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ABSTRACT

The nitrito —snitrec isomeriza-
tion 1in nitritopentzammineco -
balt(III}) halides has been known. In

this paper, the effect of the size

of the counter ions (noncoordinated
groups) on the rate of isomerization

in nitritopentaamminecobalt {(III) ha-

lides, is reported. The rate of iso-
merization is decreased by increasing
the size of the counter ions. This
decrease ig explained on the kasis of
steric interaction between tho nitro
grcups in the innexr sphere and the
ccunter ions in the outer sphere of
these complexes.
INTRODUCTION

Kinetic studies of linkage isome-
rism in ['cQ.(NHB)5 ONOJCL, both in the
solid state and in agueous soluticn
have been reported by Adell {1).1In
both cases the reaction was fcllowed
spectrophotometrically in solution
in the visible region. He found
that the reverse reaction could be
initiated by allowing [Co (NH,) -

3B
N.O,\]Cl2 to stand in sunlight
Z

28

for a long reriod of time.Wendlandt
and Woodlock (2) have reported that a
nitro— nitrito transition was in-

3)SNoz]—

X, (X=Cl_,Bru,IjN05),by ultraviolet

irradiation.For example, the curve

duced on the complexes, [Co(NH

peak maximum in the reflectance spec-
trum of a sample of [Co(NH Ne - aL ,

P [Co (nH,) Mo, JC1,
chifted from 455 nm to 475 nm after
twoe one minute interval irradiations
by ultraviolet lamp.It is known(3,4)

that the nitrito form in [Co(NH_)_ -

3’5

ONO]CL2 has a strong aksorpticon at
_ 1 .

1060 cm in the IR regicn whereas

the pure nitro form does not abscorb
at this wavelength.Beattis and Sat-
chell (5) have used the change of the
intensity of this absorption band to
study the isomerization of [CO(NH3)5-
ONO]Cl2 in the s0lid state in KC1 dis-

cs and found that it is essentiallyan

equilibrium process.This iscomerization

‘has also been studied by differential

thermal technigquesg (6) and the wvalue

of 24.04+ 1.03 kcal mole_l WAS repor
ted for the activation en=rgy of the
reaction.Isomerization of [Co(NH3)5—
ONO]CJ_2 either in solution (7) or in
the solid state (5) follows a first
crdexr kinetics.
One point of intsrest in connec -
tion with the linkage isomerism is
the steric effects of the counter
and 1li-

ions (noncocrdinated group)

gands (in the coordination sphere of
the central metal ions).Howewver, li-

mited information ig available con-
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cerning the steric effects of the
counter icns on the isomerization
process (B).

In this article the isomerization of
[CO(NH3)SONO]XE(X=C1_;BriI_)complexes
have heen studied in KBr discs to evalu-~
ate the effect of the increase in the
size of the counter ions on the rates of
the isomerization.

EXPERIMENTAL

The nitro and nitritopentaammine

cobalt(IT1I) chlorides, bromides and
icdides have been prepared by the
methods reported in the literature
(9,10,2).In order to prepare the KBr
discs, 20 grams of pure potassium
bromide and 0.40 grams of the com-
plex (a 1.%6 weight percent mixture)
were kall milled at an average cspeed
for 3 hours to obtain a homogenszous

powder. A sample (0.21 grams) of

this powder was pressed under vacuum
using a pressure of 19000 psi. Thick-
ness of this KBr disgc wac O.6émm. To

minimize the error which could be
caused by weighing of the samples
and preparing the homogereous mix-

ture, for each of the complexes,only

one disc was used in Kinetic measure-

ments. In order to repezat the kinetic

measurements at various temperatures,

=

after finishing a2 set of mcasuremsnts
at a fixed temperature tho disc was
placed in a desiccator covered with
a glass plate (1.5mm thicknzss) and
it was irradiated by a 366nm mercury

lamp from a distance of 80mm for a
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period of 2 hours to ensure a com-
plete conversion cf the nitro isomer
into the nitrito isomer.Infrared
spectra and qualitative analysec of
the complexes indicated that they
did not decompose by repeated UV
irradizticn of the samples. To study
the kinetics of the reaction, the
KBr disc was placed in a thermosta-
ted

a2luminium box with a 1id. On re-

moval from the pkox the disc was rg -
pidly ccoled to room temp.crature and
infrared of the sample was taken on-
1y in the 1000-1100cm ~ range. It
was assumed that negligible isomeri-
zation occurred during the time
occupied by the infrared measurement
Complete spectra were taken only at
the beginrning and at the end of ki-
netic runs. Infrared spectra were
recorded on a Perkin-Elmer Model 567
spectrophotometer. Optical densities
were calculated using 2 base-line
method (11) and all the slopes in the
log {At—Ae) versus t and alsc log k
versus 1/T diagrams were calculated

by least scuares method.

RESULTS AND DISCUSSION

Kinetic study of the following re-
vercsible reaction in KBr discs

k

1
—_—
2k;__[cO(NH3)

& NH ONO | X
[Cot 1,) ONO] Noz]x2

5
(X=C1 ,Br .I )

was carried out by measuring the
changz in optical density of thenit-

rito peak at 1060,1040 and 101l0cm *
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for chloride, bromide and icdide res-
pectively, against time using equi-
tion 1
log{Ao—Ae)~log(AE—Ae)=kt/2.303
(k=kl+k2}

A plot of loq(At—Ae) versus time {t)

gave a straight line expected for a

first order reaction. Rate constant
0f the reaction at a given tempera-
ture was calculated from the slope

of this line. Optical densities of

the complex at the time t and at the
equilibrium are indicated by A, and
Ae respectively. In corder to ogtain
Ae, the KBr disc ¢f the complex was

held at the temperature of the kine-

tic measurements for a long time un-
til ne further change in the opti-
cal density was observed. Since the

rate constant (k) in an eguilibrium

process is egual to sum of the rate

constants of the forward and the re-

verse reactions (k1+k ) and the equi-

2
librium constant is also equal to
k. /k_., separat lues r
l/ 5 parate values fo kl and k2
wera obtained by calculating the

equilibrium constant using equation

2.
A -A
K= o;ONO) e (ONO) 5
e [ONQ)
AO(ONO) in equaticn 7 was taken

as the optical density of the nitri-
to complex at the beginning of the

reaction (£t=0). In order to obtain

= A
the A onoy

irradiated with a 366mm mercury lamp

the nitro complex was

for 2 hours for a complete conversion

to occur. Kinetic measurements were

carried cout a2t 324 , 330 , 337.5 and

345.5 degrees Xelvin (Table I) and
log(At—Ae) versus t plots for the
nitritepentaammine cobalt (I1I} ha-
lides at 324 and 345-5-K as specimen,

are given in Figs. 1l and 2 The re-

lationship between log k and the re-
ciprocal of the absolute temperature
is also shown in Fig. 3. From this

graph, the thermodynamic guantities

cft activation were calculated (Table

324K

in).

0 48 9% 144 192 240

Fig.l First order relationships for

iscmerizaticn of [Co(NH?)5ON0:]X2 at
324 . .
345,5K

B le 2

Pig.2 Firxst order relationships for

ispomerization of [CO(NH3)50NGﬂX2 at

e
345. 5K,
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Fig.3 The relationship between log k
and the reciprocal of the absolute

temperature.

Table(I) Rate constants for the iso-
merization reaction

‘Co(NH_) _ONC|X_ —* [Ce NO_ X
[Cot _3)5_ 1 2= | (NH,) o 2] 2
(¥x=C1 ,Br ,I ) 1in the sclid state in

KBr discs at different temperatures.

[CO(NH3)50r101c12 ICo(NHJ)SONO]Br2 [CO(NH3)SONO}12
0 | kao® xlxloq kx10® kx10” | kw0 |k xa0?
-1 -1 -1 -1 -1 -1
seg sec sec sec S5eC s5eC
324 1.37 1.17 1.30 1.03 0.83 0 54
330 2.71 2,35 | 2.28 1.85 1.31 | 0.9
337.5| 6.03 | s.22 | 4.40 3.88 2.4% 1.93
345.5 14.9 12.8 10.51 2,26 7.36 5,71
Takble (II) Thermodynamic guantities

of activation for isomerization of

[co un,) cono]x, {Xx=C1 ,Br ,I ) inthe

solid state in Kir discs.
Compl xl sut 1 i ’I 1 | vt 1 ]
o e - - - -
TELE 1y cal morTT | cal deg ' mol x cal mol ’
| |
| ! L
f [ !
| cl ‘ 24,02:0‘0] -2.06 ‘ 24.54:010]
‘ Br. | 20.94:0.01 .11 68 24.42:0.01
I 17 | 21.78+0.01 -10.57 | 29.9300-00
! + +

+ 3

AS and AG wvaluss are calculated for
o

T=298 K .

The data in Table (I) indicate that

the rate cf isomerizaticon of the

nitrite complexes at each tempera-

ture, is consccutively decreased from

the chloride to the icdide.
Considering the fact that the cone

angle of a nitro group(M-NC_) is lar-

2

ger than that of a nitrito group (M-
OND), we should evpect a greater ste-
ric interaction to exist in the pa-
cked KBr disc between the nitro
group in the coordination sphere and
the larger counter icns, and there-
fore the reaction rates should fall
in the order:[Co(NHB)SONO] Cl2 >
[CO(NH3)50NC]Br2:>[CO(NH3)50N0]12

The same corder i also borne ouc
by the gain in LFSE, going from the

nitrito to the nitro iscmer (Table
I1I). This gain in energy is calzu-
lated from the zbsorption maxima of
the nitrite and nitro forms in KBr
discs taken by a Cary 17D spectropho-
tometer.

Takle (III) abscrption maximz of

Co (N 10X and [Co(NH_) _NO_|X
[co(nn,) ONO X, [Cotun,) NO,]X,
complexes in the solid state in KBr

. -1 1 1
disc {(in cm for Alg-——y Tlg tran-
sition).

X ![clNHslscuo}xz [CD(NHJJSNOZ]XZ gain in LFSE

Cl_ 20000 24390 43990

Br~ 19608 23529 3921

i 19230 21277 2047
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