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ABSTRACT 

The semisepulchrate type complexes Ni2+bisperchlo- 
rate tris(((aminoethy1)amino)methyl)amine and Ni per- 
chloratechloride tris( ((aminoisopropy1)amino)methyl)amine 
have been obtained and characterized by means of IR, 
Raman, UV-VIS and proton NMR study. Vibrational spectra 
have been interpreted on the basis of the deuteration 

2+ 
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312 MIERNIK ET AL. 

and metal isotope shift data. The capping group 
vibrations were found near 890 cm-l, 630 cm-l and 470 
cm-l. Crystal field parameters were estimated from the 
UV-VIS spectra. The Dq parnrneter equals 1232 cm for 
the first complex and 1224 crn-l for the second, Racah'a 
parameter B equals 767 cm-l and 787 cm-l respectively. 
The position of N(CH2l3 capping group proton resonances 
were found to be in the region 161-159 ppm. 

-1 

INTRODUCTION 

The cryptate effect is of a big importance in 
coordination chemistry because it allows for design of 
ligands which display enhanced complex stability and 
metal ion selectivity. condensation of NiCIZ with 
formaldehyde, ethylenediamine and ammonia gives rise to 
two types of Ni '+ complexes: sepulchrates and 
semisepulchrate [l-31 which are formally cryptands. 

The syntheses and the stuctural data of Ni2+ 
bisperchlorate tris(((arninoethy1)nmino)methyl)arnine 
(denoted I thereafter) and Ni "perch 1 oratechl oride 
tris(((aminoisopropy1)amino)methyl) amine (denoted I1  
thereafter) have been recently presented I4.51. In the 
present work the spectral studies on I and I1 have been 
carried out. The UV/VIS absorption, NMR and the 
vibrational spectra for natural abundance and deuterated 
analogs are presented. 

EXPERIMENTAL 

The infrared spectra were measured on a Specord 80 
spectrophotometer (in KBr pel lets, 4000-200~m-~) and on 
a Perkin Elmer 180 spectrophotometer as nujol mulls 
(500-50 cm-') . 
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SPECTRAL STUDY ON N i  (11) SEMISEPULCHRATES 373 

The Raman spectra were recorded using Jobin-Yvon 
UlOO spectrophotometer equipped with an Ar cw laser 
using 457.9 nm exciting line, by rotating disc 
technique. 

+ 

UV/VIS absorption spectra of 0.1M aqueous solution 
of complex I ,  I1 and [Ni(enl31 were recorded in the 
range of 13000-36000 cm-l with a Hitachi 356 UV/VIS 
spectrophotometer interfaced to IBM PC/XT computer. 

'H NMR ivestigations employed a GE NMR QE-300 

2+ 

instrument, D20 solvent and DSS standard. 

Preparation 
The complexes I and I 1  were synthesised by 

procedures described in [41 and [51. 
The deuterated analogs were obtained from I and I1  

The 62Ni labelled ( I )  complex was prepared using 
by a twofold recrystallisation from D20. 

[Ni (en)31C12 complex was obtained according to the 
method described in [61 

RESULTS AND DISCUSSION 

The X-ray structures f4.51 reveal that the title 
compounds contain the discrete ions (CgH33N7Ni) (I) 
and (C12H33N7Ni ) '+ (11). as well as perchlorate and 
chloride ions. The symmetry point group of both cations 
is C3, with threefold axes passing through the Ni and 
capping nitrogen atom (Figure 1). 

Based on the C3 point group, the normal modes can 
be classified as Tvib=42A+84E for I and Tvib=51A+102E 
for 1 1 ,  all the modes being infrared and Raman active. 
The number of bands observed in the vibrational spectra 
is much lower than that expected (Table 1). It is 
probably caused by the overlap of some bands due to 

2+ 
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3 74 MIERNIK ET AL. 

b) a )  

Fig. 1. Structure of the complexes 
a) Ni2+bisperchlorate tris( ( (aminoethyl )amino)- 

methy1)amine. 
2+ b) Ni perchloratechloride tris(((aminoisopropy1)- 

amino)methyl)amine. 

very similar energy of vibrations. On the other hand, a 
very good agreement between the positions of IR and R 
bands is observed. 

The vibrations of the perchlorate ions are found to - 
be typical of the free C104 ion (A1,E,2F2) [71 .  

The assignment of the stretching and deformation 
modes of the ligand has been made on the basis of the 
frequency shift observed as a result of deuteration and 
the literature data [8]. We have compared our 
assignments with those proposed by D.B.Powel1 et a1 191 

and A.M.A.Bennett et a1 [lo] for ethylenediamine and 
M( en) 32+ complexes. 

The vibrations of N(CH2l3 groups of the 
semisepulchrate ions were of our special interest. No 
previous information on that subject are available in 
the literature. 
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Howe and Taylor [ll] have examined the vibrational 
spectra of trimethyloxonium and trimethylammonium 
cations (C3" symmetry) and carried out the normal 
coordinate analyses for them. They have located NC3 
group stretchings at 980 cm-'(E) and 800 cm-' ( A 1 ) ,  the 
deformations at 480 cm-l (A1) 

We have found the skeletal stretching modes of NC3 
group in a little higher frequency region (see Table 1). 
The E vibrations have been not uniquevocally identified, 
Because they occure in the region of many, very intense 
skeletal vibrations of the amine part of the ligand and 
v(C104) (F2) vibration. The strong and medium intensity 
bands which appear near 890 cm-' in the IR and R spectra 
of I and 1 1 ,  shifted to higher wavenumbers by 2-10 cm-l 
after deuteration and were assigned to stretching 
vibrations ( A  modes) of capping groups. The deformation 
modes give rise to bands observed in the IR spectra at 
630 cm-l (E) and in Raman spectra at 470-490 cm-' ( A ) .  

The stretchings of metal-nitrogen bonds appear i n  

the region 450-270 cm-' in the complexes studied. Strong 
bands located at 434 cm-' in the IR and at 418 cm-' in 
the Raman spectra of I are sensitive to 62Ni labelling 
and shift to lower wavenumbers by 4 cm . The 
deuteration of the complex also causes the lowering of 
the position of these bands, so reasonably they are 
assigned to v(Ni-N) (El stretching modes. 

416 cm-' (IR) and 413 cm-' (R) . 
The A mode stretchings of coordination bonds were 

found at 282 cm-l (IR) and 283 cm-' (R) ( A v  after 62Ni 
labelling equals 3 crn-l) for I ,  and at 284 cm-' (1R.R) 
for 1 1 .  These bands are also sensitive to deuteration. 

Bennett and coworkers [lo] have studied the IR 
spectra of [Ni(enI3l2+ and assigned the 410 cm-' and 334 

bands to the Ni-N stretching modes (E and A1, cm 

(El. -1 and 400 cm 

-1 

In the spectra of 1 1 ,  the v(Ni-N)(E) was located at 

-1 
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SPECTRAL STUDY ON N i  (11) SEMISEPULCHRATES 381 

respectively), however they have not performed any 
isotopic labelling on that complex. 

The N-Ni-N deformation modes, in view of the 
deuteration and 62Ni substitution sensitivity (tab. 1) 
for I and I 1  are found in the region 240-200 cm-l, 

2+ similarly to Bennett's assignment for [Ni(enl31 
complex [ l o ] .  

All the measured UV/VIS absorption spectra were 
analysed by an earlier described computer method [121. 

spectrum was also analysed for The [Ni (en) 3 1  

comparison. The spectra were resolved into component 
bands. Transition energies determined on the grounds of 
resolution gave the basis for calculating the crystal 
field parameters. In the course of analysis the results 
of spectrum decomposition were verified by comparison 
with the predictions of the crystal field theory. It 
allowed to identify and assign all bands occuring within 
the investigated range to their corresponding 
transitions. It was also possible to determine precisely 
crystal field parameters. The process of resolution of 
the experimental contour into component bands was 
performed by using the modification of Non-Linear Least 
Squares algorithm 1131. Crystal field parameters were 
calculated based on the energy matrices from work [141. 
The SIMPLEX method was used. All calculation were 
carried out on an IBM PC/XT compatible computer. 

2+ 

All the measured spectra (complex I ,  I 1  and 
) show two crystal field bands [Ni 

corresponding to spin-a1 lowed transitions 3A2g(F) -> 
3Tlg(F) , 3A2g(F) -> 3Tlg (P) (Oh symmetry) and the 
shoulders of two bands from the outside of the measure 
range (Figure 2) - the first one (near red) 
corresponding to spin-a1 lowed transition 3A2g(F) -> 
3T2g(F) and the second one (UV) to molecular 

2+ 
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Q - I o - ~ ,  cm-’ 

Fig. 2. Resolved electronic absorption spectra of 
complexes: 

2+ a) [Ni tris(((aminoethyl)amino)methyl~aminel , 
b) [Ni tris( ((aminoisopropyl)amino)methyl~amineI , 

c )  [Ni(er~)~l . 

2+ 

2+ 
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transition. The bands corresponding to spin-forbidden 
transitions are strongly overlapped. 

Crystal field bands appearing in the measured range 
do not show splitting. For this reason we assumed Oh 
symmetry as a good model for description of all the 
analysed complexes. A slight trigonal distortion from Oh 
symmetry of the coordination sphere (NiN6 chromophore) 
can be omitt'ed as nonsignificant in this analysis. The 
doublet, which one can observe in near red for I and I 1  
(out of our measur'e range - about 11900 and 12600 crn-') 
is rather connected with intensity exchange between 
spin-a 1 1 owed transition 3A2g ( F )  -> 3T2g(F) and 
spin-forbidden transition 3A2g(F) -> 'E;, then with 
decreasing the complex symmetry. As was pointed out by 
Jorgensen [15], this area of the spectrum corresponds to 
the energy crossover point of the 3T29 and 'Eg energy 
levels. These terms can not actually coincide and have a 
minimum separation. At the same time, the spin-forbidden 
transition corresponding to the 'Eg level wi 1 1  "borrow" 
intensity from the spin-allowed transition corresponding 
to the 3T2g level. The two energy levels are actually 
mixed and neither of the two peaks can be said to 
correspond to a pure transition to either of the two 
energy levels. For this reason it seems reasonable to 
determine the crystal field Dq parameter from the second 
3A2g (F) -> 3T1g(F) and third 3A2g(F) -> 3Tlg(P) d-d 
spin-allowed transitions. 

All the measured spectra were resolved into 
component bands (Fig. 2). Transition energies determined 
from the resolution were used for the calculation of 
cryst a 1 field parameters. Spin-allowed and 
spin-forbidden transition energies assigned to the 
respective terms, as well as crystal field parameters 
for all the analysed complexes are given in Table 2. 
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TABLE 2 

Crystal field transition energies and crystal field 
parameters of complexes I ,  I 1  and [Ni(enl31 . 2+ 

Energy [ cm-l I 

2+ Transition I I 1  [ N i  (enl31 

theor exp theor exp theor exp 

12241 11798 

3Tlg (F) 18892 18892 18882 18882 18359 18359 

3T1g(P) 29572 29572 29640 29640 28975 28975 

lE1 13113 12924 12829 
9 

22138 22033 21955 22021 21780 20890 

25188 24582 24908 24078 24358 24484 

28776 29524 28601 29347 28119 29144 

39069 38773 37837 

39313 39029 38107 

61214 60417 59341 

1 2  

1 2  

Dq [cm-l~ 1232 1224 1180 

C [ cm-l I 3626 3461 3385 

B [ cm-l I 767 787 796 

C/B 4.73 4.40 4.25 
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TABLE 3 
1 The HNMR shifts observed for I and I 1  complexes [ppm] 

I I 1  

15 
23 

93 

83 
101 

159 

15 
21 

85 
95 

160 

CH axial 

impurities 

CH equatorial 

Since complexes 1 , I I  and [Ni(enl31 '+ are very 
similar, their electronic absorption spectra differ very 
slightly in shape from each other. This similarity 
causes that the corresponding transition energies 
obtained from resolution process are almost the same, 
expecially for complexes I and 1 1 .  The crystal field 
parameter Dq, which is a measure of the crystal field 
strenght, is higher for complexes I and I 1  than that for 
[Ni(en)3] but also very similar. The similarity of 
these three complexes is futther confirmed by the Ni-N 
bond lengths, which are equal 2.1218 [41, 2.1278 [51 and 
2.1208 [161 respectively. Racah'a parameter B, which is 
closely related to the ionicity of the bond, is highest 
for [Ni(en)3]2f and lowest for complex I .  Changes in B 
parameter have the reverse order as compared to those of 
Dq parameter. All the discussed transition energies and 
crystal field parameters are in good agreement with 
those of similar Ni2+ complexes [171. 

2+ 
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386 MIERNIK ET AL. 

According to the assignments reported for several 
nickel diamine complexes [18,191, the most downfield 

1 resonances observed in the H NMR spectra of I and I 1  
(Table 3) are attributed to the axial CH protons, the 
peaks observed in the region 80-120 ppm to the 
equatorial CH protons. 

The broad peaks observed at 159 ppm for I and at 
160 ppm for I 1  are most probably the resonances of 
capping group methylene protons. 
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