This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

AR TN Ml ciainary lsumsl
L W NSO
= |3 S (]
SRCGEHOSCO DA
L4” L5 8
ErMor Robyer® L. Mchel

The Vibrational Spectra of (1-Diacetylmonoximeimino-3-

diacetylmonoximatoiminopropane)-methylaquocobalt (IIT), Perchlorate
Adriano Bigotto®
* Institute of Chemistry, University of Trieste, Trieste, Italy

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Bigotto, Adriano(1977) 'The Vibrational Spectra of (1-Diacetylmonoximeimino-3-
diacetylmonoximatoiminopropane)-methylaquocobalt (III), Perchlorate', Spectroscopy Letters, 10: 12, 937 — 946

To link to this Article: DOI: 10.1080/00387017708065031
URL: http://dx.doi.org/10.1080/00387017708065031

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387017708065031
http://www.informaworld.com/terms-and-conditions-of-access.pdf

04:22 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 10(12), 937-946 (1977)

THE VIBRATIONAL SPECTRA OF (1-DIACETYLMONOXIMEIMINO-3—
DIACET YLMONOXIMATOIMINOPROPANE ) -METHYLAQUOCOBALT(ITT),
PERCHLORATE

Key words: Infrared dichroism,Raman spectra,Diacetyl—
monoximato Cobalt complex.

Adriano Bigotto
Institute of Chemistry,University of Trieste,34127-Trieste,ltaly

INTRODUCTION

Metal complexes of the tetradentate ligand bis(diacetyl-
monoximeimino)propane 1,3 = KDOH)zpq]are interesting in several
respects.They are representatives of molecular systems containing
very short hydrogen bonds;moreover,the organo-—cobalt derivatives
were reported as first examples of stable water—-soluble compounds
besides Vitamin B12 coenzyme and alkylcobalamines l.From this
point of view they were extensively investigated as models of
Vitamin B122.However,vibrationa1 data concerning these complexes
are rather scarce:at our knowledge only a limited assignment was
proposed by UHLIG and FRIEDRICH 3 for some Ni derivatives.

This paper reports the results of the investigation on the
infrared crystal spectrum in polarized light of the perchlorate
of the methylaguo complex,[CHBCO(III)(DO)(DOH)an201+ ClOZ.

The Raman spectrum of the polycrystalline complex is also reported.
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EXPERIMENTAL

Samples of [9H3CO(III)(DO)(DOH)an201+ ClOZ were in the form
of orthorombic crystals of small cross~section elongated along
(001).Thin crystal slices were prepared by polishing:due to the
small cross—section it was possible to obtain only planes of the
type (hkO).The infrared spectra were recorded on a Perkin-Elmer
225 spectrophotometer.Polarized spectra were obtained using a
wire-grid polarizer and a mirror beam—condenser.Spectra of
polycrystalline samples were also obtained at ~100°%,between
4000 and 600 cm—l,using a Beckmann-RIIC VLT2 unit.

The Raman spectra,excited by the 6471 X line of a Spectra-
Physics 165-01 Kr+ laser,were recorded with the aid of a SPEX
"Ramalog'" instrument in conjunction with a rotating cell,
Samples in the form of pellets were prepared by mixing the
complex with powdered KBr.No colour change was observed after
the measurements.Infrared spectra of disks prepared from the
part of the pellet exposed to the laser radiation did not reveal
signs of decomposition.

SELECTION RULES

According to the crystal structure reported by BRUCKNER et
al.4 the crystals of the fitle compound belong to the non-centro-
symmetric space group Fdd2 (Céz).The crystallographic cell
contains 16 formula units on C. sites.The exact molecular sym-

1

metry is also C. for the organometallic cation,whereas a T

1 d
symmetry 1s assumed for ClOZoChoosing a primitive cell contai-
ning 4 formula units the selection rules should be as reported
in Table 1.

A complicated crystal spectrum is expected on the basis

of these selection rules.Two experimental observations can help
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Table 1.
Symmetry classes and selection rules
Molecular Site Unit cell Site Molecular
gymmetry symmetry symmetry gymmetry symmetry
Tq C1 Cov C1 C1

Ay 143 (11 L)+T4(IR,R)
IO Sghman S
By 143 (11 1)+T,(IR,R) =7
F, 2 (1R,r) ” \Bé 143 (11 L):‘l‘b(IR,R)/

A —— 4 123 (IR,R)

L = lattice mode

to interpret the recorded spectra.Firstly,most infrared bands
show a remarkable dichroism and maximum absorption wavenumbers
which only slightly shift (2-3 cm-l) when the electric vector
direction is rotated.This suggests a small factor group splitting
and justifies the use of the oriented gas approximation.
Secondly,the spectra of complexes of the type LCo(DO)(DOH)L!
(L=Br,J,02H5,CH3;L'=Br,J,H20) are very similar one another at
least as far as the low wavenumber region is not concerned.
Therefore it appears reasonable to discuss the chelate ring
vibrations neglecting the axial ligands and to classify them on
the basis of a Cg symmetry,with the mirror plane perpendicular
to the chelate rings and bisecting the 0,.H,.0 bridge.Using the
X~ray data 4 the direction cosines of the normal to the mirroxr
plane with respect to the crystal axes may be obtained.The pro-
portionality factors for the absorption intensities of the A"
vibrations calculated from the values of the direction cosines
are

a b c
normal 0,7697 0.2188 0.,0101
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It follows that,on a (hk0) plane,the A" bands should appear when
the electric vector is perpendicular to the ¢ crystal axis,
showing only a small intensity in the parallel polarization.The

A' transition moments lie in the mirror plane,but their direction
is not further fixed so that the polarization of the corresponding
bands cannot be safely predicted.However,keeping in mind the
orientation of the cations in the crystal,bands showing a
brevailing parallel character,or both parallel and perpendicular
components of comparable intensity,may be assigned to A' modes.

RESULTS AND DISCUSSION

The proposed assignments are collected in Table 2 and only
the most relevant features are discussed in the following.

The OH stretching modes of the coordinated water appeaxr
resolved only at low temperature.The H20 scissoring mode is
observed at 1635 cm_:L at low temperaturesat room temperature
only a shoulder appears on the high frequency side of the ske-~
letal stretching band at 1605 cm-l.

The strong absorption neaxr 1500 cm_l,with prevailing pa~
rallel character,may be attributed to a vibration corresponding
to the By, skeletal stretching assigned between 1600 and 1500
em in the spectra of dimethylglyoximates 5.A shoulder,with
counterpart in the Raman spectrum,appears at 1545 cm_l at low
temperature suggesting the presence of another fundamental in
this region.Other components are not apparent in the absorption
spectra.The Raman spectrum,however,shows an/additional component
on the high frequency side of the fun?amental at 1500 cm-l.
Although correlation field effects cannot be ruled out,an
explanation in terms of LO-TO splitting may be proposed keeping
in mind the polar nature of the phonons in the investigated

6
crystals and the high intensity of the infrared band .
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2.

Experimental spectral date for [CH3Co(III)(D0)(DOH)pnip0]" 10

i.r.frequencies Raman Asgignment
and polarization shifts
3440 = Ll }
3380 = L EO VY., VYV
3280 sb L e 173
2990 s I,L
2965 L 2961 vw Al stretching
2943 1 An CH3 stretching
2921 L 2916 sn A! H3 CH, stretching
2906 i,.L 2901 w A CHi,CH stretehing
2983 sh
2854 L 2847 vw At CH2 stretching
ﬂzg tfl A' 0,.H,.0 in~plane deformation
1620 L
1605 4 1600 w AN sﬁele%al stretching
1559 vw
1545 = 1545 vw  A' skeletal stretching
1500 == I|,L iigg Al ;8 skeletal stretching
1473 sk N, 4 12477 mw A' CH, asym.deformation,CH,_ scissoring
1432 4 1437 w AN CH3 asym,deformation,CH, scissoring
1385 L An CH? sym.deformation,CH2 wagging
1360 Il 1355 m  A' CH) sym.deformation
1345 1] Al H2 wagging
1278 1> 1280 w A" CH2 twisting
1252 L AM CH2 wagging
1232 L 1240 vw A' skeletal stretching
1174 L 1163 w A" CH, twisting
1134 w skeletal stretching
E 1090 w
1053 wvw
1039 vw CH. rocking + skeletal stretching
1020 N,L 1026 vw | at >
998 w
954 vw ~_
941 m ¢10 A v

(continued...)
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920 Lol
880 L
850 L
820 1
810 I
770 1
123 =

695 L
612 ||, L
625 i1
586 >4
535} 1
532 I
505 n,L
474 I}, L
436 0L
403 L
392 L
378 4
340} 11>
330 >L
310 L
260 |

924

853
841
821
811
802

713
695

628
588
508
462
440
403

377

2. (Contd.

943

)

CH, rocking

skeletal
gkeletal

stretching
gtretching

Al CH2 rocking

A" 0,.H,.0 asym.stretching
(A')CH, rocking
At gkeletal deformation

Table
w AH
A“
W A"
W
w All
w
sh
w
w
vw
m At
Al
s Al
Al
w
w Al
W AH
AII
W A"
Al
8 AN
m
m At
8
8
sh

ot

o, Vv
ske&etaﬁ

skeletal

skeletal
skeletal

cl0 V.
ske%eta%

gkeletal
skeletal

skeletal
skeletal
skeletal

skeletal
skeletal

0 wagging

deformation
deformation
stretching (Co-N)
deformation
deformation
stretching (Co-W)
deformation
stretching (Co-l)
stretching (Co-N)
deformation

deformation
deformation

lattice vibrations

#):value quoted from low-temperature spectrum; xxl:value quoted
from powder spectrum; F):region obscured by C10 , absorption.

4



04:22 30 January 2011

Downl oaded At:

944 BIGOTTO

The parallel polarization of the band at 1232 c;m—'1 is
consistent with the assignment to a skeletal stretching mode

corresponding to the B, vibration of dimethylglyoximates found

lu
in the same region 5.A Raman band at 1134 cm_:L may be assigned

to a similar vibration corresponding to the Béu mode of the

dimethylglyoximates observed near 1100 cm—l.The infrared band

is probably hidden by the strong absorption due to the y;
vibration of c1o;.

The dichroism supports the assignment of most of the CH2 wagging,
twisting and rocking vibrations:sthe assignment of the A' rocking
mode at 723 om © is tentative since the band is clearly resolved
only at low temperature and polarization data are not available.

Metal-ligand stretching vibrations are assigned in the
range 500-300 c:m-1 by analogy with dimethylglyoximates 5.

A diffuse absorption on which skeletal bands are super—
imposed stretches from 2000 to 300 cm—l.The part ranging from
1000 to 70O cm'-1 appears strongly polarized in the direction
perpendicular to the ¢ axis with almost compléte disappearance
in the parallel spectrum.The frequency of maximum absorption
cannot be measured because the breadth and superimposed bands,
but it may be estimated near 770 cm_1 from the polarized and
low temperature spectra.It may be associated to a motion of the
hydrogen atom along the normal to the mirror plane of the chelate
and represenis a likely candidate for the assignment to the
asymnetric O,.H..0 stretching which belongs to the A" species
in our classification.

Reliable assignments can hardly be proposed for other
vibrational modeg of the 0,.H.,0 bridge on the basis of the

presently available data.In particular neither low temperature
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spectra nor polarization measurements (due to the strong ClO;
absorption) give a clear evidence for the assignment of the
out—of-plane O0,,H..0 deformation in the region predicted for
this mode Y.The proposal of the band at 1760 cm—l as the in-
plane O0,.H,.0 deformation is tentative and suggested by the
prevailing parallel character.

Wagging, twisting and rocking vibrations of the coordinated
water are likely hidden by the broad 0..H..0 stretching absor—
ption occurring in the wavenumber range predicted for these
vibrations 8.However,a comparison between the low temperature
spectrum of the title compound and the low temperature spectra
of the complexes having Br and J as axial ligands,suggests that
a band appearing at 672 cm_1 for the aquo-complex might be
associated to one of the external modes of the coordinated

water,likely the wagging.
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