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STRUCTURAL INFORMATION ON NICKEL(Il) AND ZINC(11) ACETATE COMPLEXES WITH
HEXAMETHYLENETETRAMINE

I. 8. AHUJA, RAGHUVIR SINGH* anp C. L. YADAVA
Chemistry Department, Banaras Hindy University, Varanasi 221 008, India

ABSTRACT

1 : 2 Coordination comyounds formed by the iateraction of nickel(ll) and zincl(I1) acetates
with hexamethylenetetramine—a potentially tetradentate ligand—have been prepared and characterized

by magpetic susceptibility, electrenic and indrared syectral studics 1a the solid state.

1t 1s showa

that hexamcthylenetetramire, though a potentially totradentate ligand, acts only as a terminally
bonded monodentate ligand retainirg the chair ¢onfiguration of the uncoordirated molecule in these

comlexes.

Infrared frequencies due to acetate groups indicate that they are present as terminally

bondcd monodentate ligands in the zinc(Il) complex and bidentate chelating ligands in the nick XI1)
complex. Tentative stereochemistry of the complexes in the solid state ig discussed.

ALTHOUGH comyplexes of divalent metal salts with

hexamethylenetetramine  (Hmta) have received
some attention™3 there is ro Teport on those of metal
acetates with this potentially tetradentate ligand. The
present study on the preparation, magaetic susceptibi~
lity, electronic and i.r. syectral fsatures of the coordi-
nation compounds formed by the interaction of
nickel(Il) ard zinc(ll} acetates with Hmta has been
undsriaken to elucidate the mods of bonding of
Hmia, of the acetate grovps 2nd the teptative siereos
chemistry of the com)lexzs isolated in the solid state.

Hmta was obtzined from Dr. Theodor Schuchardt
GnbH & Co., Munich and used as such. Complexes
of nickel(I}) and zinc(II} acetates were obtained by
mixing together hot solutions «f the appropriate
metzl(11) acetate and Hmta in ethanel, The mixtures
were concer.trated and then aliowed to stand at room
temperature. The comdlexes which crystallized out
were filtered, washed with ethanol and dried at ~ 80°C,
Stoichiometries of the complexzs isolated were estabe
lished by standard analytical methods, Ni(Hmta),
(OAcLY, . mp, 110°C. Found: Nij, 13-10 : C, 42-30 ;
N, 24:61; Calc.: Ni, 12:91; C, 42'01 ; N, 24-51%,.
Zn{Hmta), (OAc),: m.p. 230°C, Found : Zn, 13-72;
C, 42-00; N, 24-35. Calc.: Zn, 13-66; C, 41°64;
N, 24:29%, Electronic spectrum of ' the nickel(ll)
complex was recorded as nujol mull m the ra'tgu
33000-6000 cm™?! on a Cary 14 s;:q,ciroplmtamcu.r
Th{: mull was smeared on filler-paper and run against

4 reference consisting of a similar picce of filter paper
Sﬂﬂkﬂd in  nujol, Magietic  susceptibility | “was
measured at room temperaturg by  the Faraday's
method with & Cahin R.G. Electro-balance Model 7350
using HgCo(NCS8), as the magactic susceptibility
standard, Pascals® constants were used for diamagnetic

* School of Chemistry, University of Hyderab 1,
Hyderabad 500134, 1ndia. :

two metal jons,
200 et region Lr, spectrum of this ligand,

corrections. LR. spyectra of the uncoordinated Hmta
and of the comulecxes were recorded as nujol mullg
supported bitween sodium chloride plates (rock salt
region) and thin polythene sheets (650-200 cm)
on a Perkin-Elmer 621 spectrophotometer cquipped
with caesium ipdide optics,

Nickel(11) a1d zine(1l) acetates formed 1:2 com slexes
with Hmta, Manganese(ll), cobalt(1l), copper(ll} and
Cadmium(ll) acetates did not cither react or did not
give stoichiomeric complexes with Hmb2 vpder similar
conditions. Comparison of the Lr, spectra of the
upmerdmated Hmta and of the met2l{Il} halide and
pseudehahdﬂ complexes with this ligand facilitated
the assignment of bands due to acetate groups. Srong
bards due to acetate groups supcrimpose and mask
somc of the bands due to Hmta moiety. No absorp-
uon hands were obscrved which could be attributed
to water or ethanol in any of these spectra thus
Eg,t&bhshmg that these complexes are anhydrous and
free Imm_ Co_ﬂrdmatﬁd ot lattice water/cthanol,

af

. Hexamethylenctetramine, 2 heterocyclic system having
ithree fused rings in the chair configuration, possesses
four bridge-head nitrogea atoms as the donor sites,
. The chemical and

steric  cquivalence of the four
nitrogen atoms has been demeonstrated by various
physico-chemical methodst, 1t may thus act as a
mono-, bi-, triv or tetra-dentate ligand. Recent
studics on the coordination comrounds formed by
this potendially totradentate ligand with metal salts
have shownt that Hmty acts only as (i) & terminal
monodentate, or (i) & bidentate ligand bridging between
"~ Of the several baads in the 1309-
two
strong bands at 1225 and 1000 cm™ are assigned?
to yCN,  Both these bands are solit up Into two well-
defined aad well separated bands v complenes in
which  Inwts  acts as a bidentaie  lgand  bridging
between two metaf ions®, Molecular models show that
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Hmta is mor¢ likely to bond to different mctal 1ons
and thus act as a bridging rather than ac chelating
hgand. (If chelated the cpordinated Hmta must
have a boat or cis configuration and 1.1, spectra of such
complexes would bz anticipated to ext ibit multiplicity
of bands ¢wing te the increased number of ir, active
fundamentals, ¢f. chelated 1,4-dioxane”). However,
complexes in which Hmta molcculs(s) act as mono-
dentate ligand(s) bonding through only onc of the
four pitrogen atoms, both the vCN bands suffer only
a very mnor splitting resviting in clescly spaced
doublets or triplets.®
N

N

Infrared spectra due to coordinated Hmta in the
1 :2 nickel(I1} and zinc(Il) acetate~Hmia complexcs
exhibit only very miner splitting of the vCN bands
at 1225 and 1000 ¢cm™? resulting irto closely spaced
doublets/triplets and except for the slight shifting of
some bands and some intensity changes are almost
superimposable on the i.r. spectrum of uncoordinated
Hmta, These features clearly indicate the exclusive
presence of * terminally bonded monodentate® Hmta
molecules retaining the chair configuration of the
uricoordinated® Hmta in both thesc complexes,
Although a potentially tetradentate ligand sterco-
chemically Hmta seems to act only as a terminally
bonded monodentate ligand bonding through only
one of its four pitrogen atoms to the nickel{ll) and
zirc(ll} retaining the chair configuration of the
uncoprdirated ligand in the metal acetate complexes
studied here.

1deally coordiratior. by the acctate groups is sought
in their ir. specira where it is possible to distinguish
between Joni¢, ron-coordirated ard coordinated
speciest®, The free acetate fon has a very low symmstry,
C,,, and has fiftecn fundamental vibrations all of which
do show up both ir. end Raman spectra. Signi-
ficant 1.r, vibrations due to the acetate group are:
Vory OCO, v,, OCOand 8 OCO. For unidentate coordi-
nation the v,,, OCO and v, OCO absorb at ~ 1520
and 1410 cm~. In the case of bidentate coordination
these frequencies absorb with a s:paration »f ~ 120~
150 em™, On the other hand, bridging acstate ligands

cxh_lbit the v,,; OCO at 1610-1580 cm™? and the sepa-
ration belween the two stretching modcs is higher,

~ 150-200 cm™ owing to the lowercd symmetry of
the acatate grouptosit,

Nickel(Il) Complex

~The 1:2 rickel(1l} acetate—Hmta complex is green
i colour and has a room temperaturd mag retic moment
of 3-5B.M. which definitely rules out the preserce
of square planar nickel(1I)!2. The clectronic ssectrum
(in nujol) of this complex exhibits Bbsorption bands
at 8263, 14190 and 24690 cm?, The nickel(Ll) ion
has a dy configuration which gives ris¢ to 34, ground
state in a regular octahedral field and sbsorption bandsg
at ~ 8500, 13500 and 25000 ¢~ torrespordirg to
the excited stales aTw? 3T1# (F} and ﬁTlg (P), TS e
tively, are considered characteristic of nickel(J1) in sucn
an environment'¥,  The observed bands in the elec-
tronic spectrum of this complex are assigned ag:
"y ¥ T,, 8205 et vy, T4, = 2T, (F) 14190 ey,
and ¥4, — T, (P) 24690 cm™ va. The frequencies
of these bands ggree well with those predicted from
the Liehr and Ballbausen energy level diagram for
nickel(il) in an octahedral field’®. From tha observed
bands the valte of 10 Dg (8265 cm™) is taken as the
lowest energy transition 34,, — ¥T,, and B the Racah
parameter is calculated from the relationship g= (v, +
ys — 30 Dg)ji5 =940 cm™. In addition to the ligand
bands modified slightly on account of coordination
(vide supra) ir. spectrum of this complex extubits
absorption bands at 1550, 1400 and 672 cm~* which
are identified as v, OCOQ, v, OCO and 6 OCO modes,
respectively. The frequencies of these modes and
the separatiort (150 cm?} of the v,  OCO and v,; OCO
modes strongly suggest the exclusive presence of sym-
metrically coordinated bidentate chelating acetate
ligandst®* in this complex. Frort the considerations
that (i) Hmta molecules are coordinated as terminally
monodentate ligands retaining the chair corfiguration
of the uncoordinated molecule, ()} acetate groups are
horded as bidentate chelating ligands, (iii) room
temperaturc magretic momernt value, and (iv) from
the discussion of the electronic spectral and ligand
field rparameters tha 1:2 oickel(Il) acctate-Hmta
complex is tentatively assigned to have a six-coordi-
nated moromeric structure with an octahedral environ-
ment of two nitrogen atoms (from two termirally
bonded morodentate Hmita molecules) and four
oxygen atoms (from two bidentate chelating acetate
ligands) arcund the nickel(II) ions in the solid state.

Zinc{l} Complex

Sirce the electronic spectral and magnetic moment
studies are not possible in this case the characteri=
za*icn of this comalex is based mainly on its analytical
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and Lr. spectral data. In addition to the absorption
bands indicating the presence of terminally bonded
monodentate Hmta molecules (vide supra) strong
absorption bands are observed at 1550, 1450 and 66D
cm™ in the Lr. spectrum of this complex. Such
bands ars neither observed in the untoprdinated Himia
nor in the metal (11) thiccyanate® or nitrate!® complexes
with this ligand. These new bands are assigned as
Vagy OCO (1550 cm™?), v, OCO (1450 cm™} and ¢ QCO
(660 cm™Y modes due to ccordipated acctato groups,
The frequengies of these modes and the separation
(160 em™) of the v, , OCO and v, OCO arc consistent
with the presence of terminzlly bonded monodertite
acetato [ligancs!®t in this complax. Based op the
considerations that ()} Hmta molecules are cocrdi-
nated as terminally bonded monodentate ligands
retaining the chair configuration of the uncoordinated
molecule, and (1} acetate groups are bonded as terminal
mopodentate Bigands, the 1 :2 zmc(ll) acetate-Hynta
complex is tentativgly assigred a monomeric four-
coordinated structure with a tetrahedral envirorment
of two nitrogen atoms (of the two Hmta molecules)
and two oxygen 2toms (of the two acstato ligands)
around the zinc(ll) ions in the solid state.
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