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The Aquation of the Nitropentamminecobalt(III)

Ton in Sulfuric Acid Solutions .

By Arlo D.- Harris, Robexrt Stewart, David Hendrickson,
and William L. Jolly - '

We have previousi&lobserved that, in concentrated sulfuric acid, the

nitropentammineeobalt(III) fon is converted to the bisulfatopentammine=
This result was

rather surprising in view of the low activity of water in concentrated

sulfuric acld and in view of the fact that the original nitro complex
possesses no cobalt~oxygen bond. Therefore,ein order to obtain Informa- b

tion about the mechanlsm of the reactlon, we have studied the kinetics of

the reaction as a function of the sulfuric acid concentration, and have

‘used oxygen-18 as a tracer to determine the source of the oxygen‘atom.in

the aquopentamminecobalt(III) ion.

Experimental Seetion

Syntheses.- The kinetic measurements were made using [CO(VH )l \QEJSOL

which had been prepared by the method described by Schlessinger. The
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solutions in sulfuric acid were undoubtedly highly lon-paired, but for -

)5N022+ for the reactant. A sample of

simplicity we shall write Co(NH3
b

[Co(NH3)5ON03012 was prepared by the method of Jorgensen.

N.M.R. Procedure.- In sulfuric acid solutions more concentrated than

57%, the kinetics was studied using an A-60 proton magnetic resonance specf

2+ .
<rometert to Tollow the concentration of CO(NH3>5N02 . (Inmore dilute

solutions of sulfuric acid, the solvent proton peak interferes sériously

with the Co(NH3)5N022+ peak and makes quantitative n.m.r. analysis impos=- -
2+

sible.) The solutions were init;ally.aboutho;l5 M in Co(NH3)5N02 .
Generally the n.m.r. tubes were kept in the probe throughout the run, For
reactions wiﬁh half-lives greater than 15 minutes, the samples were kept
in an external bath at ﬁﬁe temperature of the probe (31 * 0.5°) when the

" spectra were not belng run.

Snectroscopic Procedure.- In sulfuric acid solutions less concentrated

than 57%, the kinetics was studied by following the concentration of
Co(NH3)5N022+ spectrophotometrically, uéing a Cary 14 spectrophotometer.

Tne spectra were determined with a l-cm quartz cell, using the absorbance

. : ) +
at 325 my (corrected for the solvent blank) as a measure of the Co(NH3)5N02?

concentration. Inasmuch as the extinction coefficients at 325 my for the

. 24 3+ L N ' '
species Co(NH5)5NO2 , Co(N?3)5OHé ,.and.Co(NH3)5SOu are 1650, 28{,and 21

l.cm.mo;e'l,.respectively, a negligible error was made by neglecting the
absorbance dﬁe'to the products. The solutions were initially aboutqlo-jlg
in”Co(NH3)5N022+, and th}oughout.the runs, they were maintained at 25,0 %

1 0.2°, Nitrogen'(pre-equilibrated with sulfuric aciﬁ of the same concertira-

‘tion as that used in the xun) was bubbled tlrough the solutions in an eifort

to remove any volatile nitrogen compounds formed in the'reaction. At acid

e



' 100% sulfurlc acid.

'[Co(Nﬁj)ﬁhO ]Br and’ QO%IECO(NH3)5HSQh]Br2.
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concentrations greater than 57%, log A-vs. =time plots showed upward curve-
. ‘ 4

- o4
ine behavior because of formation of the NO ilon.

ture rather‘than stralght 1
2+

The strong absorption of the N  ion, relative to that of the Co (L )

ion, made quahtitative spectrophotometric studies impossible in the xore

concentrated sulfurlc acid solutions.

Sulfuric Acld Preparation.- The sulfurlc acid solutions used in the

n.m.r. study were prepared by dilution of reagent grade 96% acid. The con-

centrations were determined by titration of welghed samples with standard

~

The sulfuric acild solutions used in the spectropﬁotometric study were

prepared by mixing weighed amounts of water and constant-boiling5 sulfuric

base.

acid (98.48%).

lIsotopic Studies, - 'The solvent samplés used for:'the lsotopic studiles

were prepared by mlxing 0.8 ml. of 50% Ol8 enriched'water6'with k2 ml, of

The solutzon was allowed to reach isotopic equllibrlum

by storing at 50° for at least 48 hours. About 0.3 g. of [Co(NH ),L 1s0,

was dissolved in 5 ml. of the solvent'at about 27°. Afﬁer 15 minutes (cor- -

responding spproxizately to a mawimum in the yield of the agquo complex),

<he solution was poured imto 1C =l. of ice-cold corcentrated IBr solution.

The cooled mixture was stirred for Iive minuues, and the resulting mixed

precipitate of [Co(NE )5HéO]Br , [Co(NH )5N02]Br and [Co(NHé) HSOh]Br

was collected by suction filt ration and washed w1th 5 ml. of icew-cold conc.

'HBr, 5 ml.. of ice water and two 5 ml. portions of ice-cold anhydrous methanol.’

The mixture consisted of approximately 60% [CO(NH ) HéO]Br , 20%
The dried solid was submitted

to Ir. Geoffrey E. Dolbear of Stanford University, who kindly converted

the water to €0, and mass}spectrometrically determined the dlSvconteht.

2

‘ .
' 0
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Results

: 2+ ‘
The pseudo-first order rate constants (k = -dln[Co(NH‘_j)5NO2 1/at) -
. T ; \ . 2+
were obtalned from linear plots of the logarithm of the Co(NHLj)5NO2 con-,

centration vs. time. In most experiments, the rate was followed for at

least two nalf-lives. The values of X are given in Table I as a function .

of the concentration of sulfuric acid. At sulfuric acid concentrations from

0.94% to 55.7h%, k is, within the precision of the data, constant. The
average value, (6 % 2) x 1077 seg_l, is about 50 times larger than the rate

constant extrapolated from the T0-100° data of Lélqr7 for the same reaction

in dilute aéid'solutions; For sulfuric acid concentrations above 57%, k
may be calewlated, within the precision of the data, from the relation

5

¥ = (4=2) x(lo"ll (ho) sec"l, where h  is the antilog of -H_, the Hanmett

acidity function.8 Wé“conclude'thatrin the concentrated acid solutions a

7

reaction path which is fifst—order in hydrogenuion,activity'pgédominates.

Isotopic agalysis'of thgee different samples of [Co(NH3)5Héd]Br ,
isolated from the reaction‘of [Co(NHS)éNOQJSOh with ca. 90%‘sulfufic acld
containing about 4% oxygen-18, showed that the coordinated water contaired ’
about 0.2% 018, essentially the fraétion present.in normal oxygen samples.ll
We therefore conciude that the oxygen“éf the coordinated water molecule
came principally from the coordinated Nan lon.

Discussion.- The mechanism for the conversion of the.nitro complex- to
éhe aquo compiex'in concentrated sulfuric aqid solutions must account for
the first~order dependence on hydrogeh ion'activity-and the fact that one
of the NO,” oxygen atoms ends up in the coordinated waker molecules

2
We suggest the rate-determining step indicated below. -

e
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© Table I.

Rate Constants for Aquation of

Co(NH3)5N022+ in Sulfuric Acid solut;bns

Wt % ' ' 1 , .
S0, x, sec™ . . %, °C
0.9k . 8.ax 1077 . 25
53 G2xioT 25

.79 okxw T 25
805 - hix 07 s

33.71 'i" b3 x 1077 o .' 25 .

}'us.eo 0 sax0T 25
50,51 . 5.9 w10"T 25
5.7k g6 x 2077 25
59. 78 2.6 X 10'5 T B
.82 S oLax07 3
70.07 hs5x107 -3
Bk w8xw0t s
79.32. .4.. 7.7 X 1o'h | 31

85.27 3.0 % 107 o5
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o+ _ - = ' oL
(1343)500;\*02 " i( )Cci i —_— (1\11{3)500—0}12 + NO

The proton may be considefed as assisting the displacement of the nitrosyl

ion. This step would be’ followed by a rapid protonatlon of the hydroxy

intermediate,

' ' + o+ . 3
Co(hTH3)5O}l2 + H --—> Co(NH3)5H20

In dilute sulfuric acid solutions, the aquo complex is the final producv.

In concentrated sul:urlc acid solutions, the aquo complex is converted at .

a Tinite rate o the bisulfato complex.

* Pearson et al.9 have studied the reverse reaction in weakly acidie

“solution; they found that the nitrosation of CO(I\TI{B>5H203+ yields the

nitrito complex as an ‘intermediate. In our studies there was no evidence

for %the formation of this species. Indeed, when a sample of nitrito com-
. plex was dissolved in T0% sulfuric acid, the initial'solution'coptained_
only the aquo complex and a smaller amount of nitro complex (the latte:

presumably was present as an impurity in the nitrito complex). However,

we cannot rule out the possibility of & nitrito intermediate. Possibly in
strongly acid solutions the nitro complex undergoes an acid-catalyzed

isomerization to the ﬁitrito complex, which then iS'raﬁidly converted tc -

the aquo complex.

' 2+ (H ) +H 2+ .+
Co(AH5)5NO2 é—_.@%» Co (NH ) ono=T ——;? Co('\IH3)5Oh + \o

'One 01t of ev1dence ‘against such - a mechanism is the fact that in dllLte

solutions the nit rito-nltro conversmon is retarded, rather than accelerated,

i
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. . ) .. 10
oy the presence of acid.
e 11 i ' . '
Mumann and Taube™ observed that the conversion of the aquo complex
to the nitrito complex in weakly acidic solutions proceeds without breaking

he cobalt-oxygen bond, and that the nitrito-nitro conversion proceeds with-

Y
%

cut exchange of oxygen atoms with-the solvent. These findings are consisteny

either of the above mechanisms and make the results of our isotopic

KR
YLON

-t

study appear quite reasonable.
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