion of K3 ,; initisel
cis-[FtC1-(N43) ] = 0.C0135°L., [N¥5] =

0.2032 k., » cu. cells, 259 C.
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ultreviolet spectra of solutions of these species in aqueous
anmmonie. BSix to ten experiments with verying ammonia concen-
trations were made £t each ol the temperatures studled. The
rate consiants were caelculated by the use oi the methods given

in section IIi. In enntrest to tae ceslculation of the base

Q

hydrolysis rstes, tne wethod of pletting

log[0.0.550 g = VE0Dusgs y w 0Dusgs gy ']
versus Time gives Ieirly good values for tae rate constents
for tne reactlion of [?tCl4]: wita aQueous.ammonia since, es
can ce seen later, the rste consternts detercined in this way
agree rezsonacly well with other metnocs of calculation. It
cal. ce conciuded thet tne spectra of tne emmorniation reesctlon
products ere more nesrly linesrr thzn sre those fron the cese
nydrolysis reactions in tnis regilon. A typicsl plot of

log[o.u.59 l/z(O.D.575 mp + 0.D.405 i Y] versus time

C I
is given in Figure le. The toteal rseudo first order rate
constants were octzined from the initiel slope of this curve.
ITne plot of tne totel pseudo first order reste constants versus
amuonia concentrsziion is given in :igure 13. As can ce seen,
2 stTreight line may ce crawnL tarcugn these po:nts et eecn of
trne tewperztures studied. Since tne pseudo Iirst order reac-
ticon incluces cotn tTne sgquation end the reaction with anmonie,
it way pe expected thet the intercept &t Niz = O on Figure 13
would egeln yield tae first orde? cese hydrolysis rate, Ke,l'

dowever due to tne seme reegsons ©8 encountered earlier in



0}:1‘

Iypical plOt of lOg [O.D-'. S0 mM T l/&(C.D375 o
+ 0.Degpp ma )] versus tlue foOr the determinatibn
of K7 g (tae short wmetnod of cslculation);
inititl [Pt014]~ = 0.009%% k., [KHz] = C.£813 k.,
L cuw. cells, z5° C.
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Figure 13. Plot of k, 5 + k, 7 versus [¥Hz] corcentration
2s otteined from the short method of calculation;
plots ror 18° C. and ¢8° C. refer to right hand
axis wiile the plot for 35° C. refers to the
left herd axis
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The determination ol the cesse nydrolysis constents, & nigh
value is optained due to the noulinesrity of the case hydrél-
ysis reaction products. However tne slope oI tre curve in
Figure 13 shoula yield a2 rcesonebly good value for the second
order rate coustant for the ammoniation of [?t014]= since at
each concentretlon of ammonia this error should contribute an
epproximately constant velue tTo the tTotsl pseudo iirst order
rate ccenstant. Thus the slope of the curve should te rela-
tively unaftected. Tne velues for the second order rate coh~
stentis as determined in tThis manner ere given in Teble E.

In order to rerline thne above raste constents and to deter-
mine values for the rate constants for the emmoniastion of

EktCl3(RH5X]_, more elaborste claculations were made with the

1

L.44, the con-

bt
t

gid of the computer. Using ecustions 1I11.37-I
centretions of 21l the reaction products were cglculsted, and
frow these itne resuiting composite spectra were ottained for
tnne tlnes the experimentel spectre were tsken. Previously

deterwined velues were used for k, 1, k, ., and k while
2,

e,c? g,3?
estimetes were used for ké,a’ and Kl,b' Tne v2lues for these
latter two rete cons.ants 8re'uot critical and even large
errors 1n these constants would not meke eny eopreciacle
cnange in tae calculations. Tne vaiues ior kl,a and kz,a
were varied untlil the rest fit to the experimental dsts wes

obtained. These velues azre glven in Table 8. Although

ressonaole ggreement is obtained by the two wethoas of csel-



Rate constents for tae ammonisation of [?tClé]z

end [PtCls(143)]

K31, 8/ [id3)
(as cale. from
plot ot O.D.
in vicinity of
390,

("t sec™?
x 10%)

1,8/ i3]
(es determined
cest fit
by computer)

%1,/ [NHA]
(as determined
by Grincverg

(2%))

(.71 gec~d

x 10%)

K2, e/ [1iH3]
(k™4 sec™t

<z, a/ [NH2)
(25 determined
oy Grincerg

(2¢))

(1L see~t
x 10%)

4.Z

10.7

Ll
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Cuistivl, 11 ls expeclea iLnet the compuler gave the CestT
valiues end they will ve used in rurther calculatlons.
An example of the computer's 1'it to the experimentsl dets

-

is given in Figure 14. Tne pest.1it is Icund ror the experi-
uents et &° C., while poorer sgreement was ooteined at 15°
end 35° C. This wes expected since tne cell compertment of
tne spectrophotometer wes not tnermosteted. Tnus tnere wes
no tewmpersture contirol ror the sam.le 107 the epproximetely

O minutes required to teke 2 czmrle end octsin its spectirum.
As cculd ve expected tne reactions st 350 eppesred to ce
slower taan expected, while the reverse wes true of the reac-
Tions at‘150 C. Since eesch sample of » given series of
experiwents was untnerumostated for about the same lengti of
time, esch of these sawples should re effected approximately
equally. The first spectrum of é series appeered to te much
slower or raster then expected, while the change irn the spec-
truw, Ior each succeeding spectrum, was normel Ior tae given
increment oI time. Thus an agproximate correction could be
ueCe, ard the error mirimized, by making en appropriete change
in the apperent zero tiume of.the serles of experiments. The
grror due to this source wes least for the later spectra of

a serles, where the correction was only & small fraction of
the total tire. Even so tnese experiments were less accurate
then tnose et 25° C. where the temperature wes nuch closer to

room tempersature.



Filgure 14. Typical comparison betweern experimental sar.d calculated

spectre in the eanmonistion of [PtCla]~; curves refer
to experlmentel dete while dots give celculeted velues:
initiel [PtClé]‘ = 0.00884 k., [§¥3] = 0.904 L.,

- g0
< cm. cells, "z&°C
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Une preparation or Kthclé yielded values for the rsaste
constants significently higher then those obtsined from the
rany other preparations that hed been made. Although the
ultraviolet spectrum of the questloned preperetlon sppeared
to irdicete pure [PtCly] , 1t was thought trace imovurities
zight be present thet would catelyze the resction. To study
the effect of cetalysts on tae resction of [?t614]= with
enonia, one experliment was made in which the reaction flesk
col.talined glass wool, while snother experiment was made in
which the reaction flask conteined e platinum foll on which
ned bteen derosited ective pletinur vleck. No effect on the .
rates wes noticed from these sources.

The effect of light on the reaction wes studied by fol-
lowing two similar reactlon mixtures of [Ft014]= in agueous
emmonie. One Ilesk wes exposed to a 100 watt tungsten light
near the constant tesperature cath, wnile the othéer flask was
coéered with cleck teape to prevent light frow entéring the
reaction nixture except ror tne inevitavle 1light due to the
hydrogen lewp while obteining e speetrum. Agein no differ-
ernce 1n reection retes wes observed.

A gerizs cf experiwents wes made .in which the [?t614]=
concentration was varied between 0.002 i end C.0l L, while
the emnonie concentrstion wes held constant. A first order
dependence in [PtCl4]= was found in the resction rates.

Cne experiment was made in which the [PtClé]z was allowed



Lo agze goout one cay in distilled water tefore ammonis wes
added to the solution. Under these conditions the [Pt014]=
was 1n equilibrium with its aquo specles before the ammonia
was esdded. Significent concentrations of fPtCl3(OH)]= were
forsed lmmedlately and the reaction ol this s3pecles with
ammonie could e studied. Due to the uncertainties in the
equilibrium constants, end in tne hydroxo spectre, a com-
pletely quantitative trestument could not ce made. However it
eppesrs that the resction rete of [ft013(OHX]: with anmonie
is of the same order of magnitude es the rzte of emmonietion
of CPtCl4]=. Also 1t was observed that o larger quentity

of [}tCls(hHsﬂ - was formed than could be exvleined from the
reaction of ammonia'witn the equilicrium concentration of
[PtCl,]” present et the time of eddition of the ammonia.

Thus 1t apresrs thetl the aumonis replaces the chlofide ligand
“rether then the hydroxc ligend in its reection with emmoniez.

This 1

192]

elso confirmed frou previoue experimentes since in the
resction of ammonia with [PtCl,]~, the computer obteined e
reasonatly good I'it to the experimental dste without the
riecessity of using e term.to indicste the possibility of the
resction of ammonia with [PtC13(0H)] T to forw l}t013(KH3ﬂ".
The enthelples of sctivstion &nd the entroples of sectiva-
Tion were cealculeted Irom The tewperature dependence of the
rate constants for all the reactions studied. These results

are tebuleted in Table C.
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of verious pletinum specles at 25° C.

N
Platinum | A AS™
complex Reactsant kcal. eu.
[PtC14]" OH” 18.2 -18
[Ptcig(oH)] ~ oH" 17.7 -~ ~20
[EtCly]” NH 15.1 -4

- [Pro1g(ag)] T ' NH 15.6 ~20
- P i - WHo . C -
c-[PtC1 (1Hz) ] RHs 17.€ 17

As cen ve seen from Tatle o reasonscle sgreemert 1s found
for tne rste constents for the emmoriation of [PtCl,]~ end
[}t615(LH3X]— between the present work end thbse obteined by
A. A. Grinberg (<9). Except for one series of experiments
performed tTc confirm the Tirst order dependence of tne resc-
tion on [PtClé]z, 211 the experiments were made with an
initiel concentration of’EPtCl4]= of 0.0l k. 3irnce Grincerg
used C.1 I [PtCl4]= for the mejority of nis experiments, this
agreement for the P?Lé constent desplte this diiference in
the concentraticn of tne pletinum complex 1s further proof
cf the first order dependeﬁce of [PtC1,]~ upon the reactior.
A wider range of ammonle concentrstions wss used in the
present wori uinan thet performed bty Grinterg. The emmonie
cornicentratiorns were verled over 2 range of 0.06 k to 1.056 Ik,

while Grincerg did not use any concentrstions above 0.4 M.
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~ 1 4

1l BETetmont UoLweEh Grluvelrg & €ADPSrliiciivs 8ud L Presen’
work 1is &also encouraging since dirferent metnods were used to
follow tie reaction. Grinterg used scid-casse titrations to
follow the emmornia concentration while the ultresviolet spectrum

was used in the present work to follow tre resction.



It 1s interesting to compare the reactions which are

cheracterized in Teble S. As can te seen, the activetion
energies are all in the range 16.5%2 xcal. It thus appesrs
that the heats of activatiion for the reaction of aumonis with
these platinum complexes is independent of coulombic charge
since the cherge on the complex varies from zero in the cese
of c-[PtCly(NH;) ] to -2 for [PtCly] . Before studying the
mechanism of these ammcnietion resctions, let us first loock =t
the mecnanisms that have been proposed for the reection of
weter with pleatinum complexes. It is telieved thet the mech-
anism is similar to the acid hydrolysis mechanism (8), with an
added rsst removal of the acid proton of the weater ligend to
form the finel product. Applyin: this mechanism to the bese

hydrolysis of [FtCly]~ yields tne following.

.0 ) o
I ‘ H,0 /“lL
.'/C/ QC’ ! <
N /
“ /ﬁt e Ml A > ¢y f’t/ of,
cl : cl \cl c:///:
1 . . I
H:LO - ’ : ’ C!

1,0 H,0
{ I
! cl i c/
X 7
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A similar reaction mechanism is prbyosed Tor U186 GduikUidi-
ation reactions. To account for the observed first order
dependaence upon ammonia;;an initial rest equilitrium reaction
takes place in which the ammonie reversicly replsces o water
molecule in the loosely cound axisl position of"the platinum
comple;. The equilibrium coneiant for %this first reaction
step must be small since tne overall reection hsd a siumple
first order dependence on ammonie throughout the range of con-
centrations used. Confirwation of this point comes from the
fact that the ultraviolet spectrum of [PtCl4]= 1s unaffected
by even large concentraltions of ammonla.

Followlng the addition of the ammonia to ar. axial posi-
tion, the reaction proceeds in a similer manner to the base
hyarolysis, except for the obvious elimination of the last
step of the reaction, the removasl of the acidic proton. This
nechanism explains the fect thet the activation energy 1is
independent of the ionic charge on the platinum complex since
the removal of the charged chloride ligand occurs through a
sfgﬁwise process. A molecular rearrangement takes place in
which the chloride ligsnd is trensferred from the planar posi-
tion to the loosely bound axial position from which 1T 1is
later eliminsted Irom the complex in a fast step. Thus in the
rate determining step the platinum-chloride bond distance 1is
not greatly elongated and coulomcic forces should not have a

great influence. It is true that the bond length for ligands
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i Uue axlel posliilon is provaoly appreciably longer than the
bona length for the same ligands in the plane, however it 1is
the pond length ror the platinum-chloride distance in the
transition state thet is important, end this may be nearly
equal to the original bond distasnce. In any case it would
have much less effect than removal of the chloride in a single
step.

Since breaking of bonds is not significsnt in the reac-
tion mechanism, the energy of activation should depend largely
on the formation of the new platinum-ligand bonds. The acti-
vatlion energy of the aumoniaticon reactions and the base
hydrolysis reactions listed in Table S are apprdximately equal
in spite of the necessity of first replacing a w=ter by an
ammonia in the axlel position of platinum complex as a2 first
step in the ammoniation reesctions. This implies 2 more stable
platinum-ammonla bond 2s compsred to a platinum-water cond in .
The tTransition state. It was previously noted thest the
equilicrium constant for the replacement of water by ammonia
in the axigl position of the platinum complex strongly favored
The platinum compleXx containing water in the axiel positions.
The free energy change for taking water from the gas phase to
the liquid phase is -2.4 kcal. (40) which is espproximately
equal to the free energy change of -2.1 kcal. for taking
gaseous aummcnia to an aqueous solution with a gstandasrd state

of 1 molar. Thus the value of the equilitrium constant would
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“€ & Blrufiger plalliuw—waver bond than a
platinum-ammenia bond in the trigonal bilpyramid transition
state. Also the AF° of formeation of the ammonia complexes
indicates that the platinum-ammenia bonds in the squere plane
of the platinum complex are stronger than the corresponding
platinum-water bond. |

In order to understand the shiit in the relative order
of tne platinum-water and the platinum-ammonia bonds, 1t is
necessary to conslder the energy levels of the orbitals in-
volved as shown in Figure 15.

In the free atom, the energy levels of the electrons in
the outer shell of the platinum atom sre arranged as indi-
cated. The energy levels of the p end ¢ electrons are
degenerate in the free atom but this degeneracy is largely
removed in the crystal flield of the square planar configura-
tion. If i1t is assumed that the ligands in the loosely bound
axial positions are at conslderably greater distances than
the ligands in the plane, These levels will be as shown in
the widdle portion of the diagram. The representations for
the orbitals are indicated on the dlagram.—

It is required that the orbitals which interact to form
molegular orbitals be of the same symmetry representation.
For maximum interaction 1t 1s also necessary that the orbitals
te of epproximately equal energy. The energy levels of the

orbitals of the ammonlia molecule are taken higher than the
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corresponding energy levels of the water molecule. However
1f the smmonia energy levels are nearly equal to the energy
levels of the platinum atom which contribute to the bonding,
a large degree of mixing will occur, with a resulting large
decrease 1n the energy of the bonding orbital relative to the
original orbitals. If it ie not necessary to use also the
corresponding antibonding orbital, a maximum stabllization
will be obtalned for the molecule relastive to the originsl
energies of the atoms. It is thus possible to account for
the strong platinum-ammonia bonding in the plane of the com-
plex if the assumption is made that the orbitals which are
cantributed to the bonding orbitals are of approxlimately equal
energy -

If the energy levels of the water molecule are signifi-
cantly lower than the energy levels of the platinum atom
which are used for bonding, less interaction will be obtalned
in the construction of the molecular orbital. Thus the dif-
ference in energy levels can account for the difference in
stabllization of tne platinum-water and platinum-ammonia
bonds 1in the plane of the complex.

In the axial position of the platinum complex, the bond
distances are sufficlently great so tnst interaction of the
electronic orbitals is smaller. The greater dipole moment of
tne water molecule may account for the greater stabllity of

the platinum-water bond compared to the platinum-ammonia bond
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in the axial positions. The shift in the relative order of
stability of the water and ammonia ligands can thus be
attributed to the lonic nature of the bonds 1in the axial
position and to the covalent cheracter in the planar posi-
tions. These qualitetive considerations appesr to be satis-
factorily conslistent with the observed rates and the en-

thalpies of activation.
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Vi, BSUMMARY

(1) Tne spectra of [?tCl3('- N [ tC1, (H- C);],

[Ftc15(0H)] 7, ana [FtC1 (0H) ]

were determined. ine posi-

e clocely with the

o

(0]

tions of tne pesks of thece spectre cg¢r

field

a
N
4]
(o]
(@]
3
Q
3

<
mn
t
m
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celculations meée by R. F. Tenswke (7) bes
conslasgrestions. The deteruminetion of thece spectrs made
rossicle the Toilowlng kilnetic meessurements, wnlch were 2ll
followed by spectrophnotomnetric methods.

() The rstes Ior cese hydrolysies of [Pt014]= were
mecsured. The reection re=te wes Iound To oe independent of
nydroxide concentretion witn first order rote constants of
1.25 x 1079, 3.81 x 107°, ard 1.Co x 10°% sec™t at 15°, 25°
gndg 35° C. respectively. Tie indicsted enthalpy end entrony
of sctivetion at x5° C. rre 15-; vcal. ené -18 eu. respec-
tively.

(3) Ine rrtes for usse hydrolysis of [PtC1z(THY = were

mecssured. The resction rate wes 2in founG to Te indepsnde nt

FC

of hydroxide concentration. The bese hydérolysie of coth
[Ftc1,]” end [FtC15(0H) = thue evgeers to rollow en sgustion
mechenism with an immediste frst neutrellzeticn of the ccidic
nydrogen of tne aguo-conplex. The Iirst order rete concstents
for the tese hydrolysis of E‘tClS(CH)'z wees.found to bte

1.0 x 1672, 3.5 x 1077, end £.1 x 107° sec“l et 15°, £5°, end
359 C. respectively. The ihdicated entnealpy end entrovy of

sctivation st 250 cre 17.7 kcel. and -<0 eu. respectively.
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\4) TIuce rates ror Lne amwoniation oI [£tCly] were
peasured. The secord order rate constente for the resction

= . . s . -4
of [Pt014] wltn amionia wers found to te 1.8C x 10 7,
-4

pleecd °

2.0 % 10 gec

oy

3.65 x 107%, en et 15°, 25°, ena 35° C.
respectively. The indicated erthslpy 2ud entropy of active-
Tion at b5o C. zre 15.1 kcel. zord -24 eu. respectively.

() The rotes for the ammoniation of EPtClS(JHB)]— were
neesured. Tne second order reste constents for the reaction
-4

3

of [?tCls(NHsf]' wita smmonia were found to ce 3.7 x 10

4 . - o) 0 . .0
M lcee™d et 18°, »5°, ana 38° C.

9.5 x 107%, and 3.0 x 10
respectively. Tne indlceted enthalry and entropy of activa-
tion 2t zSO C. ere 15.6 kcal. end -0 eu. respectively.

(6) The rates for the aumoniction of cis—[}tClz{NHs)gj
were measured. The second order rete constants for the
reaction of cis—[PtClZ(kH3)2] vere found to ce v.50% x 10 7,
1.69 x 107%, end 4.8c x 107% wlsec™! st 157, s
respectively. <‘he indiceted enthslpy ena entrony of zctive-
tion at 5° C. ere 17.6 kcal. aﬂd -17 eu, respectively.

(7) Tne reaction ol ammoniz with [PtCl3(OQX]= was
studied quelitatively. The rrfe of smmoniation is of tne
same order of megnitude =8 the ammonistion of [PtClgz]~. The
ammonie eppesred 1o replace the chloride, =2nd there was no

evidernce for tne replecement of the hydrexo-croup with eany

Leesurscle rate.
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LA. APPENDIX

In orcer Uo reduce the lebor involved in the celculation
oI the rete constents for tne enmonistion of [PtClé]z, 2 pro-
graw wes written Tor the IBk 704 ceomputer. The progrem was
written in FORTRAN. This system acts es an intermedliate
languege rvetween the pro:rammer and the Lasic mechine language.
The sourcelprogram, in FORTRAN, 1s run on the computer snd the
output yieids the progrem written in tesic macnine langusge.
This program, togetner wita any reculired &cte, 1s then rerun
to owvteln tane desired computetion. Since the compuier was
loceted at the University of Wisconsii, e methoa wes required
for the efficlent operation of tie machine while reumalning
in Ames, Jows. An Ibk ©8 Printing Déte Transciever permitted

the twc way exchange of informstion on stsrnderd IBL punched

Q

zras. JThese cerds mey then te introduced into tie-computer
oy an operator at tae University of Wisconein. A program
‘nemed FRITO (Flexible, Hemotely Instructsd Tepe Opsrator), as
written oy D. R. Fitzwater, G. sestland, 2:1.d V. Pratt, wes
used To execute the desired progren on the computer. The
progrem To be run is included emong meny sucn prosrems on one
of tne tepe 1lnputs or the computer. Uion introducing a suit-
eble punched cerd into the computer, the machirne obtains the
proper program frem tne Tspe inout and turns control over to
this progrem. Upon completioh of tne progrem, conirol mey

be returned to the csrd reader in order that other programs



[<¢]
©

may ©e run 1in & similer manner.‘

The compuier was used to octailu tne rate constants Ior
the amuoniation or [Pt614]=. Given a set of irisl rsile corn-
stants, tne init.esl concentretions of EPtCl4}=, ar.éd Tnz Xnown
spectra for all tae species involven, tae computer would cal-
culate the ultrsviolet spectrs that would r-osult from & set
of recction times. These computed spectrs could then be com-
pered to tne ocserved spectre and the r=tle constants veried

oh

|t

until tne cvest £it wes opteined. Ecustione 1I71.35 throu

I1l.4c were used to celculete the concentretions of the

-4

species at any given time. Since 2 scenning rs=te of 80 qﬂ,/
minute wes used Ior the renge of x50-400 mi , it took 2 1/2
wirnutes To scan T1ls range. Thus & different time saould be
used =zt every wave length. To rsduce computer time, the con-
ceritration o1 e.l tne species were cslculated exactly ot the
tises for the end poinus of tae spectrum, <80 and 400 mM, and
t.ie concentreations at intermedlste voints were calculated by
interpolation. The computer then calculeted the spectra that
would be ovteained for tnese rate constents at tane glven times,
using this scenuning rate. The resulting opticel densities
were printed out at intervsls or & ma .

The source prograw, in FORTRAN, is given telow:
C COLVIK SPEC

DIMEASION RRA1(ZO), RR1A(20), RR1B(20), RRAZ(20),

RRcA(20), RRBL(z0), RR3A(20), RR4A(2C), XT(10, £0),

£X(10j, AA1(2B), AAz(25), AR3(Z5), AA4(25), T¥(25),



100

1Cl1

10z

103

104
105
106
107

108

151

100

.......... -—— —_—- PR —~

Hi{e0), ARElzd), AA1R1{20), oil{el), Geled), SE{ZO,
3(2b), 581(20), shc(20), 343(x5), SAd(ed), ST(ed),
SH1(25), SHz(£5), SA1N1(258), 0C(20)

FORMAT (SOH.COININ CHLOROPLATINATE SFECTRA)

FOREAT (1HO//4HRA1=F9.7, 64 RA2=F2.7, 69 R1A=FE.7,
6H RZA=FQ.7, 6H R3A=FC.7, 53 R4A=FS.7, 6H RI1B=F¢

5H 1R’B1l=F2.7)

FORMAT (3HOC=F7.5, 44 X=r5.1, 49 T=F7.5, BY H1=F7.

54 Hi=F7.5, 6H Al=F7.5, 53 Ag=F7.&, 54 A3=F7.5,
5H A4=F7.0, 74 AlH1=F7.5)

FORMAT (B5H 280=F6.4, 6H «B85=F€.4, 8H 290=F6.4,

.7

O

)

b

6H 95=F6.4, 64 300=F5.4, 6H 305=F8.4, 6H 310=FG.4,
64 315=F8.4, 59 3.0=F6.4, 61 3£5=F6.4, 54 330=F5.4,
6H 335=F5.4, 6H 340sF6.4, 6H 345=F¢.4, 69 350=F6.4,
6H 355<F€.4, 6% 330=F6.4, 64 385=Ff.4, 5 370=F6.4,

64 305=F6.4, 69 400=F6.4)
FORMAT(I%)

FORLAT (CF6.8)

FORKAT (18r4.1)

FORMAT (14F5.2/11F5.%)
FORMAT (CF8.8/9FB.8/7FE.8)
READ 104, N

AEAD 105, (RRAL(k), RR1A(K), R218(¥), RRAz(L), R2ZA(M),

RARB1(M), BR3A(K), 224A(n), CC(k), ¥=1,N)

oH  38(=r6.4, 85 386=F5.4, 6H 3C0=F¢&.

4.

]



~J [1s8 (o] oo -

$¢)

10

b=
DO

101

HEAD 100, ({(Xw{ll,m), Ii=i, L0), k=i,i)

5 READ 107,( SAL(L), L=1, 5)

RZAD 107,( sAz(L), L=1, =5)
R.AD 1u7,( 343(L), L=1, £5)

s READ 107,( SA4(L), L=1, «5)

READ 107,( ST(L), L=1, z5)
AZAD 1u7,( SHL(L), L=1, &)

REAL 107,( SHe(L), L=1, x8)
READ 107,( 38141(L), L=1, =5)

. READ 10&,( Gi(K), X=1, =5)

READ 108,( Gz(XK), K=i, <5)

WRITE OUTPUT TAPE 9, 100

DO 87 I= 1,N
RA1= RAAL(I)
RAlA= RR1A(I)
R1B= RR1B(I)
2AZ= RRAZ(I)
RiA= RRZA(I)
A81= RAB1(I)
R3A= RR3A(I)
R4A= RR4A(I)
C= CU(I)

DO 1z J=1, 10
“X(J)= XT(J,I)



14 WRITE OUTPUT TAPE 2,101, RAL, 1Az, HLA, Heh, HOA,

—
93}
as]

0

w

1

RALT=

CHzd=
CAll=
CAlik=
CAcl=
CAz=
CAc3=
CA31=
CA3Z2=
CA33=
CA34=
CA4l=
CA4L=
CA43=
CA44=

CA45=

1C0%

, BBl
1= RAL + R1A

5 RHl= R1B + RAc

RzA + RB1

. BA1/(RY1-31)

-CH11
CH1z*RAZ/R1
CH11#RAZ/RH1
RA1#RAz/(R1I*RH 1)
R1A/(2ALT - R1)

-CAll |
CAL1I¥RZA/(R34 - A1)
CAlz#RiA/(R3A - HALT)

RLIA¥RZA/((R1 -~ R3A)*(RALT - R3A))

CA21#*R3A/(R4A - R1)
CAz2®*R3A/(R4A - RALT)

CAz3%*R3A/(R4A -~ R3A)

RIA*RZA®R3A/( (Rl ~ R4A)*(RALIT - R4A)%#(R3A - R44A))

CA31%R4A/(-R1)
CA3Z*R4A/(-RALT)
CA33%34A/(-334)
-CA34
R1A%RcA/(AL¥RALT)

CAlH11l= CALL*RR1/RL

24k,

------



44
45
46
47
48
49
o0
51

O

103

AN

; CAlnle= CAL1“moi/HALY

CA1H13= RIA*RB1/(R1¥*-A1T)

I CA1H1l4= CH1.*Rls/R1
. CA1H15= Chll*31B/RH1

CAlH16= RA1*R1:z/(RI*RH1,
DO 85 k= 1, 10 |

K= iX(k)

IF (X) 47, 57, 47
El= EXPF((-21)%#(X))

EHl= EXPF((-3HL)*(X))

EAl= EXPF((-3ALT)%*(X))

E3A= EXPF( (-R3A)%#(X))

E4A= EXPF((-R44)*(X))

E1P= EXPF((-R1)%(X + 2.5))
EH1P= EXPF((-AHL)*(X + £.5))
EA1P= EXPF((-+81T)%*(X + x.5))
S3AP= EXPF((-R38)%(X + 2.5))
E4Ar= EXPFP((-R4A)*(X + 2.9))

tx1

Hl= CH1I*El + CAlz¥EH1

dz= CHZ1#El + CEL2¥EH1 + CH3

Al= CALI*E: + CA1Z*EAL

A2= CAZI¥EL + CAZE*EAl + CAZ3#ET3A

A3= CA31¥%El + CA3Z*EAL + CA33%E3A + CA34#%E44

Ad= CA41%*E]l + CA4Z*EALl + CA43#E3A + CA44%IZ4A + CA45



104

64 AlH1l= CAlHI11%*El

+ CA1HIS*EH1 + CAl1H1S6

+ CA1H1Z¥*ZAL + CA1H1S + CALlHL

i(—El

"

65 TP= E1P

66 HlP= CHLI1¥E1lP + CH1¥ZHI1P

67 HeP= CHgl¥E1P + CHeZ*EHIP + CHZ3

88 AlP= CALI¥EZ1P + CALL*EALP

32 Ack= CAC1#*ELF + CAc®EALP + CAZ3*™E3AP

70 A3P= CA31%E1P + CA3Z*EALP + CA33%E3AP + CA34%E44AP

71 A4P= CA41%Elr + CA4:*ZAlr + CA43%E3AP + CA44%IZ4AP + CA4D
7¢ AlH1P= CAL1H11%*Z1P + CAlALlL*ZALP + CAL1413 + CA1=14%Z1P

+ CA1H15%EH1P + CA1415
DO 21 k=1, 5

AAL(K)= (GL(K))*(ALl) +

1

Ads( )= (GL(E))*(Az) +

(C1(K;)*(A3) +

i

AA3(K)
A84(n)= (GL(K))*(A4) +

(Gz(X) )*{ALF)
(Ge(K))*(L2P)
(CGe(X))*(A3P)

(Gz(K))*(Lep)

(52())*(TP)

63 SP(L)= (AAL(L))*(SAL(L)) + (AAz(L))*(s4z(L))

+ (AA3(L))*(sA3(L)) + (2A4(L))#3A4(L)) + (TT(L))*ST'L))

+ (HHL(L))*(SH1(L)) + (H4z(L))#(sHz(L))

+ (AAIHI(L))*(S&lHI(L))



84 5(L)= (C)®*(8P(L))
85 WRITE OQUTPUT TAPE ¢, 1lCe, C,X,T,H1,HZ,ALl,AZ,A3,A4,A1H]
86 WRITE OUTPUT TAPE 2, 103, (s(L), L= 1, z5)
87 CONTINUE
REWIND 1
CALL TAPE
END(C,1,1,1,1)

To run the prograwn, the above FORTHRAN stestements were
placed 1r tne computer, and the output yielded the vrogrem
written in basic machine lenguage. After placling this re-
sulting program on the FRITO tape, the program was avellable
for use in the following manner. The first card to be plesced
in the computsr was a celling card, wnich instructsd the com-
puter to ottein the proper program rrowm the tepe and turn
control over to this progrem. This csrd conteined en # in

I
i

column (z), e T in column (4), en E in column (8), =nd the

rane.of tae progrsw, CCLVIL SPC, in columns 7-17. Following
this card wss pleced & cerd containing in columns (1) eng (g)
the numver of sets of rate constants to be used in the given

run. The next cards contained the rste constents to te tried.

These were punched one set to 2 cerd in the order r, 1, I
2,

PR
r r

- r . r
z,a’ “¢c,1” “3,&’

e 2 C ]
rl,b’ ra,S’ 4,8 ernd C, where was the
proauct of the initiel concentreticn of I}t014]= multiplied
cy the optical path length of the cell. These numbers were

punched in groups of six columne extending from column (1)



1G¢6

through coluwn (54). The next set of cerds corteined the
reesction times for which the celculetions were desired. Ten
times were requlred ror each set of rrie ccustents; 1f s fewer
number wes reguired the excess was filled in with zeros.
These times were punched in coiumns 1-7%, ¢roups of Tour
columns teing ¢vallable rfor each time. It wes not rnecessary
to start & new card for cach get of reaction times. The
spectre Ifor ell the various svecles were punched in the‘next
set of cerds. The specire were loeded in the following
order: [PtCl;(nHz]] 7, cis- [PtCly(nss) ], [Prci(uig)s]",
[Fe(ug), 7%, [P101,]7, [Proiglom]™, [Pro1,(oH) )", end
[}tClz(LHa)(OHﬂ ~. Two ccrds were sllowed for the spectrum

L

oI each species, intervals of 5 mw veing used between 280
and 400 m . These spectre were punched in columns 1-70,
five columns telry zllowed for the extinction coefficient =t
eacn veve length. The Test set of cerds in the d-te deck
contsined two series of numbers. The Tiret series wee the
decimal eculvalent of z4/30, .3/3C, 2/30, ..., C/30. The
second series wes the decimal ecuivalent of 6/30¢, 7/30, 8/30,
.+., 30/30. Three cerds were uced for eeach series; columns
1-72z telng used with eleht columns belng 2llowed for eech
nunber. A set cf "impossible cerds' wss placed tehind this

deck tc stop the computer in cese of troutle with the progrem.
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