
NOTES Inorganic Chemistry, VoZ. 11, No. 3, 1972 645 

The starting material 1 is conveniently prepared 
from allene and acetylcobalt tetracarbonyl. A sim- 
ilar insertion reaction was observed for benzoylcobalt 
tetracarbonyl ; 2-benzoyl- 1-allyltricarbonylcobalt was 
obtained in a good yield. Preparation of 2-acyl-1- 
allyl complexes through a conventional route would 

require a very unstable halovinyl ketone 

CH&!OCo(CO)r + CsH4 + 1 

RCOC=CHz 
I 

as the starting material. Thus the novel insertion re- 
action provides a new simple route for the preparation 
of 2-substituted 1-allyl derivatives. 

Introduction of an electron-attracting acyl group 
into the 1-allyl moiety appears to improve the air sta- 
bility of a-allylcobalt tricarbonyl system. Further, 
the 2-acetyl-n-allyl group does not undergo an insertion 
reaction with isocyanide or CO; the reaction with tert- 
BuNC or PPh3 merely results in substitution of one 
of the CO groups. Addition of a large excess of gaseous 
allene into the benzene solution of 1 a t  room tempera- 
ture leads to the effective catalytic polymerization of 

CHzX 

2 + L + (CH~COC~H~)CO(CO)~L + CO 

allene into a regular 1,2 polymer. 
Experimental Section 

Materials and Instruments.-Dicobalt octacarbonyl10 and 
sodium tetracarbonylcoba1tate1l were prepared by the standard 
methods. Allene (Matheson Co.; purity ca. 98.770) was used 
without purification. The 'H nmr spectra were measured by a 
Jeol JNM 4H-100 instrument using TMS as internal standard. 
The ir and electronic spectra were obtained by Hitachi Perkin- 
Elmer 225 and Hitachi EPS-3T instruments. All reactions in- 
volving organometallic compounds were carried out under ni- 
trogen. 

2-Acetyl-~-allylcobalt Tricarbonyl (1 ).-Into a tetrahydro- 
furan solution (40 ml) of sodium tetracarbonylcobaltate freshly 
prepared from dicobalt octacarbonyl (1.4 g, 4.9 mmol) was 
added a tetrahydrofuran solution (10 ml) of acetyl chloride 
(0.75 ml, 8 mmol) a t  - 10' and the mixture was stirred for 2 hr. 
Then 195 cm3 of gaseous allene (8.1 mmol a t  20') was slowly 
introduced by a syringe into the yellowish brown solution a t  
- 15' during a 1-hr period. The mixture was allowed to stand 
overnight a t  - 20°, filtered, and concentrated. Distillation gave 
an orange liquid (0.66 g, 32%, mp -20') boiling a t  55-56' (1 
mm). Ether may be employed equally well as the solvent. 
Anal. Calcd for CsH704Co: C, 42.49; H, 3.10. Found: C, 
42.56; H,  3.14. Ir  spectrum (Nujol mull) (cm-l): 3080 (vw), 
3000 (w), 2920 (w), 2045 (vs), 1983 (vs), 1668 (s), 1450 (m), 
1413 (m), 1360 (s), 1335 (s), 1143 (s), 1005 (m), 975 (m), 
960 (m), 940 (w), 808 (w), 770 (w), 660 (m). 'H nmr spectrum 
(in the order of the solvent, chemical shifts in 6 (ppm) from 
TMS, multiplicity, area, and assignment throughout this paper): 
CDCla, 2.31, singlet, 5H, CH3 and anti protons; 3.65, singlet, 2H, 
syn protons. 

2-Benzoyl-~-allylcobalt Tricarbony1.-Addition of an ether 
solution (10 ml) of benzoyl chloride (0.9 ml, 7.6 mmol) into a 
stirred ether solution (100 ml) of sodium tetracarbonylcobaltate 
(1.4 g, 7.2 mmol) a t  0" was followed by introduction of gaseous 
allene (300 cm3, 12.5 mmol ) at  - 78' in a manner similar to that 
described above. The reaction mixture was slowly warmed up to 
room temperature. The raw product obtained on evaporation 
of the solvent was purified by repeated distillations a t  130' (6 
mm) on a small scale to give a deep orange liquid (0.1 g, 22%). 
Anal. Calcd for ClaHsO4Co: C, 54.11; H,  3.13. Found: C, 
54.04; H,  3.62. Ir spectrum (neat liquid) (cm-l): 3070 (w), 
2075 (vs), 2000 (vs), 1650 (s), 1598 (w), 1450 (s), 1355 (s), 

(10) I. Wender, H .  W. Sternberg, S. Metlin, and M. Orchin, Inorg. Syn., 

(11) W. Hieber, 0. Vohler, and G. Braun, 2. Natuvfovsch. B, 18, 192 
6 ,  190 (1957). 

(1958); W. F. Edge11 and J. Lyford, IV, Inovg. Chem., 9, 1932 (1970). 

1218 (s), 1015 (m), 990 (m), 735 (m), 700 (m), 625 (s). lH 
nmr spectrum (in CDCla): 2.42, singlet, 2H, anti protons; 3.62, 
singlet, 2H, syn protons; 7.43-7.74, multiplets, 5H, phenyl pro- 
tons. 

Reactions of 2-Acetyl-~-allylcobalt Tricarbony1.-(a) Protona- 
tion readily occurred simply by dissolution of 1 into concentrated 
sulfuric acid or 48y0 fluoroboric acid. The solution was stable 
in air a t  room temperature for a few hours. (b) Substitution 
by triphenylphosphine occurred slowly a t  room temperature in 
benzene. The formation of CH&OC3WXo(CO)z(PPhs) was 
confirmed by the appearance of ir bands at 2000 and 1950 cm-l 
and also by the 'H nmr spectrum in CS?: 1.46, doublet (JEP = 
6 Hz), 2H, anti protons; 1.90, singlet, 3H, methyl; 2.92 
(JHP = 2.5 Hz), 2H, syn protons; 7.2, broad multiplets, 30H, 
phenyl protons. (c) Substitution by tert-butyl isocyanide 
occurred slowly a t  room temperature in benzene to give CH3COC3- 
H4Co(CO)z(tert-BuiSC). The raw product had ir bands a t  2100 
cm-l (YNC), 1995 cm-l (YCO), and 1950 cm-' (YCO). The 'H 
nmr spectrum (in CSZ) was consistent with the structure: 1.43, 
singlet, 9H, lert-Bu; 1.75, singlet, 2H, anti protons; 2.07, 
singlet, 3H, CHs; 2.93, singlet, 2H, syn protons. 
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A kinetic examination of octahedral-tetrahedral 
equilibrium in the cobalt(I1) bromide-pyridine-nitro- 
methane system has been carried out as part of a con- 
tinuing study of the effects of ligands and solvents on 
the structural interconversions of cobalt(I1) halide 
complexes in organic solvents.2 Ligand properties can 
influence the coordination number of metal ions and 
much work has been directed toward evaluating their 
role in affecting the relative stabilities of octahedral and 
tetrahedral complexes of cobalt(I1) halides. 3-5 

Experimental Section 
Materials.-Co(py)zBrz was the source of cobalt(I1) and was 

prepared from cobalt(I1) bromide hexahydrates and pyridine by 
established  technique^.^ The visible spectrum of Co(py)zBr2 in 
nitrobenzene was in agreement with that obtained by other work- 
e r ~ . ~  Pyridine and nitromethane were Spectroquality solvents 
from Allied Chemicals and Matheson Colemen and Bell, respec- 
tively. Eastman Chemicals tetraethylammonium perchlorate 
and tetrabutylammonium bromide were used with the latter salt 
further purified by recrystallization from ethyl acetate and an- 
hydrous benzene. Both salts were dried under vacuum a t  100' 
for 2 hr before use. The water content of 0.1 M solutions of 
EtaNClOa and/or BuaNBr in pyridine and nitromethane did not 
exceed 0.014 and 0.033 M ,  respectively, as determined by the 
Karl Fischer method. 

(1) Address correspondence to this author. 
(2) R.  D. Farina and J. H. Swinehart, J .  Amer.  Chem. Soc., 91, 568 (1969). 
(3) H. C. A. King, E. K6rbs, and S .  M. Nelson, J .  Chem. Soc., 5449 (1963). 
(4) D. E .  Billing and A.  E. Underhill, ibid., A ,  29 (1968). 
(5) J. de 0. Carbral, H. C. A. King, E .  Kbrbs, T. M .  Shepherd, and S. M. 

Nelson, ibid., A ,  1348 (1966). 
(6) G. Brauer, "Handbook of Preparative Inorganic Chemistry," Vol. 11, 

2nd ed, Academic Press, New York, N. Y.,  1965, p 1517. 
(7) N. S. Gill, R. S. Nyholm, G. A. Barclay, T. I .  Christie, and P. J. 

Pauling, J .  Inovg. Nucl. Chem., 18, 88 (1961). 
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Kinetic Experiments.-The temperature-jump apparatus and 
technique for measuring the temperature change have been 
described elsewhere.2 Concentration changes resulting from 
temperature perturbations were followed photometrically in the 
585-610-nm region. For changes in concentration near equilib- 
rium 

1 
dt T 

= --Ac dAC - 

where A C is the concentration difference between that at a given 
time and the final concentration, and T is defined as the relaxation 
time. Recorded T values are the average of a t  least two measure- 
ments. Solutions of 0.1 M EtaNC10a and/or BuaNBr equili- 
brated a t  designated temperatures for a t  least 30 min prior to the 
applied temperature perturbation. Density corrections were 
made in determining concentrations. 

Equilibrium Experiments.-Equilibrium constants for the 
reaction 

0ctCo(py)dBr2 = tetCo(py)2Br2 + 2py KI (1 1 
in pyridine and nitromethane were determined spectrally using 
thermostated cells (1.0.5") of the Cary Model 14 recording 
spectrophotometer. The method of determining equilibrium 
constants for these systems in nitromethane has been previously 
de~cribed.~ The determination of equilibrium constants in pyr- 
idine was somewhat different from that used on the correspond- 
ing chloride system.8 Optical absorptivities a t  the absorption 
maxima of Co(py)nBrs in pyridine were estimated by heating the 
solution until no increase in absorbance was observed (approxi- 
mately 97"). The estimated optical absorptivities a t  647 and 
597 nm are 525 and 344 M-' cm-l a t  25" after density correc- 
tions. This assumes no intrinsic temperature dependence of the 
optical absorptivities. The concentration of the tetrahedral 
species was obtained from the absorbance at  647 nm where the 
contribution from the octahedral species is negligible. 

Results and Discussion 
Equilibrium Results.-The equilibrium data for reac- 

tion 1 in nitromethane and pyridine are contained in 
Tables I and 11. The equilibrium constants are 1.4 

TABLE I 
SUMMARY O F  EQUILIBRIUM DATA I N  r ITROMETHANEa 

Temp, No. of 
O C  [PYl, M K, M 2  expts 

27 0.49-2.46 1.8 =k 0.1 8 
39 0.49-2.42 3 .5  i 0 .3  8 
48 0.49-2.40 5 .8  1. 0 . 7  8 
57 0.61-2.40 8.0 & 0.4 4 

a Ionic strength 0.1 (Et&C104); absorbance measured at  647 
nm where Co(py)l;Brz absorbs; density corrections made a t  
different temperatures. 

TABLE I1 
EQUILIBRIUM DATA IN PYRIDINEQ 

0.593 11.9 56 63.0 
0.349 12.0 29 51.5 
0.178 12.2 13 41.0 
0.092 12.3 6 . 9  32.0 

M and I* = 0.1 (EtaNCIOa) after 
density corrections. Co(py),Brz absorption at 647 nm; 
~ c ~ ( ~ ~ ) ~ B ~ ~  525 M-' cm-l. Concentrations corrected at  the 
different temperatures. 

&Total Co(I1) is 4 X 

and 4.7 M 2  in nitromethane and pyridine, respectively, 
a t  25". The enthalpy changes for reaction 1, AH1, are 
11.2 f 0.6 (nitromethane) and 13.4 f 1.3 kcal/mol 
(pyridine). 

Figure 1 shows the spectral changes that  occur when 
bromide and pyridine are added to M Co(py)zBrz 
in nitromethane. Two absorbing species are present up 
(8) L. I. Katzin, J .  Chem. Phys., 36, 467 (1961). 

Figure 1.-Absorbance vs. wavelength (nm) of solutions of 
1.0 X M Co(py)zBrZ in nitromethane with (1) no added 
Br-, (2) 2.0 X M Br- and 1.0 X 
10-2 M pyridine, (4) 5.0 X 10+ M Br-, and ( 5 )  1.0 X 10-1 M 
Br-. I.( = 0.10 (EtaSClOc and/or Et4NBr), temperature is 
8.6", and path length is 1.0 cm. 

M Br-, (3) 2.0 X 

to 10+ M bromide: C ~ ( p y ) ~ B r ~  (597 and 647 nm) 
and Co(py)Br3- (621, 649, and 682 nm). The isos- 
bestic point obtained is illustrated by curves 1 and 2 
in Figure 1. When M pyridine is added with 
2 X 114 free bromide present, the resulting absorp- 
tion curve 3 does not pass through the isosbestic point. 
This suggests formation of the octahedral complex due 
to displacement of equilibrium 1 to the left. At bromide 
concentrations exceeding M CoBrd2- forms, as 
evidenced by the appearance of new bands a t  longer 
wavelengths corresponding to those reported for the 
tetrahalide complex in n i t r~methane .~  A new isos- 
bestic point (curves 4 and 5) is formed as a result of the 
equilibrium between Co(py)Br3- and CoBr42-. No 
appreciable spectral change occurs a t  [Br-] < 0.1 M 
indicating that only CoBrd2- is present. 

Introduction of bromide (4 X to 5 X M) 
to 4 X M solutions of Co(py)zBrz in pyridine 
increases the intensity of the spectral band a t  647 nm 
while the band a t  597 nm disappears. Two new bands 
appear a t  621 and 675 nm which overlap the third band 
a t  647 nm giving rise to the increased absorbance a t  
this wavelength. The spectral changes are probably 
due to a reaction of the type 

Co(py),Brz f Br- = Co(py)Brs- + 3py (2) 

The enthalpy change for equilibrium 2 in pyridine was 
obtained from the temperature dependence of the ab- 
sorbancies a t  675 and 621 nm. The value of AHz 
obtained was 13.9 + 0.3 kcal/mol, which is within ex- 
perimental error of AH1 in pyridine. Since reaction 2 
can be expressed as the sum of reaction 1 and 

Br- + Co(py)tBrt = Co(py)Bra- + py (3 ) 

then AH2 = AH1 + AHz. Consequently, AH3 is 
small, which is in agreement with observations from the 
kinetic measurements. 

Kinetic Results.-Both conductivity and spectral 
(9) N. S. Gill and R S. Nyholm, J .  Chem. Soc., 3997 (1959). 
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measurements in nitromethane support the equilibrium 
represented by reaction l.3 Although other reaction 
schemes were tested, the kinetic data derived from 
measurements made on reaction 1 were consistent with 
the following mechanism where reaction 4 equilibrates 
rapidly compared to reaction 5 

k1 

k d  
aCtCo(py)J3r2 # Co(py)rBrz + py K4 (4) 

Co(py)aBrz tetCo(py)zBrz -t py K6 ( 5 )  

Two relaxations are predicted for this mechanism. 
Since tetCo(py)2Br2 is being monitored, only one relaxa- 
tion is observed and it is in the microsecond range. 
If C ~ ( p y ) ~ B r ~  is present a t  small concentrations 

(T[Pyl)-' = k-6 f R&~[PY] -' (6 ) 

Figure 2 is a plot of ( ~ [ p y ] ) ~ '  vs. [ p ~ ] - ~  in nitrometh- 
ane. At 8.6", the plot remains linear for pyridine 

ks 

k-6 

10 I ' i 
J 

0.0 0.1 0.2 0.3 0.4 a5 0.6 0.7 
[PYI-2, M-*  

Figure 2.-Plot of (T[PY])- '  os. [ p ~ l - ~  for 1.0 X lo-' M 
Co(py),Brz in nitromethane-pyridine mixtures at 4.6' (A) ,  8.6' 
(O) ,  and 13.0' (0). p = 0.1 (Et4NC104). 

concentrations up to 3.1 M but deviates a t  larger con- 
centrations. This deviation is consistent with the 
observation that k-5 is smaller in pure pyridine. In 
nitromethane the values of k-5 and k5K4 a t  tempera- 
tures accurate to within =!=O.lOo are (1.7 * 0.2) X 
lo4  M-l sec-l, (7.80 f 0.5) X lo3  M sec-l (4.6'); 
(2.0 f 0.3) X lo4, (1.1 f 0.1) X lo4 (8.6'); and (2.5 f 
0.2) X lo4, (2.3 + 0.3) X lo4  (13.0') a t  M = 0.1 (Et4N- 
clod). From a plot of In (k-b/T) vs .  l /T  the activa- 
tion parameters A F  and A 9  are 6.8 f 0.6 kcal/mol 
and -15 + 3 eu, respectively. The consistency of 
ksK4 and k--B mas checked using the expression K1 = 
ksK4/k-s  from which the overall equilibrium constant 
Kl(kinetic) can be determined and compared with 
Kl(spectra1). The values of Kl(spectra1) and K1- 
(kinetic) a t  various temperatures are 0.36 M2,  0.43 
M 2  (4.6'); 0.47 M2,  0.48 M 2  (8.6'); and 0.85 M2,  
0.92 M 2  (13.0'), respectively. The effect of the cobalt- 
(11) concentration, as derived from Co(py)zBrz, on the 
relaxation time was examined. At 8.6" and 4.0 M 
pyridine, solutions of 1.0 X and 6.6 X M 
C ~ ( p y ) ~ B r ~  gave 10-4/7 values of 7.1 and 7.2 sec-', 
respectively. For nitromethane solutions of 1 .O X 

M Co(py)2Brz and 2.5 M pyridine, 10-4/7 values 
a t  various [H20] are 5.3 sec-' (0.03 M), 5.2 sec-l 
(0.65 M ) ,  and 5.7 sec-' (1.23 M ) ,  respectively. 

Attempts to study equilibrium 2 were unsuccessful. 
No effort was made to study the equilibrium between 
Co(py)Br3- and CoBr4+ since solutions containing 
these species showed no absorbance change when 
heated. Evidently AH for halide addition to tetra- 
hedral cobalt(I1) complexes is small as suggested by 
enthalpy measurements made on the trichloride and 
tribromide systems in pyridine. 

Kinetic measurements made on reaction 1 in pyr- 
idine gave the following values of 1 / ~  a t  different tem- 
peratures: (3.0 f 0.2) X lo4 sec-I (13.0°), (3.5 + 
0.1) X lo4 sec-' (21.5'), (3.9 f 0.2) X l o4  sec-l 
(28.0'), and (4.6 f 0.2) X lo4 sec-' (38.5') a t  p = 0.1 
(Et4NC104). Equation 6, when rearranged to in- 
clude K1, becomes 

7 - I  = k-5([PYl + Kl/[PYl) (7) 

The value of k-5 in pyridine a t  25' is 2.9 X lo3 M-l 
sec-', a factor of 14 less than in nitromethane assuming 
the same mechanism is operative. The values of 
A F  and A 9  for k--8 are 2.4 f 0.8 kcal/mol and 
-35 f 4 eu. The relaxation time is independent 
of the cobalt(I1) concentration between 0.01 and 0.1 M .  
Added bromide up to 0.1 M does not influence the 
relaxation time. Spectral measurements show Co- 
(py)Br3- is present in Co(py)2Br2 solutions containing 
0.1 M Br-. Despite the presence of Co(py)Brs- i t  
appears that the relaxation process being measured 
corresponds to reaction 1. Introduction of 1.1 M 
water increased the rate constant kd5 from 2.2 X l o 3  
to3.1 X 103sec-1at8.60 and,u = 0.1 (Et4NC104). 

The activation parameters of k-6 for cobalt(I1) 
bromide and chloride in nitromethane-pyridine [A@ 
= 6.8 f 0.6 (Br-), 5.4 f 0.8 kcal/mol (Cl-) ; A 9  = 
-155 f 3 (Br-), -18 f 3 eu (Cl-)] and in pyridine 
[ A P  = 2.4 f 0.8 (Br-)) 2.6 f: 1.0 kcallmol (Cl-); 
A 9  = -35 f 4 (Br-) and -34 f 4 eu (Cl-)] are 
similar. A slightly larger reactivity of the chloride 
complex compared to the corresponding bromide 
complex was observed in a study of the ligand exchange 
of some tetrahedral tertiary phosphine complexes of 
cobalt(I1) bromide and chloride in deuteriochloro- 
form.1° At 25' in our nitromethane study k-5 is 
slightly larger for the chloride complex then the bro- 
mide complex. Zumdahl and Dragoll examined the 
exchange of 2-picoline (2-methylpyridine) with di- 
chlorobis(2-picoline)cobalt(II) in acetone-&. A penta- 
coordinated activated complex was postulated and the 
second-order rate constant was about lo6 M-l sec-l a t  
25". The activation parameters A@ and A 9  were 
4.8 kcal/mol and - 15 eu, respectively. The rate con- 
stants k-5 and activation parameters determined in 
this study and the cobalt chloride study2 also suggest 
the formation of a pentacoordinated activated complex. 
Howard and Marianelli12 have investigated the cobalt- 
(11) chloride-pyridine equilibria and the exchange of 
pyridine with Co(py)4Clz and have found their data 
to be consistent with the mechanism proposed in reac- 
tions 4 and 5 and ref 2. 

(lo) L. H. Pignolet and W Dew. Horrocks, Jr , J Amer Chem SOC., 90, 

(11) S. S. Zumdahl and R. L. Drago, G z d . ,  89, 4319 (1967) 
(12) G. D. Howard and R S. Marianelii, Inoug. Chem , 9, 1738 (1970). 

922 (1968). 
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The equilibrium constants K1 for cobalt bromide and 
chloride systems are 3.1 and 9.6 M 2  in nitromethane- 
pyridine, and 11.4 and 6.1 M 2  in pyridine a t  38'. 
It has been suggested that the dissociation of the octa- 
hedral chloride complex into the tetrahedral species 
and free base should be less than that of the corre- 
sponding bromide complex in inert s01vents.l~ Such 
is the case in chloroform3 and pyridine as indicated 
above. However in nitromethane the trend is re- 
versed. Evidently the greater polarizability of the 
bromide ion which is believed to favor the tetrahedral 
complex relative to the octahedral form in the solid 
state and inert solvents is offset by opposing factors in 
nitromethane. 

An interesting and important aspect of this work 
is the detection of the five-coordinate intermediate, 
Co(py)3Br2; such intermediates have received con- 
siderable attention in studies of substitution reactions 
of octahedral complexes. Of special interest are the 
rate constants k4 and k--4, which can give information 
about the kinetic characteristics of the intermediate 
with respect to the six-coordinate complex. 
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When solutions of pentacyanonitrosylferrate(II1) 
(nitroprusside, (NC)6FeNO2- RN02-)  and sulfite 
(S032-) are mixed, a deep red coloration develops. 
The coloration results from what is commonly called 
the Boedeker reaction, and the species giving rise 
to the red coloration, Amax 475 nm, results from the 
addition of SOB'- to the NO moiety of RN02-  

ki 

k- 1 
RNO2- + 503'- RNO(SOE)~- Qi (1) 

The effect of "inert" electrolytes on the equilibrium 
properties of (1) has been in~estigated.~-* A specific 
cation effect is observed with effectiveness of color in- 
tensifications: Cs+ > Rb+ > K+ > Na+ > Li+. It 
is suggested from the above studies that the equilibrium 

RNO(S03j4- + M +  = [RNO(S0,)]M3- Qn (2 ) 

along with (l), must be considered in a description of 
the system. Another equilibrium study indicates 

(1) C. Boedeker, Jus t z~s  Liebigs Ann .  Chem.,  117, 193 (1861). 
(2) I. Fages, C. R. A c a d .  Sci., 184, 1143 (1902). 
(3) W. Moser, R. A.  Chalmers, and A. G. Fogg, J .  Inovg. h'ucl. Chem., 27, 

(4) A. G. Fogg, A. D. Jones, and W. Moser, ib id . ,  28, 2427 (1966). 
831 (1965). 

that, besides the 1 : l  RN02--S03'- species, a 1 : 2  
RN02--S03'- species is present .& Preliminary kinetic 
data measured by the temperature-jump relaxation 
technique have been published.6 The equilibrium 
properties in aqueous solution with organic additives 
have been qualitatively investigated. An infrared 
analysis of salts of (NC)jFeNO(S03)4- suggests that the 
bonding is (NC)SF~NOSO~~-. '  

This study deals with the measurement of the ther- 
modynamic and activation parameters for the Boede- 
ker reaction in aqueous solution. 

Experimental Section 
Chemicals and Solutions.-All chemicals-Nan[ (NC)6FeNO] 8 

2H7.0, NazS03, NaCl, CsCI, and Na&oH14N~Os.2H~0 (di- 
sodium salt of ethylenediarninetetraacetic acid, Na2EDTA)- 
were reagent grade. Stock solutions were prepared by adding 
weighed amounts of K ~ z [ ( N C ) ~ F ~ X O ]  .2Hz0 and XaC1 (or 
CsC1) and NazSOa, NaC1 (or CsCl), and NazEDTA into doubly 
distilled water. XazEDTA was added to solutions containing 
SOs2- to complex heavy-metal ions which catalyze the oxidation 
of sulfite.3 The solutions used in the kinetic and equilibrium 
experiments were prepared immediately before use from thermo- 
stated stock solutions. I t  was noted in the equilibrium measure- 
ments that the absorbance of the solutions in the 475-500-nm 
range decreased slowly with time. This was due to some com- 
bination of the reactions6 s 

(NCj6FeNOZ- + 20H- = ( K C ) S F ~ N O Z ~ -  + HzO 

(NC)sFeN0z4- + HzO = (NC)5FeHiO3- f NO%- 

Therefore absorbance measurements were taken as soon after 
mixture as possible, and, when necessary, the initial absorbance 
was determined by extrapolation to zero time. 

Instruments.-Absorbance measurements were carried out 
with a Cary 14 recording spectrophotometer (Applied Physics 
Corp .). Kinetic experiments employed a stopped-flow ap- 
paratus (Messanlagen Studiengesellschaft, GmbH, Goettingen, 
Germany). The instruments were thermostated to 10.2 ' .  

Results and Discussion 
Equilibrium Measurements.-It has been suggested 

from previous ~ o r k ~ - ~  that equilibria 1 and 2 may be 
present in aqueous solutions containing RN02-,  s0z2-, 
and an inert electrolyte, MC1 (where M+ E Lif, Na+, 
K+, etc.). However, a t  the concentrations of Na+ used 
in these experiments, 1.00 -!IfJ i t  is reasonable to assume 
that some ion pairing between Naf and S03*-, and 
perhaps RN02-, takes place prior to complex forma- 
tion between nitroprusside and sulfite. For example, the 
equilibrium constant extrapolated to zero ionic strength 
for ion-pair formation between Na+ and Sod2- is 5 .$  
Due to the larger size of RN02- it seems reasonable 
that the equilibrium constant for ion-pair formation 
would be somewhat smaller than that of SO3'-. 

If the equilibria present in aqueous solutions con- 
taining RN02-,  %&'-, and AI+ (as MCl) are 

M +  $. s03'- e MS03- Q3 (3)  
kr 

k- 4 
MSOI- + RN0'- [RNO(SO3)]M3- Q4 (4) 

where Q3 and Q4 represent the equilibrium concentra- 
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