1816 E. E. MERCER, W. A. MCALLISTER, AND J. R. DURrIiG

rlxvvr|1111||1r1x|

300 400 500
WAVELENGTH (mAs)

Figure 3.—Near-ultraviolet spectra of: -———, tris(N-methyl-
salicylaldimine)cobalt(III); — ——, tris(N-methyl-2-hydroxy-
acetophenimine)cobalt(III); —--~-, tris(N-methyl-2-hydroxy-
propiophenimine)cobalt(111)-dichloromethane; -@—®—, tris(5-
methyl-N-methyl-2-hydroxypropiophenimine )cobalt (II1). All
spectra were taken in benzene.

ful examination now reveals a shoulder around 24,000
cm™! for both 3 and 4 complexes; for 2 it is very ill
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defined (Figure 3). The 1A;;, — Ty, transition should
be at higher energy than the A, — Ty, transition, the
difference being 168 where B is an interelectronic re-
pulsion parameter. B remains practically constant
for a wide variety of complexes.®® For tris(acetyl-
acetonato)cobalt(ITI), the crystal field spectrum is
consistent® with B = 500 ecm.—! Complexes 2, 3, and
4 are of lower symmetry than On. However, since the
rhombic component is small, the chelates may be
roughly described as Oy particularly in cases where »;
and v; overlap very seriously. Considering the energy
of 1A;, — 1Ty, to be ~16,000 cm™1, one calculates *Ay,
— 1Ty, to be at ~24,000 cm~! (B = 500 em~1), Thus
the energy of the shoulder of 3 and 4 in the near-ultra-
violet region is consistent with Ay, — 1Ty, In Cy
symmetry 'Ts, splits into 'A; + 1B; + 'B.. However
the splitting is expected to be smaller'®13 for 1Ty, than
for 'Ty,. This together with the fact that the ~24,000-
cm~! band is observed only as a shoulder on a steeply
rising ultraviolet tail will explain the absence of any
observable splitting for the band. Our assignment of
the ~24,000-cm ™! band can only be tentative since the
possibility that this band represents a metal-ligand
rather than a crystal field transition cannot be ruled out.
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An infrared and chemical investigation of the two series of isomers known for the compounds having the empirical formula

[CoNO(NH;);1 X, was undertaken.

The infrared spectra were recorded from 4000 to 33 cm™1.

Previous vibrational

assignments for bands above 700 crn ! have been corrected by the use of ¥NO and deuterium isotopic substitutions. Assign-
ments for the bands below 700 cm~—! which have not previously been observed are reported. On the basis of all the evidence
accumulated a monomeric structure is assigned to the “black” isomers and a dimeric structure containing the hyponitrite
moiety has been definitely established for the “‘red” isomers.

Introduction

The existence of two series of isomeric salts (here-
after referred to as red and black) having the empirical
formula [CoNO(NH;);]X, has been known for
many years.? There has been a great deal of contro-
versy over the assignment of structures to these salts for
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several years®~1 which resulted from conflicting inter-
pretations of the experimental evidence. Recently,
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Hall and Taggart!! and Dale and Hodgkin!? have deter-
mined the crystal structure of CoNO(NH;)5Cly, a black
isomer, and showed that it is monomeric. Feltham?!?
has presented conductance data supporting a dimeric
structure for the red isomer.

While these works have resolved the uncertainty
concerning the gross features of the two isomers, the
detailed structure of the dimer, as well as the inter-
pretation of the infrared spectra of these compounds, is
still open to question.

Griffith, el al.,®? have assigned the N-O stretching
vibration to the band at 1045 cm~! in the red isomer by
using ¥NO substitution. They assumed that this
isomer was monomeric on the basis of chemical evi-
dence. Quagliano, et al.,”* on the other hand, was un-
able to assign this vibration in his studies. For the
black isomers the same sets of authors assigned the
N-O stretching vibration to bands occurring at 1171
and 1620 cm~!, respectively. It is generally agreed
that the nitrosyl complexes of cobalt contain the NO
group as a negatively charged ligand. The very low
frequency range for the NO stretching vibration when
this group carries a negative charge has been widely ac-
cepted and rests mainly on the assignments made by
Griffith, e al., for these cobalt complexes. In recent
investigations by Feltham and Nyholm' on com-
pounds of the general formula [CoXNOL;]F, where X
is a halogen and L is a bidentate ligand, the Co has
been shown to be in the -3 oxidation state and the NO
stretching frequency is assigned to bands between 1550
and 1650 ecm~!. These assignments are in agreement
with those given by Quagliano, ef al., but in direct
contrast to those of Griffith, ef al. Because of the im-
portance of the assignment of the N-O stretching fre-
quency and other uncertainties in the molecular struc-
tures of these complexes, we have reinvestigated some
chemical reactions of both isomers and extended the
infrared spectra to lower frequencies.

Experimental Section

The compounds were prepared using the procedure reported by
Moeller and King.® The deuterium-substituted compounds
were obtained by the same method using completely deuterated
ammonia with D;O as a solvent, the deuterated ammonia having
been made by the addition of magnesium nitride to D;O. The
BNO (959, isotopic purity) was introduced into the complexes
by contacting the gas for approximately 12 hr with aqueous am-
moniacal solutions of the appropriate cobaltous salt. It was
necessary to maintain the reaction mixture at about 0° when
preparing the black chloride. Samples were recrystallized from
dilute ammonia solutions, washed with absolute ethanol and
ether, and dried in a vacuum desiccator.

Two initial decomposition products of the “‘red’’ nitrate were
prepared by dissolving the red salt in cold 6 M HCI and frac-
tionally precipitating the products immediately by successive
additions of ethanol. These could be separated in reasonably
large fractions, although the more soluble product could never be
prepared in high purity regardless of the size of the fractions

‘
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taken. The fractions were washed with ethanol and ether and
dried in a vacuum desiccator.

The charge per cobalt atom was determined by adsorbing a
known amount of the compound from aqueous solution on a cat-
ion column in the hydrogen ion form. The column was then
washed with distilled water and the hydrogen ion in the eluent
was titrated with base of known concentration. By dividing the
number of moles of hydrogen ion liberated from the resin by the
moles of Co adsorbed, the charge per Co atom was determined.

The infrared spectra were recorded from 4000 to 250 cm ™ on a
Perkin-Elmer Model 521 spectrophotometer. In the higher
frequency range the instrument was calibrated in the usual
manner’® while in the lower frequency region it was calibrated
by using the atmospheric water vapor and the assignments of
Randall, e a¢l." Samples were examined as Nujol mulls and
hexachlorobutadiene mulls on cesium bromide plates and in
potassium bromide and cesium iodide disks. The far-infrared
spectra from 350 to 33 cm ™! were recorded on a Beckman Model-
IR 11 spectrophotometer which was calibrated with water
vapor.” Both instruments were purged with dry nitrogen.
In the low-frequency region all samples were examined as Nujol
mulls supported between 1/5-in. polyethylene plates or were sus-
pended in polyethylene matrices. All frequencies reported are
expected to be accurate within 2 cm ™3 for sharp bands.

Analyses were performed on the solid compounds by Alfred
Bernhardt Mikroanalytisches Laboratorium in Max Plank In-
stitute fiir Kohlenforschung. A4Anal. Black salt: Caled for
[CoNO(NH;);]Cle: Co, 24.06; Cl, 28.95. Found: Co, 24.26;
Cl, 28.71. Red salts: Caled for [CoNO(NH;);]2(NO3)s:  Co,
19.77. TFound: Co, 19.69. Caled for [Co(NO(NH;);]:Br.:
Co, 17.65; Br, 47.88. Found: Co, 17.45; Br, 47.48. Decomi-
position products: Found for product I: Co, 21.97; Cl, 28.80;
N, 28.40; H, 6.15. Routine cobalt analyses on solutions were
performed by the use of a Perkin-Elmer Model 202 atomic ab-
sorption spectrometer. The range of analysis extended up to
40 ppm of cobalt. The ‘‘red” nitrate was used as a standard
since its analysis was consistent, and it was stable and not hygro-
scopic.

Results and Discussion

The infrared spectra of three pentaamminenitrosyl-
cobalt salts and four of their decomposition products
have been recorded from 4000 to 50 cm™!. These par-
ticular compounds are believed to contain the NO-
ligand and are therefore of interest for comparison with
complexes containing the more common NO¥ ligand.*®
From an investigation of the decomposition products
along with the infrared spectral data, it was possible to
assign the “‘red” isomer to a dimeric species containing
an O-N-N-O grouping and the ‘“black” isomer to a
monomeric species. Certain other facts about the
configuration of the “‘red”” isomer do seem obvious and
these are reported.

Decomposition Studies.—In the decomposition
studies the only “‘black” salt that was used was the
chloride. This was decomposed rapidly by the addi-
tion of either 6 4 HClor 6 M/ HySO4s. In both decom-
positions the major product arising from the NO group
was nitric oxide (see Table I). This is contrary to the
acid decompositions reported by Griffith, e al., in
which they presented evidence that the major nitrogen-
containing product was nitrous oxide (N;0). In our
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TABLE [
PRODUCTS FROM THE ACID DECOMPOSITION
OF PENTAAMMINENITROSYLCOBALT IONS
Compound Acid Products®
Black [CONO(NHa)a] Clz HzSO4 NO (98%), Nzo (2(//;;),
Co(11)
Black [CoNO(NH);}Cly HC NO (96%,), N2O (29),
NOCI (29), Co(11)
Red [CONO(NHa)a]QBm H.,S04 N,O (100%), CO(III)
Red [CONO(NHs)s}z(NOJ)‘z HBSO4 NZO (100%), CO(III)
Red [CoNO(NH3)5):Bry HCI N0 (100%,), Co(1II)

Red [CoNO(NH3)sl2(NOs)s  HCL N0 (1009,), Co(III)®

¢ Percentage of products is based on extinction coefficients re-
ported previously: E. L. 8aier and A. Pozefsky, Anal. Chem., 26,
1079 (1954). ? After 12 hr the cobalt-containing product was
definitely identified by X-ray powder patterns as [Co(NHj);-
Cl}Cla.

experiments the small quantity (29 or less) of NyO
produced was reduced upon recrystallization and prob-
ably arose from a small amount of the red isomer which
was present as an impurity.

The decomposition of the red isomers to give N;O
(see Table I) by either acid occurred much more
slowly, requiring several hours to produce sufficient
gas for infrared analysis. The only gaseous product
formed in this case was nitrous oxide. The final cobalt
present in the aqueous solution was all in the +3 oxi-
dation state.

Since the analysis of the gaseous products indicated
that a hyponitrite structure was present in the ‘‘red”
isomer, we attempted to prepare this complex from a
reaction of cobalt(II) chloride with sodium hyponitrite
in an ammoniacal solution in the presence of air. A
very small amount of dark solid was formed similar
to that reported by Griffith, ef @l.,* in the same ex-
periment. The formation of this solid was the prin-
cipal experimental evidence presented by them that
the “black” isomer was dimeric. We were able to
isolate a sufficient amount of this material to observe
its infrared spectrum. The spectrum clearly showed
that the product obtained was neither isomer.

Two intermediate products were formed which will
be referred to as I and II. Decomposition product I
is easily obtained in reasonable quantity by addition of
ethanol to a freshly prepared solution of the “‘red”
nitrate in cold 6 M HCL. It is pink-orange and seems
to be crystalline. There is a considerable difference in
the sotubilities of I and II in the C,H;OH-HCI-H,O
solution which permitted the isolation of pure I. The
charge per cobalt atom was found to be +2 by deter-
mining the equivalents of hydrogen ion liberated from
ion-exchange resin when the Co compound is absorbed.
Upon redissolving I in 6 34 H,S0; or HC], it liberates
N:O slowly as does the “red” salt. The conductance
study on this compound indicates a dimeric structure
for this material.

Chemical analysis gave a Co:N:Cl atom ratio of
1:5:2, which is inconsistent with a hyponitrite-bridged
structure assuniing none of the ammine ligands have
been displaced. Such an assumption appears valid
siice the final cobalt-containing product was clearly
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shown to be chloropentaamminecobalt(I11) chloride
from its infrared spectrum and X-ray powder pattern.
The apparent molecular weights for both the “red”
nitrate and compound I were highly concentration de-
pendent and no conclusion could be reached from this
data. The accumulated experimental evidence on
product I is only consistent with a dimeric structure for
this material.

Samples of product II were of dubious purity and
obtained in very small quantities. The ultraviolet and
visible spectra in solution contained peaks at 479
and 300 mu. The wavelengths of these bands are the
same as found in the spectrum of [{Co(NH,)s(H.0)]3+,
but the 330-mu band has a considerably higher inten-
sity. The chemical analysis on our purest samples of
product II give a Co:N:Cl ratio of 2:10:5. This
analysis is consistent with the ion-exchange results.
A reasonable structure that fits this analysis is [(NH;)s-
CoOHCo(NH;);]Cl;. In any event the cobalt to chlo-
ride ratio suggests a dimer structure for decomposition
product II.

Infrared Band Assignments.—The infrared frequen-
cies of the observed bands for the “black” chloride
in the various forms studied are summarized in Table II,

TasrLe 11
INFRARED SPECTRA OF THE BLACK
PENTAAMMINENITROSYLCOBALT ION IN
SoME oF ITs ISOTOPICALLY SUBSTITUTED FORMS®

[ColNO- [Co¥NO-
(NHg)s5]Cle (NHa)s]Clz [ColsNO(NDg)s]Cle
Rel Rel Rel
Cm~t intens Cm™! intens Cm~t intens Assignment
3280b vs 3280 b vs 2450 vs N-H str
3185 sh s 3195 sh s 2340 sh s  N-H str
1613 vs 1610 vs 1200 m NH; antisym def
1610 vs 1588 vs 1610 vs NO str
1292 vs 1293 vs 990 s  NH; sym def
812 s 811 s 697 m  NH; rock
644 sh m 630 sh m 640 m  Co-NO str
578 m 580 m 580 w  Co-NO bend
469 sh w 466 sh  w 452 w  Co-NH; str
442 W 443 w 416 w  Co-NH; str
290 s 290 [ 262 s H;N~Co—NH;
bend
128 m 129 m 127 m Lattice vibration

@ Abbreviations used: s, strong; m, medium; w, weak; v,
very; sh, shoulder; b, broad.

along with the band assignments, The spectrum of the
normal compound is shown in Figure 1. In the infrared
spectrum of the ‘“black” chloride, the nitrogen-15
substitution caused a shift of 25 em~! in the broad
band observed at 1613 cm™!, which is in good agree-
ment with the 28.9-cm—! shift calculated for an iso-
lated NO motion. This conclusively shows the N-O
stretching vibration is contributing significantly to the
intensity of the 1600-cm™* band as was suggested by
Quagliano.’® Also contributing to this band is the
absorption resulting from the antisymmetric NH;
deformation. The band at 1172 em~! (not reported in
Table II), assigned by Griffith, e al., as the NO
stretching vibration, was found to decrease in intensity
upon recrystallization and must arise from an impurity.



Vol. 6, No. 10, October 1967

Two ISOMERS OF THE PENTAAMMINENITROSYLCOBALT ION

1819

100
g
{7
&
£ ¢
w
v
2
E 40
3
r4
=P
—0
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 400 400 200
FREQUENCY ({CM')
Figure 1.—Infrared spectrum of the black [CoNO(NHj);]Cl,.
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Figure 2.—Infrared spectrum of the red [CoNO(NH;)s]2(NOg)s.

Since this band and the band observed at 630 cm™!
appeared to change in intensity and contour in the
same manner, we believe the impurity is hexaammine-
cobalt(II) chloride. In none of our samples were
we able to eliminate completely this impurity, which
probably explains the variable magnetic moments*?7
that have been reported for this compound.

The only other band which shifted with ®*NO sub-
stitution was the shoulder at 644 cm—! which indicates
it is the Co~NO stretching frequency. The bending
mode of the Co~-NO was assigned to the band at 578
cm~! even though this frequency is higher than was
expected. However, the Co-NO bond appears to be
very strong so this assignment is not unreasonable.
Because of the breadth and shape of the band, the ex-
pected isotopic shift was not observed. The bands at
467, 438, and 288 cm™! are in accord with other known
Co-NHj; stretching and bending frequencies and are
shifted appropriately upon deuterium substitution.
The band at 129 cm~! is presumed to be the lattice
vibration.

The infrared spectrum of the ‘“red” isomer was
considerably more complicated than anticipated (see
Figure 2). The discussion of band assignments will be
directed toward the ‘‘red” nitrate since the isotopic
substitution studies were all made on this compound.
The bands and their assignment are summarized in
Table ITII. There is no need to discuss the well-known
assignments for the nitrate ion. Above 1200 cm~! no
band could be attributed to the N-O stretching vibra-
tion on the basis of NO substitution or deuteration of
the complex. However, the bands at 1136, 1046, and
032 cm™! all shifted to lower frequency on ¥NO sub-

stitution indicating they were in some way concerned
with the motion of the nitrogen in the NO group. The
1136-cm ™! band shifted by 24 em—! which was greater
than the 21 cm™! calculated for a simple N-O stretching
mode. This result indicated that this band is best
described as an N—N stretching vibration. The 1046-
cm~! band shifted 19 em~! upon isotopic substitution
which was about 0.5 cm ! less than that calculated for
an NO stretching motion. On the basis of previous
work!®® on the N;0,?~ ion, the N-N and antisym-
metric N-O stretching frequencies agree closely with
the above, justifying the assignment of the 1046-cm—!
band to the antisymmetric stretching mode. The band
at 932 cm™! shifted 14 cm™!, nearly the same as the
16-cm ™! shift calculated for a N-O stretching motion.
On this basis it was assighed to the NO symmetric
stretching vibration. Both the isotopic shifts and the
band positions indicate that a considerable mixing of
these modes is present, and therefore the band descrip-
tions are highly idealized.

In the far-infrared region the only band showing a
significant shift upon ¥NO substitution is the band at
577 ecm™!. This is assigned to the Co—~NO stretching
frequency. On the basis of the frequency shift on
deuterium substitution, the Co-NH; stretching mode
was assigned to the two bands at 485 and 455 cm—!.
The only other band shifting with deuterium substitu-
tion was the strong band at 315 ecm—! which was in the

(19) D. J. Millen, C. N. Polydoropoulous, andﬁx Watson J. Chem. Soc.,
687 (1960).

(20) R.J. W. LeFever, W, T. Oh, I. H. Reece, and R. L Wemr Austral
ian J. Chem., 10, 361 (1957). T
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TaBLE II1
INFRARED SPECTRA OF THE RED PENTAAMMINENITROSYLCOBALT ION IN SOME OF ITS [SOTOPICALLY SUBSTITUTED FORMS®

[ColsNO(NHs)s]-
[NOsh [ColNO(NHs):]:[NOsl4
Cm™! Intens Cm™1 Intens Cm!t
3460 sh $ 3460 sh s 2460
3250 b Vs 3240 b vs 2380 sh
2400 w 2390 W 2390
1748 vw 1749 VW 1750
1615 s 1610 S 1280 sh
1360 b Vs 1350 b vs 1360 b
1003
1136 s 1112 s 1137
1046 $ 1027 s 1045 sh
932 $ 918 S 925
832 vs 832 vs 824
830 sh $ 830 sh s 710
712 w 713 w 715 sh
616 w 615 w 613
577 sh W 566 sh vw 575 sh
536 sh w 535 sh w 537 sh
485 m 487 m 465
455 sh w 452 sh w 430 sh
419 VVW
374 sh nw 366 sh vw 365 sh
310 s 311 s 275
247 b m 245 b m 230 b
137 b m 135 m 140

¢ Abbreviations used:
small amount of nitrate impurity.

expected region for and was therefore assigned to the
H;N-Co—-NH; bending motion.

Other bands were located at 616, 536, and the very
weak shoulder at 374 cm ™! and these are assigned on the
basis of the vibrational analysis made by Hisatsune and
McGraw?! for the NyOp2~ ion. They attribute a band
at 696 cm—! to the N-NO bend. It is felt that the
corresponding band in the complex could reasonably
occur at 616 cm~!, considering the change in bonding
and additional mass. The out-of-plane bending for
the N,0.?~ ion was found at 492 cm—! which is in
reasonable agreement with the band at 536 cim—! in the
complex. The very weak shoulder at 374 cm~! in the
speetrum of the complex is comparable to the N-NO
bending frequency at 371 cm™! in the hyponitrite ion.
The band of lowest frequency had an apparent isotopic
shift upon ¥*NO substitution. However, because of the
band contour the uncertainty in the assigned frequency
is quite large, and the shift may not be meaningful.
In the lowest region the band at 247 cm ™! was assigned
to the ON,~Co—-NH; bending motion, and the band at
137 cm ! probably arises from a lattice vibration.

In brief, the infrared spectrum of decomposition
product I is essentially identical with that of the “‘red”
bromide, with two notable exceptions. Neither the
band at 932 nor that at 247 em—! is present. The
possible reasons for the disappearance of these bands
are (1) the removal of an impurity or (2) a chemical
transformation which produces either an isomer of the

@n 1. ¢ Hisatsune and G. E. McGraw, Fifth National Meeting of the
Saciety for Applied $pectroscopy, June 1966, Chicago, Iil., Paper No. 8,

[Col*NO(N D)2 [NOs]s

s, strong; m, medium; w, weak; v, very; sh, shoulder; b, broad.

[Col4NO(NHs)s]2Bry

Intens Cm™! Intens Assignment
S 3440 sh m N-H str
s 3260 Vs N-H str
3140 sh 3 N-H str
YW NO;™ combination
W Combination
S 1610 S NH; def
Vs 1360 sh? m NOy -~ str
NH; del
s 1300 Vs NH; def
m 1165 3 N-N str
m 1045 s N-O antisym str
s 940 s N-O sym str
s NO;~ out-of-plane bend
m 835 Vs NH; rock
w NO;™ def
w 608 W N-NO bend
VW 573 vw Co—NO str
w 535 vWw ONNO out-of-plane bend
m 490 w Co-NH; str
w 446 m Co—-NH; str
2
W 380 sh w N-NO bend
s 315 s H3;N-Co—~NH; bend
m 243 b m 0, Ny-Co-NHj; bend
m 119 sh m Lattice vibration
108 s Lattice vibration

b We suspect this band is the result of a

original material or a compound having a very closely
related structure. Repeated recrystallizations of the
starting material from very weakly acidic, neutral, and
ammoniacal solutions gave no noticeable changes in the
relative intensity of the 932-cm~! band. TFor this
reason we have rejected the possibility of an impurity.
The chemical analysis of decomposition product I
appears to be inconsistent with the reaction being an
isomerization; however, the analysis is also incon-
sistent with the slow evolution of N:Q upon further
treatment with aqueous acid.

Summary and Conclusions

As previously stated, this work on the “black’ chlo-
ride is in agreement with the X-ray crystal studies of
Taggart and Hall'! and Dale and Hodgkin,*? who found
the “black” isomer to be monomeric. The infrared
band assignments are in agreement with those of Quag-
liano®® down to his instrumentation limits and are in
opposition to those of Griffith, et al.,*® who believed
this to be a dimer. Owing to the extensive use of iso-
topic substitution and agreement with previous work-
ers, there is little question about most of the assign-
ments. However, it probably should be mentioned
that the Co~NO stretching frequency was assigned on
the basis of the ®NO shift and thus to the higher of
the two bands in this region. It was satisfying that the
644- and 578-cm™! bands apparently did not shift on
deuterium substitution, clearly indicating they were
not attributable to Co(NH;) motions. The band at
578 em™! did change shape when the intensities of the
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impurity bands at 1172 and 630 cm~! (not reported in
Table II) were varied by repeated recrystallizations,
as would be expected if a band of [Co(NH,)s]Cl; were
partially obscuring a real band. These assignments do
seern reasonable and when compared to previous work
on the nitrosylruthenium complexes definitely indicate
the isomer to be monomeric.

From the location of the NO stretching frequency, it
seems appropriate to assign a negative charge to this
group. A comparison of the NO stretch at 1610 cm ™!
in this compound to the range observed in the ruthe-
nium nitrosyls (1830-1900 cm~!) shows the great weak-
ening of the N-O bond. This is most easily interpreted
in terms of the change in bond order expected when
the charge on the group is changed from —1 to +1
During decomposition the NO~ in acid solution re-
duces the Co(III) to Co(II), explaining the observed
decomposition products. The only other case where
an NO~ ligand is believed to be present in a monomeric
ion is in K;3[Co(NO)CN);]*® and the complexes pre-
pared by Feltham and Nyholm.!? All of the ammine
frequencies in the complex were located at normal fre-
quencies. However, one might note the large splitting
of the Co-NHj stretching frequency perhaps due to
some trans bond weakening effect as we observed earlier
in the ruthenium nitrosyl complexes.!®

Our assignment for the NO stretching frequency for
the “red’ isomer is in disagreement with the assign-
ments of Griffith, et al.#® The observed shifts with
BNO substitution compare so favorably with the calcu-
lated values for the three peaks found between 900 and
1200 cm ! that there can be little question of the pres-
ence of a nitrogen—nitrogen bond in these isomers.
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Undoubtedly, the idealized descriptions of the normal
modes are only rough approximations and a consider-
able amount of mixing is present. The interpretation
of the spectrum below 700 cm— is considerably more
speculative. The isotopic shifts do indicate the pres-
ence of at least one Co-NO bond. The final decom-
position products and chemical analyses also strongly
support a hyponitrite-bridged dimer.

While the infrated activity of the N-N stretching
vibration would be consistent with a ¢is-hyponitrite in
which the cobalt atoms are bonded to the nitrogen
atomns, steric requirements seem almost certainly to
prohibit this configuration. However, this cis con-
figuration in which the cobalt is bonded to the oxygen
atoms is entirely possible. On the other hand, the
related frans-hyponitrite seems inconsistent with the
infrared activity of the 1136-cm ! band. However, the
activity of this band could arise from a lowering of the
site symmetry by the crystal lattice. A third alterna-
tive that has not been previously considered is an un-
symmetrical structure in which one cobalt atom is
bonded to the oxygen atom of the hyponitrite and the
other to a nitrogen atom. While such a structure is
quite uncommon, it is most consistent with our experi-
mental data.
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The tridentate ligand bis(2-dimethylaminoethyl) sulfide (Mesdaes) forms 1:1 complexes with the chlorides, bromides, and

thiocyanates of cobalt(II) and nickel(II).
weight measurements.

These complexes have been studied with spectral, conductivity, and molecular
The complexes are five-coordinated in the solid state while in solution at room temperature they

give rise to an equilibrium between monomeric five-coordinated and associated species. Tetrahedral species are also present

at eleva :d temperatures,

Introduction

In this laboratory systematic research is in progress
to determine the preparative conditions and char-
acteristics of high-spin five-coordinated complexes of
the metals of the first transition group.!=* With re-

(1) L, Sacconi, P, Nannelli, N, Nardi, and U. Campighi, Tnorg. Chem., 4,
943 (1965); L. Sacconi, M. Ciampolini, and G. P. Speroni, ibid., 4, 1116
(1965); J. Am. Chem. Soc., 87, 3102 (1965).

(2) M. Ciampolini and N. Nardi, Inorg, Chem., B, 41 (1968).

gard to the influence of donor atoms on the magnetic
properties of five-coordinated compounds, it would
appedr that oxygen and nitrogen lead to a high-spin
configuration, in contrast to phosphorus and arsenic
which lead to a low-spin configuration. The-hehavior
of sulfur is however uncertain because in the Eﬁbw\l\l

(3) M. Ciampolini and G. P. Speroni, bid., 6, 45 (1966).
(4) M, Ciampolini and N. Nardi, ¢bid., 6, 445 (1967).



