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was filtered and a brown powder was isolated and dried at room tempera­

ture in vacuo. The compound was purified by extraction for 24 hrs in 

methylene chloride. 

Oxygenation of Mn(SALPTDA) 

In an inert atmosphere box, 0.540 g (0.00149 mol) of Mn(SALPTDA) 

was placed in 150 ml of DMSO. The compound did not completely dissolve. 

Oxygen was passed over the stirred suspension for 22 hrs. On filtering, 

a dark brown compound was obtained along with a near colorless filtrate. 

The product was found to be hydrated, even after being dried at room 

temperature in vacuo. 

Oxygenation of Mn(SALPTDA) under 1.08 atm pressure 

The same method used for Mn(SALTM) was employed with Mn(SALPTDA). 

The sample sizes were in the same range (0.0015 mol). Complete uptake 

occurs in one day. The solution was filtered and the isolated brown 

product was dried at room temperature in vacuo. 

Oxygenation of Mn(SALHTDA) in the Solid State 

Dry, solid Mn(SALHTDA), on exposure to oxygen, was oxidized. 

The orange-yellow compound changed to dark red-brown in a week. This 

change occurs on standing in air or in oxygen. Using the oxygen uptake 

apparatus shown in Figure 2, 0.437 g (0.0011 mol) of Mn(SALHTDA) was 

oxygenated under 1.08 atm oxygen pressure. The same red-brown product 

was obtained. Under pressure, the oxygenation was complete in less than 

four days. 

Oxygenation of Mn(SALHTDA) in DMSO 

The same procedure followed for Mn(SALPTDA) was used for Mn(SALHTDA). 

The oxygenations, as with Mn(SALPTDA), were carried out both under 1.08 
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atm of oxygen, and with oxygen passing through the solution at 

atmospheric pressure (0.93 atm). The solutions were filtered, and in 

both cases, a dark brown, anhydrous powder was obtained. These products 

were dried at room temperature vacuo. 

UNSUCCESSFUL PREPARATIONS 

Attempted Preparations of Mn(BAE) [N,N'~ethylenebis(acetylacetoniminato) 

manganese(II)] 

The preparation of Mn(BAE) was attempted using numerous methods. 

None of these methods, which are outlined below, proved successful in 

the isolation of this compound. 

The first procedure followed the MOrgan and Smith (46) preparation 

of Co(BAE). To a stirred, heated solution of 4.90 g (0.02 mol) of 

Mn(C2H302)2'4H20 in 20 m1 of hot H20, was added 4.5 g (0.02 mol) of 

H2BAE in 25 m1 of hot H20 followed by 1.6 g (0.04 mol) of NaOH in 8 m1 

of H20. The cream colored solution was heated for 20 min with no color 

change. The precipitate was difficult to filter, and exposure to the 

laboratory atmosphere caused the mixture to turn dark brown. It was 

soluble only in acid, pointing to the formation of some manganese oxide 

or similar species. 

A second procedure followed the method of Lewis, Mabbs, and Weigold 

(28) for the preparation of Mn(SALEN). A solution of 1.23 g (0.005 mol) 

of Mn(C2H302)2·4H20 in a mixture of 20 m1 of hot absolute ethanol and 

5 ml of hot H20 was prepared. A second solution of 0.3 g (0.0075 mol) 

of NaOH and 0.96 g (0.005 mol) of H2BAE in 20 ml of hot absolute ethanol 

was prepared. Under nitrogen, the two solutions were mixed with no 

further heating. After 1 hr, a similar light brown sludge was 
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obtained and discarded. 

A third procedure involved adding 0.3 g (0.0075 mol) of solid 

NaOH to a stirred, refluxing solution of 0.96 g (0.005 mol) of H2BAE in 

100 ml of absolute ethanol. After a steady flow of nitrogen was begun, 

1.23 (0.005 mol) of Mn(C2H302)244H20 dissolved in 50 m1 of hot absolute 

ethanol was added dropwise. The pale yellow solution was refluxed under 

a nitrogen flow for 2.5 hrs, and then cooled to room temperature. The 

flask was stoppered and placed in an inert atmosphere box. A cream 

colored precipitate was obtained by suction filtering. This precipitate 

was soluble in acid but insoluble in most common organic solvents. 

Elemental and infrared analyses showed that this material was not the 

desired product~ but more likely a manganese oxide. 

As in the procedure outlined above, 0.3 g (0.0075 mol) of solid 

NaOH was added to a refluxing solution of 0.96 g (0.005 mol) of H2BAE. 

The metal source was MnC12 ·4H
2
0 (0.005 mol). The solution was refluxed 

for 2 hrs. The solution was filtered and a cream colored precipitate 

was isolated. Elemental analyses suggest that the products from the 

third procedure and this preparation were similar. 

Under nitrogen, 9.61 g (0.05 mol) of H2BAE was dissolved in 140 ml 

of 95% ethanol. The solution was refluxed for 10 min, after which 4 g 

(0.10 mol) of NaOH dissolved in 15 ml of H20 was added dropwise. 

Next, 12.25 g (0.05 mol) of Mn(C2H302)204H20 dissolved in 80 ml of warm 

H20 was added dropwise with stirring. The solution was refluxed for 1 hr 

and transferred to the inert atmosphere box. A light brown sludge was' 

obtained as in the initial two reactions. 
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To a stirred, ref1uxing solution of 9.61 g (0.05 mol) of H2BAE in 

300 m1 of absolute ethanol was added 12.21 g (0.05 mol) of Mn(C2H
3
02)2" 

4H20 dissolved in 300 m1 of hot absolute ethanol. The yellow solution 

was refluxed 1 hr and then filtered. A white precipitate was obtained. 

The addition of four equivalents of triethylamine produced no noticeable 

change in the solution when heated. Next, two equivalents of sodium 

methoxide were added, which caused the solution to darken. A similar 

dark brown sludge was obtained when the liquid was filtered. 

Attempted Preparations of Mn(BAE)X 

The preparation of Mn(BAE)X was also attempted without success by 

blowing air through a stirred, refluxing solution of 19.21 g (0.10 mol) 

of H2BAE in 350 m1 of 95% ethanol to which had been added dropwise 8 g 

(0.2 mol) of NaOH in 30 ml of H
2
O. Next, 24.43 g (0.10 mol) of 

Mn(CZH3OZ)Z·4H2O in 2Z5 ml of warm H20 was added dropwise. The solution 

was refluxed for 2 hrs and then allowed to cool. The dark brown precip-

itate which had formed was hard to filter. This dried material was 

extracted continuously for 24 hrs in chloroform but no material appeared 

to be soluble in the chloroform. 

This procedure was followed again using smaller amounts of materials 

and allowing 6 hrs for refluxing. Again, a dark brown sludge was 

obtained which could not be dissolved in common organic solvents. 

-Z A third preparation of a manganese(III) complex of BAE involved 

adding dropwise to a stirred solution of 0.96 g (0.005 mol) of H2BAE in 

100 ml of absolute ethanol, 1.33 g (0.005 mol) of Mn(C2H302)2·4HZO in 

100 m1 of warm absolute ethanol. The solution was refluxed 1.5 hrs, 

filtered hot and allowed to stand for 48 hrs. No precipitate appeared. 
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The solution was again brought to reflux, whereupon 90 ml of a hot, 

saturated solution of ammonium hexafluorophosphate was added. The solution 

was refluxed for 1 hr. The volume was reduced by passing air through 

the solution for 12 hrs. A small amount of a light brown powder 

appeared. 

These products had elemental and infrared characteristics and 

solubility properties consistent with manganese(III or IV) oxides 

or hydroxides rather than to Mn(BAE) or Mn(BAE)X. 

Attempted Preparation of Mn(TFACACEN) [N,N'-ethylenebis(l,l,l-trifluoro­

acetylacet oniminato) manganese (II)] 

Under nitrogen, 0.08 g (0.002 mol) of NaOH in 5 ml of H20 was 

added dropwise to a refluxing solution of 0.33 g (0.001 mol) of 

H2TFACACEN in 50 ml of 95% ethanol. Next, 0.245 g (0.001 mol) of 

Mn(C2H302)2·4H20 in 30 ml of warm H20 was added dropwise. The solution 

turned a light brown color and was cloudy in appearance. No precipitate 

was isolated. 

In another attempt, 0.332 g (0.001 mol) of H2TFACACEN was dissolved 

with heat in 50 ml of absolute ethanol. After refluxing for 10 min, 

one pellet of NaOH was added. When it had dissolved, the clear solution 

turned yellow. Next, 0.198 g (0.001 mol) of MnC12 ·4H20 dissolved in 30 

ml of warm absolute ethanol was added dropwise. The solution darkened 

immediately, but no precipitate was isolated. 



PHYSICAL MEASUREMENTS 

Carbon, hydrogen, and nitrogen analyses were performed using a 

Perkin-Elmer Model 240 Elemental Analyzer. 

Infrared spectra were obtained using a Beckman IR 20A-X spectrometer 

-1 over the range of 4000-300 cm The solid samples were prepared as 

Nujo1 mulls between potassium bromide windows. 

Magnetic susceptibility data on solid samples were obtained by the 

Faraday method using a Varian V2900 electromagnetic power supply and a 

Cahn RG Electro-balance with a capacity of 2.5 grams and a sensitivity 

of 0.1 microgram. Susceptibilities, which were measured at room 

temperature, were obtained at four different field strengths. The 

system was calibrated using Hg[Co(NCS)4]' mercury tetraisothiocyanato­

coba1t(II) and [Ni(en)3]s203' tris(ethy1enediamine)nickel(II) thio-

sulfate. Molar diamagnetic susceptibilities were calculated using 

Pascal's constants (47). 

Therma1gravimetricana1yses (TGA) were performed using a Cahn RG 

Electro-balance with a Stone S-101 Programmer, S-601 Amplifier, and 

LD-202 Recorder-controller. Samples weighing 15 mg were heated in vacuo 

from 20° to 270°C, using a 2°C/min heating rate. The system was tested 

using copper(II) sulfate pentahydrate. 

Oxygen-sensitive compounds were filtered and stored in a Vacuum 

Atmospheres Company inert atmosphere box, Model He 43-2 Dri-Lab, 

35 
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in an 02-free argon atmosphere. 

Mass spectra were obtained using a Hitachi Perkin-Elmer RMU-7 

double focusing mass spectrometer. Solid samples were placed on a 

solid inlet probe and heated to a temperature where vaporization but not 

decomposition would occur. The chamber and the sources were kept at 

approximately the same temperature. 

Ionizing electron energy was 70 eVe 

-6 Pressure was maintained at 10 Torr. 
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ABBREVIATIONS FOR MANGANESE(II) COMPLEXES 

Figure 3 

X 
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RESULTS AND DISCUSSION OF MANGANESE(II) COMPLEXES 

The Mn{II} complexes under consideration were isolated by one of 

the following methods: (1) addition of Mn(C2H302)2-4H20 in water to 

a hot or cold 70-95% ethanol solution of the previously isolated ligand 

and base; (2) addition of solid Mn(C2H302)2·4H20 to a refluxing 

absolute ethanol solution of the previously isolated ligand and base; 

or (3) addition of Mn(C2H302)2·4H20 in methanol to a refluxing solution 

of the ligand and base, followed by precipitation with water. All com-

plexes were prepared and isolated in an inert atmosphere to prevent 

the possibility of oxidation of Mn(II) to Mn(III) or Mn(IV). 

The neutral anhydrous complexes Mn(SALTM), Mn(SALPTDA), Mn(SALHTDA), 

and Mn(SALDPT) are powders and range in color from pale to bright 

yellow. The compounds, exclusive of Mn(SALHTDA), are stable in air 

when dry; however, when wet all the compounds rapidly turn dark brown, 

indicating oxidation_ They are insoluble in most common organic 

solvents. Upon heating to laOoC at approximately 10-2 torr, Mn(SALTM) 

and Mn(SALPTDA) remain yellow, while Mn(SALHTDA) and Mn(SALDPT) turn 

brown, suggesting oxidation or decomposition has occurred. 

The hydrated complexes of Mn(SALDPT) are also stable in air when 

dry. The compounds are crystalline and slightly soluble in organic 

solvents, showing no color change which indicated the absence of oxi­

dation. The compounds, when heated in vacuo at laOoC for 24 hours, 

38 
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remain crystalline but change from orange to black in color. The black 

crystals are insoluble in all common organic solvents and water. 

Analytical data in support of the proposed compositions of these 

compounds are listed in Table 1. Carbon analyses are usually low and 

often not reproducible. Numerous preparations of Mn(SALTM) resulted in 

the same low carbon analysis. The analysis of Mn(SALHTDA) must be 

performed rapidly to prevent oxidation from occurring. Recrystalliza­

tion was mot possible to purify the compounds due to insolubilities 

and sensitivities to oxygen in solution. 

Several of the complexes reported above [Mn(SALDPT) and Mn(SALTM)] 

have been reported elsewhere (37,48). However, when the reported 

preparations were followed, either no products were isolated, or the 

properties of the isolated compounds differed from those of the pre­

viously reported compounds. 

Mn(SALDPT) was made following the method of Sacconi and Bertini 

(48), by adding Mn(C
2
R

3
0

2
)2"4H

2
0 to an ethanol solution of salicyl­

aldehyde and 3,3'-bis(aminopropyl)amine. The solution was refluxed for 

30 minutes, and water was added to facilitate precipitation. 

This procedure was followed several times, varying the amount of 

water added and the time it was added. No precipitate was ever 

isolated, due to the formation of an oil in the reaction mixture. 

When water was added at the start of the reaction, as part of the sol­

vent, a yellow powder precipitates before addition of the metal is 

complete. The product is hydrated, but with continued drying at room 

temperature, the anhydrous complex is formed. This complex is readily 

oxidized in solution as is the complex reported by Sacconi and 
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Table 1 

ELEMENTAL ANALYSIS DATA FOR MANGANESE(II) COMPLEXES 

Compound Ana1ysis(%) 

C H N 

Mn(SALTM) Ca1cd. 60.90 4.81 8.36 
Found 57.74 4.78 7.94 

Mn(SALPTDA) Ca1cd. 62.81 5.54 7.71 
Found 62.53 5.64 8.21 

Mn (SALHTDA) Ca1cd. 64.45 6.18 7.16 
Found 63.93 6.51 7.42 

Mn(SALDPT) Ca1cd. 61.23 5.91 10.71 
Found 60.37 5.89 10.51 

Mn(SALDPT) (H20) Ca1cd. 58.54 6.14 10.24 
Found 57.88 6.27 10.28 

Mn(SALDPT) (H20)2 Calcd. 56.07 6.30 9.48 
Found 56.30 6.52 9.81 
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Bertini (48), however, it is stable in air when dry, in contrast to 

their compound. 

The hydrated crystals of Mn(SALDPT) reported above were prepared 

in methanol rather than in ethanol, as in the previously reported method. 

These two compounds are also precipitated with water. Mn(SALDPT) (H20)2 

was allowed to precipitate slowly after adding water to begin pre­

cipitation and next adding methanol until all compound disappears. 

Mn(SALDPT)(H20) is prepared by adding water to the methanol solution 

until precipitation appeared to be complete. This compound was also 

allowed to precipitate slowly. These compounds, formed in a procedure 

which differs only in solvent to that reported previously, are 

different from the compound reported by Sacconi and Bertini (48). 

These compounds are hydrated, and are stable in air when dry and when 

in solution, in contrast to the compound previously isolated. 

Mn(SALTM)(H20) (36) is reported to be prepared at room temperature 

by dissolving the Schiff base ligand in 70% ethanol and adding to this 

a solution of manganese(II) nitrate in 70% ethanol. The hydrated 

complex (37) reportedly reacts slowly with air when dry, and quickly 

when in solution. When the above procedure was repeated in this 

study, an anhydrous compound was formed which had the same character­

istics as the hydrated complex (i.e. being slow to air oxidize in the 

solid state). An anhydrous Mn(SALTM) complex had previously been 

prepared and isolated by Calderazzo al.(38) by reacting H
2

SALTM with 

[Mn(CO)S]2. The compound is stated to be extremely air sensitive when 

dryas well as when dissolved in organic solvents. The compound 

which we have prepared is anhydrous; however, in the solid state 
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it is reasonably air stable. 

Elemental analyses, magnetic moments, and infrared spectra are 

similar for all the anhydrous compounds. The reasons for their 

differing properties could possibly be due to the subtle differences 

in preparative procedures which result in compounds which differ in 

crystal form. Differences in crystal packing could cause a compound 

to have varying degrees of sensitivity to oxygen as has been observed 

with certain cobalt complexes (35,49). 

Infrared spectra of the manganese(II) complexes were obtained as 

Nujol mulls. The mulls were prepared under an inert atmosphere to 

prevent the possibility of oxidation. The band assignments for the 

free ligands and the complexes appear in Tables 2-5. The C=N 

stretching frequency can be of use in determining whether the nitrogens 

of the ligand are coordinated to the metal. The C=N stretch normally 

-1 occurs near 1640 cm (SO). Coordination of the imine nitrogen to 

the metal should weaken the C=N bond strength, thus causing a shift in 

the stretching frequency. In the free ligand, this band occurs between 

1640-1630 -1 cm 
-1 

The manganese complexes show shifts of 10-22 cm 

-1 the bands appearing at 1628-1618 cm • These shifts indicate that 

coordination of the imine nitrogen to the metal has occurred. The C-O 

stretching vibration for a phenolic species, as the free ligands are, 

appears at 1230 cm-l (50). U di· h 1 h pon coor nat10n to t e meta , t e oxygen 

is no longer of the free phenolic type, but is bound to a carbon atom 

and the metal. The strength of the c-o bond should, therefore, be 

weakened, causing a shift to lower frequencies. A shift of 5-25 -1 cm 

is observed on going from the free ligand to the metal complex. 
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Table '2 

INFRARED DATA ON Mn(SALTM) AND ITS OXYGENATION PRODUCTS* 

Compound -1 Assignments (em ) 

O-H str C=N stT C-O str C-N rock Mn-O 

H2SALTM 3610m 1640, 1620s 1285s 1150m 

Mn(SALTI1) 1620s 1275s 1155m 

Mn(SALTM) (OH) (H
2
0)a 3620w 1627s 1300s 1155m 640s, 615s 

[Mn(SALTI1) ] 20b 1625s 1300s 1150m 640m, 615s 

Mn(SALTM) (0) C 1623s 1300m 1155m 655s, 620s 

* abbreviations used: w - weak; m - medium, s - strong; sh - shoulder 
a ethanol, air preparation 
b ethanol, air preparation~ dried 

cDMSO , oxygen pressure preparation 
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Table 3 

INFRARED DATA ON Mn(SALPTDA) AND ITS OXYGENATION PRODUCTS* 

Compound -1 Assignments (em ) 

O-H str C=N str C-O str C-N rock Mn-O 

H2SALPTDA 3600m 1640s, 1610s 1290s 1150m 

Mn(SALPTDA) 1625s 1300s' 1150m 

Mn(SALPTDA) (0) (H
2
0)a 3400m 1618s 1305s 1155m 670m, 640s 

Mn(SALPTDA) (O)b 1630s 1300s 1150s 660sh, 630s 

* abbreviations used: m - medium; s - strong; sh - shoulder 

~MSO, air preparation 
b DMSO, oxygen pressure preparation 
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Table 4 

INFRARED DATA ON Mn(SALHTDA) AND ITS OXYGENATION PRODUCTS* 

Compound -1 Assignments (cm ) 

O-H str C=N str C-O str C-N rock 

H2SALHTDA 3600m 1635m 12BOm 1150s 

Mn (SALHTDA) 1620s 1290s 1150m 

Mn(SALHTDA(O) a 1625s 1290s 1150m 

Mn(SALHTDA) (O)b 1620s 1320s 1150m 

Mn(SALHTDA) (O)c 1620s 1295m 1145m 

Mn.( SALHTDA) (0) d 1625s 1320s 1155m 

* abbreviations used: m - medium; s - strong; sh - shoulder 

aso1id state, air preparation 

bsolid state, oxygen pressure preparation 

cDMSO , air preparation 

dDMSO , oxygen pressure preparation 

Mn-O: str 

625s, 600s 

630s, 600s 

625m, 595m 

630s, 605s 
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Table 5 

INFRARED DATA ON Mn(SALDPT) COMPLEXES* 

Compound -1 Assignments (em ) 

O-H str N-H str C=N str C-O str C-N rock 

Mn(SALDPT) 3290m 1628s 1325s 1145m 

Mn(SALDPT) (H20) 3400m 3190m 1620s 1320s 1155m 

Mn(SALDPT) (H20) 2 3420m 3200m 1620s 1320s 1150m 

* abbreviations used: m - medium; s - strong; sh - shoulder 
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Mn(SALTM), Mn(SALPTDA), and Mn(SALHTDA) show no absorption above 

-1 
3050 cm whereas Mn(SALDPT) (H20) and Mn(SALDPT) (H20) 2 both show a broad 

band at 3400 cm-l due to water. All three SALDPT complexes should show 

-1 a band near 3450-3310 cm due to a secondary N-H stretch, and at 

-1 1580-1490 cm due to the N-H bending frequency (50). Both of these 

bands are weak, and the latter may be obscured by aromatic ring bands. 

-1 
These compounds all contain a weak band in the region 3280-3190 cm 

assignable to a secondary N-H stretch. Strong bands in the region 

-1 1580-1490 cm due to the aromatic rings do indeed obscure any weak 

bands due to the N-H vibrational mode. The shift to lower frequency 

relative to the free ligand of the N-H stretching mode tends to 

support the coordination of the amine nitrogen to the metal, thus making 

the ligand pentacoordinate. Saeconi and Bertini eame to similar eon-

elusions for the analogous Co(II), Ni(II), Cu(II), and Zn(II) com-

plexes (48). 

To determine that the ligand has not been modified in the reaction 

with the metal, the infrared spectra were inspected for bands character-

istic of the ligand. Besides the bands mentioned above to indicate 

coordination, several bands characteristic of the aromatic system are 

present. Bands between 770-735 cm-l are characteristic of the C-H out-

of-plane bending in 1,2-disubstituted benzene (50), The aromatic 

-1 ring out-of-plane bend occurs between 875-670 cm (50). In this range, 

these complexes have several bands. The most intense set of bands 

-1 appears at approximately 770, 760, and 740 cm for all compounds, 

with variations of ~10 cm-l • Several bands also occur between 860-

800 cm-l • 
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Bands for the CH
2 

scissor vibration should also be present. 

These bands occur between 1475-1350 cm-l (50). The compounds have 

bands at approximately 1450, 1405, and 1350 cm-l , with variations of 

±5 -1 cm 

The bands listed above are also present in the ligands. It is 

reasonable to assume that the ligands remained intact upon complexation 

with the metal. 

Positive ion mass spectra were obtained on the manganese(II) 

complexes. The complexes gave parent ion isotopic clusters as shown 

in Table 6, which support the suggested composition in the gas phase. 

Mass spectra of all compounds were scanned above the parent ion mass to 

charge ratio to determine the presence of any dimeric species. No 

dimeric species were detected at the appropriate mass to charge ratio. 

However, Mn(SALPTDA), Mn(SALHTDA), and Mn(SALDPT) did show fragments 

at higher masses than the parent peaks. These fragments were no more 

than 100 mass units above the parent peak. The hydrated complexes of 

Mn(SALDPT) lose water easily, so the parent ion clusters correspond to 

the anhydrous compound. 

The magnetic susceptibilities of the manganese(II) complexes were 

measured in air at room temperature and atmospheric pressure. The 

magnetic moments of these compounds, as shown on Table 7, range from 

5.65 to 6.01 B. M. This is within the experimental range expected for 

a d5 high-spin manganese(II) complex (5.92 B. M.). These values have 

been corrected for the diamagnetic contribution of the ligands. The 

values listed are averages of measurements taken at four different 

field strengths. 
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Table 6 

MASS SPECTRAL DATA ON THE MANGANESE(II) COMPLEXES 

Compound 

Mn(SALTM) 

Mn (SALPTDA) 

Mn (SALHTDA) 

Mn(SALDPT) 

Mn(SALDPT) (H20) 

Mn(SALDPT) (H20) 2 

* corresponds to 
** corresponds to 

a this compound, 
complex 

bthis compound, 
complex 

Sample Temp., °c Parent Ion Cluster 

200 335*, 336**, 337 

185 363*, 364**, 365 

260 391*, 392**, 393 

200 392*, 393**, 394 

200 392a , 393**, 394 

190 392b , 393**, 394 

the calculated molecular weight 

C13 contribution 

MW= 410, loses one H2O, parent ion is for anhydrous 

MW = 428, loses two H2O, parent ion is for anhydrous 
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Table 7 

SOLID STATE MAGNETIC PROPERTIES OF MANGANESE(II) COMPLEXES* 

Compound Temp., °c X x 10-6 
}.leff (B .M.) Lit. m 

Mn(SALTM) 20 13,568.3 5.66 5.93a 

Mn (SALPTDA) 20 13,257.1 5.63 

Mn(SALHTDA) 20 13,040.2 5.76 

Mn(SALDPT) 23 13,772.7 5.79 5.90b 

Mn(SALDPT) (H20) 21 14,563.4 5.88 

Mn(SALDPT) (H20)2 23 15,159.3 6.01 

* Xm and ~eff are averages of replicative measurements at four different 

field strengths 

a(48) 

b(37) 
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These magnetic moments are in agreement with several other pre­

viously reported manganese(II) complexes. Sacconi and Bertini (48) 

report 5.90 B. M. for Mn(SALDPT). Mn(SALTM) has a magnetic moment of 

5.93 B. M. (37). Mn(SALEN), on the other hand, has a magnetic moment 

of 5.24 B. M. (27). The lower magnetic moment is caused by the inter­

action of two manganese ions resulting in antiferromagnetic coupling, 

which is present because Mn(SALEN) has been shown to be a dimer (28). 

As shown on the Table, the anhydrous complexes studied here all 

exhibit slightly low magnetic moments. The mass spectra of Mn(SALTM) 

does not appear to be due to a dimeric species. The compound is, 

however, slightly impure as indicated by the elemental analysis. This 

impurity could be the cause of the slightly lower magnetic moment. 

The mass spectra of Mn(SALPTDA), Mn(SALHTDA), and Mn(SALDPT) do show 

fragments at higher mass than the parent peaks. It is possible that 

these compounds contain a small amount of polymeric impurity which 

lowered the moment but was too unstable to appear as a true dimeric 

species on the mass spectra. These magnetic moments are not low enough 

to indicate that these compounds are present only in the dimeric state. 

The hydrated complexes, with the expected magnetic moments, are 

considered to be monomeric. 

Thermal gravimetric analysis (TGA) data was obtained on the two 

hydrated Mn(SALDPT) complexes. Mn(SALDPT)(H20) loses one molecule 

of water at 90°C (calcd. loss of one H
2
0: 4.41%; found: 4.26%), with 

decomposition occurring near 130°C. The weight loss observed for 

Mn(SALDPT) (H20) 2 corresponds to approximately 1.5 molecules of water 
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Ccalcd. loss of two H
2
0: 8.41%; found: 5.73%), with decomposition 

occurring before all water can be lost. 

Visible spectra would be useful in determining the structures of 

these compounds. However, visible spectra were not possible for these 

compounds due to their insolubility in common organic solvents, and 

their sensitivity to air when in solution. 

The manganese(II) complexes studied above have been shown to 

contain the desired ligands. Their magnetic moments are within the 

range expected for a d5 high-spin complex. Elemental analyses also; 

correspond to the proposed composition. As previously mentioned, some 

of these compounds may have polymeric impurities. These impurities may 

also account in part for the insolubilities of these compounds. The 

complexes may, however, be monomeric. The magnetic moments are not 

low enough to indicate the interaction present in a dimeric species. 

Mn(SALDPT) is monomeric and has an X-ray powder pattern (48) 

similar to that of Ni(II)(SALMeDPT). This compound, like Mn(SALDPT), 

is five coordinate, and has a structure which is intermediate between 

trigonal bipyramid and square pyramid. It appears, therefore, that 

Mn(SALDPT) has this same intermediate structure. 

Structure IX 
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The hydrated manganese complexes, which should be six coordinate, are 

probably octahedral in geometry_ 

In Mn(SALTM), the ligand probably does not have enough flexibility 

to allow the complex to exist in an essentially tetrahedral geometry. 

The ligands with longer methylene chains are more flexible, allowing 

the complex to approach a tetrahedral geometry more closely. Harihan 

and Urbach (51), in a series of analogous Co(II) complexes, found 

that increasing the length of the methylene chain relaxed the structural 

requirements of the ligands, and a tetrahedral geometry was assumed. 

As in the Co(II) complexes, distortion toward a tetrahedral geometry 

is expected in Mn(SALPTDA) and Mn(SALHTDA). Mn(SALTM), on the other 

hand, probably assumes a highly flattened tetrahedron due to structural 

limitations. 



RESULTS AND DISCUSSION OF OXYGENATED MANGANESE COMPLEXES 

The oxygenated complexes (hereafter referred to by the simplest 

formula) were prepared using various methods, including: (1) bubbling 

air through a heated ethanol-water solution of the appropriate pre­

viously isolated ligand, base and metal ion followed by continuous 

extraction of the product with absolute ethanol; (2) oxygenation in 

the solid state with air at atmospheric pressure (0.93 atm) and/or 

with oxygen at approximately 1.08 atmospheres pressure; (3) oxygenation 

in DMSO with air at atmospheric pressure (0.93) and/or with oxygen at 

approximately 1.08 atmosphere pressure. Purification of the product 

from method 3 by continuous extraction using a Soxhlet apparatus with 

methylene chloride was necessary in several instances. 

All the oxygenated manganese complexes are neutral and range in 

color from dark brown to dark red-brown. Several compounds which were 

continuously extracted are crystalline while the remainder are powders. 

Mn(SALTM)(OH)(HZO) is slightly soluble or soluble in many organic 

solvents; however, the other complexes are insoluble in most common 

organic solvents. Upon prolonged heating at l65-Z00°C in vacuo, the 

compounds lighten in color, and their magnetic moments increase 

toward that expected for a manganese(II) complex. Upon re-exposure 

to air, the compounds show a decrease in magnetic moment, however, it 

does not decrease to the former value. When these compounds are 

54 
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placed under vacuum, no oxygen is lost. The compounds show the loss 

(by TGA) of water and oxygen in the range IOO-lBOoC. Anhydrous 

complexes are thermally stable until approximately 150°C. 

Elemental analysis data supporting the simplest formula for the 

compounds are listed in Table B. The carbon analyses for Mn(SALHTDA)~ 

(0) made from three methods (see Table 8) were consistently low. 

Repeated analyses always gave the same values. These compounds 

appeared to be homogeneous. A possible explanation for these low values 

is incomplete oxygenation. In the solid state, oxygen pressure may 

have caused surface oxygenation to occur. Oxygen uptake results 

(Table 11) show that complete oxygenation did not occur. The compounds 

prepared in DMSO were not soluble in DMSO. It is believed that since 

Mn(SALHTDA) is slightly soluble in DMSO, the compound in solution is 

oxygenated and comes out of solution. As this oxygenated product 

precipitated t it is possible that some unoxygenated compound is trapped, 

thus causing the low analyses. 

Oxygenated forms of Mn(SALTM) have been reported previously (37). 

Suspensions of Mn(SALTM) (H20) in benzene, when exposed to differing 

amounts of oxygen, are reported to yield products designated as 

[Mn(SALTM) (02) (H20)] and [Mn(SALTM)(0)'~(C6H6)]' Solutions in 

pyridine yield [Mn(SALTM) (OH)]2'4Py on exposure to oxygen, which can be 

converted to Mn(SALTM)(O} on drying in vacuo. Anhydrous Mn(SALTM) 

yeilds [Mn(SALTM)(O)'~(C6H6)] from benzene. Mn(SALTM)(O) is formed 

when Mn(SALTM) is heated at BOoC in oxygen. All of these complexes are 

only slightly soluble in common organic solvents such as DMF, pyridine, 

and chloroform. 
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Table 8 

ELEMENTAL ANALYSIS ON OXYGENATED MANGANESE COMPOUNDS 

Compound 

Mn(SALTM) (OH) (H20) Ca1cd. 
Founda 

Mn(SALTM) (0) Calcd. 
Foundc 

[Mn(SALTM) ]20 Ca1cd. 
Foundb 

Mn(SALPTDA) (0) (H20) Ca1cd. 
Foundd 

Mn(SALPTDA) (0) Calcd. 
Foundc 

Mn(SALHTDA) (0) Ca1cd. 
Founde 
Foundf 
Foundd 
Foundc 

a 
ehtano1, air preparation 

b ethanol, air preparation, dried 

cD~fSO, oxygen pressure preparation 

dDMSO , air preparation 

esolid state, air preparation 

fsolid state, oxygen pressure preparation 

Analysis 

H 

55.29 4.91 
55.13 4.92 

58.13 4.59 
57.49 4.75 

59.48 4.66 
57.62 4.71 

57.43 5.03 
57.28 5.44 

60.16 5.31 
60.16 5.30 

61.92 5.94 
61.53 6.05 
58.74 5.76 
58.33 5.45 
58.42 5.83 

(%) 

7.59 
7.76 

7.98 
7.91 

8.16 
7.98 

7.04 
6.92 

7.39 
7.44 

6.88 
7.10 
6.49 
6.64 
6.78 
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The oxygenated Mn(SALTM) complexes isolated in this study were 

produced either by in situ oxidation of Mn(SALTM) in ethanol or by 

oxidation of a suspension of the previously prepared and isolated 

Mn(SALTM) in DMSO. The products obtained both give similar magnetic 

moments, which are in turn lower than those for Mn(SALTM) oxidized 

complexes originally reported by Miller and Oliver (37). Mn(SALTM)(OH)-

(H20), produced by the in situ method, is soluble in acetone, DMF, 

DMSO, dioxane, and ethanol, whereas Mn(SALTM) (0) is only slightly solu-

ble in acetone, methanol, and chloroform. The preparation in pyridine 

(37) previously reported was not attempted in this study. Attempts to 

reproduce the results reported for benzene suspensions failed to yield 

either of the reported products. The compounds obtained are, however, 

similar in composition to the products reported except that they are 

not solvent adducts. 

OXYGENATED COMPLEXES OF Mn(SALTM) 

Oxygenation of Mn(SALT}1) produced three complexes: Mn(SALTM)(OH)­

(H20) formed in the in situ reaction; [Mn(SALTM)]20, formed after 

heating Mn(SALTM) (OH) (H20) at 100°C vacuo; and Mn(SALTM) (0) , formed 

from oxygenation of Mn(SALTM) in DMSO. These compounds exhibit some 

differing properties. The hydrated species is soluble in acetone, 

DMF, DMSO, dioxane, and ethanol. The anhydrous compounds are only 

slightly soluble in acetone, methanol, and chloroform. The magnetic 

moments of these compounds also differ. 

It has been suggested (30,31) that certain structures have char-

acteristic infrared bands. The use of these bands, plus other infor­

mation, will hopefully lead to assignment of the correct structures 
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for these compounds_ Mn(SALTM)(OH)(H20) has a sharp infrared band at 

-1 
3620 ern (Table 4) corresponding to an -OH stretching frequency, and a 

-1 [ broad band at 3300 ern due to water, both of which are absent in Mn-

-1 A strong band resolved into peaks at 640 and 616 ern due to 

~1n-O stretching mode (Figure 4) appears which is not present in the 

precursor. 

The complexes designated as Mn(SALTM) (0) and [Mn(SALTM)]20 have a 

broad band with resolved peaks at 640, 615 cm-l and 655, 620 cm-l 

respectively. Miller and Oliver (37) found a single, intense broad 

band in the 600-650 cm-l region for their oxygenated products of Mn-

(SALTM). One of their products ([Mn(SALTM)(OH)]-4Py) has been shown to 

be a dimer with a di-~-hydroxo bridge (40). Bands in this region then, 

can be associated with a di-~-hydroxo bridge. Further, Boucher (31) has 

suggested that a band at 642 cm-l for [Mn(BuSALTM)2-02]·2H20, and at 

655 cm-l for [Mn(BuSALEN)2-02]H20, is characteristic of a di-~-oxo 

bridge (Structure VIII), although he has no X-ray data to confirm this. 

Matsushita ~ al. (30) propose three possible structures to account for 

their 1:1 Mn:O complexes. A band at 840 cm-l is attributed to the com-

p1ex with the oxo-bond as shown in Structure VII. This structure can 

be eliminated for the complexes studied here, since none of them show 

this band. A second structure, containing a ~-peroxo bond as shown 

in Structure V, is assigned characteristic Mn-O stretching modes at 645 

and 631 
-1 

cm This structure is a possibility for the compounds under 

study. The third structure, shown in Structure VI, contains a ~-

catena-oxo bond. The characteristic bands for this structure appear at 

-1 
662 and 602 cm • Another compound containing the catena-axo bond, 
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-[-Mn(3-MeOSALEN)-0-] , has bands at 655 and 609 
n 

-1 
cm From these 

experimental results, the compounds studied here, with a Mn-O stretching 

-1 
mode appearing between 600 and 655 cm ,could theoretically contain 

di-~-hydroxo, di-~-oxo) ~-peroxo, catena-oxo bridges, or some as yet 

undiscovered manganese-oxygen linkage. The spectra of Mn(SALTM) (0) and 

[Mn(SALTM)J 2o are not identical, and neither contain evidence of an -OH 

stretching frequency. It is possible then that these three compounds 

have differing structures. The final assignment will have to be made 

with other data in mind. 

}fu(SALTM) in the solid state does not react with oxygen when dry, 

therefore, no experiments were performed in this manner. As can be 

seen by the information in Table 9, oxygen uptake by Mn(SALTM) 

suspended in DMSO is rapid, being complete in one day. The N
o2

/NMn 

mole ratio average is 0.53, which is consistent with the proposed 

formula. Matsushita et al. (30) performed oxygen uptake experiments 

on Mn(SALEN) in DMSO, DMF, and methanol. They also obtained a mole 

ratio of approximately 0.5. Miller and Oliver (37), however, in their 

experiments with Mn(SALTM) (H
2
0) in benzene, found complete oxygen up­

take to take several days. They also observed varying degrees of up-

take. The 02:Mn ratio varied from 1:1 to 0.25:1. Also, different 

ratios gave different products. This is in marked contrast to the 

experireents disclosed herein where oxygen uptake is rapid, the same 

ratio is always achieved, and only one product is isolated. The 

difference may be due to solvent effects, or to the differences in a 

hydrated complex (used by Miller and Oliver) and an anhydrous one (used 

in this study). 
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Table 9 

OXYGEN UPTAKE RESULTS 

Oxygenated Compound Moles Mn T, °c Time O2 Pres N
02

/NMn 
(days) (atm) 

Mn(SALTM) (O)a 1.49 31 1 1.08 0.56 
1.60 28 1 1.08 0.58 
1.51 27 1 1.07 0.48 

Mn(SALPTDA) (O)a 1.54 25 2 1.07 0.28 
1.29 27 4 1.08 0.35 
1.37 25 3 1.09 0.53 
1.52 25 5 1.08 0.38 
1.42 29 2 1.06 0.32 
1.34 24 3 1.07 0.80 

1.38 26 3/4 1.08 0.49 
1.36 24 3/4 1.07 0.47 
1.36 24 4 1.07 0.73 
1.39 28 3/4 1.07 0.44 
1.39 28 5 1.07 0.81 

Mn(SALHTDA) (O)b 1.10 21 4 '1.04 0.42 

Mn(SALHTDA) (O)a 1.31 26 3 1.08 0.46 
1.36 29 3 1.08 0.47 

aDMSO method 

bso1id state method 
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Thermal gravimetric analysis (TGA) (Table 10) was used to help 

determine the stability of these complexes, as well as to confirm the 

loss of oxygen or a water molecule suspected to be present in the com-

pound. Hn(SALTM)(OH)(H
2
0) loses weight corresponding to IS a.m.u., 

assumed to be water, with decomposition occurring near lSO°C, before 

the oxygen is released (See Figure 5). [Mn(SALTM)J 20 made from drying 

the hydrated complex loses more weight than expected for this formu­

lation which is believed to be the extremely hydroscopic nature 

of the compound. Decomposition occurs near lSO°C. Repeated 

attempts using Mn(SALTM) (0) made in DMSO failed to show the loss of a 

complete 16 a.m.u. per Mn. Decomposition occurs near 210°C, which 

suggests the oxygen is very tightly bound and decomposition occurs 

before all oxygen can be released. This also suggests a structure 

differing from that of Mn(SALTH) (0) (made from drying the hydrated 

complex), which loses its oxygen atom more completely. 

The magnetic moments of these compounds are listed in Table 11. 

As can be seen, the hydrated complex and Mn(SALTM) (0) isolated from 

DMSO have similar magnetic moments of approximately 2.1 B. M., whereas 

Mn(SALTM)(O), obtained after driving the water off the hydrated 

complex, has a moment of 4.08 B. M. This suggests that there are at 

least two different forms of these c.omplexes involved even though they 

have the same empirical formula. The spin-only magnetic moment 

expected for a d4 high-spin Mn(III) system is between 4.75 to 4.90 

B. M. For a d4 low-spin Mn(III) system, the expected moment is 2.S3 

B. M. A d3Mn(IV) system has a magnetic moment of 3.S0 to 4.00 B. M. 

(47) . 
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Table 10 

TGA DATA FOR OXYGENATED MANGANESE COMPOUNDS 

Compound Fragment 

Mn(SALTM) (OH) (HZO)a HZO 

[Mn(SALTM)J
2
0b 

° 
Mn(SALTM) (O)C ° 
Mn(SALPTDA) (0) (HZO)d H2O, ° 
Mn(SALPTDA) (O)c a 

Mn(SALHTDA) (O)e 0 

Mn(SALHTDA) (O)f a 

Mn(SALHTDA) (O)d a 

Mn(SALHTDA) (O)c ° 

a ethanol, air preparation 
b ethanol, air preparation, dried 

cDMSO , oxygen pressure preparation 

dDMSO , air preparation 

eso1id state, air preparation 

fsolid state, oxygen pressure preparation 

* 

% Ca1cd. 

4.88 

2.33 

4.55 

8.56 

2.34* 

3.93 

3.29* 

3.93 

3.51* 

% Found 

4.94 

4.Z8 

3.29 

8.56 

2.34 

4.37 

3.06 

3.98 

3.37 

calculated values are calculated for percent gain in oxygen uptake 
experiments, assuming the amount gained will be lost 
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Table 11 

SOLID STATE l1AGNETIC PROPERTIES OF OXYGENATED MANGANESE COMPLEXES* 

Compound Temp, °c -6 
II eff (B .M.) t~ x x 10 1, 

m 

Mn(SALTM) (OH) (H
2
0)a 23 1,939.1 2.15 

[Mn(SALTM)]20 20 6.917.0 4.05 

Mn(SALTM) (O)c 21 1,861.3 2.10 

Mn(SALPTDA) (0) (H
2
0)d 20 6,493.5 3.92 

Mn(SALPTDA) (O)c 23 8,558.2 3.69-4.61 

Hn(SALHTDA) (O)e 20 4,695.8 3.33 

Mn(SALHTDA) (O)f 23 4,893.9 3.42 

Mn(SALHTDA) (O)d 20 4,689.3 3.33 

Mn(SALHTDA) (O)c 23 5,616.6 3.53 

* xm and lleff are averages of measurements at four different field 

strengths 
a ethanol, air preparation 
b ethanol, air preparation, dried 

cDMSO , oxygen pressure preparation 

~MSO, air preparation 

eso1id state, air preparation 

fsolid state, oxygen pressure preparation 
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Antiferromagnetic interaction between two manganese ions would cause 

a lowering in the value of the observed magnetic moment (52). The 

degree of this interaction depends upon the proximity of the manganese 

ions or the covalency of the Mn-O linkage if the complexes are poly­

meric with alternating Mn and 0 linkages. The observed magnetic moments 

of 2.1 B. M. would indicate that these compounds do involve antiferro­

magnetic interaction, and, therefore, their structure must be such that 

the manganese ions are in close proximity. A low-spin complex can be 

ruled out, since very few low-spin complexes of manganese are known, and 

these involve strong field ligands such as eN. The complex with a 

magnetic moment of 4.08 B. M. is either a Mn(III) complex with some 

interaction of the manganese ions or a Mn(IV) system with no interaction 

involved. Proposed structures for all compounds will be discussed in a 

later section. 

OXYGENATED COMPLEXES OF Mn(SALPTDA) 

Mn(SALPTDA) has been oxygenated to form two complexes, referred to 

a Mn(SALPTDA) (0) (H
2
0) and Mn(SALPTDA)(O). These compounds are both 

prepared in DMSO, the first in air (0.92 atm) , the second under positive 

oxygen pressure (1.08 atm). Oxygenation in the solid state was not 

possible due to the stability of the complex in air. Both of the dark 

brown compounds are slightly soluble in DMSO, methylene chloride, DMF, 

and chloroform. Elemental analyses for Mn(SALPTDA) (0) varied consider­

ably. The major variable in the method by which this compound was 

prepared was the amount of time the reaction was allowed to proceed. 

Repeated trials using identical times produced compounds which gave 
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varying analyses. Trials which showed widely varying amounts of oxy-

gen uptake (see Table 9) produced products with similar analyses. 

Possi1be reasons for these discrepancies will be discussed later. 

As mentioned earlier, information as to the correct structural 

assignment for these compounds is believed to be present in certain 

infrared bands (30,31). Mn(SALPTDA)(0)(H
2
0) has an infrared band at 

-1 3400 cm due to water which is not present in Mn(SALPTDA)(O). Neither 

-1 Mn(SALPTDA) (0) (H20) nor Mn(SALPTDA) (0) has a band near 3600 cm con-

firming the absence of an -OH. This suggests that these compounds are 

not like Mn(SALTM) (OH) (H20) in structure. Further evidence that the 

compounds are not similar is found in the solubilities. Mn(SALTM)(OH)-

(H
2
0) is much more soluble than the oxygenated complexes of Mn(SALPTDA). 

The bands are due to Mn-O stretching modes for Mn(SALPTDA) (0) (H20) 

-1 appear at 670 and 640 cm (Figure 6), the latter being the strongest 

band. No bands appear at 1096 cm-l (19) or at 840 em-I (30) which can 

be attributed to the Mn=O bond. The IR spectrum of Mn(SALPTDA) (0) 

-1 shows the appearance of new bands at 660 and 630 cm ,assigned again to 

the Mn-O stretching mode. No band appears which can be correlated with 

an Mn=O bond. So again, as in the case of the oxygenated compounds of 

Mn(SALTM), the characteristic infrared bands appear between 600 and 

-1 660 cm • This suggests that complexes with di~-oxo, ~-peroxo, or 

catena-oxo bridges are possibilities. Final assignments must be made 

in conjunction with other experimental data. 

Oxygen uptake experiments were not performed on solid Mn(SALPTDA) 

due to its stability to air. The uptake experiments performed in DMSO 

solution, as seen in Table 9, varied considerably. As can be seen in 



68 

INFRARED SPECTRA OF Mn(SALPTDA) AND OXYGENATION PRODUCTS 

Mn(SALPTDA) 

Mn(SALPTDA) (0) (H20) 

Mn(SALPTDA) (0) 

700 600 sao 400 
, , t , 

Figure 6 



69 

the first six attempts (Series 1), there was no correlation of time to 

ratio observed. In the second series, improved techniques helped to 

give more reproducible results. To achieve the proposed formula, 

Mn(SALPTDA)(O), the desired ration, NO /N
Mn

, is 0.50. Values near this 
2 

ratio are achieved after 18 hours. After five days, a maximum ratio 

of 0.81 is observed. Products isolated after 18 hours and after five 

days gave similar elemental analyses. The compounds isolated here 

are anhydrous, unlike the product isolated from the DMSO in air reaction. 

The anhydrous products are prepared under an oxygen pressure, so the 

compound is exposed only to the small amount of water which may be in 

solution. The hydrated complex was exposed to the atmosphere while 

being prepared, and it therefore came into contact with more moisture. 

While in solution, Mn(SALPTDA) (0) may be susceptible to hydration if 

exposed to water. This would explain the formation of two different 

compounds. The anhydrous products isolated, irregardless of the time 

of the reaction, gave identical infrared spectra. This spectrum differs 

from that of Mn(SALPTDA) (0) (H20). These compounds gave varying magnetic 

moments, which will be discussed further in a later section. 

As mentioned earlier, the desired ratio is achieved after 18 hours; 

however, all isolated products gave similar analyses. It is, therefore, 

suggested that the insoluble, desired product is produced within 24 

hours, and any new product formed from further oxygen uptake is 

apparently soluble. This soluble product has not been isolated or 

identified. Manganese is known to catalyze the oxidation of certain 

organic molecules, such as mandelic acid, ethylene glycol, and dithion-
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ite (53,54). The manganese present in solution could cause the oxida-

tion of the ligands present, thus being reduced. The reoxidation of 

manganese would account for the further oxygen uptake observed. 

Thermal gravimetric analysis (Table 10) suggests the presence of 

oxygen in these complexes. Mn(SALPTDA)(O)(H20) shows the loss of 

18 a.m.u. per Mn, assumed to be water at 90°C and of 16 a.m.u. per Mn 

at 150°C, assumed to be oxygen. Decomposition occurs near 210°C. 

The TCA of Mn(SALPTDA) (0) shows a weight loss at 150°C which corresponds 

to the loss of 16 a.m.U. per Mn, assumed to be oxygen. Decomposition 

occurs near 180°C. One oxygen uptake experiment yielded a ratio of 

0.28. A TGA was performed of the product isolated from this experiment. 

The weight loss by the compound coincides with the percent oxygen 

(56%) gained in the oxygen uptake experiment. 

The magnetic moments of the compounds are listed in Table 11. 

Mn(SALPTDA)(O)(H
2
0) has a moment of 3.92 B. M., which suggests a d3 

Mn(IV) system or a d4 Mn(III) system involving antiferromagnetic inter-

action. Mn(SALPTDA)(O) has a magnetic moment that ranges from 3.69 to 

4.61 B. M. This indicated either a d3 Mn(IV) or a d4 Mn(III) system. 

The value of the magnetic moment has no correlation with the amount of 

oxygen taken up by the compound, or with the time involved, the temper-

ature or exact pressure used. Two compounds with similar elemental 

analyses, and reaction times (three days) gave magnetic moments of 

3.96 and 4.52 B. M. The highest magnetic moment (4.61 B. M.) was ob-

served for a compound isolated after only 18 hours. A possible explan-

ation could be the formation of a mixture of structures, which as they 

vary in total percentage, would cause a variation in the observed 
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magnetic moments. 

OXYGENATED COMPLEXES OF Mn(SALHTDA) 

Mn(SALHTDA) can be oxygenated in the solid state and in DMSO solu-

tion, with air and with pure oxygen at positive pressure. The four 

isolated products are red-brown in color, and insoluble in most common 

organic solvents. It is highly likely that these four complexes are 

very similar or in fact identical in structure. 

The IR spectra of the four isolated complexes made by the oxygena-

tion of Mn(SALHTDA} are very similar in all respects. Each contains a 

set of peaks of equal intensity (Figure 7) which are attributable to 

Mn-O stretching modes and occur at approximately 600 and 630 cm- l 

(See Table 6). -1 
The separation is 25-30 cm in all cases. These bands 

are much more intense than the Mn-O stretching modes seen in the other 

compounds studied here. The band positions are similar; however, in the 

other complexes, one band is far more intense. No other bands are pre-

sent to indicate a structure containing an oxo bond. These compounds 

do not show an infrared band at 3600 cm-l indicative of an -OH stretching 

frequency, or at 3400 cm-l indicative of the presence of water. This 

suggests these compounds are not similar to Mn(SALTM) (OH) (H
2
0). 

Oxygen uptake experiments were performed on Mn(SALHTDA) in the 

solid state and in DMSO solution. Results are shown in Table 9. Oxygen 

uptake proceeds faster for the suspensions than for the solid state. 

The products isolated from DMSO and the solid state products are red-

brown in color, and are homogeneous. No yellow compound is detected, 

even with crushing. If Mn(SALHTDA) is isolated as an ethanol adduct, 
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INFRARED SPECTRA OF Mn(SALHTDA) AND OXYGENATED PRODUCTS 

700 600 500 400 , , , , 

Figure 7 

Mn (SALHTDA) 

Mn(SALHTDA) (0) 

solid state methods 
and DMSO methods 
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exposure to oxygen in the solid state results in oxygenation which 

proceeds at a rate faster than Mn(SALHTDA). In all cases, the desired 

ratio of 0.50 is approached, supporting the proposed formula. 

Thermal gravimetric analyses of the four compounds (Table 10) show 

a weight loss occurring at 150°C (See Figure 8). The four compounds 

also show decomposition near 190°C. Within reasonable experimental 

range, the weight losses coincide with the loss of 16 a.m.u. per Mn 

assumed to be oxygen. The similarities in the TGA's support the sug-

gestion that these compounds are similar or identical. 

Magnetic moments are shown in Table 11. The magnetic moments of 

all four compounds are in the range of 3.33 to 3.53 B. M., suggesting 

4 . 3 
either a d high-spin Mn(III) system or a d Mn(IV) system, each 

involving some degree of antiferromagnetic coupling. A low-spin d4 

Mn(III) system (2.83 B. M.) can be ruled out because the observed 

magnetic moments are too high, and also because the ligand is probably 

not strong enough to cause a low-spin configuration. Other methods 

must be used to determine the exact oxidation state and the appropriate 

structure. 

ATTEMPTED OXYGENATION OF Mn(SALDPT) 

Oxygen uptake experiments in DMSO were attempted using Mn(SALDPT). 

Due to its stability in air when dry, no solid state experiments were 

attempted. Conditions similar to those used in experiments on other 

compounds were used (50 m1 solvent, 1.5 mmoles compound, 1.08 atm 

oxygen pressure). This experiment was repeated numerous times. Each 

time, within 24 hours, all available oxygen had been consumed. No 
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product could be isolated from the dark brown solution. Repeated exper-

iments with smaller sample sizes produced the same result. Since 

manganese is known to catalyze the oxidation of certain organic sub-

stances (53,54), it is suggested that manganese is oxidizing the ligand 

present, and reoxidation of the manganese causes the consumption of all 

available oxygen. It is known that the oxygenation of Co(SALDPT) in 

solution results in a 1:2 oxygen-cobalt adduct (35). Calderazzo et a1. --
(35) found that depending upon the solvent used, variable amounts of 0 

oxygen uptake were observed. In certain solvents, oxygen uptake 

exceeded that necessary for the formation of the 1:2 adduct. They have 

suggested that a partial oxidative dehydrogenation of the -(CH2)3-NH­

(CH2}3 bridge occurs: 

°2 
©(/do~Oc:@ 

~N/ 
H 

~ 
CH~ ,/ 

N 

Structure X 



76 

In these solvents, no product was isolated. This dehydrogenation of 

the ligand could conceivably be the case in this study. 

POSTULATED STRUCTURES OF OXYGENATED PRODUCTS 

Possible structures can be assigned to the compounds based upon 

experimental data. Oxygen uptake in solution and in the solid state 

for Mn(SALTM) and Mn(SALHTDA), as well as elemental analyses, confirms 

the formulas proposed in Table 1. These compounds, in the anhydrous 

form isolated, all show the uptake of one mole of oxygen per one mole 

of manganese. The formulas for Mn(SALTM) (OH) (H20) , Mn(SALTM)(O) made 

from drying the hydrated form, and Mn(SALPTDA) (0) (H20) are based on 

elemental analyses, infrared spectra and TGA data showing the loss of 

water and oxygen. Mn(SALPTDA)(O) gave varying results in oxygen uptake 

experiments. The formula is based on elemental analyses and TGA data. 

Mn(SALTM)(OH)(H20) has a low magnetic moment, indicative of anti-

ferromagnetic coupling of manganese ions. For this coupling to occur, 

the ions must be in close proximity. A low magnetic moment is also 

observed in [Mn(SALTM) (OH)J
2

·4Py. An X-ray study of this compound 
o 

revealed a manganese-manganese distance of 2.7 A, close enough for 

considerable reaction. Both these compounds have Mn-O stretching modes 

in the 600-650 cm- l region, and both are quite soluble in organic 

solvents. Mn(SALTM) (OH) (H
2
0) also shows a band at 3620 em-I, verifying 

the presence of the -OH group. [Mn(SALTM) (OH)]2·4Py was shown through 

the X-ray study to contain a di-~-hydroxo bridge. The structure we 

propose for Mn(SALTM) (OH) (H
2
0) is believed to be similar where the water 

molecules are not coordinated. 
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Structure XI 

Mn(SALTM) (0) , isolated from DMSO, also has a low magnetic moment, 

-1 
and shows the infrared bands in the region of 600-650 cm It does 

not, however, show the -OR stretching frequency. The oxygen is lost 

with difficulty, which may suggest a binuclear structure. The proposed 

structure for this compound is similar to that proposed above: 

o 
(SAL TM)(IV)Mn/ ~MnOV)(SA l TM) 

'0/ 

Structure XII 

[Mn(SALTM) ~o isolated after drying Mn(SALTM) (OH) (H
2
0) has a magnetic 

moment of 4.1 B. M., which could indicate a d3 or d4 high-spin manganese 

system. The magnetic moment is not lowered enough to indicate a great 

deal of interaction between manganese ions. The infrared spectrum shows 
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a broad peak at 620 cm-I , but no peak to indicate a Mn=O bond. The 

compound is not extremely soluble in common organic solvents, as compared 

with the starting compound, which would tend to suggest a structure of 

dimeric or polymeric nature. The compound rapidly picks up water on 

standing, with the result that the magnetic moment drops to 2.00 B. M. 

as in the starting compound. The proposed structure must take into 

consideration the suspected dimeric character, and manganese ions which 

are not in extremely close proximity, and can reasonably be formed 

from the structure of the parent compound (Structure XI). It is 

possible then that the following occurs: 

H 

(H 20)( SALTM)Mrf°;Mn(SALTM)(H20) 
'0 
H 

(SALTM)(IIOMn-O-Mn(III)(SALTM) 

Structure XIII 

This structure, with a Mn-O-Mn linkage, was also suggested by Yamamoto 

et al. (25) for (MnPcPy) 20. They do not, however, list a magnetic 

moment or characteristic infrared absorptions for reference purposes. 

The structure of the oxygenation products of Mn(SALPTDA) are not 

easily assigned either. Mn(SALPTDA)(O)(H
2
0) has a magnetic moment of 
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3.92 B. M., which could indicate a d3 Mn(IV) high-spin system, or a d4 

Mn(III) high-spin system involving a small degree of interaction between 

the manganese ions. The IR spectrum shows a band at 3400 cm-l due to 

water, but no band near 3600 cm-l indicative of the -OH. There is a 

-1 broad band at 640 cm , but no bands to indicate a Mn=O bond. However, 

to account for the presence of H20 and the magnetic moment, the oxo­

bond structure appears to be the best choice. Complete insolubility 

would suggest a polymeric structure; however, this compound is slightly 

soluble in several organic solvents. In order for the structure to be 

assigned with more accuracy, X-ray analysis is needed to help determine 

the exact coordination of the oxygen to the manganese. 

Mn(SALPTDA)(O) also possesses slight degree of solubility in 

organic solvents. However, values for the magnetic moment range from 

3.69 to 4.61 B. M. There is no correlation between amounts of oxygen 

uptake (Table 9) and the magnetic moments. Compounds with similar 

elemental analyses give varying moments. The formula is based mostly on 

elemental analyses. The IR spectrum shows the characteristic Mn-O band 

at 630 cm- l • The variation in the magnetic moments makes it difficult 

to determine whether the manganese is present in the +3 or +4 oxidation 

state. No one structure will account for all the experimental data, 

therefore, we propose a mixture of structures. One proposed structure 

is polymeric to account for the Mn(IV) magnetic moments and one struc-

ture is dimeric to account for the Mn(III) moments and slight solubility. 

The structures are: 



80 

(SA LPTDA)(III)Mn 

"'0-0 

"'-Mn(III)(SALPTDA) 

Structure XIV 

[(SALPTDA)(IV)Mn-O-Mn(lV)(SALPTDA)-O}n 

Structure XV 

Extraction in methylene chloride indicated that only part of this com-

pound was soluble, further evidence supporting a mixture. 

Matsushita al. (30) assigned Structures XIV and XV to two of the 

compounds they isolated. The compounds had characteristic bands in the 

-1 600-660 cm region and magnetic moments of 1.96 and 1.99 B. M. These 

structures do not appear to bring the manganese ions close enough to 

allow for the interaction of the magnitude needed to cause the large 

drop in the observed magnetic moments. X-ray studies (40) have shown 
o 

that a 2.7 A metal-metal distance will cause a large drop in the magnetic 

moments. The metal-metal distance of a Co(lll) complex with the u-peroxo 
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o 

structure is 4.4 A (31). This is a large separation, and would account 

for only a small drop in the observed magnetic moments. This suggests 

that this structure could be one of the possible structures for this 

compound, since the observed magnetic moments only show a small drop 

from the expected. 

The four complexes isolated from the oxygenation of Mn(SALHTDA) 

are believed to be similar in structure. The infrared spectra of the 

four compounds are almost identical. The complexes are all formulated 

as Mn(SALHTDA)(O).The compounds are extremely insoluble in organic 

solvents. The magnetic moments range from 3.33 to 3.53 B. M. If the 

proposed structure contains manganese in the +4 oxidation state, there 

must be some interaction between manganese ions to cause the drop in 

the moment. The proposed structure is polymeric, with a catena-oxo 

bridge: 

L(SALHTDA)(IV)Mn -1 
L "O-Mn(lV)(SALHTDA)-O~ 

Structure XVI 

This structure also accounts for the insolubility of the compound. 

These structures are not suggested as absolute. Measurement of 

solid state visible spectra was attempted, however, charge transfer 
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bands obscured the d-d transitions needed for geometrical studies. 

Solution spectra were not possible due to the insolubility of most of 

the compounds in suitable solvents. X-ray analyses would be the best 

way of determining the true structures. The structures proposed for 

these compounds are assigned to best fit the experimental data. 
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ATTEMPTED PREPARATION OF Mn(BAE), Mn(BAE)X, AND Mn(TFACACEN) 

In the preparation of Mn(BAE) , the first step is the deprotenation 

of the ligand, H2BAE. A base is needed for this deprotenation and it is 

believed that the presence of this base in the reaction mixture 

destroys the complex. Manganese(II), a high-spin d5 system, has no cry­

stal field stabilizat~on energy. The complex would be unstable, and 

quite susceptible to attack by a strong base. Complexes of BAE with 

other metals are known (28,46). These metals supply the stabilization 

necessary for the formation of the complexes. 

Protection of the complex would require the presence of a weaker 

base. For deprotenation by a weaker base, a more acidic ligand was 

needed. Trifluoroacetylacetone was substituted for the original acetyl­

acetone in the hopes of accomplishing this. However, even the weaker 

bases used were strong enough to destroy the complex. In light of these 

findings, no further reactions were attempted. 

Preparation of Mn(III) (BAE) has been attempted by other workers 

without success. Boucher (55) has attempted the preparation using Mn(III) 

acetate and H2BAE under a variety of conditions. However, a crystal 

structure study of the isolated products showed that the ligand had been 

oxidized in the course of the reaction. 
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THE SYNTHESIS AND CHARACTERIZATION OF SOME 

MANGANESE(II) SCHIFF BASE COMPLEXES 

AND THEIR OXYGENATION PRODUCTS 

by 

Sara Jane Ebbs 

(ABSTRACT) 

Manganese(II) complexes formed by the reaction of salicylaldehyde 

and 3,3'-iminobispropylamine(SALDPT), 1,3-diaminopropane(SALTM), 1,5-di­

aminopentane(SALPTDA), or 1,7-diaminoheptane(SALHTDA) have been isolated. 

All complexes except Mn(SALHTDA) are stable in air when dry. When wet, 

however, all complexes react with oxygen to form Mn(III) or Mn(IV) 

complexes. 

Oxygenation of Mn(SALTM) in situ produced Mn(SALTM) (OH) (H
2
0), 

which has a magnetic moment of 2.0 B. M., which upon heating yielded 

[Mn(SALTM)]20, which has a magnetic moment of 4.05 B. M. Oxygenation 

of the previously isolated Mn(SALTM) in DMSO produced a third compound 

Mn(SALTM) (0) , which has a magnetic moment of 2.0 B. M. The structure of 

Mn(SALTM)(OH)(H20) is suggested to contain a di-~-hydroxo bridge. 

[Mn(SALTM)]20 and Mn(SALTM) (0) are believed to contain Mn-O-Mn linkage 

and a di-~-oxo bridge respectively. 

The oxygenation of Mn(SALPTDA) produced two compounds. Mn(SALPTDA)­

(0) (H20) , which has a magnetic moment of 3.92 B. M., was not assigned a 



structure. Mn(SALPTDA)(O)t with a magnetic moment which varies from 

3.69 to 4.61 B. Mot is suggested to contain a mixture of structures, 

one a dimer with a ~-peroxo bridge, the other a polymer with a catena­

oxo bridge. 

Mn(SALHTDA), formed in both the solid state and in solution, has 

a magnetic moment of 3.33 to 3.53 B. M. and a structure believed to be 

polymeric with a catena-oxo bridge. 

Oxygenation of Mn(SALDPT) was attempted; however, more than 

stoichiometric amounts of oxygen were consumed indicating the occurrence 

of a reaction with the ligand. No product could be isolated. 

Attempts to prepare manganese(II) and (III) complexes with ligands 

formed from ethylenediamine and several S-diketones was unsuccessful. 


