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The gaseous negative ion reactions of four and five
coordinate cobalt{ll), nickel(Il), and copper(Il)
Schiff base complexes with gas mixtures have been
studied. The gas mixtures contain methane (~90%)
and about 10% of the gases O,, NO, CO, and PF,.
Intense parent negative ions were formed by second-
ary electron capture processes under moderate
chemical ionization conditions. It was observed that
the gaseous parent negative ion reacts with the added
gas molecule to form the addition product MLX
where X = 0,, NO, CO, or PF,, L = Schiff base
ligand, and M = Nifll) or Co(ll). The abundance of
the MLX secondary ion was greatest in CH,—0,
mixtures. The relative abundance of MLX for the
other gas mixtures varied approximately in the
manner MLNO~ > MLCO~ > MLPF;. For Cul
systems, no MLX ions were detected. The significant
aspects of these results are presented and discussed.
Comparisons of the reactivity of these compounds in
solution and in the solid state with the gas phase
reactions are discussed.

Introduction

Positive and negative ion mass spectra of coordi-
nation compounds and organometallic compounds
have been studied in order to correlate mass spectra
with molecular structures [1-4]. More recently
negative ion mass spectra at ion source pressures of
approximately 107° Torr have been reported [5-8].
Under these conditions negative ions are produced by
secondary electron capture. In an effort to enhance
secondary electron capture processes, the negative ion
mass spectra of volatile metal chelates have been
measured using chemical ionization methods [9-11].
Reagent gases employed in the studies have included
methane [9, 10], methane-d, [10], methane—argon
[9], isobutane [9, 10] and fluorine-containing gases
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[11]. Using nitrogen, isobutane, and methane—argon
[9] reagent gases, parent negative ions were noted for
a variety of metal acetylacetonate compounds. For
Schiff base complexes secondary ions were discovered
[10, 11] along with parent negative ions when using
a selection of reagent gases. In view of the interest
in the reactions of metal compounds with small
molecules [12—16], it appeared that an investigation
of the reactions of potential ligand molecules with
the negatively charged coordination compound
species in the gas phase would be of interest.

In earlier studies [17] of organic molecules under
chemical ionization conditions it was noted that
functional groups could be identified using NO as the
reagent gas. In another study [18] wusing ICR
techniques, the reactions of CO, PF;, and NO with
negative ions from (CsHs)Co(CO), have been
examined to investigate the relative 7 acceptor ability
of CO and PF;. The results of the ICR study indicate
that PF; is a stronger m acceptor ligand than CO in
the reactions with CsHsCoCO™ in the gas phase.

In this paper the results of a study of the reactions
of gaseous negative ions derived from Schiff base
coordination compounds with simple molecules are
presented. Of particular interest in this study are the
reactions of O,, NO, CO, and PF; with the gaseous
metal complex negative ion under chemical ionization
conditions. The gases were selected to take advantage
of the potential reactivity of these molecules with the
Schiff base complexes of Co(II), Ni(Il), and Cu(lI).
The information from such a study could suggest
analytical reagent gases for detecting coordination
compounds, provide information on the manner in
which the reactions are dependent on the metal ion
and the reagent gas, and indicate the influence of the
ligand and complex structure on the nature of the
ion—molecule reactions.

Experimental

Instrumentation and Procedures
A modified [10, 11] Hitachi Perkin—Elmer RMU-6
single focusing mass spectrometer was used in this
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study. Although the details of the modifications and
the operating procedures have been presented [10,
11], a brief summary will be given here. The stainless
steel ion source ion volume dimensions are 15 X 14 X
11 mm. Electrons entered the ionization chamber
through a 4.0 X 0.25 mm slit and ions were repelled
into the analyzer region through an 8.0 X 0.5 mm ion
exit slit. Repeller potentials ranged from 0-5V. The
ion source temperature was maintained at 150-200
°C depending on the sublimation temperature of the
metal complex. Samples were introduced into the ion
source using a gas tight direct insertion probe. Sample
temperatures were 180-200 °C for SALHTDA* and
SALDPT* compounds and 160-170 °C for
SALDAPE** and SALDAPS** complexes.

Pressure in the ion source was measured using a
model 144 MKS Baratron capacitance manometer.
Gases were stored in an all glass vacuum system and
introduction into the ion source was controlled by
stainless steel fine metering valves. The reagent gas
pressure for these studies ranged from 0.20 to 0.30
Torr. Measurements of the spectra at various percent
gas compositions were carried out by metering in
methane to obtain the appropriate partial pressure
and then the added simple gas compound to maintain
a constant pressure. For measurement of the relative
intensities reported in the table, a 90% methane—10%
“added gas” mixture was used.

The differential pumping system included a 6"
Varian-NRC diffusion pump (2400 1/sec) for the ion
source envelope and a smaller 3" Hitachi pump (360
l/sec) for the analyzer region. At a methane ion
source pressure of 0.3 Torr, the ion source envelope
pressure was less than 3 X 10 ° Torr and the analyzer
pressure was lower than about 3 X 107 Torr.

Mass spectra were mass calibrated using high
boiling PFK or tris(perfluorobutyl)amine (PFBA).
The coordination compounds caused some contami-
nation of the ion source. However, with repeated
cleaning (2-3 weeks) of the repeller and inner
surfaces of the ion source chamber, the reproducibili-
ty of the spectra was *10% in relative abundance.

Reagent Gases and Coordination Compounds

Methane (99.97%) isobutane (99.0%), nitric oxide
(99.0%), and carbon monoxide (99.99%), were ob-
tained from Matheson Gas Products, East Rutherford,
N.J. Oxygen (99.6%) was purchased from Airco Inc.,
Montvale, N.J., and PF; (98%) was supplied by Ozark
Mahoning Co., Tulsa, Okla.

The metal complexes were prepared by methods
described in the literature [19-22]. Low voltage and

*SALHTDA : N,N'-bis(salicylidene)heptanediamine;
SALDPT: N,N'-bis(salicylidene)-3,3'-bis(aminopropyl)amine.
**SALDAPE: N,N'-bis(salicylidene)-3,3'-bis(aminopropyl)-
ether. SALDAPS: N,N’-bis(salicylidene)-3,3'-bis(aminopro-
pyDsulfide.
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70ev EI mass spectra were measured to examine the
purity of the compounds. The mass spectra for all
compounds were found to be identical to those
measured earlier [21]. No significant “ion source
exchange” reactions [21, 23] were noted at chemical
ionization conditions in this study.

Results

The negative ion mass spectra of Schiff base com-
plexes with methane under chemical ionization
conditions are reported elsewhere [10, 11, 24]. The
previous results indicate that hydrocarbon moieties
are incorporated into the metal complex negative ions
to give the secondary ions. The results for the present
study, summarized in Table I, indicate that the
dominant secondary ions produced are those
involving addition and/or reaction of the small
molecule with the parent negative ion. For O,, NO,
and CO mixtures with methane, the important
secondary ions with cobalt and nickel complexes are
MLX", where M = Co(II), Ni(Il), L = Schiff base
ligand, and X = O,, NO, or CO. For all of the copper
complexes, only parent molecular ion (P™) and/or
fragment ions similar to these noted in pure methane
were detected [24]. For methane mixtures with CO
and PF; additional ions were detected where hydro-
carbon moieties or F and PF; species were
incorporated in the secondary ion, respectively. The
formation of the adduct secondary ion, MLX",
occurs by reaction of ML~ with the neutral simple
molecule. In all instances at CH, source pressures of
0.2-0.3 Torr the significant negative ion was ML~
[10, 11]. For the 10% simple gas (X) 90% methane
mixtures at 0.2—0.3 Torr no X~ ions were detected.
In some experiments in CH4;—NO mixtures at a
pressure of about 0.3 Torr, low intensity (=1.0%)
NO; (x = 1,2) ions were detected. Because of the low
intensity of these ions it is reasoned that they are not
directly involved in ion—molecule reactions.

To examine the ion formation processes in detail
the relative intensities of the product ions were
studied as a function of the percent small molecule
in the methane mixtures. The total pressure in these
experiments was maintained at a constant value. The
results are presented in graphic form in Figure 1 for
0, and NO reactions with CoSALHTDA and in
figure 2 for O, interaction with CoSALDPT. Similar
curves were noted for the other gases and for the
nickel complexes. In each of these curves the
intensity of the parent molecular ion decreases as the
percent of the small molecule in the mixture
increases. Concurrent with the depletion in CoL™
intensity, the CoLX  relative intensity increases with
increasing percent of small molecule in the mixture.
For (P-2)" in CoSALDPT-0; the percent abundance
is relatively unchanged as the percent O, in the
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Mass Spectra of Schiff Base Complexes

"(3x2} 235) SOINJXTUI SES 953U} Y3)Im PAAPNIS 10U dIom saxd[duroo 10ddod a3y Lq " [ON(HZ — 1dAT1VSeD)] _(8T + d)e

q q 1da1vsn)
q a SdVa1vsnd
a a AAVATVSHD
a q VALHTVSmD
oY - - - - - 00T - ¥0 - 001 - LIATVSIN
- - - - - - 00T - 0 - 00T - SAVATVSIN
L€ - - - - - 00T - €0 - 00T - AAVATYSIN
67 - - - - - 00T - - 0T 00T - VAIHTVSIN
- L1 - 4] 4 - 01T 00T 011 ¥E - 00T 96 1da1vsoD
- - - - - - 00T - 81 Lo 00T - SAVATVSCD
S'E - - - 971 - 001 - 091 ¥l 001 - AdVATVSOD
8¢ - 8¢ - ¥'9 - 001 - LL Al 00T - VALH1VSCD
98+ _(S8+d _Be+d  _(Le+dD _g+d)  _(se+dD d _@- 8z+d _(1+D 4 _@-ad
€3d/PHD 0J/YHD punodwo)
- - 00T - - - 00T - - Lda1vsnD
- - - - a - 00T - - SAVaA1vsSnD
- - - - q - 001 - - AAVATYSND
- - - - q - 00T - - VAIHTVSND
- 00T ¥'SL - - 00T I's¢ - - LAATVSIN
- 00T 6'8¢ - - 99 00T - - SAVATVSIN
- 00T 6€9 - - TEE 001 - - ddVATVSIN
00T 00T 99T - - S€T 00T - - VALHTVSIN
¥'6 LS L'LE el 001 9T 001 (187 011 yET 1da1vsed
LTl 00T 8L - - 001 89 - - SAVATVSoD
6T 00T 61S - - 001 §T - - AdVATVYSOD
961 001 9'€9 - - 001 A - - VALHTVSoD
e _9v+d _oe+d d _@-d A _(ze+d d _a-a (t-d
ON/PHD 20/PHD punoduwo)

*SOINIXI SBO) %0 [—2UBYISW %06 :Soxoidwo)) aseq JIyos “e11oadg ssepy uoneziuo] reotway) 1 II4V.L



14
1001 - (P+32)”
(P+30)°
%RA [
p-
of \ ) : ’ : p—.l Y \
o] 5 10 15 20 25 30 35 40

%X, X=0,,NO (X-CH, Mixtures)

Figure 1. Varation in CoLO;, CoLNO , and CoL™ % in
abundance for four coordinate CoOSALHTDA, vs. % O, and %
NO. O[CoSALHTDA]  : M[CoSALHTDA:O,]  CH4-O,
Mixture. O [CoOSALHTDA] : ® [CoSALHTDA:NO]  CHg*
NO Mixture.
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Figure 2. Variation of % Ion Current for CoLO;, (CoL~H3)~
and CoL ™ for five coordinate COSALDPT vs % O5 in O —CHg4
mixtures. O CoSALDPT ™~ ® CoSALDPT-0, O (CoSALDPT-
Hy) ™

mixture is increased. These results taken with the fact
that no intense X ions were detected in these
experiments, support the notion that the CoLX™ ions
are formed via the processes

CoL +e = Col™ (1)
CoL™ + X » CoLX™ 2)

In reaction 1, the neutral complex yields the parent
negative ion by secondary electron capture and this
ion combines with the small molecule to produce
CoLX™. It is reasonable that similar processes yield
the NiLX"™ secondary ions.

All of the copper complexes were studied in CH, —
O, mixtures and CuSALDPT was investigated in
CH,~-NO and CH;—CO mixtures. Under the experi-
mental conditions employed to obtain high intensities
of secondary ions, no CuLX™ ions were detected. It
is estimated from the instrumental detection limits
that if CuLX™ ions are formed with X = O,, NO, and
CO the relative intensity must be less than 1073 %.
However, intense CuL™ ions and some fragment ions
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were noted in the selected copper complexes. An
extensive study of the copper compounds was not
carried out due to the fact that no CulLX™ secondary
ions were detected for the CuL compounds producing
the most intense Cul™ ions. Also from a comparison
of the reactivity of the copper compounds (Table I)
with that for other nickel and cobalt complexes [10,
11], it was judged, that if CuL™ did not react with
0, to produce CulO3; and if CuSALDPT™ did not
react with NO, then the probability of detecting
CuLX™ ions for the other complexes upon reaction
with CO or PF;, would be small.

The fragment ions noted in the copper complexes
are produced by loss of ligand moieties and by
formation of protonated ligand ions, ie. (L + 2)7,
where L represents the coordinated ligand. The
important ions detected were (P — 27)", (P — 57)7,
and (P — 94)". The relative abundance of these
species was about 10% in all cases. It is suggested that
(P — 27)” involves loss of the neutral HCN; (P — 57)”
may correspond to the loss of H(CH,), or HN(CH,);
from the ligand, and (P — 94)” could arise by elimina-
tion of —C;Ho— or ~NCgxHg— from the hydrocarbon
bridge.

Metastable peaks were noted for all of the nickel
complexes in the CH;—0, and CH,—NO mixtures.
For cobalt complexes metastable peaks were detected
in the CH,~0, and CH4—CO gas mixtures. A
summary of the metastable data is presented in Table
II. The calculated metastable mass was determined
using the most abundant isotope of the metal ion; Co,
59 and Ni, 58 amu. The metastable results are

TABLE II. Metastable Transitions For MLX =ML + X lon
Decomposition.

ML-X M* (Measured) M* (Calculated)
(amu) (amu)
CoSALHTDA-0O, 365.1 365.4
CoSALDAPE-O, 367.3 367.4
CoSALDAPS-0O, 383.2 383.3
CoSALDPT-0,2 364.4 364.5
CoSALHTDA-CO 369.1 368.9
CoSALDAPE-CO 370.6 370.8
CoSALDAPS-CO 387.1 386.8
CoSALDPT-CO 370.1 369.9
NiSALHTDA:- O, 364.3 364.4
NiSALDAPE-O, 366.2 366.4
NiSALDAPS-0O, 382.5 382.3
NiSALDPT-O, 365.5 365.4
NiSALHTDA-NO 366.1 366.1
NiSALDAPE-NO 367.8 368.1
NiSALDAPS-NO 384.3 384.1
NiSALDPT:NO 367.0 367.1

AThe process here is COSALDPT-0; = (CoSALDPT — H)™ +
HO,,
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consistent with decomposition of the MLX™ ion
according to reaction (3).

MLX ->ML™ +X (3)

Only for [CoSALDPT — 0O,]  is the metastable
process indicative of a decomposition involving the
formation of HO,:

[CoSALDPT — 0,] ™~ [CoSALDPT — H| ™ +
HO, (4)

The reactions leading to the formation of second-
ary ions in CH4—PF3; mixtures do not involve simple
addition of PF;. No abundant PF, ions were detected
so it is concluded that the parent negative ion is the
primary ion. The reactions for the cobalt complexes
are similar to those noted [10, 11] when CF4 and
SO, F, were used as reagent gases. In CoOSALHTDA
and CoSALDAPE the dominant reactions appear to
involve loss of hydrogen from the complex upon
incorporation of PF; and F, into the product as
illustrated

CoL™ + PF, = [(CoL — 2H)PF,]~ +H, )
(P +86)"

COL_ + PF3 - [(COL — 2H)F2] T+ PFH2 (6)
(P +36)"

An additional reaction for the two cobalt complexes
is
CoL™ +PF; > [CoLF,]™ +PF 7)

(P +38)

The nickel compounds react with PF; in a manner
similar to that for cobalt (Reaction 5) in that the
only secondary ion detected was [P +86], [(NiL —
2H)PF;]”. For CoSALDAPS and NiSALDAPS no
secondary ions were detected in the CH,—PF,
mixtures even though the parent negative ion intensi-
ty for each compound was large.

For CoSALDPT, a five coordinate complex, the
reaction with PF; includes the loss of H, and H. For
the formation of (P + 85) a possible reaction is

[COSALDPT)™ + PF; - [(CoSALDPT — 3H)PF;] ™ +
H,+H ®)

A similar reaction may lead to (P + 35)  for
CoSALDPT:

[CoSALDPT] ™ + PF; > [(CoSALDPT — 3H)F,] ~ +
PH,F+H (9)

The loss of a single hydrogen atom from the complex
accompanies the formation of (P + 37) :

CoSALDPT™ + PE; > [(CoSALDPT — H)F,|~ + PHF
(or PF + H?) (10)

15

The additioral ions, P — 2 and P — 4 noted for five
coordinate CoSALDPT, were also observed in the
spectra using CH, alone as the reagent gas. It is
probable that these ions are formed by hydrogen loss
from the ligand in CoSALDPT upon secondary
electron capture.

Discussion

The results in Table I may be interpreted to
suggest that the reaction center is at the metal ion. If
secondary ions were produced by reactions at ligand
sites, then the significant difference in secondary ion
products and relative abundances noted for Co(Il),
Ni(II), and Cu(IT) complexes for all ligands would not
be expected. For reaction processes at the ligand it is
reasonable that similar secondary ions and more
constant relative abundances would be noted.

The nature of the added gas also influences the
relative abundance of the parent and secondary ions.
For the cobalt complexes the CoLX /CoL™ ion ratio
varies with X in the manner O, > NO > CO. For NO
and CO this variation parallels the suggested [25] =
donor strength of the ligand. Because of competing
reactions it is not possible to include PF; in the
series, although it is recognized that the Co(L —
H)X™/CoL™ ratio is smallest for secondary ions in the
CH4—PF; mixture. The addition reactions in CH;—X
gas mixtures proceed with almost complete exclusion
of any reactions of ML™ with methane. Only in the
CH,—CO mixture is any (P + CH,,)" ion detected. For
the four coordinate cobalt complexes (SALHTDA,
SALDAPE, and SALDAPS) and for four coordinate
NiSALHTDA, (P + 14)” ions were detected in low
abundance.

The reactions of four and five coordinate nickel
and cobalt complexes in the CHy;~0, and CH;—NO
mixtures and for four and five coordinate cobalt
complexes in the CH;—CO mixture are characteris-
tically different. The structures for CoSALHTDA
[26], CoOSALDAPE [27], and CoSALDAPS [27] are
reportedly four coordinate tetrahedral while
CoSALDPT [19] is five coordinate trigonal
bipyramid. = NiSALHTDA, NiSALDAPE and
NiSALDAPS are reported [28] to be similar in struc-
ture to square planar NiSALEN [29, 30], while
NiSALDPT adopts [31, 32] a structure intermediate
between trigonal bipyramid and square pyramid.
For the five coordinate CoSALDPT compound the
base peak is (P + 32)  in the CH4~0, mixture and
additional intense ions are noted at (P — 2)™ and (P —
1) . For the four coordinate cobalt species only P~
and (P + 32) were detected. In CH,;—NO mixtures
the most intense ion for CoOSALDPT is (P — 2)” while
for the four coordinate tetrahedral complexes, (P +
30)” is most abundant. Although the (P + 28)" ions
in the CH,—CO mixture are not intense, (P — 2)" is
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noted for COSALDPT but not for the four coordinate
compounds. For four coordinate nickel species the
P~ ion is most abundant while the (P + 32)”
abundance is about 20—35% in CH4—0,. For the five
coordinate NiSALDPT compound, the secondary ion
[NiSALDPT-O,]~ is the most abundant species
(100%) and NiSALDPT is about 30% abundant. Use
of the three other methane gas mixtures for nickel
compounds was less successful in revealing character-
istic spectral differences between four and five coor-
dinate complexes.

The nickel and copper complexes have similar
structures so it is significant that the electronic nature
of the metal ion appears to be important for the
reactions reported here. The copper and nickel four
coordinate complexes are planar while the five coor-
dinate CuSALDPT and NiSALDPT complexes have
structures intermediate between trigonal bipyramid
and square pyramid [29, 30, 33, 34] geometries.
Thus even though the structures of the parent com-
pounds involved in the ion-molecule reactions are
similar, CuL™ ions do not react with O, whereas
intense secondary ions were detected for the nickel
complexes. It is suggested that this difference in
reactivity may be related to the electronic nature of
the metal ion in the ML~ species. Upon electron
capture it is likely that the electron may be captured
into a metal orbital producing d'® copper in CuL~
and d° nickel in NiL™. It is reasoned that the
completed d' configuration is more stable and thus
less reactive toward O, incorporation. If copper is
formally Cu(I) in the CuL™ ion it is interesting that
0, is unreactive in the gas phase since Cu(I) species
are [15] readily oxidized to Cu(Il) in condensed
phases.

Comparison of gas phase behavior with solution and
solid behavior of these nickel and cobalt compounds
is informative. It is reported that NiSALDAPE [34]
and NiSALDAPS [34] are not oxygenated in air and/
or when moist. CoOSALDAPS and CoSALDAPE do
not react with O, [27]. The five coordinate cobalt
complex, CoSALDPT, oxygenates [27] rapidly in
solution. It is significant that all nickel and cobalt
negative ion species studied in this work react with
O,. The results lend support the notion [15] that the
mechanism for reaction is one in which O, is reduced
to O3 . The apparent “reduction” of cobalt and nickel
in the ML~ ion may aid in providing additional elec-
tron density at the metal reaction site to produce
O3 in the adduct secondary ion.

Formulation of the cobalt secondary ion as [CoL-
(X7)] species is favored by examining the MLX ™/
ML" ratio for the X ligand species, X = O,, NO, and
CO. It is reasoned that a larger CoLX /CoL ratio
would be found if electron transfer from CoL™ to X
occurs upon formation of the secondary ion. Further-
more if electron transfer is important then the
probability of transfer would be related to the

E., Baumgartner and J, G. Dillard

electron affinity of X, The ion ratios vary according
to the scheme MLO; > MLNO™ > MLCO™, where
the average calculated ratios are approximately 28 for
MLO7; 1.6 for MLNO™ and 0.085 for MLCO™. This
ion ratio behavior indicates that the largest ratio is
found for the X ligand with the greatest electron
affinity [37]: EA(O,) = 0.44 ev; EA(NO) = 0.024 ev,
and EA(CO) = —1.8 ev. From these results and the
concept of electron transfer noted [15, 38] for
stabilizing MLX™ species it is proposed that these
secondary ions be formulated as [ML+(X")] species.
It is of interest to point out that a similar correlation
of CoLX™/CoL™ ratios has been observed [36] for
the reaction of gaseous square planar cobalt Schiff
base complex negative ions, ML™, with O, and NO.

However, it must be recognized that localization
of the electron on X is an extreme simplification. If
the complex negative ion is formulated as [ML(X )]
decomposition of this ion should yield X~ + ML. A
search for a metastable process for this decomposi-
tion was not successful. The only ion decomposition
reaction involves loss of neutral X and production of
ML™ from MLX".

The formation of secondary ions where X = NO
and CO suggests that these X species could be added
to metal complexes in reduced oxidation states. It is
likely that addition of CO would not be as probable
as NO addition since the abundance of MLCO™ <<
MLNOQO™. If the mode of attachment of NO and CO to
the metal is similar to that for O,, then these ligands
would be bound as NO™ and CO™. However, bonding
by nitric oxide in many transition metal compounds
is viewed [13] with NO bound as NO*, If MLNO™ is
represented as (ML-NO7), it might be expected that
the ion ratio for MLNO™ /ML~ would increase with
increasing ligand donor strength so that formation of
MLNO™ or ML-(NO™) would be favored. Such a
variation would be predicted from the notion that
greater electron density at the metal ion would favor
NO™ ligand formation. It is known [26, 27, 34] that
the approximate ligand strength for the four coordi-
nate ligands is SALHTDA ~SALDAPS > SALDAPE.
From the results in Table I the NiLNO™/NiL™ ion
ratios vary in the manner NiSALHTDA (6.02) >
NiSALDAPS (2.57) > NiSALDAPE (1.92) for nickel.
The favorable correlation with ligand donor strength
for nickel may suggest that the added nitric oxide
should be formulated as NO™ in NiLNO™,

The CoLNO™/CoL™ ratio shows little dependence
on the donor nature of the ligand. For the four coor-
dinate complexes the average ion ratio wvaries
according to the scheme CoSALDAPE (1.93) >
CoSALHTDA (1.57) > CoSALDAPS (1.39). The
relative donor strength for the ligands is SALDAPS >
SALHTDA > SALDAPE. The characteristic differ-
ence in the behavior of the cobalt complexes toward
NO compared to the nickel complexes may be related
to the fact that the nickel compounds are square planar
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while the cobalt compounds are tetrahedral. The
difference may be rationalized by recognizing that
electron donation to NO from the d,2 orbital in the
NiL™ ion would be favored since the d,z is filled in
d® NiL™. Tt has been shown [39] that axial perturba-
tion in square planar complexes aids in raising the
energy of the d,» orbital. Thus an increase in the
ligand field strength would provide further aid in
raising the d,2 energy level and promote electron
donation from NiL~™ to NO. On the other hand,
electron donation to NO from the t,; orbitals in the
tetrahedral CoL™ ion appears not to be influenced by
the ligand strength. The suggested d® configuration
for CoL™ would yield two half filled t, orbitals. It is
reasoned that these partially filled orbitals are less
likely to become involved in electron donation to NO
and that increasing the field strength of the ligand
does not enhance donor ability of these t,g levels.

The five coordinate MSALDPT compounds of
cobalt and nickel react to give secondary ions with
0,, NO, and CO. Consideration of the (MSALDPT-
X)"/(MSALDPT) ™ ratios for X = O,, NO and CO for
M = Co(II) and Ni(II) is supportive of the suggestion
that electron transfer to produce [MSALDPT+(X7)]
may be the best description for ion formulation. For
cobalt and nickel the (MLX) /(ML) ion ratios vary
in a manner related to the electron affinity [37] of
the X ligand. The experimental ratios for cobalt are
CoLO7 (25) > CoLNO™ (2.9) > CoLCO™ (0.34) and
for nickel the ratios are NiLO7 (2.9) > NiLNO™ (1.3)
> NiLCO™ (0.004), (L = SALDPT). The relative
magnitude of the ion ratios decreases as the electron
affinity of the X gas molecule decreases. It is
reasonable that electron transfer to X is more
important for the five coordinate compounds than
for the four coordinate compounds. Since electron
density at M in the ML™ ion is no doubt greater for
the five coordinate species electron donation to
stabilize X~ in the MLX™ ion would be favored.
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