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Abstract: Mono-, di- and trinuclear complexes of Fe(lll), Co(ll), Ni(Il), and Cu(ll) ions with
Bis-N,N'(salicylidene)-1,3-diaminopropane (LH.), Bis-N,N'(salicylidene)-2,2'-dimethyl-1,3-
diaminopropane  (LDMH2),  N(salicylidene)-2-hydroxyaniline ~ (SAP), and  Tris-
N,N',N"(salicylidene)-2,2',2"-aminoethylamine (Trensal) were prepared and ionized with 30-110
eV electrons in direct inlet (DI). Compounds with metal-oxygen covalent bonds were observed
to give molecular peaks, whereas polynuclear complexes containing coordinative bonds did not
have such peaks. It was concluded that the coordinative bonds were dissociated by electron
impact (El). The thermogravimetric analysis reveals that the molecular peak observed for the
mononuclear complexes which are stable up to 300 °C is also the base peak. The peaks obtained
for the di- and trinuclear complexes that decomposed at these temperatures could not be
observed as a molecular signal. The resulting fragments were evaluated and compared with the
literature data.
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Birinci Sira Gecis Metali fyonlarim iceren ONO, ONNO ve O:Ns3 Tipi Schiff Baz
Komplekslerinin Elektron Iyonlastirma Kiitle Spektrumlari

Ozet: Bis-N,N'(salisiliden)-1,3-diaminopropan (LH;), Bis-N,N'(salisiliden)-2,2'-dimetil-1,3-
diaminopropan (LDMHy), N(salisiliden)-2-hidroksianilin (SAP) ve Tris-N,N',N"(salisiliden)-
2,2',2"-aminoetilamin (Trensal) ile tek, iki ve ti¢ ¢ekirdekli Fe(IIl), Co(II), Ni(ll) ve Cu(ll)
kompleksleri hazirlanmig ve direkt inlet (DI) giris sisteminde 30-110 eV enerjili elektronlarla
iyonlastirilmigtir. Metal-oksijen kovalent bagi iceren bilesiklerde molekiiler pik gozlenirken
koordinatif bag igeren g¢ok ¢ekirdekli komplekslerde bu pikler goriilmemistir. Koordinatif
baglarin elektron etkisi (EI) ile pargalandigi sonucuna varilmistir. Termogravimetrik analiz, 300
°C'ye kadar kararli olan tek ¢ekirdekli kompleksler i¢in gozlenen molekiiler pikin ayrica temel
pik oldugunu da ortaya koymaktadir. Bu sicakliklarda pargalanan iki ve ii¢ c¢ekirdekli
kompleksler i¢in elde edilen pikler, molekiiler sinyal olarak gdzlenememistir. Elde edilen
fragmentler degerlendirilerek literatiir verileri ile karsilagtirilmistir.

Anahtar kelimeler: Schiff bazi, Gegis metali kompleksleri, Kiitle spektrometri, Elektron
iyonlastirma
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1. Introduction

Mass spectrometry has become increasingly popular in the characterization of
coordination compounds due to the development of soft ionization methods over the last
two decades. However, most of these studies have been carried out with atmospheric
pressure chemical ionization (APCI), atmospheric pressure photoionization (APPI), and
especially electrospray ionization (ESI) [1-20]. The studies performed by classical
ionization methods are very limited [16, 21-25]. Schiff base transition metal complexes
studied extensively by mass spectrometry include Bis-N,N'(salicylidene)-1,2-
ethylenediamine complexes. The complexes of this ligand were subjected to a detailed
comparative study using soft and hard ionization methods [20]. It has been reported that
the number of molecular fragments depends on the valence state of the metals. In light
of all these, it was reported that EI method is not suitable for the coordination
compounds [20-21]. In salen complexes, trivalent metal ions have been reported to be
neutralized by two phenolic oxygens of salen ligand and an additional ligand X such as
the AcO", CI', BF4". The presence of [Metalsalen]” and [MetalsalenX] molecular peaks
in the relevant mass spectra have been reported. However, there is no data on the mass
fragmentation of di- or trinuclear coordination compounds. A few mass spectra of the
complex of N(salicylidene)-2-hydroxyaniline (SAP) by electron ionization have been
reported [23-26]. Bis-N,N'(salicylidene)-1,3-diaminopropane (LH) is a ligand which
easily gives polynuclear complexes. The first di- and trinuclear complexes of this ligand
have been reported in 1976 and 1990, respectively [27, 28]. However, since 1990,
numerous studies have been conducted on polynuclear complexes and derivatives of
this ligand in the literature [29-42]. The structures of Ni(ll) and Cu(ll) mononuclear
complexes of this ligand appeared in the literature in 1985 [43]. These mononuclear
complexes can be converted into polynuclear complexes with different anions and
cations. These polynuclear coordination compounds are formed by p-bridges formed by
the phenolic oxygens and the oxygens of anions such as AcO", NOs", NO>".

In this study, mono, di- and trinuclear coordination compounds were synthesized using
LH2, LDMH>, SAP, and Trensal. Their respective mass spectral data obtained with 30-
110 eV electrons were evaluated and compared with the data given in the literature. The
molecular structures of most of these compounds were elucidated by X-ray diffraction
methods. All studies were carried out by the synthesis procedures of our working group.
The structures of the coordination compounds synthesized are given in Figure 1.
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Figure 1. The structural formula of the coordination compounds prepared in this study
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The thermogravimetric analysis of the di- and trinuclear complexes prepared from
Schiff bases reveals that coordinated solvent molecules are separated from the structure
at 120-170°C [33].

2. Material and Method
2.1 Chemicals

All the chemicals used were of high purity grade and were used without further
purification. 1,3-diaminopropane, 2,2'-dimethyl-1,3-diaminopropane, Tris(2-
aminoethyl)amine, 2-hydroxyaniline, trimethylamine, 1,4-dioxane, salicylaldehyde,
piperidine, N,N-dimethylformamide, NaNO. were purchased from Sigma-Aldrich
Chemical Co., NiCl..6H20, CuCl..2H20, FeCls.6H,0, CoCl..6H.0, Cdly,
Ni(CH3C0OO0)2.4H20, ZnBrz, ZnCl, were purchased from Merck Millipore Chemical
Co.

2.2 Instruments

TG-DTA studies were performed with Shimadzu DTG-60H apparatus. The
thermogravimetric analysis was carried out in Pt pans at a rate of 10 °C/min under a
nitrogen atmosphere. IR spectra of the Schiff base ligands and metal complexes were
performed using Shimadzu IRAffinity-1 FTIR spectrometer and all spectra were
measured at a resolution of 4 cm™. C, H, and N analyses were carried out by Eurovector
3018 CHNS analyzer while Ni and Cu analyses were completed by GBC Avanta PM
flame atomic absorption spectrometer. NMR spectra of the Schiff bases were recorded
on a Varian Mercury 400 MHz using tetramethylsilane as internal. Mass spectra were
obtained using direct inlet (DI) unit of Shimadzu QP2010 Plus GCMS apparatus. lon
source and interface temperature were set at 200 °C. The temperature of DI probe was
increased to 350 °C at 20 °C/min. Mass spectra were recorded at m/z=40-700. A
summary of some of the spectral data and details of the ligands and complexes are given
in Tables 1-2.

2.3 Preparation of Schiff Bases

0.1 mole (12.21 g) salicylaldehyde was dissolved in 150 mL of hot EtOH. 50 mL EtOH
solution of 0.05 mole (3.71 g) 1,3-diaminopropane for LH»; 0.05 mole 2,2'-dimethyl-
1,3-propanediamine (5.11 g) for LDMH>; 0.033mole Tris(2-aminoethyl)amine (4.83 g)
for Trensal and 0.1 mole 2-hydroxyaniline (12.32 g) for SAP were added and heated to
the boiling points. After cooling, the Schiff base crystals were filtered.

2.4 Preparation of Mononuclear NiL and NiLDM Complexes

0.01 mole LH (2.82 g) or LDMH> (3.10 g) was dissolved in 100 mL of hot EtOH. 5
mL concentrated ammonia solution was added and heated to the boiling point. 0.01
mole NiCl>.6H20 (2.38 g) in 50 mL of hot water was added, stirred well, the crystals
were filtered and dried in air. The resulting complexes were NiL.NH3z and NiLDM.NHs.
These complexes were kept at 180 °C for 4 hours to remove the NH3z from the structure.

2.5 Preparation of Mononuclear CuL and CuLDM Complexes

0.01 mole LH> (2.82 g) or LDMH> (3.10 g) was dissolved in 100 mL of hot EtOH. 1
mL EtsN was added and heated to the boiling point. 0.01 mole of CuCl,.2H20 (1.34 g)
in 50 mL of hot water was added, stirred well, the crystals were filtered and dried in air.

2.6 Preparation of NiSAL and CuSAL Complexes

0.02 mole LH> (5.64 g) was dissolved in 100 mL of hot EtOH. 5 mL ammonia solution
was added and heated to the boiling point. 50 mL of a hot aqueous solution of 0.01 mole
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NiCl2.6H20 (2.38 g) for NiSAL; 0.01 mole CuCl,.2H,0 (1.34 g) for CUSAL was added,
stirred well, the crystals were filtered and dried at 110 °C for 4 hours.

2.7 Preparation of Fe.Trensal and Co.Trensal Complexes

0.001 mole Trensal (0.46 g) was dissolved in 50 mL of hot dioxane. 0.5 mL EtsN was
added and heated until 80-90 °C. 20 mL of MeOH solution of 0.001 mole FeClz.6H.0
(0.27 g) or CoCl2.6H20 (0.24 g) was added, stirred well, the crystals were filtered and
dried in air.

2.8 Preparation of NiSAP.pip

0.002 mole SAP (0.43 g) was dissolved in 100 mL of hot EtOH. 1.5 mL piperidine was
added, heated to 70 °C and 0.002 mole NiCl2.6H.O (0.48 g) in 50 mL of MeOH was
added, refluxed for 2 hours, the crystals were filtered and dried in air.

2.9 Preparation of Dinuclear Complexes

0.002 mole LH> (0.56 g) was dissolved in 50 mL of DMF and heated until 100-110 °C.
0.002 mole NiCl..6H20 (0.48 g) or CuCl..2H20 (0.27 g) in 30 mL of MeOH and a
solution of 0.002 mole MXz in 20 mL of hot MeOH (M: Cu?*, Zn?*, Cd?*; X=CI', Br,, I
) were added, stirred well, the crystals were filtered and dried in air.

2.10 Preparation of Trinuclear Complexes

0.002 mole LH: (0.56 g) was dissolved in 50 mL of DMF and heated until 100-110 °C.
0.002 mole NiCl2.6H.O (0.48 g) in 30 mL of MeOH and a solution of 0.001 mole
Ni(Ac0O)2.4H,0 (0.25 g) or 0.001 mole NiCl>.6H20 (0.24 g) and 0.002 mole NaNO>
(0.14 g) in 20 mL of hot MeOH were added, stirred well, the crystals were filtered and
dried in air.

Table 1. Characteristic Properties and Abbreviations of the Compounds Synthesized

Compounds Wlta/ilglhet(,:tglartr:ol Abbreviation Yf/(l)d’ MeltlrlgCPomt,
C17H18N20: 282 LH> 87 57
C19H22N20- 310 LDMH; 92 97
C27H30N4O3 458 Trensal 82 92
C13H11NO2 213 SAP 88 182

C17H16N202Ni 338 NiL 90 >300 (decomp:270)
C19H20N202Ni 366 NiLDM 75 >300 (decomp:260)
C17H16N202Cu 343 CuL 65 >300 (decomp:260)
C19H20N20,Cu 371 CuLDM 73 >300 (decomp:250)
C14H12N202Ni 298 NiSAL 80 >300 (decomp:240)
C14H12N202Cu 303 CuSAL 80 >300 (decomp:230)
Ca7H27N4OsFe 511 Fe.Trensal 25 decomp:220
C27H28N403Co 515 Co.Trensal 15 decomp:220
C18H20N202Ni 354 NiSAP.pip 30 n.d.
C23H30N4O4NiZnBr; 709 NiL.ZnBr: 53 decomp:138
C23H30N404NiCdl: 850 NiL.Cdl> 40 decomp:140
C17H16N202CuCl> 526 CuL.CuCl; 55 >300
C14H52N6010Ni3 998 [(NiL)2.Ni(AcO)2] 60 decomp:145
CaoHasNgO10Ni3 972 [(NiL)2.Ni(NO>),] 60 decomp:140
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Table 2. A Summary of Elemental Analysis, FTIR and NMR Spectral Data

Compounds Elemental Analysis Calculated% Important IR Data,
P (Found%o) cm?
C H N M1 M?2 VN-H VO-H ve- ve- vc=0 veeny  TCeCAr Ve &c-
H(Ar) H(AI) ) O(Ph) H(Ar)
7232 643 992 3021~ 2929- 1274-
(71.91) (6.45) (1047) 2627 3019 2862 1629 1608 = 15 762
LH; . 1351 860 743 732 688 368 201
H NMR
(s) (s) (d) ® ® ® (p)
BCNMR 1666 1611 1327 1321 1191 1189 1169 585 319
7352 714 9.02 3021-  2929- 1274-
(7341) (635) (872) 25718 3019 2862 1629 1608 45y 762
LDMH, g 1858 836 725 730 697 684 349 104
(s) (s) (d,t) (t,d) (d) (d,t) (s) (s)
BCNMR _ 166.99 16145 13257 131.61 11895 11887 117.20 6836 3448 2461
7072 659 1221 2733-  3051-  2939- lea 1608 1276-
(70.39) (5.86) (11.92) 2654 3020 2835 1581 1197
Trensal wnvg 1380 788 727 693 682 654 350 287
(s) (s) (m) (m) (m) (m) ® ®
BCNMR  167.60 16492 13402 13356 11955 119.11 118.64 57.85 56,51
7252 519 656 2934- 1612 1219-
(7377) (531) (643) 2557 3045 Heq9 1625 1591 1136 01
SAP 13.80 898 755 734 697 686

BC NMR 165.69 160.53 151.15 13496 132.82 13143 130.78 128.17 119.54 118,55 117.96 116.68
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Table 2. A Summary of Elemental Analysis, FTIR and NMR Spectral Data (continued)

Elemental Analysis Calculated%o Important IR Data,
Compounds (Fou¥1d%) P omL

C H N M M? VN-H VO-H VC HAr)  VCH(AI Vc=0 VeaN Vc=C(Ar)  VC-O(Ph)  &C-H(Ar)
NiL 60.28  4.76 827  17.33 ] 3061-  2922- 1607 1589 1228- 725

(60.55) (3.17) (7.93) (17.19) 3030 2866 1541 1124 744
. 62.17  5.49 762 1599 3049-  2924- 1586-  1221-
NiL.DM (61.84) (5.21) (7.37) (15.69) - 3021 2866 1608 ygz5 900 704

59.38  4.69 8.14 1848 3052-  2930- 1592-  1235-
culL (60.07) (4.39) (7.67) (17.76) ) 3031 2866 1608 “45as 1124 746

6137  5.42 752  17.09 3074-  2956- 1598-  1203-
CuLDM (61.07) (4.37) (6.91) (17.21) ) 3018 2862 1608 541 1120 754
. 56.25  4.04 936  19.64 3074- 1597-  1217-
NISAL (56.08) (387) (8.95) (18.92) 3302 J 3018 J J 1610 570 a4 T

55.36  3.97 922 2092 3077- 1597-  1219-
CuSAL (55.41) (3.55) (8.71) (20.22) 3311 i 3016 i i 1612 1530 1141 750

6342 532 1095 10.92 3049-  2941- 1591-  1319-
Fe.Trensal (62.58) (4.93) (10.41) (10.27) ] ] 3022 2848 ] 1629 4539 q1a7 748
Co Trensal 6290 547  10.86 11.44 ] ] 3043-  2940- ] 1624-  1507-  1304- .
' (62.87) (5.08) (10.39) (10.89) 3027 2836 1619 1546 1142
. . 60.83  5.69 780  16.79 3341- 3053- 1590-  1195-
NISAP.pip (60.89) (5.63) (7.89) (16.15) 3253 i 3017 i i 1605 yga3 084 1
. 38.88  4.26 7.88 8.26 9.20 3049-  2939- 1289-
NiL.ZnBr, (37.89) (4.03) (7.98) (7.98) (9.16) ; ; 3014  oga5 1691 1624 1593 G TS0
NiL Cdl 3244 355 6.58 6.89  13.19 2925-
e (32.19) )2.99) (6.36) (6.49) (12.41) 28

4269 337 585  26.57 2916- 1595-  1294-
CuL.CuCl; (42.08) (3.13) (5.17) (25.48) i i i 3024 Hese i 1622 4540 1116 756
[(NiL).. 5279 523 839  17.59 ] ] ] 3052-  2942- ., qee 1589 1315
Ni(AcO)] (52.37) (4.92) (7.93) (17.23) 3031 2860 1543 1093
[(NiL).. 4927 475 1149  18.06 ] ] ] 3049- 2024~ o0 o 1596~ 1300- .o
Ni(NO,),] (48.79) (4.32) (11.07) (17.41) 3022 2860 1546 1105
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3. Results

The aim of this study is to enlighten the MS fragment properties of the 2-hydroxy
substituted Schiff base complexes. The most suitable examples for such Schiff bases are
those derived from 2-hydroxy benzaldehyde. LH> gives CuL and NiL complexes with
Cu(Il) and Ni(ll) ions in an alcoholic medium at high pH values. The MS spectra of
LH: ligand and its mononuclear complexes obtained by electron ionization method are
depicted in Figure 2.
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Figure 2. Mass spectra obtained with 70 eV electrons a. LHa, b. NiL, c. CuL, d. LDMH_,
e. NiLDM, f. CuLDM

In Figure 2a the molecular signal of LH> ligand appears at m/z=282 in accordance with

the nitrogen rule. However, the base peak of the spectra appears at m/z=148. The
probable fragments of LH> ligand ionized with 70 eV electrons are given in Scheme 1.
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Scheme 1. Proposed fragmentation for LH- ligand

On the other hand, the molecular peak is clearly visible in the mass spectra of NiL and
CuL mononuclear complexes and it is the most intensive peak in the spectra. The
signals of the other fragments are almost negligible. The molecular signals of NiL and
CuL appear at m/z=338 and 343, respectively. Since the organic compound is converted

into a complex, the nitrogen rule is not expected to be valid. The probable fragments of
NiL and CuL complexes are given in Schemes 2-3.
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Scheme 2. Proposed fragmentation for CuL complex
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m/z = 338 m/z =219 m/z = 205 m/z =179
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+ + +
CH; e —N’ —N—-CH;5 CH;
O | —
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H
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Scheme 3. Proposed fragmentation for NiL complex

Similar complexes have been prepared to prove that the expected fragments are true.
The mass spectra of LDMH ligand and their CuLDM and NiLDM complexes by using
70 eV electrons are given in Figure 2. The ligand of CuSAL and NiSAL complexes is
not stable at room temperature and unobtainable but its complexes are stable and
synthesized by template synthesis in a medium containing salicylaldehyde and ammonia
[44]. Cu.salicylaldehyde and Ni.salicylaldehyde complexes are formed in a weak basic
medium containing salicylaldehyde, which have been previously reported in the
literature [45].

As shown in Figure 2d the molecular signal appears weakly at m/z=310 and the base
peak corresponds to m/z=176 [HO-CsH4-CH=N-CH-C(CHz)2]" ion. This is an expected
result due to the tert-butyl radical, which is one of the most stable radicals [46]. The
other signals at m/z=135, 107, 77 are almost the same with those of LH; ligand signals.

% %
1007 1004 b 179 298
75 75
50 50
25; 25: 1 1
0_, 0“58 g5 123 |
50 50 100 150 260 25;0 3(|)0 350
m/z m/z

Figure 3. Mass spectra obtained with 70 eV electrons a. CuSAL, b. NiSAL

As seen from Figure 2 the complex state is more stable than the ligand and the
molecular signals are also the base peak. In addition, the signals observed at m/z=238
and m/z=233 for CuLDM and NiLDM are similar to signals observed at m/z=184 and
m/z=179 for CuSAL and NiSAL complexes and their isotope signals at m/z= 240, 235,
186, 181 correspond to the fragments including fragments Cu and Ni of this complexes.
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These signals were attributed to [CuO-CeHs-CH=N-CH2-C(CHs)2]" in CuLDM, [NiO-
CeHa-CH=N-CH2-C(CH3)2]* in NiLDM, [CuO-CsHs-CH=NH]" in CuSAL and [NiO-
CsHs-CH=NH]" fragments in NiSAL.

In this study, an O3N3 type Schiff base was used as the hexadentate ligand parallel to the
N20- type Schiff bases. For this goal, an O3N3s type Trensal ligand was prepared by
using Tris(2,2',2"-aminoethyl)amine and salicylaldehyde. Fe(l1l) and Co(ll) complexes
were synthesized using this ligand [47].
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Figure 4. Mass spectra obtained with 70 eV electrons a. Trensal, b. Fe.Trensal, ¢. Co.Trensal

Due to the fact that Trensal is a fairly large organic molecule so that the base signal of
m/z=458 is never observed and the signal which emerges as the base peak at m/z=324
must belong to [(HO-CeHs-CH=N-(CH2)>-N-CH: ] radical ion (Figure 4a). Since the
compound contains 3 nitrogens, it can be considered that it does not follow the nitrogen
rule. However it is not in a molecular, it is a radical ion. The [M+1] isotope peak
verifies this structure. The molecular signal of Fe.Trensal complex at m/z=511 is the
base peak in the spectrum. The simplicity of the spectrum shows that the complex is
highly stable.

Since Co element has only one isotope (**Co) in nature, the isotope peak appears near to
m/z=515, the signal must be due to 3C atoms only. As shown in Figure 4c, the signal at
m/z=515 is not base peak in the spectrum, it is one of the weak signal in the spectrum.
As noted in the experimental part, Co.Trensal complex prepared from Co(ll) salts and
the resulting complex is a Co(ll) complex. It is probable that one phenolic group of the
ligand was coordinated to Co(ll) ion as phenol (Figure 1). One of the chelate rings of
the complex is not formed due to an uncoordinated oxygen atom and decreases the
stability of Co.Trensal complex. Since in Fe.Trensal complex all the phenolic oxygen

186



and iminic nitrogens take place in coordination, the resulting chelate rings formed are
much more stable. Hence, the molecular peak in Fe.Trensal complex is observed as the
base peak. On the other hand, Co.Trensal complex has one phenolic oxygen and one
imine group which does not take part in coordination making the molecule much more
unstable where no molecular signal is detected.

Another example of mononuclear complexes is the complex that was prepared by using
SAP. This ONO type tridentate type ligand gives mononuclear complexes with divalent
transition metals. However, it was stated that in solid structure these complexes are
plenarily located as dimeric units in the lattice resulting in a supramolecular structure
[48]. This complex is not soluble in any common organic solvent and remained intact
up to 300 °C. However, these complexes are dissolved by the conversion of
mononuclear square-planar or octahedral complexes in the presence of pyridine, NHs,
piperidine, Et2NH (Scheme 4) [49]. Using this ligand, NiSAP.piperidine complex was
prepared and investigated in DI unit. The resulting mass spectra are given in Figure 5.

+S (Ambient temperature)

SAP + Niz* > NiISAP = NiSAP - S S=Et:NH
-2H* -S (250 °C) or piperidine
supramolecular lattice Square-planar
(pseudooctahedral) mononuclear complex

Scheme 4. Formation of NiSAP complex in the presence of piperidine
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Figure 5. Mass spectra obtained with 70 eV electrons a. SAP, b. NiSAP.piperidine

Figure 5a shows the mass fragments of SAP ligand with 70 eV electrons. The spectrum
is very simple showing a molecular [M] signal at m/z=213. The signal that appeared at
m/z=214 is [M+1] isotope peak due to 3C atoms and the powerful signal observed at
212 is the signal due to ionization. The signals observed in Figure 5b are solely due to
fragments of piperidine coligand. As given in Scheme 4, these remained stable up to
240 °C. After this temperature coligands are removed from the medium in gaseous form
leaving a supramolecular complex behind which remained intact up to 300 °C and
pyrolyzed around at 320 °C [50]. When DI temperature is between 200-250 °C, all the
coligands are evaporated and the fragments originate from amine molecules separated
from the structure. The remaining supramolecular structure could not be ionized and
volatilized with 70-110 eV electrons. Even the fragments belonging to SAP ligand are
absent. However, there is an example in the literature which is very difficult to explain.
The authors claimed to have synthesized ZnSAP.H>O complex observed the molecular
signal at m/z=294 with 70 eV electrons [23].

There are an abundant amount of [M+1] and [M+2] signals observed in addition to
molecular peak in the spectra of CuL, NiL, CuLDM, NiLDM, CuSAL, NiSAL,
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Fe.Trensal and Co.Trensal mononuclear complexes. The stable isotopes of Cu in nature
are %3Cu and ®°Cu with relative abundances of 69.17% and 30.83%. The stable isotopes
of Ni are %®Ni, ®°Ni, %INi, ®2Ni and %Ni with relative abundances of 68.08%, 26.22%,
1.14%, 3.63% and 0.92% [51]. Therefore the intensity of [M+2] signal in CuL should
be 30.83/69.17=1/2.24 of the molecular signal. The corresponding ratio in NiL complex
26.22/68.08=1/2.59. Since there are no stable isotopes of Cu and Ni with a mass number
64 and 59 in nature, the intensity of [M+1] signal is largely determined by 3C atoms.
Since there are 17 C atoms in CuL and NiL complexes and if we remember that the
relative abundance of 3C atom in nature is 1.07% the intensity [M+1] of this complex
must be 17x0.0107=18.2% of the molecular signal. The values found from spectra are
comparable to this value. The isotopes of Fe in nature are >*Fe, *Fe, °’Fe and *®Fe with
relative abundances of 5.85%, 91.75%, 2.12% and 0.28% [51]. Co has a single isotope
of %°Co. The expected and the experimental values of the molecular signal [M] and
isotope signals [M+1] and [M+2] of the mononuclear complexes investigated in this
study are listed in Table 3.

Table 3. Molecular/Isotope Ratios of the Mononuclear Complexes Investigated

Compounds Molecular [M]/[M+1] [M]/[M+2]
Formula Calculated Found Calculated Found
CuL C17H16N202Cu 4,98 4,72 2.25 212
NiL C17H16N202Ni 4,98 4,93 2.62 2.56
CuLDM C19H20N20,Cu 4.47 4,50 2.25 2.20
NiLDM C1gH20N202Ni 4.47 4.36 2.62 241
CuSAL C14H10N20,Cu 6.42 6.10 2.25 2.14
NiSAL C14H10N202Ni 6.42 6.19 2.62 2.53
Fe.Trensal C27H27N4O3Fe 2.91 2.67 -- --
Co.Trensal Ca7H28N403Co0 3.10 2.98

The structural formula of all the coordination compounds investigated in this study are
depicted in Figure 1. The structures of most of the compounds were determined with X-
ray studies and reported in the literature. In this study, NiL or CuL units of di- or
trinuclear complexes used were coordinated by one or two solvent molecules. In
dinuclear coordination compounds, the second metal ion only forms p-bridge with
phenolic oxygens. In this case, phenolic oxygens coordinate both metal ions. Similarly,
in trinuclear complexes prepared from NiL mononuclear complex, the phenolic oxygens
coordinate the metal ions with p-bridge. There is a second p-bridge formed between
central ion and terminal NiL units is formed by different coligands. These coligands are
anions such as formate, acetate, and nitrites. Figure 6 shows the mass fragments of
dinuclear coordination compounds of [CuL.CuClz], [NiL.ZnBr..(DMF)2] and
[NiL.Cdl..(DMF)2] with 70 eV electrons. The complexes prepared with Schiff bases
thermally release the solvent molecules (DMF) in their structures. This phenomenon is
clearly seen in the thermogravimetric analysis [52]. After releasing the coordinative
solvent molecules, there remain NiL and halide salts behind.
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As seen from Figures 6a, 6b and 6¢ some of the dinuclear complexes prepared with
Schiff bases gave two ionic currents. The first one belongs to DMF fragments at
m/z=73. The second ionic current which emerges as the temperature of DI is increased
is due to CuL or NiL complexes and the resulting thermogram completely fits with that
of NiL or CuL.

Trinuclear complexes at DI temperatures under the bombardment of 70 eV electrons
leave the DMF from the structure in the gaseous state and get ionized by the electrons.
Under these conditions, the complex is completely dissociated. If the complex is a
Schiff base type then the complex totally dissociates and the residue contains
mononuclear NiL complex and halide salts. With the effect of increasing DI
temperature NiL complex is also ionized creating a second ionic current that gives NiL
complex fragments. This really is the fact because in Figure 6d and 6e, the first ionic
current gives the molecular signal at m/z=73 corresponding to DMF molecule and the
signal at m/z=44 due to [(CH3)2N]", the fragment ion of DMF. The second current gives
the same mass spectrum with NiL.

The common features of the mononuclear complexes are that they are coordinated to the
metal through phenolic oxygen and iminic nitrogen. As a result of each phenolic
oxygen-iminic nitrogen coordination, six-membered chelate rings are formed. It is a
well-known fact that chelate rings increase the stability of the coordination compounds
[53]. That is why in the case that when a neutral complex is formed when the metal ion
is connected to all ligands and all probable chelate rings are established it is possible to
see the molecular signal of the complex by the use of EI method. So much so that the
molecular signal is the base peak in the spectrum. This situation is verified in Figure 2-
4. If the chelating rings are formed only by the coordinative bonds, these bonds are
broken with ionizing electrons and only ligand-related signals are observed. Under these
conditions, the only observable signals or fractions are those belonging to the stable
units or the ligands of the complex. This is the case observed in SAP complexes.
However, there is an important difference in the complex of this ligand. This ligand is a
tridentate ligand and gives supramolecular complexes with transition metals. That is
why the mononuclear units of this ligand prefer four and six-membered coordinations
with the help of coligands and these mononuclear units are lined up in the crystal lattice
to form a supramolecule and that is why mononuclear units are not vaporized. In di- and
trinuclear complexes, the mononuclear units are attached to each other with p-bridges.
These p-bridges form coordinative bonds with metal ions. Coordinative bonds are
weaker than covalent bonds and their bond energies are much smaller. That is why these
u-bridges are much more easily broken by 70 eV or more energetic electrons. However,
in 2-hydroxy substituted Schiff bases, the metal-ligand coordination takes place through
phenolic oxygen and this bond has a comparable strength with a covalent bond and is
much stronger than coordinative bond. Also, the formation of chelate rings gives the
compound extra stability which makes the mononuclear complex much more stable in
its ligand state.

In the literature, it has been reported that EI is not a suitable method for the
investigation of coordination compounds. The most preferred method for the
investigation of coordination compounds is ESI method. However, this study has
proved that ElI can be a very convenient method for the investigation of stable
coordination compounds. It gives a very clear molecular signal in the coordination
compounds coordinated through phenolic oxygen with a completed chelate ring.
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Another important point here is that the nitrogen rule used for the organic compounds is
not valid for the coordination compounds.

4. Conclusion and Comment

The Schiff base metal complexes containing chelate rings formed through phenolic
oxygen and iminic nitrogens have been investigated by using EI method. In contrast to
the literature, molecular signal in mononuclear complexes has appeared as the base
peak, and these signals are not compatible with the nitrogen rule. It has clearly appeared
that EI method is not suitable for the complexes in which mononuclear complexes are
attached to each other with coordination bonds over the coligands. In other words, if
solid-state supramolecular complexes are formed, the EI method is clearly not suitable.
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