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ABSTRACT

Eighty-eight divalent metal complexes derived from
“inydrazides of oxalic, malonic, succinic, adipic, phthalic and
:erephthalic acids, with manganese(ll), cobalt(ll), nickel(ll),
copper (1)), zinc(ll), cadmium(ll), mercury(ll) and magnesium
:etrafluoroborates have been prepared. The effect of .1:1 and
1:2 metal to ligand reactant ratios have been examined. The
cqmplexes have been characterized on the basis of their analytical
data, magnetic susceptibility, electronic and IR spectral studies
as well as conductance measurements.

Reactions involving 1:1 and 1:2 metal to ligand ratios
gave.complexes with different metal to ligand stoichiometry in
most cases. It is evident, from the analytical data, that com-
plexes precipitated out mostly with 1:2 and 1:3 metal to ligand
stoichiometry. However, complexes of oxalic dihydrazide with
Cu(ll) and Hg(11), succinic dihydrazide with Co(ll), Ni(ll),
Zn(ll) and Mg prepared using a 1:1 molar reactant ratio con-
tained one and a half moles of ligands. Similarly, complexes of
Mn(I1), Ni(Il) and Hg(ll) prepared using a 1:2 molar ratio of
metal salt to adipic dihydrazide contained one and a half moles
of adipic dihydrazide. Nevertheless, reactions involving 1:1
and 1:2 molar reactant ratios gave the same set of compounds

in phthalic dihydrazide with Co(ll), Ni(ll) and Zn(Il)



it

tetrafluoraborates respectively. Likewise the complexes of
adipic and malonic dihydyazides with In_(EFH).A.BHiO: and
Cd(BF“)Z[?HIO respectively.

The complexes have poor solubilities in methanol, ethanol,
acetone, nitiobenzene, nitromethane,. benzene, hexane, aceto-
nitrile, dimethylformamide, dimethylsulfoxide and water. “But the
complexes of manganese(ll), cobalt(ll), zinc(ll) and caqmiun'ulll)
with oxalic, malonic, succinic and adipic dihydrazides were found
to be soluble in water. Similarly, nickel(ll),coppcr(ll) and
magnesium complexes of malonic an;d succinicdihydrazides were
soluble in water, so also is the complex.of mercury (1) with
adipic dihydrazide. In addition, ‘the/complexes of succinic
dihydrazide, with manganesel(H).and cadmium(I1) tetrafluorchorates
were soluble in dimethylsulfoxide.

The infrared spectra indicate that the bonding sites in
these compounds are ‘the carbonyl oxygen and the amino or amide
nitrogens.

The electronic and magnetic data of the rnm.plexes of
manganeselll), cobalt(ll), nickel(ll) and copper(ll) at room
temperature suggested that they assume octahedral geometry.
Generally, for a given ligand, the 1:2 complex has a lower
magnetic moment than the 1:3 complex. The variation of the

moments with chain length does not appear to be systematic at



room temperature. However, the magnetic moments for the Zn(Il),
Cd(I1), Hg(ll) and Mg indicates that they are diamagnetic with
some evidence of polarization paramagnetism.

The conductance data of the complexes that were soluble in

water and dimethylsulfoxide revealed 1:2 type electrolytes.
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CHAPTER ONE

INTRODUCTION

{81 General
Hydrazides are derivatives of monobasic and polybasic

organic acids. They have the general formula, R-(CONHNH;),,
where n=1 and 2 for mono- and dihydrazides respectively. R can
be alkyl, substituted alkyl, aryl, substituted aryl, heterocyclic
or alicyclic group. The hydrazide is polyfunctional with the keto,
amino and amide groups.
PAY
\,IqH

NH3

R—C

Fig. 1: Hydrazide showing the keto, amino and amide
functional groups.

In aqueous solutions, most hydrazides tautomerise into the keto
and enol forms!72:3. The enol form could also be in equilibrium

with its deprotonated form.

0 OH 0”
R-€7 Sr-c{ & r-c + H
N\ NH-NH, NN-NH; N N-NH,

Fig. 2: Tautomeric forms of hydrazides.



The keto form is more in neutral or weakly acidic medium, while

the enol form predominates at higher sz'“.

1.1.1 Synthesis of hydrazides

Hydrazides are prepared by refluxing the esters of the

parent acids with an excess of 85% hydrazine hydrate with or

5-8

without the use of solvent This may be represented by the

following equation:
CONHNHj

+ 2CyH50H + 2H0
CONHNHj

e

_CO0C3Hs
R ~N

3 + 2H7NNH3.H05 R
COOC;jHs

In some casess'g, it may be necessary to first prepare the acid

chloride from the parent acid, followed by esterification e.g.

-0 ,/0
CH2=CHCH3C” + SOCI3= CH3=CHCH;C + SO2+HCI «evev (1)
NoH - Nl
3-Butenoic acid
i (0] .0
CH2=CHCH,C”" + CyH50H=CH=CHCH,C +HC! ....(2)
A N
Cl OCyHs
Ethyl vinyl acetate
The hydrazide is subsequently prepared as described above.
This procedure is generally applied to the esterification of highly

selective acids which might otherwise undergo isomerisation.



Te12 Infrared spectra of hydrazides

The infrared spectra of hydrazides and other N-substituted
amides have been extensively studiedw-n. The infrared spectra
of hydrazides, irrespective of the nature of R are expected to
comprise the following vibrational modes: the range 3000-3500
cm~! contains broad complex bands assigned to the NH stretches
of NH and NHj groups, and the region between 700-2000 cm™]
which usually contains a system of bands due to Q(C=O),-ZC-O),

2c=N), e-N), S(NH), S(NH), §(NCO), §(c-0), S(c=N),

X(CCO) among others. .

The amide I, Il and Ill bands are found to be related to

~(C=0), (N(CN)+§(NH2)) and (JCN)+8(NH)) bands respectively.

The amide | band occurs in the 1610-1690 cm™! region whereas

amide 11 absorbs around 1500-1570 cm™! and amide Il around

1200-1295 cm™! respectively. Table 1 shows the IR frequencies

of malonic and succinic dihydrazides.
1.1:3 Applications of hydrazides

Hydrazides are biologically active compounds. They are

useful as antitubercular agentss, as plant growth regulatorsn,

as antispasmodic523, insecticides and fungicideszq'zs; they also

26-27 A series of hydra-

have antitumor and anticancer activities
zides also show chemiluminescent properties7. Hydrazides have
also found use as mask-formers in colour photographyzs, as

antioxidants for glycerides29 and an antiknock additivesao. They



TABLE 1: IR FREQUENCIES (cm-l) OF MALONIC AND SUCCINIC
DIHYDRAZIDES [10 - 13]

Malonic Succinic Tentative assignments
dihydrazide dihydrazide
3200sb 3300sb ~7(xn)
3150m 3180m J(NHZ)
1670s 1620s ~c = 0)
1600sb 1598sb S(an) £ (NNH)
1563s 1550m ~Z(cc), = $(cco)
1540s 1540s )
el 3 SN + S(NH)2
1408m 1450s )
1375sh, 1340s )  ~2(C - H), ~XcC)
1310sh 1320sh ) S(cn,), §(NC)
1282sh 1252w )
1247m 1232s Ny + Sow)
1203m )
1163m 11728 Y Sawcy, §aw
1142m 1120m )
1053s )
1008m 1008s Sam
962m 942m )
908m 890w Yy S -wn
855w 850w )  §(cc)
794m 797w )
748m ) b axcoy

Note: & = strong, m = medium, w = weak, sh = shoulder,
sb = strong and broad, +/= stretching frequency,
§= bending frequency.



have also been used to enhance the bonding of free sulphur by

rubbers during vulcanizatlon“, and in synthetic polymers32.

1.2 Preparation of metal complexes of hydrazides

Various methods have been used in the synthesis of metal
dihydrazide complexes. ‘ .
(i) Equimolar amounts of the desired metal salt and ligand dissolved

in water/methanol and stirred vigorously and left overnight.

In most cases, the complex were formed within an hour of

stirringw'”. The products were filtered off, washed with

cold water and finally with hot methanol and dried in a

desiccator over calcium chloride. The following complexes

where L = malonic and succinic dihydrazides were synthe-

sised among others using the method described above, or a

slight modification of it: NiL3;2(ClOy)2, RhL3/,Cl3,

MnL,Cly, Cdl3/2SOy, ZnL3/3S0y4.2H0, AgLNO3.H;0,

Fel3/2S04.3H0, PbLCly,

(ii) By refluxing a suspension of 1:3 molar ratio of metal salt
to ligand for one hour, and keeping the mixture in ice for

30 minutes, PrL3(SCN)3, LnL3(CIOy4)2 (where L is malonic

dihydrazide) were lsolatedlz. Using the same molar ratio

as stated above, LnL3(NO3), and LnL3Cl3 precipitated out
Immedlatelylz.



Using warm aqueous solution and with a 1:1 molar ratio of
Mn(NCS), to malonic acid dihydrazide, Mn(DM);(NCS)5.H;0
was formed after two to three days33. Manganese thio-
cyanate complexes of succinic,glutaric, adipic, azelaic and

sebacic acid dihydrazides have been similarly prepared33.

1.3 Infrared spectra of hydrazide complexes

The interpretation of the infrared spectra of acid amides,
zcid hydrazides and similar compounds, have rested on the
zssignment and identification of amide | (2(C=0), amide Il
JCN+§NH;) and amide 111 (VCN+§NH) as well as the NCO deforma-
tion vibration'0~12,33-59.

The complexity of the bands in the region 3000-3300 cm™!
-robably due to the stretching vibrations of the NH bands of the
amino and amide groups in which the absorption of H20‘may be
superimposed in most cases have made assignments using this
region unreliable>” #3745,

If frequencies are lowered in the spectra of the complexes
compared to that of the free ligand, one can infer coordination
because the vibrational energy is lowered on bond formation.
However, if frequency is stationary, it suggests non-coordin‘ation.

Likewise, if frequencies increase, it is an indication of non-

coordination because vibrational energy increases due probably to



some sort of back donation60 of electrons by the metal ion to the
gands on coordination. The disappearance of the NCO deforma-
tion band in dihydrazide complexes may also be an indication of
oordination through the amide 111 band!l.

From spectral datal0-12,33-54  several modes of coordination
of dihydrazides were proposed. The potential donor sites are
the carbonyl oxygen and the amide or amino nitrogens (Figure 3).

Kharitonov, Machkhosvili, Ahmed and others!0-12,33-54
nave established from spectral data that the dihydrazides of
carboxylic acids react preferentially as bidentate ligands, forming

38 of

dimeric or polymeric cbmplexes. The proposed structure
MnL(NCS)7.nH20, where L represents the dihydrazides of malonic,
succinic, glutaric, adipic, azelaic and sebacic acids, and
n=20,1,2 or 3 is as shown in Figure 4.

Ahmed and Chaudhuri” in their report on the complexes
of malonic and succinic dihydrazides with some cobal.t, nickel,
copper and palladium salts discussed the possibility of a seven-
membered ring for succinic dihydrazide. The preference for
coordination via the amide nitrogen in their complexes was specu-
lated to mean that the carbonyl group is relatively poorer in‘
electron density than the amide nitrogen.

It should be noted that where the enol form of the hydra-

zide is involved in complex formation, the infrared spectrum should
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contain an intense band around 1350 cm™! associated with the
stretching vibrations of a single C-O bond (¥(C-0)). This band
should, of course, be absent from the infrared spectrum of the
keto form where there are no C-O single bond3'u. The predo-
minantly stretching vibrations of the C=N double bond (V(C=N))
around 1580 cm~! (inflection) and about 1636 cm™! in the enc;l
forms of hydrazides would also have served a useful diagonistic
purpose. However, since this region also contains the bands due
to 5(NH2) deformation vibrations of the amino group, it is diffi-
cult to resolve unambiguously the2(C=N) and S(Nl-lz) bands

without additional investigations.

1.4 Electronic spectra

A on the nickel

The reflectance and mull spectral studies'
and cdbalt complexes of malonic (MDH) and succinic (SDH)
dihydrazides revealed an octahedral environment around nickel(11)
and cobalt(ll) ions, and signifies the perchlorate coordination”

in the nickel perchlorate complex of MDH. (Table 2).

1.5 Magnetic grogerties

Magnetic data have not been generally utilized with dicar-

boxylic acid hydrazide complexesw-"'w-us. Table 3 gives a

summary of the magnetic moments at room temperature of some
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Table 2: Electronic Spectral Data (cm —1) of Co(ll)

and Ni(ll) complexes of malonic and succinic
dihydrazide [11]
Cobalt complexes

Octahedral complexes, ground state I‘T (F)

lg
“ng(r) “Tlg(p)
Co(MDH) ,C1, 9,389 20,000
Co(Mnn>3/2c12‘ 10,000 21,053
Co(SDH) 5 /,CL, . 3H,0 9,091 20,000

Nickel complexes

Octahedral environment, ground state 3A29(F)

3 3

ng(F) Tlg(F)
Ni(MDH)ZClz.ZHZO 10,526 17,241
Ni(MDH)3/2(CIOI‘)2.H20 10,000 16,393
Ni(SDH) 3/2012. 3H20* 10,638 17,094

*In nujol mull; the rest taken as solids.
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TABLE 3: ROOM TEMPERATURE MAGNETIC MOMENTS AND SUGGESTED
STEREOCHEMISTRY. FOR SOME DIHYDRAZIDE COMPLEXES

Componia /(gehfdf Stz:zgzlslz:istry Reference

C3H8N402) 201 2H20 5.64 Octahedral [10]
= C3H8N402) 2SO 2H 0 6.13 Octahedral [10]
*aC4H) gN4 0250, . HyO 6.00 Octahedral [11]
%2 (C4H) gN402) 2C15 5.99 Octahedral (11)
F2C4HgN, 0750, . 4Hy0 b7y JHEROW [10]
Te (C4H10N402)3/2S0 4 3E0 5.65 Octahedral [11]
Z:(C3H8N402)2C12 4.74 Octahedral [10]
o (C3H8N402)3I2C|2 4,49 Octahedral [10]
ZoC4HygN,409C15.3H 0 4.76 Octahedral [11]
Ni (C3I-18N402)3,2 S0, .4Hy) 0 3.04 Octahedral [10]
.\'i(C3H8N402)2012.21120 3.34 Octahedral [11]
51(CqHgN,0,)3/2(€104) o H,0 3,15 Octahedral [11]
?ii(C4H10N402)3/2012.4H20 X 3.18 Octahedral [11]
§€i(C4H10N402)3/2 SO, .2H20 3.01 Octahedral [11]
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dihydrazide metal complexes. The values revealed that the com-
plexes are magnetically dilute with absence of metal-metal

interactions.

1.6 X-ray studies

X-ray diffraction studies of dihydrazide complexes, like for
other coordination compounds, are of interest. The x-ray struc-
ture of the compound formed by zinc sulphate with malonic acid

dihydrazide3" 35

showed that ZnC3HgN,40, SOy4.3H,0 is made up
of polymeric cations, [ZnC3HgNy0,(OH3)2]1%% and tetrahedral
anions, SO42~. It showed" (Fig. 5) that malonic dihydrazide is
bidentate, forming five-membered metal-containing rings through
the oxygen atoms of the carbonyl group and the nitrogen atom of
the amino group with different zinc atoms. Two of the water
molecules were in the inner sphere to make up the cis-octahedral
chain structure, while the sulphato group was outside apparently

because of the relatively weak tendency of sulphato groups to

enter the inner sphere of the complex.

1.7 Applications of metal complexes of hydrazides

Interest in the study of metal complexes of hydrazides has

increased apparently because of their potential

biological® '+ 36+59:61-6% 414 industrial®> 68 applications.
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well known

received less attention
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The cytostatic:‘l6 and ar’otibacterial61 activities of hydrazides
were further enhanced on complex formation. In vitro
studies in animal cells on the behaviour of isonicotinoyl and
its copper complex revealed a reduced activity on
complexationsz. This may be due to the fact that amino
acids which are present in animal cells have better complex-
ing tendency than the isonicotinic acid hydrazide used.in
the study.

Collizi and co-workerss3, in their work, reported the
effectiveness of hydrazide complexes in the reduction of the
toxic effects of heavy metals in animal cells.

Metal complexes of hydrazides have also found use as
synthetic high polymersm.

They are used in analytical chemistry in the spectrophoto-

metric determination of gold, copper and cobalt58,

Aim of the Work

Though the complexes of monocarboxylic acid hydrazides are

1,2,13' those of dicarboxylic acid hydrazides have

10-12,47.88  gtidies on the possible effect

of varying metal to ligand reactant ratios have not been systemati-

cally carried out.

A survey of the literature showed that no work has yet

been reported on metal(ll) tetrafluoroborate complexes of
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cicarboxylic acid hydrazides.

Divalent tetrafluoroborates of manganese, cobalt, nickel,
copper, zinc, cadmium, mercury and magnesium will be prepared
znd complexed with the hydrazides of oxalic, malonic, succinic,
zdipic, phthalic and terephthalic acids. This will be done using
= 1:1 and 1:2 metal to ligand reactant ratios. The complexes* will
oe characterized by elemental analysis, room temperature magnetic
susceptibility, electronic and infrared spectral studies as well as
conductance measurements.

The results are expected to provide information relating to
their possible structures: and also provide information that will
oe of use in future as to their possible biological and industrial

zpplications.
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CHAPTER TWO
THEORETICAL

2.1 Electronic spectr360:69‘75

Each of the several electrons in a partly filled shell may be assigned
its own set of four quantum numbers n, |, ML, and s; where n
is the principal quantum number, L azimuthal or orbital gquantum
number, ML magnetic quantum number and s the spin quantum
number.
In filling an orbital with two electrons for-instance, the spii.
quantum number is employed so that the Pauli's exclusion principle
is satisfied. There are usually strong inleractions acing these
electrons.  These are spin-spin coupling, orbit-orbit coupling and

spin-orbit coupling.

Russel-Saunders or L.-S coupling scheme

This scheme assumes. that

spin-spin coupling > orbit-orbit coupling > spin-orpit coupling

5152 12 54

15
This situation is found to apply to the elements in the first transi-
tion series and the ground state of the heavier metals. For

convenience, the terins which may arise by Russel-Saunders coupl-

ing from all d" configurations aie listed in Table 4.
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TABLE 4: TERMS ARISING FROM THE d" CONFIGURATION

Configuration . Terms
al,. & &)
d2, d8 3F, 3P. 1G, 1D, 1S
d3, d7 AF, 4P, 2G, 2H, 2F, 2D A 2P
(2)
4 .6 5. 3. 3., 3 3.,.X
d, d D,. “H, "G, F(Z)’ D, P(2)
1 1 1 1 1
Lo Gyr B I %@
5 6. 4. & 4 2. 2
S 3 P 3 ’ ’
¢ 3 B ) ey B N
2 2 2 2 2
’ 3 D .
€2 \&* 23’ T ®
0 .10 1
d’, d 8(3).
N.B.: Figures in parentheses refer to the number of

times the term occurs.
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For a transition to give an optical absorption,

=-tiun Rules:

~-=0. Transitions for which As # 0 are said to be spin-

~ uden (spin selection rule). Other transitions which involve

- stribution of electrons in a single quantum shell (e.g. d»d,

s#s, etc.) are orbitally forbidden (laport rule). For an

~tzlly allowed transition, AL = #1. And for a transition to

- =7y the electronic selection rule, the symmetry of the wave-

Ztion must change as excitation occurs, that is A\})s 0, hence

sitions of the type gsg and u u are described as being parity

idden whereas gsu is parity alloweds g and u are spectro-

cic terms describing the symmetry of the wave function (W)
« =re g = gerade and U = ungerade.
In an octahedral complex for example, there are a number

© normal modes of vibrations, somz of which are antisymmetric

th respect lo the inversion centre (u-type vibrations). On
«ing the vibrational and electronic parts of the wave function

o-called vibronic coupling), the ground term may become mixed

th a g-type vibration and the excited term with a u-type

coration,  The transition instead of being g+ becomes g»u and

- therefore a!lowed.

ntensity stealing": This phenomenon occurs when a ligand

“=ld transition occurs close o a charge-transfer band, causing



the intensity of the ligand ficld to increase markedly. This is
believed to be due to the mixing of the electronic wavefunctions
of the forbidden excited term with the allowed level, resulting in
electronic transitions to the excited term becoming allowed.

This phenomenon decreases rapidly as the separation bet‘ween
the allowed and forbidden bands increases.

The laxity of the lLaporte rule coupled with the "intensity
stealing" phenomenon makes it possible for most d d transitions
and other spin-forbidden transitions to be observed in the spectra
of mast transition complexes.

In a ligand field, the terms arising from free-ion d"
configurations in both octahedral and tetrahedral fields are listed
in Table 5.

A high spin @ configuration is not expected to have
strong d d transivons. because there is no excited state of the
same spin multiplicity as the ground term is GA‘g (Figure 6).

In high spin d7 ion in an oclahedral field, the l‘F ground
state and ' lowest excited state of cobalt(11) ion splits according
to the energy diagram shown in Figure 7.

In an octahedral field, the splitting pattern of d8 nickel(I1)

ion is as shown in Figure 8.
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TABLE 5: TERMS ARISING FROM d" CONFIGURATIONS IN
OCTAHEDRAL AND TETRAHEDRAL FIELDS

State of free ion States in the crystal field
S A1
P T1
D E + T2
F A2+T1+T2
G A1+E+T1+T2
H E+2T. + T

1 2




rn

22

Flg.ér

T|g
//,
bp /
/
4
Eq
7
‘FD //
P
<
ks 4
N
N "2
G- bp
Eg -
7
L /7
: A2 °L
& = 9
\\
\ 4-['9
6
S 6A.g

Splitting  of the d2 ion in the
presence of octahedral field

(engMn2+)




m

m

23

‘*Tlg
0 4p 7 i
A ——
“A2q _
‘*F // \
P 4
il Toq
\ A
\ i |i (@
\_*lg

Fig.7  Splitting of the dZ ion

in an octahedral. ficld
+
(e.q Col)
31'9
A 5 % 7
/
P 7
—— Y 4
3T|g
/
4 Py 1
F - 3
7 29
\ A
\ - — —
% 3 u
\ AZg
\

Fig. 8 Splitting of the d® ion in an

oclahedral tield (e-.g N;i2")



24

The a? configuration gives rise to the 2p ground term.
In an oclahedral field, the ground term is 2Eg, hence there is only
2

one transition in the octahedral field, 2Eg ng as shown in

Figure 9. In a tetrahedral field, the transition is however

2

2 .
'I'Z E. Though a single transition is predicted, there are

actually several transitions in close proximilysu.

60,69,72,77-79

Magnetochemistry

Maginetochemical measurements are associated with the
presence of paramagnetism, which inturn-may be related to the
presence of unpaired electrons in the melal ion. When a substance
is placed in a magnetic field of strength H, the magnetic flux B
within the substance is given by:

B = H +4AI (2.2.1)
where | is the intensity of magnetication or magnetic moment per
unit volume. Alternatively, we can divide by H and write

P o= | +uAK (2.2.2)
where P isMie permeability and K the 5usceptibil%ty per unit
volume:

I the field is introduced 6 a paramagnetic substance,
there is a tendency for the magnelic dipoles of the paramagetic
material to be aligned in the direction of the field. For a

diagmagnetic substance there is polarization of the electron cloud.
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In either case, equation (2.2.1) and (2.2.2) holds.
In practice, susceplibility is usually expressed per unit
mass and given the symbol g
Ag = Kig = (2.2.3)
where @ is the density of the material. And the molar

susceptibility ;Tm is defined as

y =ng <D (2.2.4)

where M is the molecular mass of the material.
On the bLasis of I, K and X , therefore, substance may
be divided into three categories: diamagnetic, paramagnetic and

ferro- or antiferromagnetic.

Diagmagnetism: Substances with negative susceptibilities are said
to be diamagnetic and have values of the order of -1 to
-500x10"° c.c.s. units are usually independent of field strength

and temperature.  The diamagnetic susceptibility of a molecule

may be written as:

Xlllul = gi—“ixi ¥ ZE (2.2.5)

where the maolecule contains n; atoms of atomic susceptibility,%i
(i.e. per gram atom), ’I,' ropiresents "constitutive" corrections

which depend on the nature of the bonds involved. All
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substances have diamagnetic susceptibility hence it is nccessary
to attempt to correct for this in delermining paramagnetic
susceptibilities. Diamagnetisin arises mastly from the interaction

of paired electruns with the magnetic field.

Paramagnetism: Paramagnetic compounds have positive,suscepti-
bilities and these are of the order 0-100 x 10-6 C.geS.units, and
are independent of field strength, but dependent on temperature
(inversely) because the ordering of the magnetic mouments that
give rise to them is resisted by thermal motion. The variation
of paramagnetic susceptibility 7( , with temperature T is given

by Curie's law

A& o

where C is the Curie's constant. Normal paramagnetic substances
substances obey the Curie law, and most substances chey the

Curie-Weiss law.

7(= CiIT+8

0 is known as the Weiss constant.
The magnetic properties of paramagnetic substances are
usually expressed in terms of the effective magnetic moment, He

shown by the equation
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25 NB 1
Hy o B e
3kT
. - 20 "
where ﬁ is the Bohr magneton = 0.9273x107" erg/guass, K is
the Boltzmann's constant = 1.3806x10 ° ergl/deg, .7{/\ is 'the
susceplibility per gram atom, N®K is the temperatue independent

paramagnetisin, and N is the Avogadro's number.

M, = 2.828 ./('XA-N )T B.M.

The temperature independent paramagnetism, N__is often

neglected and the effective magnetic moment Mg becomes

n, = 2.823/ZAT BIM.

Usually, the effective magnetic moment, Har of a paramagnetic
material lies between g =/!ls(s+l) and p_, =/ 45(st1)4L(L+1)
that is Hg (spin only magnetic moment) and HgiL (spin + orbital
contribution) respectively.. When He exceeds Hg it is assumed

to be finite value of L, i.e. of an "orbital contribution" to .the
magnetic momerl, For an electron to have orbital ‘angular

moment about an axis, the orbital which it occupies must be
transformable into an entirely equivalent and degenerate orbital
by rotation about the axis in question. Both orbitals must contain
electrons of the same spin. For a free ion, all the orbitals are

degenerate and the dxy, dxz and dyz orbitals are transformable
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into each olhier by 90° rotations about the relevant axes. And
45° rotation. of the dxy orbital about the z axis transform it into
the dx?-y* orbital.

For d” and dw, L=0 and no orbital contribution to the

)

magnetic moment is expected.  In these cases, every orbital
contains electrons of the same spin, thus preventing the
development of any orbital angular momentuin.

In an oclahedral or tetrahedral field, the d orbitals are
split into tripiet, ‘29 (dxy, dyz, dxz) and.a doublet eg
(dz*, dx*-y*), which are no longer degenerate. Thus, the
dx*-y* and dz* orbitals, being of different shapes, cannot be
interchanged and hence have no orbital angular momentum
associated with them. Also the interchiange of dxy and dx*-y?
orbitals which hitherto was an important source of orbital contri-
bution in the free ion has been quenched. In the octahedral
field, therefuire, theconfiguratiors tzg3and t2g6 will now

have a total anglular momentuin of zero, while among the high

1 ¢ 2 g 4 2
g’ 29’ 29 ¢4
have any orbital angular momentum. For tetrahedral

1 2.2 U
2,et2,et2 and

e"tz5 is expecied to have orbital angular momentum. However,

spin complexes only the configurations t, and

5
2g g

species only, the configurations ezt

t

in cases whzre orbital contributions are not expected of a
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particular configuration, the effective magnetic moment still differs
from the spin only value. For instance, it is not expecled that

A and E terms should give any orbital contribution. But, if thefeg
is a T term of the same multiplicity at a higher energy level,

it is possible fur the spin-orbit coupling to "mix" some of this

into the ground term, thus introducting certain amount of

orbital angular momentum into the latter. A and E terms arising
from F and D terms respectively are accompanied by a higher T
term of the same multiplicity. For these, the "mixing-in" effect

is expressed by the formula:

. K h
He = Mg (1 - IODq)

where ® is a constant which ‘depends on the spectroscopic

ground state and the number of d electrons, ™ =4 for A terms and
2 for E teims; A is'the spin-orbit coupling constant for the

terms invulved, and 10Dq is the separation between the ground
level and thg lével Leing miaed in.  The parametgr /<‘is positive
for less thaun hLalf-filled shells and negative for more than half-
filled-shells, A and 10Dq are positive quantities. Hence, the
observed muments may be greater or less than the spin only

value.
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The magnetic moments of the complexes with T ground terms
generally vary with temperature and depart significantly from the

spin-only value,

Ferromagnetizm and Antiferromagnetism: These are special Cases

of paramagnetism where the magnetic dilution is inadequate,. thus
making the magnetic dipoles on adjascent paramagnetic/egntres
interact. The two possibilities are either that adjascent dipoles
may tend to align themseives parailel 1o the applied tield or
antiparallel to the applied field. The former leads to ferro-
magnetism and the latter being antiferramagnetism. Ferro- and
antiferromagnetism are known as “cooperative phenomena". In
ferromagnetic materials, P21 and can be as high as 10“, being
both field and temperature dependent. In antiferromagnetic
materials?( is usually less than for normal paramagnetic materials
and it is temperature and sowetimes field dependent.

Figure 10 compares the temperature dependence of the
susceptibility fur (1) a normal paramagnetism, (2) ferromagnetism,
and (3) antiferrcinagnetism.

Far ferromagnetism above Tc' the substance fullows Curie
or the Curie-Weiss law and susceptibility is independent of field
strength. Below Tc‘ the susceptibility does not depend on

temperature or field strength in a simple manner. For
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antiferromagnetism there is again a characteristic temperature,
TN’ called the Neel temperature. Above TN the susceptibility
drops with decreasing temperature.

In general, in maanetically concentrated systems a positive
Weiss constant is charactleristic of antiferromagnetism and a
negative one of ferromagnetism (Figure 11).

Many methods have been employed in the measurements of
the magnetic properties of materials in solid, liquid and gaseous
stales among which are the Gouy, Faraday, Quincke and NMR
methods. The simplest and most commonly used method is the
Gouy method.

2.3 Infrared spectra® PR

The encigies required for moiecular vibirations are compara-
ble to those uf (uantaof infrared radiation. A simple diatomic
covalent bond is considered as a spring with atomic masses at
either side./ The stiffness of the spring is described by a force
constant, K. When in motion, the induced vibralions are

adequately desciribed by Hooke's law of simple harmonic
F = -kX (2.3.1)

where F is the force tending to restore it to equilibrium,
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k is the force constant and X is the displacement. The force
constant (k) is a direct measure of the bond strength. The
force constant (1) is a direct measure of the bond strength.

The frequency of motion is

Q: L [ (2.3.2)

2R 1]
where p is the reduced mass, i.e. the harmonic medan of the

individual masses.

SR NN |
i—i = m] + m2 g (2.33)
or
i,
H =E‘—l—mi- (2.3.4)
!

From quantum theory, only certain energy transitions are

allowed, as determined by-a quantum number, n
EN = (n+ Hh/ (2.3.5)

where n =,0,1,2,3, ... etc.
From the Bohr's principle, the frequency of a radiation exciting
a molecule from the lowest energy level (n=0) of energy E0 to

the first energy level (n=1) of energy E] is given by

ho? = E, - E, {3.3.6)
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Equation (2.3.5) gives the value of E_ = 1thZand E, = 3/2h+.

By substituting therefore in Bohr's equation, give

(E +E )
’\7: ) O - 1 (2.3.7)

h

Selection rules

1. For a molecule to absorb infrared radiation, there must be
a change in dipole moment during molecular vibrationz.

2, The change in the vibrational quantum number must be
equal to 11,

3 For overtones and combinations, m= 12, 3, 14, ..,

The absorption bands in the infrared region of the spectrum,
arising from excilation of molecular. vibrations and rotations, are
determined by the arrangement of atoms in space, their masses,
bond lengths and angles and by the forces belween them.

There are two types of fundamental vibrations: stretching,
in which the distance between two aloms increases or decreases
but the atuis remain in the same bond axis, and bending (or
deformation), in which the position of the atom changes relative
to the origina! bond axis, '

A non-linear molecule that contains n atoms has 3n-6
possible fundamental modes that can be responsible for the

absorption of infrared radiation, For a linear molecul ¢ there are
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however, 3n-5 possible fundamental vibrational modes. However,

if the absorption occurs outside the region ordinarily examined

or if the resulting absorptions are so close that they cannot be

resolved or of very weak intensity, the predicted number of

peaks will not be observed.

Additional (non-fundamental) absorption bands may occur
because of the presence of overtones (or harmonics), combination
bands (the sum of two or more different vibrations) and
difference bands (the difference of two or-more different
vibrations) .

The spectrum of a coordinated. ligand differs from that of
the free ligand since an additional atom is introduced into the
ligand vibrating system; the bond lengths, angles and interatomic
forces are directly or indirectly affected. The differences
between the spectra of free ligand and complex fall into three
categories.

b Band position:  On coordination, bands associated with the
stiretching of bonds invaclving the coordinated atom(s)
usually move to longer wavelength (lower energy). For
example, the free carbonate anion absorption at 890 cm—l

shifts to 850 and 830 cm-l on coordination as unidentate

and bidentate ligand respectiveiy.
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2. Relative band intensities: While the band position remains

unchanged, there is a change in the intensity.

35 Splitting of the bands: Single peaks in the free ligand

may be split into several closely spaced bands in the
compléx.
In practice, the spectrum of the ligand is usually compared

with that of a compound in which the ligand is coordinated.



38

CHAPTER THREE

EXPERIMENTAL

3.1 Reagents

Adipic acid, terephthalic acid, diethyl oxalate, diethyl
malonate, diethyl succinate, diethyl phthalate, calcium carbonate,
manganese carbonate, cobalt carbonate, nickel carbonate, copper
carbonate (basic), zinc carbonate (basic), cadmium carbonate,
mercury carbonate, magnesium carbonate, sodium sulphate,
sodium hydrogen carbonate, hydrazine hydrate, fluoroboric acid,
ethylenediamine tetraacetic acid (sodium salt), zinc sulphate
heptahydrate, ammonium chloride, hexamine, solochrome black,
xylenol orange, murexide, triethanolamine, hydroxylammonium
chloride, potassium nitrate, sodium chloride (spectroscopic grade),
perchloric acid, nitric acid, sulphuric acid, ammonium hydroxide.

Solvents. Methanol, ethanol, benzene, hexane, acetone,
nitrobenzene, nitromethane, acetonitrile, dimethylsulfoxide (DMSO),
dimethylformamide (DMF). The solvents were further purified,
using the appropriate methods outlined in the Iiteratures.

All the reagents were obtained from British Drug Houses

(BDH) Chemical and the Fischer Scientific Company Ltd.



39

3.2 Preparation of the ligandss’s's'g'”'86

3241 Preparation of oxalic dihydrazide (ODH)

This was prepared by adding 20 g diethyl oxalate (0.137
mol) into 20 ml (0.382 mol) hydrazine hydrate in a 250 ml beaker
while stirring with a Gallenkamp magnetic stirrer at room
temperature. The white precipitates of ODH which separated were
filtered, washed several times with ethanol and dried in a vacuum

desiccator over silica gel.

3.2.2 Preparation of malonic dihydrazide (MDH)

A sample of 25 g diethyl malonate (0.156 mol) was slowly
added into a 250 ml beaker containing 25 ml (0.479 mol) hydrazine
hydrate and stirred as described above. The white precipitates
which formed were filtered off, washed thoroughly with ethanol

and dried in a desiccator over silica gel.

3.2.3 Preparation of succinic dihydrazide (SDH)

A quantity of 30 g diethyl succinate (0.172 molj was slowly
added to 30 ml (0.575 mol) hydrazine hydrdte in a beaker with
stirring. The white precipitates were filtered off, washed

several times with ethanol and dried as before over silica gel.

3.2.4 Preparation of adipic dihydrazide (ADH)

Adipic acid (74.9 g,0.513 mol) was placed in a two-litre
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round-bottomed flask. fethanol (95.3 ml) was added
followed by benzene (187.5 ml) and concentrated sulphuric acid
(16.5 ml), while gently swirling the contents of the flask. The
mixture was then refluxed for six hours on.a water bath. The
contents of the flask were then poured into a large volume (500
ml) of distilled water. The benzene layer was separated from
the aqueous layer using a separating funnel. The aqueous layer
was further washed with ether and the ether extract added to the
benzene layer. The mixture was then washed with a saturated
solution of NaHCO3 until effervescence ceased. It was further
washed several times with water. ~Anhydrous Na2$Oq was then
added to dry the mixture.. The distillation of the diethyl ester
was carried out under reduced pressure. The diethyl adipate
collected was redistilled several times to ensure high puritys.
The adipic dihydrazide (ADH) was obtained by adding 20 g
(0.099 mol) of the diethyl adipate slowly into a beaker containing
20 ml (0.383 mol) of hydrazine hydrate with stirring for four
hours. The white precipitates formed were filtered, washed

with ethanol and dried in a vacuum desiccator over silica gel.

35235 Preparation of phthalic dihydrazide (PDH)

Diethyl phthalate (27 g, 0.121 mol) was placed in a 250 ml

round-bottomed flask containing hydrazine hydrate 27 ml
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(0.517 mol). The mixture was refluxed for 3 hours on a water
bath. The dirty white caky precipitate which formed was filtered,

washed several times with ethanol and dried in vacuo over silica

gel.

3.2.6 Preparation of terephthalic dihydrazide (TDH)

A mixture of terephthalic acid, 25 g (0.151-mol), ethanol
(300 ml) and concentrated HSOy (12.5 ml) was refluxed for
sixteen hours and distilled to half its volume and poured into
aqueous NayCO3 (250 ml). The brownish precipitate of diethyl
terephthalate obtained was recrystallized from ethanol and dried
in a vacuum desiccator over silica gel (M.pt. (°C) u2-44,
literature valuesu 42-44). Terephthalic dihydrazide (TDH) was
obtained by refluxing a mixture of diethyl terephthalate 14 g
(0.063 mol), ethanol (150 ml) and 14 ml (0.268 mol) hydrazine
hydrate in a round-bottomed flask for four hours on a water
bath. The dirty white precipitates of TDH were washed tho-

roughly with ethanol and dried as described above.

3.3 Preparation of the complexes
3.3.1 Preparation of manganese(ll) tetrafluoroborate
(Mn(BFu)z.GHzo)

Excess manganese(ll) carbonate was added, pinchwise, to

30 ml of tetrafluoroboric acid in a 250 ml beaker with stirring
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until effervescence ceased. The mixture was then filtered and
concentrated by heating on a hot plate and left in a desiccator
over silica gel to crystéllize. Manganese was determined by EDTA
titration using Solochiome black as an indicator®>. The analytical

data are shown in Table 6.

3.3:1.1 Preparation of Mn(I1) tetrafluoroborate complexes

3.3.1.2 Preparation of Mn(ODH),(BFy); and Mn(ODH)3-
(BFy)».

Mn(ODH)z(éFq)z. A 1:1 molar.ratio of oxalic dihydrazide
(2.36 g, 0.02 mol), Mn(BFy),.6H0 (6.74 g, 0.02 mol) in 90 ml
methanol was stirred for 15 hours using a Gallenkamp magnetic
stirrer at room temperature. The white compound which formed
was filtered, washed thoroughly with methanol and dried over
silica gel in a vacuum desiccator.

Mn(ODH)3(BFy)2. A mixture of ODH (2.36 g, 0.02 mol)
and Mn(BFy)3.6H20 (3.37 g, 0.01 mol) in 80 ml methanol was
stirred for 16 hours. The product obtained was isolated as

described for Mn(ODH),(BFy)5-

3.3.1.3 Preparation of Mn(MDH)>(BFy)p and Mn(MDH)3-

(BFy)o-
Mn(MDH)7(BFy)2. A quantity of 2.64 g (0.02 mol) malonic

dihydrazide (MDH), and 6.74 g {0.02 mol) Mn(BFy),.6H20, in
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100 ml methanol was stirred for 19 hours using a magnetic stirrer.
The white precipitates of Mn(MDH);(BFy), obtained were filtered,
washed with methanol and dried in a vacuum desiccator over silica
gel at room temperature.

Mn(MDH)3(BFy)2. A mixture of MDH (2.64 g 0.02 mol) and
(3.37 g 0.01 mol) Mn(BFy)2.6H20 in 95 ml methanol was stirred
for 18 hours. The whitish compound which formed was filtered
off, washed several times with methanol and dried in vacuo over

silica gel.

3.3.1.4 Preparation of Mn(SDH),(BFy), and Mn(SDH)3-
(BFy)2.

Mn(SDH)2(BFy)2. ~This was prepared using the procedure
outlined for Mn(MDH)3(BFy) but with (2.92 g, 0.02 mol) succinic
dihydrazide (SDH) and (6.74 g, 0.02 mol) Mn(BFy);.6H,0.

Mn(SDH)3(BFy);. Using a 2:1 molar ratio of SDH and
Mn(BFy)2:6H90 and a similar procedure as outlined above,

Mn(SDH)3(BFy), was isolated.

3:3.1:5 ‘ Preparation of Mn(ADH)3/2(BFy); and
Mn(ADH)3(BFy); .

Mn(ADH)3/2(BFy)2. With a 1:1 molar ratio of (1.74 g,
0.01 mol) adipic dihydrazide (ADH) and (3.37 g, 0.01 mol)

Mn(BFy)2.6H70, stirred for 17 hours in 90 ml methanol, whitish
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Mn(ADH)3/2(BFy), was prepared.

Mn(ADH)3(BFy)2. Using a similar procedure as outlined for
Mn(MDH)3(BFy), but with a 2:1 molar ratio of ADH to Mn(BFy); -
6H0, Mn(ADH)3(BFy), was isolated.

3.3.1.6 Preparation of Mn(PDH),(BFy)7 and Mn(PDH)3-
(BFy);

Mn(PDH);(BFy)3. To a solution of Mn(BFy)y.6H,0 (3.37 g,
0.01 mol) in 100 ml methanol was added (1.94 g, 0.01 mol) phthalic
dihydrazide (PDH). The mixture was stirred for 18 hours at
room temperature and the dirty white precipitates formed were
isolated as before.

Mn(PDH)3(BFy)2. With a similar procedure as described
for Mn(PDH),(BFy), and a 2:1 molar ratio of PDH to Mn(BFy);.-
6H20, Mn(PDH)3(BFy), was isolated.

3.3:1.7 Preparation of Mn(TDH)3(BFy))

Using (1.94 g, 0.01 mol) terephthalic dihydrazide (TDH)
and (3.37 g, 0.01 mol) of Mn(BFy).6H20, Mn(TDH)3(BFy),; was

obtained in the manner Mn(PDH);(BFy); was isolated.

3.3.2 Preparation of cobalt(ll) tetrafluoroborate
(CO(BFy)2.6 Hy0)

An excess of Co(ll) carbonate was added, pinchwise, to

45 ml of tetrafluoroboric acid in a 250 ml beaker. Co(BFy);.6H;0

.~
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was then isolated as described for Mn(BFy);.6H,0 above. Cobalt

was estimated by EDTA titrations using xylenol orange as an

85

indicator The analytical result is presented in Table 6.

3.3.2.1 Preparation of Co(ll) tetrafluoroborate complexes

3,322 Preparation of Co(ODH);,(BFy); and Co(ODH)3-
(BFy)o

.

Co(ODH),(BFy)2. A quantity of 2.36 g (0.02 mol) of ODH
was mixed with 6.82 g (0.02 mol) of Co(BFy)2.6H0 in 90 ml of
methanol and stirred using a Gallenkamp magnetic stirrer for 14
hours at room temperature. The pinkish product was filtered,
washed several times with methanol and dried over silica gel in a
vacuum desiccator.

Co(ODH)3(BFy)2. A mixture of ODH (2.36 g, 0.02 mol) and
Co(BFy).6H70 (3.41 g, 0.01 mol) in 80 ml of methanol was
stirred. The pink coloured compound which precipitated was

filtered off, washed thoroughly with methanol and dried as before.

h 2.3 Preparation of Co(MDH)3/7(BFy)2 and
Co(MDH)3(BFy) 2.

Co(MDH)3/2(BFy)2. A mixture of malonic dihydrazide
(2.64 g, 0.02 mol) and Co(BFy).6H70 (6.82 g, 0.02 mol) in

100 ml of methanol contained in a quick-fit conical flask was stirred
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for 16 hours. The pinkish powdery compound formed was isolated
as described before.

Co(MDH)3(BFy)2. A mixture of 2.64 g (0.02 mol) MDH
and (3.41 g, 0.01 mol), Co(BFy)2.6H70 in 100 ml of methanol was
stirred for 18 hours using a magnetic stirrer. The pinkish com-
pound formed was separated by filtration, washed thoroughly with

methanol and dried over silica gel.

3.3.2.4 Preparation of Co(SDH);(BFy)5 and
Co(SDH)3(BFy) 3.

Co(SDH),(BFy)2. A quantity of SDH (2.92 g, 0.02 mol)
and Co(BFy)7.6H20 (6.82 g, 0.02 mol) mixed together in 90 ml
of methanol was stirred for 19 hours. The pink product was
isolated as described before,

Co(SDH)3(BFy)2. A 1:2 molar mixture of SDH (5.82 g,
0.04 mol) and Co(BFy).6H0 (6.82 g, 0.02 mol) in 100 ml of
methanol was stirred for 20 hours in a conical flask at room
temperature. < The pinkish product was isolated by filtration and

thorough washing with methanol and dried in vacuo over silica gel.

3.3.2.5 Preparation of Co(ADH),(BFy); and Co(ADH)3-~
(BFy)2

Co(ADH)(BFy)2. A 1:1 molar mixture of adipic dihydrazide

(1.74 g, 0.01 mol) and Co(BFy)7.6H20 (3.41 g, 0.01 mol) in

.
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80 ml of methanol was stirred for 16 hours. The pink precipi-
tate was isolated and dried in the manner described above.
Co(ADH)3(BFy)2. A mixture of ADH, 3.48 g (0.02 mol)
and 3.41 g (0.01 mol) of Co(BFy)3.6H0 in 90 ml methanol was
stirred. The pink coloured compound formed was isolated as

before.

3.3.2.6 Preparation of Co(PDH)3(BFy);

To a solution of Co(BFy)3.6H20 (3.45.g, 0.01 mol) in
95 ml methanol was added 1.94 g (0.01 mol) of PDH. The
mixture was stirred and the precipitates filtered off, washed tho-
roughly with methanol and dried in a vacuum desiccator over
silica gel.

A 1:2 molar mixture of metal salt to PDH yielded the same

product.

3.3.2.7 Preparation of Co(TDH)3(BFy);

A mixture of 1.94 g (0.01 mol) of terephthalic dihydrazide
and 3.41.g (0.01 mol) of Co(BFy)7.6H20 in 90 ml methanol was
stirred for 20 hours at room temperature. The pink precipitate

formed was isolated as described for Co(PDH)3(BFq]A2.
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3.3.3 Preparation of Ni(ll) tetrafluoroborate
(Ni(BFy)2.6H20)

To 40 ml of HBFy was added, pinchwise, excess basic
nickel(ll) carbonate until effervescence ceased. The resulting
mixture was filtered and concentrated by heating on a hot plate
and left in a desiccator to crystallize. Nickel was determined by

85

EDTA titration using murexide as an indicator ~. The analytical

data is shown in Table 6.

3.3:3:1 Preparation of Ni(ll) tetrafluoroborate complexes

3.3:3.2 Preparation of Ni(ODH),(BFy), and
Ni(ODH)3(BFy)y

Ni(ODH)2(BFy)7. A mixture of oxalic dihydrazide (2.95 g,
0.025 mol) and 8.50 g (0.025 mol) Ni(BFy)2.6H20 in methanol
(98 ml) was stirred in a quick-fit conical flask for 16 hours
using a magnetic stirrer at room temperature. The light
blue compound which formed was filtered, washed thoroughly with
methanol and dried over silica gel in a vacuum desiccator.

Ni(ODH)3(BFy)2. A mixture of oxalic dihydrazide (5.90 g,
0.050 mol) and Ni(BFy)7.6H20 (8.50 g, 0.025 mol) in methanol
(150 ml) was stirred as described above. A 2:1 molar ratio of
ligand to metal was used. The light blue compound formed was
filtered off, washed several times with methanol and dried in the

manner described above.
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3.3.3.3 Preparation of Ni(MDH),(BR ) and

Ni(MDH)3(BFy) 2

Ni(MDH)(BFy),* A quantity of 2.64 g (0.02 mol) malonic
dihydrazide and 6.80 g (0.02 mol) Ni(BFy)y.6H0 in 100 ml methanol
was stirred in a quick-fit conical flask for 18 hours using a magne-
tic stirrer. A small amount of a greenish precipitate was initially
formed and the solution was left to stand for about 18 hours in an
evaporating dish at room temperature. More of the precipit.ate was
formed and was filtered, washed with-methanol and dried at room
temperature in a vacuum desiccator over silica gel.

Ni(MDH)3(BFy),. 5.28 g (0.04 mol) of MDH and 6.80 g
(0.02 mol) Ni(BFy).6H20 in 120 ml methanol reacted on stirring
in a quick-fit conical flask for 17 hours using a magnetic stirrer.
The green compound which formed was filtered off, washed

several times and dried as described for Ni(MDH),(BFy);.

3.3.3.4 Preparation of Ni(SDH)3/2(BFy); and
Ni(SDH),(BFy),

Ni(SDH)3/2(BFy)2. A mixture of SDH (2.92 g, 0.02 mol)
and Ni(BFy)7.6H20 (6.90 g, 0.02 mol) in methanol (100 ml) was
stirred for 20 hours as described above. A small quantity of

light blue precipitate was formed initially the solution was left
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to stand in an evaporating dish for 12 hours at room temperature.
The product was isolated as described for Ni(MDH),(BFy);.
Ni(SDH)(BFy)2. A mixture of SDH (5.84 g, 0.04 mol) and
Ni(BFy)2.6H,0 (6.80 g, 0.02 mol) in methanol (100 ml) was
stirred for 15 hours. The light blue product was isolated by
filtering, washing several times with methanol and drying over

silica gel in vacuo.

3.3.3.5 Preparation of Ni(ADH)3/7(BFy); and
Ni(ADH)2(BFy)2

Ni(ADH)3/2(BFy)2. A 1:1 molar mixture of adipic dihydra-
zide (3.48g, 0.02 mol) and Ni(BFy)7.6H,0 (6.80 g, 0.02 mol) in
100 ml (methanol) was stirred for 18 hours in a conical flask at
room temperature. The light blue compound formed was filtered,
washed thoroughly with methanol and dried over silica gel in a
vacuum desiccator.

Ni(ADH),(BFy)2. A mixture of ADH (3.48 g, 0.02 mol)
and 3.40 g (0.01 mol) Ni(BFy)2.6H20 in 80 ml methanol was
stirred for 18 hours as described above. The bluish compound
which precipitated was isolated as described for Ni(ADH)3/7-

(BFy)y.



51

3.3.3.6 Preparation of Ni(PDH)3(BFy)»

A 1:1 molar mixture of phthalic dihydrazide (3.88 g, 0.02
mol) and 6.80 g (0.02 mol) Ni(BFy)2.6H20 in 90 ml methanol was
stirred for 20 hours and the light green precipitates formed were
isolated as before.

When a 2:1 molar mixture of PDH and Ni(BFy)7.6H0 was
reacted together as outlined above, the same product Ni(PDH)3-

(BFy)y was obtained.

3.3.3.7 Preparation of Ni(TDH)3(BFy))

1.94 g (0.01 mol) of terephthalic dihydrazide (TDH) and
3.40.g (0.01 mol) Ni(BFy);.6Hz0 in 100 ml methanol was stirred
for 22 hours at room temperature. The greenish compound which

formed was isolated as before.

3.3.4 Preparation of Cu(ll) tetrafluoroborate
(Cu(BFy)2.6H70)

To 45 ml of tetrafluoroboric acid (HBFy) in a 250 ml beaker
was added excess basic Cu(ll) carbonate portionwise, with
stirring until effervescence ceased. The tetrafluoroborate salt
was isolated as described for Ni(BFy);.6H70. Copper was
estimated by EDTA titration using murexide as an indicator85

(Table 6).
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3.3.4.1 Preparation of Cu(ll) tetrafluoroborate complexes

3.3.4.2 Preparation of Cu(ODH)3/7(BFy)y and
Cu(ODH)3(BFy),

Cu(ODH)3/7(BFy)2. A mixture of oxalic dihydrazide
(2.36 g, 0.02 mol) and Cu(BFy);.6H20 (6.90 g, 0.02 mol) in
methanol (95 ml) was stirred in a quick-fit conical flask for 14
hours using a magnetic stirrer at room temperature.
The bluish compound which formed was filtered, washed thoroughly
with methanol and dried in vacuo over silica gel.

Cu(ODH)3(BFy)3. A mixture of ODH, 4.72 g (0.04 mol)
and Cu(BFy)3.6H0 (6.90 g, 0.02 mol) in methanol (120 ml) was
stirred as described above. A 2:1 molar ratio of ligand to metal
was. used. The bluish compound which formed was filtered off,
washed several times with methanol and dried in the manner

described above.

3.3.4N% Preparation of Cu(MDH),(BFy), and
Cu(MDH)3(BFy),

Cu(MDH)(BFy)2. A quantity of 2.64 g (0.02 mol) MDH,
and 6.90 g (0.02 mol), Cu(BFy).6H70 in 90 ml (methanol) was
stirred in a conical flask for 16 hours using a magnetic stirrer.

A small amount of greenish precipitate was initially formed and the

solution was left to stand for zbout 14 hours in an evaporating
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dish at room temperature. More of the precipitate was formt;d
and was filtered, washed with methanol and dried at room tempe-
rature in a vacuum desiccator over silica gel.

Cu(MDH)3(BFy)2. A mixture of 5.28 g (0.04 mol) of MDH
and 6.90 g (0.02 mol), Cu(BFy)2.6H70 in 90 ml (methanol),
reacted on stirring in a quick-fit conical flask for 18 hours using
a magnetic stirrer. The bluish compound formed was filtered,

washed several times with methanol and dried in vacuo over silica

gel.

3.3.4.4 Preparation of Cu(SDH),(BFy), and
Cu(SDH)3(BFy);

Cu(SDH),(BFy)z. A mixture of succinic dihydrazide (2.92
g, 0.02 mol) and Cu(BFy)2.6H20 (6.90 g, 0.02 mol) in methanol
(80 ml) was stirred for 18 hours as described before. A small
quantity of light green precipitates were formed initially. The

solution was left to stand in an evaporating dish for about 10

hours at'room temperature. The product was isolated as described

for Cu(MDH)3(BFy);.

Cu(SDH)3(BFy)2. A mixture of 5.84 g (0.04 mol) SDH and
Cu(BFy);.6H20 (6.90 g, 0.02 mol), in methanol (85 ml) was
stirred for 14 hours. The greenish product was isolated by

filtering, washing several times with methanol and drying over

L= R
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silica gel in vacuo.

3.3.4.5 Preparation of Cu(ADH),(BFy); and
Cu(ADH)3(BFy);

Cu(ADH)(BFy)2. A 1:1 molar mixture of adipic dihydra-
zide (1.74g, 0.01 mol) and Cu(BFq)z,eHzo, (3.45 g, 0.01 mol)
was stirred for 15 hours in a conical flask at room temperature.
The green product formed was filtered, washed thoroughly with
methanol and dried over silica gel in a vacuum desiccator.

Cu(ADH)3(BFy)3. A mixture of :ADH, 3.48 g (0.02 mol),
and 3.45 g (0.01 mol) Cu(BFy)2.6H20 in 85 ml methanol was
stirred for 16 hours as described above. The precipitated

greenish compound was isolated as described for Cu(ADH),(BFy);.

3.3.4.6 Preparation of Cu(PDH);(BFy); and
Cu(PDH)3(BFy);

Cu(PDH)2(BFy)3. To a solution of Cu(BFy).6H0 (3.45 g,
0.01 mol) in 85 ml methanol was added 1.94 g (0.01 mol),
phthalic dihydrazide. The mixture was stirred and the brownish
precipitates formed were isolated as before.

Cu(PDH)3(BFy). Using a similar procedure as outlined
for Cu(PDH)7(BFy)2 and 2:1 molar ratio of PDH to Cu(BFy);.6H30,

brownish Cu(PDH)3(BFy), was obtained.
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3.3.4.7 Preparation of Cu(TDH),(BFy)),

A suspension of 1.94 g (0.01 mol) of terephthalic dihydra-
zide (TDH) and 3.45 g (0.01 mol) Cu(BFy}7.6H70 in 80 ml
methanol was stirred for 20 hours at room temperature. The

light green precipitate formed was isolated as described for

Cu(PDH),(BFy),.
3.3:5 Preparation of Zn(Il) tetrafluoroborate
(Zn(BFy)2.6H,0)

To 36 ml tetrafluoroboric acid in a 250 ml beaker was added,
pinchwise, excess basic ZnCO3 with stirring until effervescence
ceased completely. The mixture was filtered several times, con-
centrated by heating on a hot plate and then left in a desiccator
to crystallize. Zinc was determined by EDTA - titration using

85

solochrome black as an indicator The analytical data is pre-

sented in Table 6.

3.38/4 Preparation of Zn(ll) tetrafluoroborate complexes

8Q3.5.2 Preparation of Zn(ODH),(BFy)7 and
Zn(ODH)3(BFy) 2 )

Zn(ODH)7(BFy)2. A mixture of 3.47 g (0.01 mol) in
methanol (80 ml) was stirred in a quick-fit conical flask for 11

hours using a magnetic stirrer at room temperature.
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The whitish compound which formed was filtered, washed several
times with methanol and dried in vacuo over silica gel.
Zn(ODH)3(BFy)3. A mixture of oxalic dihydrazide (ODH),
2.36 g (0.02 mol) and Zn(BFy)7.6H,0, 3.47 g (0.01 mol) in
methanol (80 ml) was stirred as described above. A 2:1 molar
ratio of ligand to metal was used. The whitish compound which
separated was filtered, washed several times with methanol and

dried at room temperature in the manner above.

3.3.5.3 Preparation of Zn MDH (BFy); and
Zn(MDH)3(BFy) )

ZnMDH(BFy)7. Malonic dihydrazide, 2.64 g (0.02 mol)
and Zn(BFy)7.6H20, 6.94 g (0.02 mol) in 85 ml methanol reacted
on stirring in a quick-fit conical flask for 14 hours using a
magnetic stirrer. The faint yellow compound was filtered, washed
with methanol and dried in a vacuum desiccator over silica gel at
room temperature.

Zn(MDH)3(BFy)2. A 2:1 molar mixture of MDH, 5.28 g
(0.04 mol) and Zn(BFy)7.6H20, 6.94 g (0.02 mol) in methanol
(90 ml) was stirred for 16 hours in a conical flask at room
temperature. The whitish product was filtered, washed with
methanol and dried in a vacuum desiccator with silica gel as .a

desiccant.
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3.3.5.4 Preparation of Zn(SDH)3,,(BFy); and
Zn(SDH),(BFy)7

Zn(SDH)3/2(BFy)3. Succinic dihydrazide, 2.92 g (0.02 mol)
and Zn(BFy).6H20, 6.94 g (0.02 mol) in methanol (95 ml)
reacted on stirring in a quick-fit conical flask for 12 hours to give
a white-coloured compound. The complex was isolated by filtering,
washing several times with methanol and drying in-a vacuum
desiccator with silica gel as a desiccant.

Zn(SDH),(BFy)3. A mixture of SDH, 5.84 g (0.04 mol) and
Zn(BFy)7.6H20 6.94 g (0.02 mol) in 100 ml methanol was stirred
for 12 hours in a quick-fit conical flask at room temperature.

The whitish compound was isolated as described for Zn(SDH)3/;-

(BFy)a.

3.3.5.5 Preparation of Zn(ADH)3(BFy),

To a solution of Zn(BFy).6H70, 3.47 g (0.01 mol) in 90 ml
methanol was added adipic dihydrazide, 1.74 g (0.01 mol). The
mixture was stirred at room temperature in a conical flask for 14
hours using a Callenkamp magnetic stirrer. The whitish precipi-
tates were filtered, washed thoroughly with methanol and dried
in vacuo over silica gel at room temperature.

When a 2:1 molar mixture of ADH to metal salt was reacted

together the same product, Zn(ADH)3(BFy); was obtained.
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3.3.5.6 Preparation of Zn(PDH)3(BFy);

A mixture of PDH, (1.94 g, 0.01 mol) and Zn(BFy),.6H50,
3.47 g (0.01 mol) in methanol (90 ml) was stirred for 20 hours
by means of a magnetic stirrer. The whitish product was filtered,
washed several times with methanol and dried in a vacuum desicca-
tor over silica gel.

However, a 2:1 molar ratio of PDH to Zn(BFy),.6H,0 gave

the same product, Zn(PDH)3(BFy);.

3.3.5.7 Preparation of Zn(TDH)3(BFy))

To a solution of 6.94 g (0.02 mol) Zn(BFy)2.6H20 in 90 ml
methanol was added 3.88 g (0.02 mol) terephthalic dihydrazide
(TDH). The mixture was stirred in a conical flask for 20 hpurs
at room temperature. The whitish compound was isolated and

dried as described above.

3.3.6 Preparation of Cd(ll) tetrafluoroborate
(Cd(BFy)2.7H,0)

Excess of Cd(ll) carbonate was added, pinchwise, to 55 ml
of HBFy in a 250 ml beaker, until effervescence ceased.
Cd(BFy)3.7H0 was obtained as described for Zn(BFy);.6H30.
Cadmium was estimated by EDTA titrationss, using xylenol orange

as an indicator (Table 6).
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3.3.6.1 Preparation of Cd(ll) tetrafluoroborate complexes

3.3.6.2 Preparation of Cd(ODH),(BFy), and
Cd(ODH)3(BFy)2

Cd(ODH)(BFy);. With a 1:1 molar ratio of 2.36 g (0.02
mol) ODH and 8.24 g, (0.02 mol) of Cd(BFy),.7H,0 stirred for 17
hours in 100 ml of methanol, white precipitates of Cd(ODH);(BFy),
was formed, filtered, washed several times with methanol and
dried at room temperature over silica gel in a vacuum desiccator.

Cd(ODH)3(BFy)2. This was prepared as described above
but with 2.36 g (0.02 mol) ODH and 4.12 g (0.01 mol) of

Cd(BFy)5.7H,0.

3.3.6.3 Preparation of Cd(MDH),(BFy)3

Cd(MDH),(BFy), was prepared using a quantity of 2.64 g
(0.02 mol) MDH and 8.24 g (0.02 mol) of Cd(BFy)2.7H20 in the
manner described above.

When a 2:1 molar ratio of malonic dihydrazide to

Cd(BFy)7.7H70 was used the same compound was obtained.

3.3.6.4 Preparation of Cd(SDH),(BFy), and
Cd(SDH)3(BFy)2

Cd(SDH),(BFy)3. A mixture of SDH 2.92 g (0.02 mol) and

8.24 g (0.02 mol) of Cd(BFy)2.7H20 in methanol was used in the
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isolation of Cd(SDH);(BFy);.
Cd(SDH)3(BFy)2. When a 2:1 molar ratio of SDH to metal

salt was used Cd(SDH)3(BFy); was isolated.

3.3.6.5 Preparation of Cd(ADH);(BFy), and
Cd(ADH)3(BFy)2

Cd(ADH)(BFy). With 1.74 g (0.01 mol) adipic dihydra-
zide and (4.12 g, 0.01 mol) of Cd(BFy);.7H70, the compound
Cd(ADH),(BFy), was isolated.

Cd(ADH)3(BFy)2. The use of (3.48 g, 0.02 mol) of ADH
and (4.12 g, 0.01 mol) of Cd(BFy):7H70 resulted to the forma-

tion of Cd(ADH)3(BFy);.

3.3.6.6 Preparation of Cd(PDH),(BFy), and
Cd(PDH)3(BFy),

Cd(PDH)3(BFy)2.  Using 1.94 g (0.01 mol) of PDH and
4.12 g (0.01 mol).of Cd(BFy);.7H,0 as described before,
Cd(PDH)(BFy); was isolated.

Cd(PDH)3(BFy)2. This was prepared with the use of 3.88 g
(0.02_mol) phthalic dihydrazide and 4.12 g (0.01 mol)
Cd(BFy)2.7H20, representing a 2:1 molar ratio of ligand to metal

salt.
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353657 Preparation of Cd(TDH)3(BFy);

With a similar method described earlier, but using (3.88 g,
0.02 mol) of TDH and (8.24 g, 0.02 mol) of Cd(BFy);.7H,0,

Cd(TDH)3(BFy), was isolated.

337 Preparation of Hg(ll) tetrafluoroborate
(Hg(BFy),.6H70)

Hg(BFy),.6H0 was prepared using the method described
for Zn(BFy).6H20, with 50 ml tetrafluoroboric acid and excess
mercury(ll) carbonate. Mercury was determined by EDTA
titration85 using xylenol orange as an indicator. The analytical

result obtained is shown in Table 6.

3.3.7.3 Preparation of Hg(ll) tetrafluoroborate complexes

3.3.7.2 Preparation of Hg(ODH)3(BFy), and
Hg(ODH)3/2(BFy))

Hg(ODH)3(BFy),. With a 1:1 molar ratio of (2.36 g, 0.02
mol) ODH and (9.64 g, 0.02 mol) Hg(BFy);.6H0 stirred for
17 hours in 100 ml of methanol, brownish Hg(ODH),(BFy), was
filtered, washed thoroughly with methanol and dried over silica
gel in a vacuum desiccator

Hg(ODH)3/2(BFy)2. Using a 2:1 molar ratio of oxalic

dihydrazide to metal salt and with the procedure outlined above,
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brownish Hg(ODH)3/2(BFy), was isolated.

3.3.7.3 Preparation of Hg(MDH)3(BFy), and
Hg(MDH),(BFy) )

Hg(MDH)3(BFy)2. A quantity of (2.64 g, 0.02 mel) malonic
dihydrazide and (9.64 g, 0.02 mol) Hg(BFy);.6H20_in"100 ml
methanol was stirred for 17 hours. The light brown precipitates
obtained was filtered, washed several times with methanol and
dried in vacuo with silica gel as a desiccant.

Hg(MDH),(BFy)p. With a 2:1 ligand to metal salt ratio,

Hg(MDH),(BFy), was obtained as ‘described for Hg(MDH)3(BFy);.

3:3:7:4 Preparation of HgSDH(BFy), and
Hg(SDH)»(BFy) ),

HgSDH(BFy)2. A-mixture of succinic dihydrazide (2.92 g,
0.02 mol) and (9.64 g, 0.02 mol). Hg(BFy).6H20 in 120 ml
methanol was' stirred for 19 hours. The product was isolated as
described before.

Hg(SDH),(BFy)2. With a similar procedure as described
for HgSDH(BFy), and a 2:1 molar ratio of succinic dihydrazide
to Hg(BFy);.6H0, brownish precipitates of Hg(SDH),(BFy),

was obtained and isolated.
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3.3.7.5 Preparation of Hg(ADH),(BFy)) and
Hg(ADH)3/2(BFy);

Hg(ADH),(BFy)3. Using (1.74 g, 0.01 mol) adipic dihydra-
zide and (4.82 g, 0.01 mol) Hg(BFy)7.6H20, Hg(ADH),(BFy);
was obtained.

Hg(ADH)3/2(BFy). With (3.48 g, 0.02 mol) of ADH
(4.82g, 0.01 mol) Hg(BFy)2.6H70 and 100 ml. méthanol, the

compound Hg(ADH)3(BFy), was isolated.

3.3.7.6 Preparation of Hg(PDH);(BFy), and
Hg(PDH)3(BFu)2

Hg(PDH)2(BFy)2. To.a solution of Hg(BFy),.6H0, (4.82 g,
0.01 mol) in 100 ml methano! was added (1.94 g, 0.01 mol) phthalic
dihydrazide. The mixture was stirred for 18 hours and the
light brown precipitates formed were isolated as before.
Hg(PDH)3(BFy),. Using a similar procedure as outlined
for Hg(PDH)>2(BFy) and 2:1 molar ratio of PDH to Hg(BFy);.6H,0,

brownish Hg(PDH)3(BFy), was isolated.

32377 Preparation of HgTDH(BFy),

A quantity of (1.94 g, 0.01 mol) terephthalic dihydrazide
and (4.82 g, 0.01 mol) Hg(BFy)2.6H70 in 100 ial methanol was
stirred for 18 hours. The brown precipitates formed were

filtered, washed several times with methanol and dried in the manner
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described before.

3.3.8 Preparation of Mg tetrafluoroborate
(Mg(BFy)2.6H,0)

To 50 ml HBFy in a 250 ml beaker was added, pinchwise,
excess magnesium carbonate until effervescence ceased.The isolation
of Mg(BFy),.6H20 was done in the same manner as
Zn(BFy)7.6H70. Magnesium was estimated®> by EDTA titration

using solochrome black as an indicator (Table 6).

3.3.8.1 Preparation of Mg tetrafluoroborate complexes

3.3.8.2 Preparation of Mg(ODH),(BFy), and
Mg(ODH)3(BFy)2

Mg(ODH)7(BFy)2.  To0.3.06 g (0.01 mol) of Mg(BFy),.6H,0
in 80 ml methanol was added with stirring (1.18 g, 0.01 mol)
of oxalic dihydrazide. The mixture was further stirred for 17
hours. The separated compound was filtered, washed with
methanol and dried in a vacuum desiccator over silica gel at room
temperature.

Mg(ODH)3(BFy)2. With a 1:2 molar ratio of Mg(BFy),.6H70
(3.06 g, 0.01 mol), and ODH (2.36 g, 0.02 mol), Mg(ODH)3(BFy);

was isolated as described before.
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353.8.3 Preparation of Mg(MDH)3/,(BFy), and
Mg(MDH),(BFy))

Mg(MDH)3/2(BFy)2. A mixture of MDH (2.64 g, 0.02 mol)
and Mg(BFy),.6H20 (6.12 g, 0.02 mol) in 100 ml of methanol
contained in a quick-fit conical flask was stirred for 16 hours
with a magnetic stirrer. The light brown product was-isolated
as described for Mg(ODH),(BFy);.

Mg(MDH),(BFy)2. A mixture of malonic dihydrazide
(3.48 g, 0.02 mol), and (3.06 g, 0.01 mol) of Mg(BFy);.6H70 in
110 ml methanol was stirred. The light brown compound formed

was isolated as above.

3.3.8.4 Preparation of MgSDH(BF,); and
Mg(SDH)3(BFy)2

MgSDH(BFy)2. 'A quantity of SDH (2.92 g, 0.02 mol) and
(6.12 g, 0.02 mol) of Mg(BFy)3.6H70 in 100 ml methanol was
stirred for 17 hours. The product was isolated as described
before.

Mg(SDH)3(BFy)2. With a similar procedure as described for
Mgi SDH (BFy) = and a 2:1 molar ratio of SDH to Mg(BFy)3.6H30,
white precipitates of Mg(SDH)3(BFy); were obtained and isolated

as before.
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3.3.8.5 Preparation of MgADH(BFy), and
Mg(ADH]3(BFu)2

MgADH(BFy)3. A 1:1 molar mixture of adipic dihydrazide
(3.48 g, 0.02 mol) and Mg(BFy);.6H,0 (6.12 g, 0.02 mol) (in
110 ml of methanol was stirred for 17 hours. The light brown
compound formed was isolated as above.

Mg(ADH)3(BFy)y. Using 3.48 g (0.02 mol) of ADH and
3.06 g (0.01 mol) of Mg(BFy)7.6H0, Mg(ADH)3(BFy), was

obtained and isolated as before.

3.3.8.6 Preparation of Mg(PDH),(BFy), and
Mg(PDH)3(BFy)y

Mg(PDH),(BFy)p. With (1.94 g, 0.01 mol) of PDH and
(3.06 g, 0.01 mol) Mg(BFy)7.6H20 in 90 ml of methanol,
Mg(PDH),(BFy), was prepared as described before.

Mg(PDH)3(BFy)2. A 2:1 molar ratio of phthalic dihydrazide

to Mg(BFy)3.6H30 gave Mg(PDH)3(BFy), as earlier outlined.

3.3.8.7 Preparation of MgTDH(BFy);

A mixture of (1.94 g, 0.01 mol) of terephthalic dihydrazide
and (3.06 g, 0.01 mol) of Mg(BFy)2.6H20 in 100 ml of methanol
was stirred for 20 hours at room temperature. The precipitates
formed were filtered off, washed thoroughly with methanol and

dried in vacuo over silica gel.
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3.4 Elemental Analysis

The metals, manganese. cobalt, nickel, copper, zinc,
cadmium, mercury and magnesium were determined by EDTA
titrations as outlined in the literaturess. The disodium salt of
ethylenediamine tetraacetic acid (EDTA) was first standardised

against zinc sulphate solutionas.

3.4.1 Manganese(ll) tetrafluoroborate complexes

The compounds were prepared for metal analysis by digest-
ing mildly- with 3 ml conc. HySOy, about 0.2 g of each sample
was mixed with 0.5 g hydroxylamine hydrochloride. The resulting
solutions were made up to 100 ml in a standard flask with
distilled water. 10 ml portions of solution was pipetted into a
conical flask and 10 ml distilled water added. This was followed
by the addition of 2 ml triethanolamine while gently swirling the
contents of the flask. Ammonia/ammonium chloride buffer was
then added until a pH of 10 was attained. A drop of Solochrome
black indicator turned the solution into a wine-red colour.
Standard (9.8x1073 M) EDTA solution was then added dropwise

until the wine-red colour changed to blue.

3.4.2 Cobalt(11)’ tetrafluoroborate complexes

About 0.2 g each of the cobalt(ll) tetrafluoroborate com-

plexes was digested with 3 ml conc. HNO3. In all cases the
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volume was made up to the 100 ml mark in a 100 ml standard
flask with distilled water. 10 ml portions of the solutions diluted
further with 20 ml distilled water, were buffered using hexamine
(pH 6). Xylenol orange indicator was added. With gentle
swirling, the temperature of the solution in the flask ‘was raised
to 40°C on a hot-plate. The titration was done as this tempera-

ture with a colour change of red to yellow as the end point.

3.4.3 Nickel(l1) tetrafluoroborate complexes

Nickel was estimated after about 0.2 g of each sample was
digested with 3 ml conc. HNO3. A pinch of murexide/potassium
nitrate indicator was added to 10 ml portions of solution
pipetted from 100 ml stock solution from a standard flask (100 ml)
and diluted with 20 ml distilled water. NH3/NHyCl buffer was
added (about 3 ml) until the solution furned yellowish. The
solution was then titrated with standard (9.8x1073 M) EDTA

solution until a violet colour was obtained.

3.4.4 Copper(ll) tetrafluoroborate complexes

About 0.2 g of each complex was weighed into a platinum
crucible with dropwise addition of few drops of 1:1 conc. HNO3/
60% HCIOy mixture. The contents of the crucible was heated on
a hot-plate to dryness. A little quantity of distilled water was

added and the contents filtered into a standard flask. This was
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diluted to the 100 ml mark with distilled water. NH3/NH,CI
buffer was added dropwise to 10 ml portions of solution until it
became light blue. A pinch of murexide/sodium chloride indicator
was then added and titrated against EDTA solution until @ violet

colour was obtained.

3.4.5 Zinc(Il) tetrafluoroborate complexes

In the determination of Zn in the Zn(ll) complexes, conc.
HNO3 was used in the digestion as in the case of nickel
complexes. 10 ml portions of solution was taken, diluted with
20 ml distilled water and buffered with NH3/NHyCl buffer (pH 10).
Solochrome black indicator was used, wiih the colour change

from violet to blue.

Ny
3.4.6 Cadmium(11) tetrafloroborate complexes

Samples (about 0.2 g) of each complex was digested with
3 ml conc. HNO3, made up to 100 ml with distilled water in a
standard flask. Hexamine was used to bring 10 ml portions’ of
solutions to pH 5, and titrated against standard (9.8x1073 M)
EDTA solution with xylenol orange as an indicator. Colour

change was from red to yellow.
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3.4.7 Mercury(11) tetrafluoroborate complexes

Following the procedure for estimating cadmium in
cadmium(Il) complexes but with a pH 6 using hexamine as buffer,
10 ml portions of Hg(ll) solutions of the respective complexes
we?e titrated against standard EDTA solution with xylenol orange

as an indicator. The change in colour was from red to yellow.

3.4.8 Magnesium tetrafluoroborate complexes

About 0.2 g of complex was digested with 3 ml conc. HNOj3
and made up to the 100 ml mark in a standard flask with distilled
water. The metal was then estimated by taking 10 ml portions
with the pipette, buffered to pH 10 with NH3/NHyCIl solution and
titrated against standard EDTA solution with Solochrome black
as an indicator. The end point was noted when the colour of the

solution changed from red to blue.

3.4.9 Microanalysis

Microanalysis for carbon, hydrogen and nitrogen was per-

formed in the Microanalytical Laboratory of the University of Ibadan.

3.5 Melting point/Decomposition temperature

These were done for the ligands and complexes using a
Gallenkamp melting point apparatus, with small quantities of the

materials driven into melting point tubes. The values were



71

corrected as dictated by the calibrant (benzoic acid).

3.6 Solubility

The test for the solubility of the complexes was carried out

in some polar and non-polar solvents.

3.7 Conductance measurements

The molar conductances of the complexes soluble in DMSO
and water (concentration~~1x107% M) were determined using an
Electrolytic Conductivity Measuring Set, Model MC-1, Mark V,

with a cell constant of 0.1.

3.8 Infrared spectra

The infrared spectra of the ligands and complexes as
pressed KBr discs were recorded on a Unicam SP3-300 Infrared
Spectrophotometer. “In few cases, a Perkin-Elmer IR-457
Spectrophotometer was used. The instruments were calibrated

with polystyrene film.

3.9 Electronic spectra

The electronic spectra of the ligands that were fairly
soluble in water and methanol were obtained using Pye Unicam
SP8-400 uv/vis Spectrophotometer.

The diffuse reflectance spectra of the complexes in the
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range 28,600-10,000 cm~! were taken on a Unicam SP500
Spectrophotometer equipped with a reflectance attachment using

CaCO3 as a reference.

3.10 Magnetic susceptibility measurements

The magnetic susceptibilities of the complexes at_room
temperature were determined by the Gouy method as earlier
describedas. The diamagnetic corrections for the ligands were
obtained from Pascal's constant587. The calibrant used was
mercury tetrathiocyanato cobaltate, Hg[Co(CNS)4]l. The effective

magnetic moments, _,ﬁeff were calculated using the expression:

/4eff = 2.828[ AT

wherexA is the susceptibility per gram atom, and T is the
temperature in Kelvin.

Procedure

(1) The volume of the tube was determined by weighing it
empty and reweighing with the tube filled to the mark. This was
done using the Gouy balance without the magnetic field. The

volume. of the tube was then calculated.

Weight of empty tube, field off = 1.2561 g
Weight of tube + water, field off = 1,5158 g
Mass of water = 0.2597 g

n

Temperature 29°C (302 K)



73

Density of water (304 K) = 0.995976 g/cm?

_ 0.2597 s 3
Volume of tube = 0995978 = 0.2607 cm

(2) The tube was then dried and weighed with and without the
magnetic field. The glass being diamagnetic lost weight on
application of the magnetic field (x grams). The tube was packed
to the mark with finely powdered Hg[Co(CNS)y] by tapping the
tube on the table several times until the packing was uniform and
the required mark attained, and ceases to pack with further
tapping. The packed tube was then weighed with and without the
magnetc field. The tube was found to increase inweight(y grams)
apparently because of the paramagnetic nature of the calibrant,
however, the effect of the glass was allowed for: w = y+x, w
being the force exerted on the specimen. The weight of the
sample (W) was obtained by difference, knowing the weight of the

empty tube ﬁ was then calculated from the relationship
7( _ Vxt Puw
- W

using'x= 16.44x1076 at 20°C (decreasing by approximately
0.04x1076 per degree rise). This operation was repeated several
times until an agreement of within 1% was obtained between conse-

cutive ﬁ values.
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(3) The tube was then unpacked and cleaned. The process
outlined in (2) was followed using finely ground specimens of

the respective complexes of interest. From the value of 5
obtained originally, the X value was calculated. The value of
x obtained is the gram susceptibility of the complexes from
which the molar susceptibility,xim were obtained by multiplying
by the molecular masses of the respective complexes. The dia-
magnetic corrections for the ligands,xL were obtained from
Pascal's constants87, X A (susceptibility of the metal ions) were
then obtained from the relationship:

XA = Xm “XL

Finally, the effective magnetic moments were calculated from the

/‘{eff = 2.828 IXAT B.M.

Creat care was taken during the packing of the sample as

equation:

the experiment depends largely on the uniformity of the packing.
For each complex, the packing was done thoroughly, three

times.
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CHAPTER FOUR

RESULTS

4.1 Physical and analytical data

The analytical data of the metal fluoroborates are shown in
Table 6. A summary of the methods used in the synthesis of the
complexes is given in Table 7. The analytical data, colours, per-
centage yields and melting/decomposition temperatures are

summarised in Table 8.

4.2 Solubility data

The solubility of the ligands and complexes in the respective

solvents are summarised in Table 9.

4.3 Molar conductivity

The conductance data of the complexes that were soluble in

water and DMSO are given in Table 10.

4.4 Infrared spectra

The infrared spectra of the dihydrazides used and the
metal complexes investigated are shown in Figures 16-39. The
vibrational frequencies and their proposed assignments are listed in
Table 11.

4.5 Electronic spectra

The electronic spectra of the ligands and some of the com-
plexes at room temperature are shown in Figures 40-47. And the

tentative assignments are given in Table 12.
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TABLE 6: ANALYTICAL DATA OF THE METAL FLUOROBORATES! 88!

Compound Mﬁi::ular Per;zgg?ge (%)
Mn(BF4)2.6H,0 336.54 16.52(16.32)
Co(BF,) 56H,0 340.54 17.47¢27731)
Ni(BF,),.6H,0 340.31 17.07(17.25)
Cu(BFy4)2.6H20 345.14 18.36(18.40)
Zn(BFy) 2. 6H20 346.97 18.90(18.84)
Cd(BF4)2.7H20 41201 27.19(27.28)
Hg (BF4)2.6H20 482.19 41.52(41.60)
Mg (BFy)2.6H20 305.91 7.89(7.95)

The figures-in parentheses are the calculated
values.
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TABLE 7: METHODS OF PREPARATION OF THE TETRAFLUOROBORATE

COMPLEXES
Reactant ‘Methanol Duration of

No. Compound ratios ml) stirring
(hours)

1. Mn (ODH) 5 (BF,) 5 1:1 90 15
2. Mn (ODH) 5 (BF,) 5 Y2 90 16
3. Mn(MDH) 5 (BF ) » 1:1 92 19
4. Mn(MDH)3(BF4)2 1:2 95 18
5. Mn(SDH)z(Bl-‘4)2 1 100 18
6. Mn(SDH)3(BF4)2 1:2 110 19
T Hn(ADH)3/2(5F4)2 L1 90 17
8. Mn (ADH)3(BFI')2 M 100 18
9. Mn(PDH)z(BF“)2 i iy 8 95 17
10. Mn(PDH)3(BF4)2 1:2 100 19
11. Mn(TDH)3(BF4)2 1:1 95 18
12, Co(ODH)z(BF4)2 [ | 80 14
13. Co(ODH)3(BF4)2 1:2 100 16
14, Co(MDH)3/2(BF4)2 S 1 8 100 16
15. Co(MDH)3(8F4)2 1:2 100 18
16. Co(SDH)z(BF4)2 Ll 90 19
17. Co(SDH)3(BF4)2 1:2 100 20
18. Co(ADH)z(BF4)2 1:1 80 16
193 1:2 90 18

CO(ADH)3(BF4)2
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TABLE 7 (Contd.)

Duration of

Reactant Methanol .
Compound CRPLOS Gil) stirring
(hours)
Co(PDH)B(BF4)2 i 95 N
Co(PDH) 4(BF,) 1:2 100 19
Co(TDH) (BF Izl 100 20
( )3( 4)2

Ni(ODH)Z(BF4)2 1:1 98 16
Ni(ODH)3(BF4)2 122 150 16
Ni(MDH)z(BF4)2 sl 100 18
Ni(MDH)3(BF4)2 1:2 120 17
Ni(SDH)3/2(BF4)2 134 100 20
Ni(SDH)Z(BFa)2 i 100 18
Ni(ADH)3/2(8F4)2 304 100 18
Ni(ADH)z(BF4)2 1:2 80 18
Ni(PDH)3(BF4)2 L, 90 20
Ni(PDH)3(BF4)2 1:2 90 20
Ni(TDH)3(BF4)2 1:1 100 22
Cu(ODH)3/2(BF4)2 h 6 | 95 14
Cu(ODH)S(BF4)2 1:2 120 16
Cu(MDH)z(BF4)2 Lozl 90 16
Cu(MDH)3(BF4)2 L2 90 18
Cu(SDH)z(BF4)2 1Ll 80 18
Cu(SDH)3(BF4)2 152 85 14
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TABLE 7 (Contd.)

Duration of

No. Compound :::i;:“t Nezzi;OI ?;23:2?2
40. Cu(ADH) 5 (BF,) » 1:1 80 15
41. Cu(ADH)3(3F4)2 1:2 85 16
42, Cu(PDH) , (BF,) , 1:1 85 18
43, Cu(PDH) 5(BF,) » 1:2 90 18
44, Cu(TDH) 5(BF,) , i1 80 20
45, Zn(ODH) , (BF,) , ¢ £33 B 80 11
46. Zn(ODH)3(BF4)2 1:2 80 12
47. Zn MDH(BF4)2 1L 85 14
48, Zn(MDH)B(BFl.)2 1:2 90 16
49. Zn(SDH)3,2(BF4)2 1:1 95 12
50. Zn(SDH)Z(BFa)? 1:2 100 12
51, Zn(ADH)s(BF[.)2 B § 90 14
52, Zn(ADH)3(BF4)2 1:2 100 13
53. Zn(PDH)B(BFA)2 Ll 90 20
54. Zn(PDH)3(BF4)2 1:2 90 20
55, Zn(TDH)3(BF[‘)2 1:1 90 20
56. Cd(ODH)Z(BF[‘)2 kil 100 17
57 Cd(ODH)a(BFa)2 1:2 100 17
58. Cd(MDH)Z(BFa)2 1:1 100 18
59. Cd(MDH)Z(BFA)2 1:2 100 17
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TABLE 7 (Contd.)

Reactant

Methanol

Duration of

No. Compound vab1o8 (n1) stirring
(hours)
60. Cd(SDH)z(BFl‘)2 1:1 90 19
61. Cd(SDH)B(BF“)2 152 95 19
62, Cd(ADH)Z(BF4)2 1:1 100 18
63. Cd(ADH)3(BF,')2 1:2 100 19
64. Cd(PDH)z(BFa)2 1:1 100 20
65. Cd(PDH)J(BF4)2 132 110 20
66. Cd(TDH)3(8F4)2 1:1 95 19
67. Hg(ODH)3(BF4)2 rl 100 17
68. Hg(ODH)3/2(BF1’)2 Is2 100 17
69. Hg(MDH)a(BF,‘)2 SED 100 17
70. Hg(MDH)Z(BF,‘)2 1:2 100 18
71. Hg SDH (BF[.)2 1:1 100 19
72. Hg(SDH)Z(BF,.)2 1:2 120 18
73. Hg(ADH)z(BF/‘)2 1:1 95 17
74. Hg(ADR)alz(BFl’)2 1:2 100 17
75. tig (PDH) , (BF,) 1:1 100 18
76. Hg(PDH)3(BF1’)2 1:2 100 18
77. Hg TDH (BFA)2 1:1 100 18
78. Mg(ODH)Z(BFA)2 1:1 80 17
79. Mg(ODH)a(BFl.)2 1:2 90 18
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TABLE 7 (Contd.)

Duration of

No. Compound szzizgnt Mez:;;ol stirring
(hours)
80. Mg(HDH)3/2(BF4)2 1:1 100 16
81. Mg (MDH) 5 (BF,) 5 1:2 110 18
82, Mg SDH (BF,), 1:1 100 17
83. Mg (SDH) 4 (BF,) 5 132 110 17
84, Mg ADH (BF,), 1:1 110 17
85. Mg (ADH) 5 (BF,) 5 1:2 90 18
86. Mg(PDH)z(BFA)Z 1: X 100 19
87. Mg (PDH) 5 (BF,) o 1:2 100 19
88. MgTDH(BF,) 5 b £ 8 100 20
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TABLE 8: ANALYTICAL DATA OF THE LIGANDS AND THE
———  TETRAFLUOROBORATE OOWPLEXES .
iri M.P s Percentage Composition
Ne. Compound Empirical Colour Yield

' o Formula ©0) %) C H N
1. oDH CHN,0, White  241-243 90 20.30 5.11 47.52
| (20.35)  (5.08)  (47416)
% MIH C4HgN,0, White  152-154 83 27.45 6.04 42.28
@7.27)  (6.06)  (42.42)
3. SIH CHj N0,  White  167-168 g7 32.91 6.79 38.34
(32.88)  (6.85)  (38.36)
a. AIH CHyNO,  White 1711720 89 41.53 8.02 32.57
(41.38)  (8.04)  (32.18)
5. PIH CgyN,0, Dirty >300 91 50.01 5.17 28.57
white (29.48)  (5.15)  (28.87)
6. TIH C Gy N0, Dirty. 3300 77 49.64 5.16 28.77
white (49.48)  (5.15)  (28.87)
7. MOM),(BF), MCH Ng- White,  >300 78 11.94  10.29 2.60 24.00
0,8 F (11.83) (10.33)  (2.58)  (24.11)

2Fg

8.  M(Om);(BF,), ““cs‘::lan White 300 77 9.61  12.40 3.02 28.97
(9.43) (12.36)  (3.09)  (28.84)

9. MODH),®F), M Baﬁa”s Dirty  227-229 84 11.09  14.45 3.30 22.85
4B, white (11.15) (14.62)  (3.25)  (22.74)

10. M(VDH) 5(BF,), M‘xcgl-?l‘le- White  193-195 81 8.84  17.18 3.86 26.74
0By (8.80) (17.29)  (3.84)  (26.90)
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TABLE 8 (Contd.)

No. Compound Empirical o M.P Yield Percentage Composition
Formula (OC) (6))] M Cc H N
1. Mu(SH),(BF,), MCgH,Nq - White 195-197 68 10.60  18.38 3.90 20.99
0,8,Fg (10.55)  (18.44) (3.82) (21.52)
12.  M(SDH)<(BF,), MnCy HeoN:om White 135-157 69 8.38 21.81 4.5s  25.08
sBF)z G0N (8.24)  (21.60) (4.50) (25.20)
0¢8,Fg
13.  Mu(ADH) <, (BF,), MiCetl, N.- White 271-2734 X .21 22.14 4.33 17.22
3/2%F4)2 "tV (a1.22) (22.06) (4.29) (17.16)
0.B,F
3°2°8
4.  Ma(AIMH) <(BF,) MC, NN - White 165-155 © 76 7.19 29.03 5.60  22.51
L BlgNaz 12 (7.32)  (28.98) (5.62) (22.38)
682Fg
15. M(PIH),(BF,),  MiCjH,Ngz  Dirty >0 78 9.08 31.15 3.27  18.40
opr 0% white (8.97)  (31.14) (3.24) (18.17)
4B2Fg
16.  Mn(PIH)(BF,) MC, HoNy,- < Dirty >300 80 6.96 35.41 5.60  20.91
I Cp PR 24 (6.78)  (35.53) (3.70) (20.73)
652F3
17.  M(TDH) L(BF,) MnC, Ho Ny - White >300 62 6.69 35.71 3.68  20.69
R e 30'12 (6.78)  (35.53) (3.70) (20.73)
62F3
18.  Co(ODH),(BF,) GoC 3 Pink 215-217 85 12.61  10.38 2.60  24.01
Z==42 12 (12.58)  (10.24) (2.56) (23.90)

°4BZF8
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TABLE 8 (Contd.)

Siire 3 ition
Empirical M.P Yield Percentage Compositio
Mok Comgeknic Formula £l ©0) (%) M g H N
19, Co(OmH) 5(BF,), CoCgtiy Ny 5= Pink 183-185 88 10.34 12.24 3.06 28.77
o x (10.05) (12.28) (3.07)  (28.64)

682 F3
20.  Co(MH),,,(BF,), CoC, H, N.- Light 300 69 13.61  12.39  2.90 19.46
WEEHE 82;5 126" Cink (13.69) (12.58) (2.79)  (19.51)

58,Fg
21, Co(MDH) L (BE,) CoCH, N,,-  Pink  140-142 63 9.41  17.29  3.82 26.39
37742 5 39;{2“ 12 (9.38) (17.18) (3.82)  (26.73)

682 Fg
22.  Co(SDH),(BE,) CoC, # Pink  245-247 70 11.17  18.36  3.77 20.99
Sl 0432':20"3 (1.24) (18.27) (3.81)  (21.39)
23, Co(SDH) < (BE,) CC, Hy Ny~  Pink  “150-152 70 8.64  21.51  4.40 25.41
il oﬁ;;ésﬂ 12 (8.79) (21.48) (4.47)  (25.05)
24, Co(AIH),(BF,) o Ne- .7 Pink  200-202 84 9.81  24.68  4.82 20.02
y 277472 04:;;%:28 8 (9.64) (24.80) (4.82)  (19.29)
25.  Co(ADH) . (BE,) 0oC, HygNY -~ Pink  160-162 80 7.91  28.59 5.6l 22.19
ST 065:’8:342 12 (7.80) (28.63) (5.57)  (22.27)
26.  Co(PDH).(BF,) ol fiel - Pink >300 9% 7.43 3531  3.57 20.94
L 2 2'sd12 (7.28)  (35.36) (3.68)  (20.63)

OgByFg
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TABLE 8 (Contd.)

; : iri M.P Yield Percentage Composition
No. Compound Sopixical Colour :
O Formula o) %) M C H N
27.  Co(TDH) < (BF,) CoC, HoN.,-  Pink >300 7 7.28 35.40 3.70  20.79
PR (7.24)  (35.36) (5.68) (20.63)
682F3
28.  Ni(ODH),(BE),  NiC/H ,Ng- Light 300 82 12.59 10.18  2.60  24.04
i blue (12.53)  (10.24) (2.56) (23.90)
4B;Fg
29. Ni(OH)5(BF,),  NiCMH N ,-  Light  235-237 81 10.14 12.33  3.05  28.49
R blue (10.01)  (12.27) (5.07) (28.63)
63258 \
0. NiQMH),(BF,),  NiCH Ng- Green A14-116 67 11.89 14.37 319  19.40
B (11.82) (14.50) (5.22) (19.33)
4B2Fg
1. NiQDH)g(BF),  NiC,N,~  Green'. 108-110 69 9.30 17.13  3.90  26.77
- (9.38)  (17.18) (3.82) (26.72)
652F3
52. Ni(SDH)3,,(BF,), NiCGH, oNg- Light  295-297 70 13.03 15.90 3.40  18.33
5B B blue (13.00)  (15.94) (5.32) (18.60)
382Fg
33.  Ni(SIH),(BE,),  NiCgNg~ Light  145-147 72 11.21 18.41  3.78  20.99
0,85 blue (11.19)  (18.30) (3.81) (21.35)
34.  Ni(ADH).,,(BF,), NiCaf,(N. - Light 300 88 11.98 21,74 4.30  17.19
322 Nt blue (11.89)  (21.88) (4.25) (17.01)

038,Fg



TABLE 8 (Contd.)

86

No.  Compound = Colour P Yield Percentage Composition

Formiy ©o) (%) M C: H N
35.  Ni(aArH],(BF,], Nicv“u Ng~  Blue >300 87 10. 07 24.31  4.97  19.18
e (10.11)  (24.80) (4.82) (19.29)

4B2Fg
36.  Ni(PDH)-(BF,) NiC,HoN,,-  Light 300 85 7.17 35.47  3.70  20.41
SR Bzgl” 120 reen (7.21 (35.35) (5.68) (20.62)

682F3
37.  Ni(TDH)<(BF,) NiC,HoN,,-  Light  >300 7 7.23 35.59  3.66  20.57
PUE ol 012" reen (7.21)  (35.35) (3.68) (20.62)

6B2F3
38, Cu(0DH) 3/, (BE,), CuCdHgNe- Blue  426-228 %0 15.74 8.57  2.18  20.39
(15.33)  (8.69) (2.19) (20.28)

. 04B,Fg
39. Cu(OIH);(BF,),  QuCgH N~  Blue ~206-208 81 10.81 12.16  3.00  29.01
(10.74)  (12.18) (5.04) (28.42)

OgB,Fg
40.  Cu(MM),(BF,),  CuCgyNg- Green  248-250 63 12.75 14.51 35.22  22.26
(12.67)  (14.37) (3.19) (22.35)

0,8,Fg
41.  Cu(MMH) - (BF,) QuCHy N}~ Blue  106-108 7 9.88 16.59  3.64  26.71
FFE o g Ve ©9.73) (16.54) (5.67) (26.53)

682Fg
42.  Cu(SDH),(BF,) Gu . Light 300 63 12.10 18.21  3.80 21.20
SR 30 green (2.00) (18.14) (3.78) (21.17)

0 432 Fg
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TABLE 8 (Contd.)

Empirical M.P : Percentage Composition
No Compound Formula Colour 0 Yﬁ%d » p " i

43.  Cu(SDH] 5(BF,), CuC, pHgeN, .~ Green  268-270 67 9.61 21.63  4.40 25.02
i (9.41) (21.33)  (4.44) (24.88)

652F3
44.  Cu(ADH),(BF,),  CuCj,H,Ng-  Green  210-212 74 10.54 23.11  4.73  19.09
OiEE (10.22)  (23.18) (4.51) (19.14)

452F8
45.  Cu(ADH) L (BF,) CuC, H,,N,,- Green  285-287 77 8.57 28.66  5.50  22.38
R 15°92112 (8.36) (28.45) (5.53) (22.13)

OiBLE ; 28. 4 22.

6°2°8
46.  Cu(POH),(BF,),  CuC(H,Ng- Greenish ~~3>300 82 9.98 30.70  3.22  18.01
Brown (10.16)  (30.71) (3.20) (17.92)

0,B,Fg
47.  Cu(PH)5(BF,),  CuC,HyN),- Greemish 300 82 7.80 35.42 5.70  20.66
DR Brown (7.75) (35.16)  (3.66) (20.51)

6°2°8
48.  Cu(TOH) (BF,) CuC,,Ho N, - . Light  >300 75 7.92 35.13 3.58  20.49
Cha g 0682‘!"830}‘ 12 "\ green (7.75) (35.16) (3.66) (20.51)
49.  Zn(OIH),(BF,),  ZnC,H{;Ne- White ~ >300 82 13.88 10.24 2.0  23.67
(13.76)  (10.11)  (2.53) (23.58)

0,B5F

42258
50. n(ODH)5(BF,),  ZnCcHygN,,~  White  237-239 79 11.12 12.18  2.98  28.41
(11.02)  (12.14) (3.04) (28.33)

OgB2Fs
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TABLE 8 (Contd.)

No. Compound Eﬂ{fgimriigl Coloiiv M.P Y%eld Percentage Composition
©c) ) M c H N
S1.  ZnMCH(BE,), ZnC HeN, - Light =300 69 17.58 9.63 2.14  15.02
- yellow (17.62)  (9.70)  (2.16) (15.10)

2°2°8
52.  In(MH);(BF,),  InCg,N,,-  White  175-175 35 10.87 i7.17 372 26.21
(10.29) (17.01) (3.78) (26.46)

0.B,F

682F3
53.  In(SMH)5/,(BF,),  ZnCeH;Ne- White  255-257 75 14.16 15.78  3.26  18.44
LR (14.27)  (15.72) (3.28) (18.34)

38,Fg
4. Zn(SDH).,(BF,) ZnC - White 218-220 78 12.22 18.20  3.75  21.19
e s'20's (2.31) (18.08) (3.77) (21.09)

04B,Fg
55. In(ADH)(BF,),  ZnCgh,Nj,-  White . 268-270 69 8.71 28.26  5.57  22.20
(8.59)  (28.38) (5.52) (22.08)

0gB, Fg
56.  Zn(PDH) . (BF,) C, He Ny o=~ “White 300 57 8.06 35.04  3.69  20.51
S e 245012 (7.96) (35.08) (3.65) (20.46)

0gB,Fg
7. Zn(TDH) < (BF,) IC, HeN. o=/ White 300 55 7.90 34.84  3.70  20.51
L 215012 (7.96) (35.08) (5.65) (20.51)

0,.B,F.

6Bz Fg
58.  CA(ODH),(BE,),  CdCjH, Nq- Dirty 300 80 21.24 9.11 2.26  20.94
white (21.53)  (9.20)  (2.30) (21.46)

0,B,Fg



TABLE 8 (Contd.)

89

Empirical M.P Yield Percentage Composition
No. Compound Formula Colour 0 (%) 3 B i .
59.  Cd(OmH) 5(BF,), CdCGH, N, 5= Dirty =300 79 17.61 11.04 2.80  25.99
0gB,Fs white (17.56) (11.25) (2.81) (26.25)
60.  CAQMH),(BF,), CACeH, (N~ Dirty  245-247 74 20.24 13.07 3.00 20.74
O0.B.F white (20.44) (13.09)  (2.91) (20.36)
4°2%8 .

61.  Cd(SIH),(BF,), CdCgH, Ng= White  174-176 81 19,52 16.68 3.40 19.26
0,8,Fq (19.45]  (16.61) (3.46) (19.38)
62.  Cd(SDH).(BF,) CdC, H - White  211-213 69 15.63 20.01 4.13  23.52
WE e 012 (15.52)  (19.89) (4.13) (23.20)

6°2°8
63.  CA(ADH),(BF,), CC) HH,oNg- White  297-299 72 17.80 22.67 4.47  18.01
0.B.F (17.73) (22.71) (4.42) (17.67)

4°2"8
64.  Cd(ADH).(BF,) CdC, H,,N,,- " White  116-118 77 14.03 26.81 5.24  20.38
L g:g 42°12 (13.91)  (26.73) (5.20) (20.79)

6°2"8
65.  Cd(PIH),(BF,), CdC; HyNg~ Dirty >300 70 16.80 28.46 3.0 17.01
‘ 0,85F5 white (16.68) (28.49) (2.97) (16.62)
66.  CA(PDH) 5(BF,), CdCyHzoN - Dirty  283-285 80 13.04 33.16 3.39  19.24
OgBsF white (12.95) (33.18) (3.46) (19.35)

2°8

&
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TABLE 8 (Contd.)

. d Empirical M.P Yield Percentage Composition
Compoun Fomiula . Colour (°C) %) u - “ R
67. CA(TOH)5(BE,),  CdCpHsN,,-  White  >500 62 13.00 3330  3.39  19.41
one (12:9s)  (35.18) (3.46) (19.35)
6B2Fg
68. Hg(OIH)5(BF,),  HgCH N,  Light  267-269 78 27.64 9.84 2.51  25.19
S brown (27.55)  (9.89)  (2.47) (23.07)
682 Fg
69. Hg(ODH); ) (BF,), HgCHoNe- Light 300 ” 36.41 6.66 1.65  15.43
g brown (36.39)  (6.53) . (1.63) (15.24)
3523
70.  Hg(MH) « (BF,) HgCoH, N.,-  Light =300 62 26.10 14.21 3.0 22.0
A 924Nz brown (26.04) (4.02) (3.12) (21.81)
0,8, F
682F3
7. HgOMDH),(BF,),  HgCH) (No- Brown . 258260 62 31.39 11.22  2.52  17.47
(31.43) (11.28) (2.51) (17.55)
0,B,F
4B,Fg
72.  HgSIH(BE,), HEC,Hy N, - Dirty.  198-200 66 38.71 9.28 2.00  10.98
AT white (38.56)  (9.23) (1.92) (10.77)
2B2Fg
73.  Hg(SIH),(BF,),  HgCoH, Ng~ gfown  222-224 66 30.07 14.62 3.0 16.56
M, % (30.11)  (14.41) (3.00) (16.81)
4B2Fg
74. Hg(AH),(BF,),  HgCH,Ng*  Dirty 117-119 74 27.41 19.87  3.91  15.38
white (27.77)  (19.84) (3.88) (15.51)

0,8, FS
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TABLE 8 (Contd.)

0 Empirical M.P Yield Percentage Composition
No. Compound Formula Colour LOC) %) = P H N
75.  Hg(ADH]s,,(BF,), HgCMH, N, - Light >300 79 31450 17.08 3.39  13.46
e % 9:215 brown (31.58)  (17.00) (3.31) (13.22)
58,Fg
76.  Hg(PIH), (BE,) H N, - Light >300 82 26.41 25.08  2.64  14.50
O 81620 brown (26.32)  (25.19) (2.62) (14.68)
0,B,Fg
77. Hg®OH)3(BF,),  HgC,H N, - Light 300 82 20.91 30.20 3.00 17.62
Since brown (20.98)  (30.12) (3.14) (17.57)
6B2Fg
78.  HgTIH(BE,) HgCH N, -  Brown 300 78 35.24 16.82  1.82  10.03
. 2 8ty 7 (35.30)  (16.90) (1.76) (9.86)
0,B,Fg
9. MG(OM),(BF,),  MgCH N -  White >300 85 5.64 11.05  2.56  26.04
(5.60)  (11.06) (2.77) (25.81)
04B,Fg
80. Mg(OM)(BF,),  MgCH - " White 30 81 4.32 13.12 321 30.17
06B:F;3N12 (4.41) (13.05) (3.26) (30.44)
81.  Mg(MH).,,(BF,), MgC N Light > 300 76 6.0 13.46  2.98  21.24
527742 4,52 brown (6.14)  (13.64) (3.03) (21.22)
Ng03B3Fg
82. MgOMM),(BF,),  MgCeHiNg -  Light >300 80 5.19 15.30  3.46  24.44
0y8,Fs brown (5.26)  (15.59) (5.46) (24.25)
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TABLE 8 (Contd.)

No. Compound Empirical Colour M.P Yield Percentage Composition
Faraia °c) (%) M c H N
85, MgSIH(BE,) ¥ - White >300 n 2,05 14.04  3.02  16.71
i 4’2 O‘gg“:mN“ (7.07) (15.96) (2.91) (16.28)
28,Fg .
84.  Mg(SDH)<(BF,) Mg, - White >300 70 3.91 22.55  4.69  26.27
FEL R §H3°N12 (3.82)  (22.68) (4.72) (26.42)
6B2Fg
85.  MgAIH(BF,) MgCH, N, -  Light >300 81 6.47 9.45 3.72 14.99
L 6 B":““ 4 brown (6.54)  (9.36)  (3.76) (15.06)
2B2Fg
86. Mg(AIH) - (BF,) » - White >30 88 3.34 30.16  5.79  23.45
; 3(BFy); 0‘8;"12"42"12 (3.38)  (30.00) (5.83) (23.34)
6828
87.  Mg(PIH), (BF,) Mg - White >300 81 4.21 32.80 3.36  19.28
Mg(PIH) , (BF,) p glg“zo"s (4.15)  (32.77) (3.41) (19.12)
4B,Fg
88.  Mg(PIH)(BF,) MgC, ,H N\, Dirty >300 82 3.20 37.02  3.79 21.41
L 30'~ \Ghive (3.12) (36.93) (3.85) (21.54)
6B2Fg
89.  MgTTH(BF,) MgCH(Ns -~ Light >300 70 6.16 24.58  2.60 14.16
$-2 & 233:1‘“ brown (6.20) (24.50) (2.55) (14.29)
2F8

Figures in parentheses are the calculated values.
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TABLE 9: SOLUBILITY DATA OF THE LIGANDS AND TETRAFLUOROBORATE ‘COMPLEXES

itro- ;

No. Compound Water f;[z tl:ha— ig‘?a— ig:; Hexane ZZE; ﬁite::::]-.- o DHSDI 'DME gég; g;t;:;e
: OQH SS Ss SSH SSH In In In SSH SSH In In
% MDH SH SS SSH SSH In In In SSH SSH In In
3z SDH SS SS SSH SSH In In In SSH SSH In In
4. ADH SS SS SSH SSH In In In SSH SSH In In
e PDH SS és SSH SSH In In In SSH . SSH In In
6. TDH SS SS SSH SSH In In In SSH SSH In In
Te Mn(ODH)z(BF4)2 S SSH SSH' In SSH SSH: SSH In SSH In In
8. Mn(ODHl3(BF4)2 S SSH SSH SSH In In SSH In SSH In SSH
9. MH(MDH)2(3F4)2 S SSH SSH In In In SSH In SSH SSH SSH
10. Mn(MDH)B(BF4)2 S Iin SSH SSH In In SSH SSH In In SSH
11 Mn(SDH)Z(BF4)2 S SSH In SSH SSH In SSH SSH SSH SSH SSH
12. Mn(SDH)3(BF4)2 S In In In In In SSH In SSH In In
13, Mn(ADH)3/2(BF4)2 S SSH In In In In In SSH SSH In In
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TABLE 9 (Contd.)

Nitro-

No. Compound Water :z;ha- g;?a— t::; Hexane 2::; :i:tzze DMSO  DMF  ben- :it;:;e
zene
14. Mn (ADH) 5 (BF ) 5 S In In In In In In SSH In In In
15. Mn (PDH) , (BF,) 5 In In In In In in In SSH In In In
165, Mn(PDH)3(BF4)2 In In In In In In In SSH SSH In SSH
17. '_Mn(TDH}3(BF4)2 In In In In in In SSH In In In In
185 CO(ODH)2(8F4)2 S SSH SSH SSH In In In SSH In In SSH
19. CO(ODH)3(BF4)2 S SSH SSH SSH In In .SSH SSH In In In
20. CO(MDH)3/2(BF4)2 S In SSH In In In SSH In In In In
21. Co (MDH) 5 (BF,) , S In In In In In In In In In In
22. Co (SDH) , (BF ;) 5 S In Ihn In In In In In In In In
23. CO(SDH)3(BF4)2 S SSH In In In In In In In In In
24. CO(ADH)2(8F4)2 S SSH SSH SSH In In In SSH In In In
25. CO(ADH)3(BF4)2 S SSH SSH SSH In In In SSH In In In

26. CO(PDH)3(BF4)2 SSH SSH SSH SSH In In SSH In In In SSH
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TABLE 9 (Contd.)

Nitro-

No. Compound Water Metha- Etha- Ace- Hekane Ben- Aceto- DMSO DMF ans Nitro-
nol nol tone zene nitrile methane
zene
27. Co(TDH)3(BE'4)2 In In In In In In In In In In SSH
28. Ni(ODH)z(BF4)2 SSH SSH SSH In In In SSH In In SSH In
29. Ni(ODH)3(BF4)2 SSH SSH In In In In SSH In In In In
30. Ni(MDH)z(BP4)2 S SSH In In In In In In In In In
31. Ni(MDH)3(BF4)2 S SSH In In In In In In In In In
32. Ni(SDH)3/é(BF4)2 S In In In In In In In In In In
33. Ni(SDH)z(BF4)2 S In In In In In In In In In In
34. NL(ADH)3/2(BF4)2 SSH SsH In In In In In In In In In
35. Ni(ADH)z(BF4)2 SSH SSH SSH In In In In SSH In SSH In
36. Ni(PDH)3(BF4)2 In SSH SSH SSH In In SSH In In In In
3% Ni(TDH)3(BF4)2 In In In In In In SSH In SSH In In
38. Cu (ODH) 4 /2 (BF 4) 2 SSH SSH In In In In SSH SSH SSH In In
39. Cu(ODB)3(BF4)2 SSH SSH SSH In SSH In SSH In SSH In In
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TABLE 9 (Contd.)

ey ot Bthas deer gy 2 MO oo ve ve LT
zene

40. Cu(MDH)z(BF4)2 s SSH SSH In In In SSH In In In In
41. Cu (MDH) 4 (BF,) , S SSH SSH In In in SSH In SSH In In
42, Cu(SDH) , (BF,) s In SSH In Id In SSH SsH SSH SSH In
43. Cu(SDH) 5 (BF,) , S In SSH In In In SSH SSH SSH In In
44. Cu (ADH) , (BF ) , SSH SSH In In In In In SSH SSH In In
45. Cu(ADH)3(BF4)2 SSH SSH In In In In In In SSH SSH SSH
46. Cu(PDH) , (BF,) , SSH SSH In In In In SSH SSH SSH SSH In
47. Cu (PDH) 4 (BF ), SSH SSH SSH In In SSH In SSH SSH In In
48. Cu(TDH)z(BF4)2 In In In In In In SSH SSH SSH In In
49. Zn(ODH) , (BF,) , s SSH In In In In In In SSH In SSH
50. Zn(ODH)3(8F4)2 S In In In In In In In SSH In In
S¥. Zn MDH (QFA)Z S SSH SSH In In In In SSH SSH In In
52. Zn (MDH) , (BF ) , S SSH In In In In In SSH SSH In In
53 Zn (SDH) (BF,) SSH In In In In In In SSH In In In

3/2
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TABLE 9 (Contd.)

Nitro-

o comouwd  wacer Mt BT Moo g, v O/ meo e b S
54. Zn(SDH) 2 (BF4) 2 SSH In In In In In In SSH In In In
55. zn(ADH)B(BFb)Z S SSH In In In In In In In In In
56. Zn(ppg)3(3g4)2 In SSH In In In In In In SSH SSH SSH
57. Zn(TDH)3(BF4)2 In In In In In In In In In SSH In
58. Cd(ODu)Z(BFA)Z S SSH In In In In In SSH SSH In In
59, Cd(ODH)J(BFé)Z S SSH In In In In In SSH SSH In In
60. CA(HDH)Z(Brk)Z S SSH SSH In In In In SSH In In In
61. cé(spu)2(354)2 S In In In In In In SSH In In In
62. Cd(SDH)3(BF4)2 S In In In In In In SSH In SSH In
63. Cd(ADH)Z(BFA)Z S In In In In In In SS In SSH In
64. Cd(ADH)3(BF4)2 S In SSH In In In In SSH In In In
65. Cd(PDH)Z(Bpa)2 In In In In In In In SSH In In In
66. Cd(PDH)J(BFA)2 In In In In In In In SSH In In In
67. In In In In In In In SSH In In In

ca(mu)3(5r4)2
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TABLE 9 (Contd.)

o comouna acer Mo B A gane 2o MO o be b Mo
68. Hg(ODH):;(BFI‘)Z SSH SSH SSH In In In In SSH SSH In In
69. Hg(ODH):,/z(BFI‘) 2 SSH SSH In In In In In SSH SSH In In
70. Hg(MDH):!(BE’A)2 In In In In In In In SSH In In In
71 l'lg(MDl‘l)z(BFl‘)2 In In In In In. In In SSH In In In
72. Hg(SDH) (BF ), ssH In In In in In In In SSH In In
73, Hg(SDEI)Z(BE‘l.)2 SSH In SSH In In In In In In In SSH
74. Hg (ADH) 2 (BFI‘) 2 S In In In In In In SSH SSH In SSH
75. Hg (ADH) 3/2 (BFA) 2 SSH In In In In In In SSH In In In
76. Hg (PDH) 2 (3}'4) 2 In In In In In In In In In In In
77. ﬂg(l’D!!):,(B[-‘l‘)2 SSH In In In In In In In In In In
78. HgTDH(BF,.) 2 In In In In In In In In In In In
79. Mg (ODH) 2(“4) 2 SSH SSH In In In In In In In In In
80. “g(ODH)Zi(BFb)z In SSH In In In In In SSH In In In
81. 1‘)2 S SSH In In In In In SSH SSH In In

"’(“D“)le (BF
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TABLE 9 (Contd.)

o Comoms  wmcer JRT TN Mo g S Mel omo e e LT
82, MQ(MDH)Z(BFA)Z SSH In SSH In In In In SSH SSH In In
83. MgSDH(BF,) » SSH In In In In In In SSH  In In In
84. Mg(SDH)3(BF4)2 SSH In In In In In In SSH In In In
85. MsADH(BFA)Z SSH In In In In In In SSH In In In
86. Mg(ADH)3(BE4)2 SSH In In In In In In SSH In In In
87. Mg(PDH)Z(BF4)2 In In In In In In SSH SSH 'SSH In In
88. Hg(PDH)3(BF6)2 SSH In In In In In SSH SSH In In In
89. MSTDH(BF6)2 In In In In In In SSH SSH In In In
Notes: S = Soluble
SS = Slightly soluble
SSH = Slightly soluble in hot

In

Insoluble.
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TABLE 10: CONDUCTANCE DATA OF THE TETRAFLUOROBORATE COMPLEXES

IN WATER AND DMSO (~~ 1073 M)

/\m
No. Compound (ohm—1 cm2 mol‘l)
1, Mn(ODH)z(BF4)2 194
2 Mn(ODH)3(BF4)2 207
3 Mn(MDH)z(BFQ)2 193
4. Mn(MDH),(BF,), 218
5. Mn(SDH)z(BFa)2 187
6. Mn(SDH)3(BF4)2 193
L Mn(ADH)3/2(BFl.)2 204
8. Mn(ADH)B(BFI‘)2 195
9 Co(ODH)Z(BF4)2 198
10. Co(ODH)3(BF4)2 206
11, Co(MDH)SIZ(BFl‘)2 189
12, Co(MDh)3(BF4)2 197
13 Co(SDH)Z(BFl’)2 186
14, Co(SDH)3(BF4)2 201
15, Co(ADH)z(BFl‘)2 159
16. Co(ADH)3(BF4)2 180
17. Ni(MDH)z(BF4)2 211
18. Ni(MDH)j(BF4)2 197

19. Ni(SDH)3/2(BF4)2 184
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TABLE 10 (Contd.9)

An
e Compound (ohm™! cm? mo1-1)
20, Ni (SDH) 2(BF1.)2 175
21, Cu (MDH) 2(BF4) 2 187
22, Cu(MDH)3(BF) 205
23 Cu(SDH) Z(BF&) 2 157
24, Cu(SDH) 3(3?4) 2 183
25, Zn(ODH) , (BF,) , 204
26. Zn(ODH)J(BF4)2 198
27.  zn MDH(BF,), 180
28. Zn(MDH) 4(BF,) » 169
29, Zn(ADH)B(BF4)2 197
30. Cd(ODH)z(BF4)2 170
31. Cd(ODH)3(BF4)2 184
32, Cd(MDH)z(BFa)Z 181
33. Cd(SDH)z(BF4)2 151
34. Cd(SDH) 5 (BF,) » 166
35. Cd (ADH) 2 (BF4) 2 161
36. Cd (ADH) 3(BF4) 2 156
37.  Hg SDH(BF4)2 219
39.  Mg(MDH)3,,(BF,), 175
*40. Mn(SDH)  (BF,) 5 86
*41.  Mn(SDH)5(BF,), 89
42,  Cd(MDH),(BF,), 82

N.B. *Conductance in DMSO, the rest in water.
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Fig. 12 A - Oxalic dihydrazide
B - Malonic dihydrazide

C - Succinic dihydrazide
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Fig. 13 D - Adipic dihydrazide
E - Phthalic dihydrazide

F'~ Terephthalic dihydrazide
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Fig. 14 1. Mn(ODH);(BFy);
2. Mn(ODH)3(BFy);
3. Mn(MDH)z(BFy),

4. Mn(MDH)3(BFy),
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Mn(SDH),(BFy),
Mn(SDH) 3(BFy),
Mn(ADH):”z(BFu)Z

Mn(ADH)3(BFy)>
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9. Mn(PDH)Z(BF‘I)2
10. Mn(PDH)3(BFy),
1. Mn(TDH)3(BFy),

12,7 Co(ODH)3(BFy);
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Co(ODH)p(BFy),
Co(MDH) 3/2(BFy)2
Co(MDH) 3(BFy),

Co(SDH)3(BFy),
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17. Co(SDH

&

v
\Qg%

)2

18. Col 2(BFy),
19. H)3(BFy),

200 Co(PDH)3(BFy);
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21.

22,

23,

24,

109a

Co(PDH)3(BFy);
Co(TDH)3(BFy)2
Ni{ODH)2(BFyg)2

Ni(ODH) 3(BFy)2
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25,
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110a

Ni(MDH)(BFy);
Ni(MDH)3{BFy);
Ni(SDH)3/2(BFy)g

Ni(SDH)(BFy)g
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29.

30.

31.

111a

Ni(ADH) 3/2(BFy),
Ni(ADH)2(BFy),

Ni(PDH)3(BFq)2
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Fig. 22 33.  Ni(TDH)z(BFy),
34, CulODH)3/2(BFy);
35. _ Cu(ODH)3(BFy);
36. . Cu(MDH)3(BFy);
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38.

39.

40,

113a

Cu(MDH) 3(BFy) 2
Cu(SDH)3(BFy);
Cu(SDH)3(BFy),

Cu(ADH)(BFy)
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'

Fig. 2%  41.  Cu(ADH)3(BFg)y
42, Cu(PDH)3(BFy),
43, Cu(PDH)z(BFq)z

44,  CulTDH)3(BFy)y
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TABLE 11: INFRARED FREQUENCIES (cm~l) AND TENTATIVE ASSIGNMENTS OF OXALIC DIHYDRAZIDE COMPLEXES

oD Mn (ODH) , - Mn(ODH) , — Co(ODH) ., — Co(ODH).,— Ni(ODH),— Ni(ODH).—
. (BF4)22 (1354)22 (BF,) 5 (BF,) (BF4)22 (BF,‘)23 Tentative assignments
32645 3240m,br 3243m,br 3260m,br 3260s,br 3280m,b»r. 3260s,br \7as (NHZ)
3160w 3140m 3145m 3152w 3150m,br 3180m,br. 3190w -J(NH) , s (NHZ)
2995m 3010w 3000w 2990w 2998w 2850w 2910w ) Overtone
) and
2780w 2760w 2760w 2772vw 2778w 2610w 2030w ) Conbinatton
1768w
1710:sh 1710-sh 1708 sh
1660s 1628s 1623s 1630vs,br 1632s 1645vs 1650s '\7C =0
1610s 1596m 1590s 1615vs
1510s 1490w 1490w 1515w 1520w 1500m,br  1506m,br ~JCN + & NH,
1340w 1340w 1343m 1310w 1350w 1390w 1333w
1303s 1290w 1305m 1310m ~JC - C
1265vs 1265m 1265m 1260m,br 1259s 1290w 1270m ~7 CN+ SNH
1125vs 1108w )
1096 sh 1060s,br 1050s,br 1080vs,v.br 1090s,br 1060s,v,br 10705,v.br; JBF,." JCHZ
) $ HNC
) & HNN
968ys 940w 940w 975vw 970s 864w 870w §c -H
829w 809s 809 .8h 828m 830w 830m 838w 8C - C
795vs,br 792m,br 790s,br 790w 790s 798m 798m,br §NCO
523vs 516s,br 518vs 520vs 529vs 510m 528s )
415m 412s 450w 425w 465w 480w ) M-L+
415w 390w 380w 420m,br ) ligand vibra-
350'sh 340w 340m 320w 356m ) tional modes
310s 320w 290w 309m 350w )
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TABLE 1l (Contd.)

o8 Cu(ODH)a/Z_ Cu(ODH) ,- Zn(ODH) __ Z’(‘;gm)”r Cc(iégDE)i)z- C?éngl)r Tentative assignments
(BFg) 5 (BF4) 5 (BFg)y 4'2 4’2 4’2 -
3264s 3400m,br 3400m ,br 3255m 3265s 3258s 3250s -\7as(NH2)
3270m,br
3160w 3190m,br 3005vw 3155w 3135w 3130w O(NH) 7 85 (NHz)
2955m 2910w 3000w ‘ 2985m,bxr 2900m 3000w )
2780w 2785w 2780w 2705w 2775w 2750w 2780w ) Overtone and
1768w 1768w 1775w 1773w;bx ) combination
1710s8h 1710sh 1715sh )
1660s 1650s 1655s 1660s 1670s 1664s 1650s \?C =0
1610s 1610s 1605s 1615s 1605s 1640s
1510s 1550m 1530m,brx 1500m 1505s 1510m,br 1515m JCN + SNHZ
1340w 1406w 1353m 1410m,br 1410w Jc -8
1303s 1303m 1330m 1305w 1312w 1310w ~)C -C
1265vs 1295w 1265m 1265s 1270s 1255s 1265vs ~JCN + SNH
1125vs 1200w -
1096sh 1070vs,v,br 1060vs,br 1070vs,brx 1078vs,br 1064vs,v.br 1060vs,v,br) QBF4 % \7CH2
)
968vs 990w 990gh - 950m 995w )gg”f'ﬁéﬂw
3 880s 880m - g75s 950w ) §C - C
828w . 830w - 835w
795vs,br 790w, br 790m, br ~790s- 790vs 715s 795vs §NCO
S23vs 555m S70w

. 515m 525m 480s 485vs 515vs 520vs ) M-L+
350'sh 415w 415m,br 397w 420m 420m 415m g Ligand
)

310s 320m, br 330m,br 353w 320w 362w 340m, br Vibrational
320w 300w modes
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.

(%

TABLE 11 (Contd)

'AND TENTATIVE ASSIGNMENTS CF OXALIC DIHYDRAZIDE COMPLEXES (Contd.)

ODH Hg (ODH) 3 (BE‘4) 2 Hg (ODH) 3/2 (BF4) 2 Mg (ODH) 2 (BF4) 2 Mg (ODH) 2(8}?4) 2 Tentative assignments
3264s 3310s 3310w
3260vs 3260s 3260vs 3260vs \7as(NH,2)
3160w 3180vs 3250m,br 7 (NH) , “ s (NH,)
2995m 3010vw 3009vw 3015m 2980m,br )
2780w 278%w ) Overtone and
1768w 2782w 2780m 2780w ) combination
1710sh 1774w 1768w 1770w 1775w )
1660s 1645vs 1640s 1660vs 1660vs Y4C=0
1610s 1570vs 1570s 1598m 1600m
1510s 1512s 1515m 1535m 1504s,br ~JCN + SNHZ
1490s
1340w 1405m, br 1410m 1350m 1350s JC - H
1303s 1302m 1315w
1292m 1288m ~c-¢
1265vs 1255s 1255s 1260s 1265vs JON + SNH
1125vs 1132m 1115s 1205m ~
1096 sh 1070vs,v,br 1080s, v.br 1090s,br 1090s, br ~JBE,, ~JCH,, S HNC, § H\WN
968vs 955s 955s 1000w 990s ) $C-H
820w 825m 825m 860vs,br ) &C =:iC
795vs,br 720s 720s 796vs & NCo
523vs 525vs 510vs 528vs S28s )
485vs 415m ) M - L + Ligand
350vs 340m, br 365m 350m ) Vibrational modes
310s 330m 310s 350m )
245w 317m )

'
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INFRARED FREQUENCIES (cm ) AND TENTATIVE ASSIGYMENTS

TABLE 11 (Contd.):

OF MALONIC DIHYDRAZIDE COMPLEXES

— MODH),—  M(DH) ;— Co(MH)3,— Co(MH);— Ni (DH),— Ni(MH); — Tentative
' (BE,) (BF,) (BF,) (BF,) (BE,) (BE,) Assignments
42 472 42 42 42 42 :
3180m,br 3120m,br 3184s,br 3250m, br 3240vs,br  3248m,v.br 3230u,br Jas (NHZ)
3030w 3030m 3100m 3025w 3040w 208), Js(NHZ)
3020w 3018m 3011w 3019w ) overtee.aod
2848w 2830w 2830m 2930w ) “combination
1650vs,br  1650s,br 1650vs 1640s 1645vs 1660s 1635s,br ~/C =0
1605s,br  1585m 1591vs 1585m 1590m 1612m 1590m
1515m 1510m 1510m 1512w 1510m 1540m 1530m Jov +o NH,
1418m 1410w 1410m 1405m 1405s 1420m, br 1410m JC -H
1388w 1353w 1358s 1360m 1350s 1390m 1340m, br ~PC-= €
1335s 1320s 1320vs
1282vw 1290w 1285w 1296w 1290w 1291w 1290w -Ocnz
1250w 1260w 1258vs 1250w 1250m 1205w 1250w QN+ SNH,
1155w 1155m 1170vs 1104s,br 1100vs,br 4 BE, -.70{2
1110w 1090s,br 1060s,v.br 1100s,br 1100m, br § HNC, SHNN
1025s, br
950m,br 957w 950w 950w 950w 940m Sc-H
942w 805m §C-C
895m 900w
725s,br 725s,br 690w 725m 740m 720m 740m,br 3 Noo
660m, br 625w 635m 710m, br 680m 640m, br $ G,
590w 580w
550m 519m 518vs 555w 540s 520m, br 510m )
415s 468m 450m 510m 510s 445w ) M-L+ligand
378m 470m 400m,br 410w 390m ) vibrational
390w 350w ) modes
318w 346w 315w )
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INFRARED FREQUENCIES (Cm-]') AND TENTATIVE ASSIGNMENTS

OF MALONTIC DIHYDRAZIDE™ COMPLEXES

Cu(MDH) - Cu(MH) - — In MDH - In(MDH) - — CA(MCH)., — Tentative
MDH 2 = = 2 F Assignments
(BE,), (BE,), - (BE,), (BE), (8F,)y
3280w,Br 3280w, br 3250m
3180m,br : 5175w 3170vw 5150m ~Jas(\H,)
3030w 3040w 3008w 3005vw 3000vw 3000w 20H), -.75(\1—[2)
2848w 2825vw 2820w " )  Overtone and
2305w 2300w ) combination
1650vs,br  1620m,br 1635m,br 1635s 1637s 1650s,br Jc =0
1598m 1605 sk 1605m
1605s,br 1580m
1555m
1515m 1515w 1515w 1510m 1510m 1518w Joi+ 3 MH,
1418m 1400m, br 1430m 1415w, br 1495w 1455w JC-®
. 1405w
1388w 1382m 1355s 1385w € -6
1350m 1350s
1335s 1325w 1320w 1315m
1282vw 1290w 1290w 1295w —Jaiz
1250w 1265m,br 1265m 1250w 1250m 1238m QN +$NH,
1155w 1116w 1190w 1170vw 1160w 1180m B
1110w 1075s,v.br 1070s,v.br 1050m, br 1050w, br 1040vs,br ~7BE, 304
1025s,br SHNC SH\N
950m,br 925w 963vw 960w 975m $C =-H
925w 927vw 81%m & -C
895m 795w
725s,br 725m,br 745w 714m 715m 735m,br $ N
660m, br 660s,br 632w 690m, br 675s,br : s,
590w
550m 520m, br 510m 529vw 530vw 536w )
555m )
469s ) M-L +Ligand
415s 430w 480w, br 413vw 415m ) vibrational
378m 350w, br 365w 348vw 352vw 345w )  modeg
)

18w

28Cw.;,br.
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TABLE 11 (Contd.): INFRARED FRE%UENCIES (cml) AND TENTATIVE ASSIGNMENTS
OF )

Tentative
MIH Hg(MH) 5 (BF,),  Hg(MDH),(BF,), "Mg(MH)j,(BF,),  M8(MM),(BF,), Assignments
3180m,br 3160m, br 3200m,br 3280m 3270s .(}as(mz)
3170m 3160m
3030w 3030vw 3032w 3015w 3030m ), ~Ds ()
2848w 2860w 2890w Overtone and combination
1650vs,br 1650s, br 1645s,br 1630s 1630vs ~ZC=0
1605s,br 1590s 1590w 1575s 1580s *
1515m 1492m, br 1495m 1520w,br 1520m PN + 6NHZ
1418m 1410m 1480m 1485m )
1400m 1404m ) ~c-H
1388w 1345m 1350m ) ~C-C¢C
1335s 1320w 1340m 1350s )
1282vw 1290w 1295w 1292 1285w ~a,
1250w 1230w 1260m 1220m 1228m ~J N + Sr\rﬂ2
1155w 1190m
1110w 1060s,v.br 1070s,v.br 1070m, br 1080m, br Q BF4-, '\? G{Z
1025s,br SHNC, SHWN
950m, br 955m 950 vw 945m, br 950s 5Cc-H
895m &C-C
725s,br 740m, br 780m 740w, br 740w $ NCO
660m, br 650m, br 685m 660w, br 660m, br )
590w 580w ) M- L + Ligand
550m 520m 525m,br 540w 544m ) vibrational
415s 450w 485w 440m, br 450m,br ) modes
378m 380w, br 395w 400m )

318w
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TABLE 11 (Contd.): INFRARED FRE%UENCIES (cm_l) AND TENTATIVE ASSIGNMENTS
F NIC

»

Mn (STH) Mn (STH) Co(SIH) ,— Co (SDH) 3~ Ni(SDH) 3/2= N1(Sl}i)2 . Ten;ative
e ®F), %  (BF,), (BF,), 2 (BEF,), (BF,), /2" (BF,), .  Assigaments
.3180m, br 3230m,br 3250m,br 3200s,br 3200s,br 3250m,v.br. ~ 3200s,v.br Oas(.\‘HZ)
3020w 3010m 3010m 3040w 3010w 2930w 2920w 0 (NH), Js(mz)
2630vw 2625w 2620w 2600w 2638w 2640w Overtone and
combination
1630s,br 1645s 1640s 1630s 1635s 1630s,br 1630s,br ~7C=0
1589s 1589s 1585s 1590m 1580w 1585s
1510m 1520w 1520w 1535w 1520m 1530w 1520m, br 2N +S.\HZ
1445w 1415w 1415w 1400m, br 1400s,br
1398m 1400m 1394m 1380m,br /¢ -H
1335m 1353w 1356w 1345w G = C
1320w
1232m 1280m,br 1275w 1280w 1280w 1285m,br  1285m N+,
1265w 1247w
1174s 1116m 1115m 1160s ) —?BF4 , Y,
1112w 1070vs,br 1074s,br 1060s,br 1060s,br 1100s,v.br 1100s,br ) & HNC SH\'N
997s 965m 970w )S$c-H
940w, br 940w 915w : 948w )Scé-c
870w 890m 895m 890m 895w 895m )
740m 730vs $ N
620m,br 630w, br 64 Swybr 630vw 640w 650w, br 640m, br
450s 545w 547w 510m- 510m 510m J
505w 508w ) M-L+
460w ) ligand
435w 445w ) vibrational
390w 390w ; modes
380w 385w 300vw 350w 345w
292w 290w . 295w
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-1
D FREQUENCIES (cm ~) AND TENTATIVE ASSIGNMENTS

FABLE ‘11 (Contd.): INFRARE
UF_SUCCN'—%TFLL {\YDRAZIDE COMPLEXES (Contd.)
Cu(SIH) Cu(SDH) .=  Zn(SDH)~,,— Zn(SDH),— Cd(SDH),— Cd(SDH).— T i
SDH 2 entative
(BF,), (BE,), ®F), 7% (BF), %  BF,Y  (BF), Assignments
3180m,br  3200w,br  3230m,br 3175m,br 3105w 3240s,br 3200s,br Qas(NHZ)
3180m,br 3100w
3020w 3025m 3035w 3040m 3041vw ~ (NH), Js(NHZ)
2630vw 2630vw 2905w, br 2885w 2910w
2350w 2305w, br 2305m Overtone and
1690s combination
1630s,br  1625w,br  1620m,br 1630s 1630s,br 1640vs 1630s ~2C =0
1550w, br 1580s 1589s
1510m 1525w 1515m 1530w 1530m 1530s 1510m N SNHZ
1445w 1400m,br  1410m 1406w 1405m, br 1450w 1405m 2C - H
1395w 1430s
1335sh 1340s
1232m 1295w 1295w 1230m 1290 m 1290m 20~ 6
1270w 1205sh 1228m 1228s 1225m ~JON + §NH
1174s 1155m 1155m 1170s ~JBF,~ G,
1112w~ 1100m,v.br 1080m,v.br = 1045s,br 1055m,v.br  1050vs,br  1080vs,v.br SHNC  SHW
997s 970w 973m,br 968w 5C - H
940w 897m, br S00VwW 940w 885m 3C - C
740m 740w, br 740w,br 730s 700w SNCO
620m, br 640w, br 640w, br 645m,br 655w
510m 520w 525w 630m >
450s 460w 455w 515w 580m )
525m 510m ) M-L +Ligand
360w 370w 398vw 391vw 476 gh ) vibrational
292w 325w 349vw 348vw 395w 330w ) modes
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s TABLE 11 (Contd.): INFRARED FRTQUENCIES @m—l) AND TENTATIVE ASSIGNMENTS
OF SUCCINIC DIHYDRAZIDE COMPLEXES

Tentative
STH Hg SIH(BF,), Hg(SIH), (BF,), Mg SIH(BF,), Mg(SDH) 5 (BFy) Assignments
3180m, br 3200m, br 3170s,br 3200s,br 3280vs Jas (H,)
3190m :
3020w 3024vw 3022w 3020w 3010m N ow), Js (NH,)
2630vw 1695w 1680s Overtone and combination
1630s,br 1620s 1615m 1615s 1620vs Jc=0
1590vs 1580s
1510m 1520m 1525w 1520m 1505s 2N+ NH,
1445w 1420m, br 1472m 1{a75s 1445m ~7C - H
1390s 1403vs
1335m 1295m 1290m 1300w 1340vs G =G
1275w
1232m 1230w 1228w 1210m 1235s Yoy + dn,
1174s 1110s,br 1175s,br ~JBE,", $ai,
1112w 1060vs,v. br 1040s, br SINC, SHW
997s 940w 942m 940s ) Sc-H
940w 880w 800w, br 860w, br g $c-c
810w ]
740w, br 735w 740w 735w, br 740s N0
620m, br 630m, br ' 625s,br )
515s 510m 585w )
) M - L + ligand
450s 455w 440s,br 445m ) vibrational
415% 490w 345w 350m ) modes

292w 330w, b 310m
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Zn(ODH),(BFy),
Zn(ODH)3(BFy),
ZaMBH(BFy),

Zn(MDH) 3(BFy),
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Zn(SDH)32(BFy),
Zn(SDH)2(BFy),
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Fig. 27  53.  Zn(PDH)3(BFy),
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Zn(TDH)3(BFy),
Cd(ODH),(BFy)7
Cd(ODH)3(BFy)2

Cd(MDH)(BFy) 2
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63.

Cd(SDH)(BFy)2
Cd(SDH)3(BFy),
Cd(ADH)(BFy)2

Cd(ADH)3(BFy),
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Fig. 3C. 64. Cd(PDH)2(BFy)y
65. Cd(PDHJ3(BFy)2
66. Cd(TDH)3(BFy),
67. - Hg(ODH)3(BFy);

68.  Hg(ODH)3/2(BFy),
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Hg(MDH) 3(BFy)
Hg(MDH), (BF )3
HgSDH(BFy)p

Hg(SDH)2(BFy)2
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Hg(ADH)(BFy),
Hg(ADH) 3/2(BFy)2
Hg(PDH)3(BFy);

Hg(PDH)3(BFy),



(%)

TRANSMITTANCE

132

4000 3500 3000 1800 16C0 1400 1200 1000 800 £00 200 200

WAVENUMBER  (Cm™)
Fig.33 4R Spectra of mercury(ll) and magnesium tetra fluoroborate Complexes (continued )



132a

Fig. 33 77.  HgTDH(BFy);
78.  Mg(ODH);(BFy)2
79. Mg(ODH)3(BFy)2

80. Mg(MDH)3/2(BFy),
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Mg(MDH)(BFy)
MgSDH(BFy)2
Mg (SDH)3(BFy)2

Mg(MDH)2 (BFy)2
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85.

86.

87.

88.

134a

Mg(ADH)3(BFy)2
Mg(PDH),(BFy),
Mg(PDH)3(BFy);

MgTDH(BFy),
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TABLE 11 (Contd.): INFRARED FREQUENCIES (cm 1) AND TENTATIVE ASSIGNMENTS
COMPLE
AH Mu(ADH) ;- Mn(ADH) ;=  Co(ADH),—  Co(ADH);—  Ni(AH);,,— Nl(A['H)Z Tentative
(BE,), (BFy), (BF4)2 (BFy), (BE,), (BE,), Assignments
3270s 3240m,br  3270m,br  3210s 3250s 3200s,br . 3200m,br Jas(\H
3140w 3149m 3120s,br ~7 (NH)
3030m 3040m
3019m 3000w 3015w 3020m 3025m 3030w 3015w /s (NH,)
2930w 2940w 2940w 2940w
2890w 2900w 2930m 2940w,br . Overtone and
combination
2832m 2850w
1640 sh 1630s,br  1610s 1640 Sk 1645 8 1630vs 1625s ~Zc =
1612vs 1580s 1578w 1625vs 1630vs 1590vs 1580s
1510s 1510m 1510m 1505w 1505w 1520m 1520m, br Jm + SN,
1455m 1430m 1445m 1445m 1455m 1430w, br
1419m 1395w 1410m 1420m 1400w, br )Jc H
13665 1363m 1365w 1360m,br 1370m 1367w 1372w )~JC - C
1315 1332w 1300w,br  1310m 1312w 1309w 1312w )
1295s 1280m 1265m
1262m 1280m 1262w 1285w, br 1285w 1290m 1285w AN+ SN
1203s 1204m 1220w
1154vs 1158m 1150m 1180s 1138w 1180w,br ~/BF,”, ~/CH
1024vs 1065s,br  1060s,br  1070vs,br 1070vs,br  1090s,br  1050s.v.br  SINC, SHRN
974vs 970s 970w 975w
947w 943w 940w 930w 922w 950vw 948vw
885w 885w 890w 850w 890w ) oC -
770vw 730vw 770vw. 780vw 780vw 730vs,br 720s,br ) §C -
730vw 690m 698w
675s,br.__ 670m 625m 650w
585s 540m,br  580m 587m
417vs 470s 415m 500m 500m,br  506m siom )
410m 420m 470m 465m ) M - L + Ligand
345s 320w 345w 300w 390w 390m, br 380w,br ) vibrational
290m 295w 350w 350w 342w ) modes
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TABLE 11 (Contd.): TNFRARED FREQUENCIES (cm-l) AND TENTATIVE ASSIGNMENTS

OF ADIPIC DIHYDRAZIDE COMPLEXES

— - Z - 4 - Cd(ADH) . — Tentative
ADH Cu(ADH) Cu(ADH) 5 Zn(ADH) 5 Cd(ADH) , (ADH) 5 e e
(BFy), (BF,), (BFy), (BF,), (BFy), e
3270s 3200m,br 3200m,br 3205m,br 3260m,br 3298s \7‘_"5 s
3140w 3115m 3160w 3150w ~(0H), —C’s(mz)
3019m 3020m,br 3030w 3005m 3035w .
2930w 2920w 2930w 2920w 2950m Overtone and
2832m 2850w 2860w 2845w, br 2890w 2850w combination
230Ss,br
1640sh 1630s,br 1630w 1630vs 1620s 1632s ~JC =0
1612vs 1580m 1590s 1600s 1595m
1577w
1510s 1500s 1506m 1515m 1513w, br 1513s QN+ éNHZ
1455m 1465w 1447m 14808 1450m )
1419m 1410m 1400m 1408w 1405s 1420w ) ~C-H
1366s 1370m 1365w 1370m ) JC.-C
1315s 1320m 1310m 1340w 1300w )
1295s
1262m 1262m 1270m, br 1225w 1224m 1215m QN + SN
1203s 1190w 1189m, br B
1154vs 1175m 1115s JBE,", ~ai,
1024vs 1050s,v.br 1080m, v.br 1065s,br 1074s,br 1060s,br $HNC, S HW
974vs 980w 980w 955m,br 978m )
947w 950w 935m ) oC-H
885w 923m 890w ) ISGi=YC
770vw 740vw 730vi
665m, br SN0
675s,br 600w 650w, br 588w )
585s 510m 520w 532w 510m 510m ) M-L+Ligand
417vs 470s ) vibrational
380sh 380m, br 370m,br 397m 410w 425m )  modes
335s 353m 385w 356m )
290m 298w 295w 300m )



TABLE 11 (Contd.): INFRARED FREQUENCIES (cm ) AND TENTATIVE ASSIGNMENTS

137

OF ADIPIC DIHYDRAZIDE COMPLEXES

3270s

ADH

3140w
3019m
2930w
2832m
16408h
1612vs
1512s
1455m
1419m
1366s
1315s
1295s
1262m
1203s
1154vs
1024s

974vs

947w
885w
770vw
675s,br
585s

417vs
345s

290m

Hg(ATH) , (BF,)

3295m
3190w

2912vw

1635m
1612vs
1512m,br
1470w

1366m
1308w
1290w
1265w

1080s,,m. br

920vw
892w

680m, br
590w
515m
425m
350w

295w

Hg(AMH) 5 (BF,)

3290m
3230m
2910w
1636m
1613s

1525s
1485w

1370m
1310w

1265w
1200w
1155w
1070w, br

925w
890w

560m
480m

350w
325w

Tentative
A\'ig(AD‘lIBF4) 2 Mg(i\m) S(BF4) 2 Assignments
3290m 32908 Jas (NH,)
3230m 3160m ~(NH) , s (\H,)
3030m 3012m e
2900m 2910s Overtone and
2840w 2850s combination
1620s 1620s c=0
1572s 1579m
1512m 1512m Jov + SNH,
1480m 1450m ) o
1410w 1420m } ~C=H
1373m 1370s )
1300m, br 1315m y ~-c¢C
1300s )
1245m 1250m JoN + §NH
1155m 1120w
1070w, br 1060w, br ~JBE,", ~a,
SHNC, SHW
980m 976s )
928m 950s Yy $Sc-u
890w 890m ) &c-¢C
730vw SNCO
650w 675m
585m %
440m 428s ) M - L + Ligand
390w 390sh ) vibrational
340w 350s ) modes
300w )
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TABLE 11 (Contd.): INFRARED FREQUENCIES (Gn_l) AND TENTATIVE ASSLIGNMENTS

OF PHIHALIC DIAYDRATIDE COMPLEES

PrH M(PH),(BF,),  Mi(PCH)S(BE)),  Co(PLH);(BE,), Ni(PLH) s(BE,)4 fé’s‘igﬁ;gﬁts
3350m,br 3250m,br 5350m, br 5238m 5258m Jas(NH,),
¥ J508y), Z0H)
1625vs 1625s 1630s 164Cvs 1623m ~7C=0
1589m
1553s 1550s 1550s 1565n 1550w Qi+ &N,
1540sh 1525sh 1540sh B
1457s 1468s 1470s 1478s 1470s )
1423s 1430s 1436m 1432a )y ~dc -H
1350s 1355s 130¢m 1560m } JC=C
1340m )
1245m 1250s 1250m 1225w 1248m _
1230s 1210s 1208s 1210s 1200m, br TN +§
1149m 1150m 1150m 1159m 1176m ) .
1117w 1085m 1070s 1110w 1145w ) ~/BE,”,BINC
10€0s 10655 1074s 1074m -
1018m 1015m 1012m 1015m 1018w ) ’
942m 980w 955w 945w 950w )
955w ) .
921w 925w 925w 920w . &8c-H
858w 858w 860w ) éc-c
820s 330s 330s 852m 820m )
812m 817m )
760m, br 760m 770s 770s 770m,br dxco
670m,br 650m, br 674m 674m 680m :
615w 615m,br 620w )
536w 550w 545w ' )
430s 470m 470m 430m 480w ) M - L + Ligand
430vs,br 455w 440w 430w ) vibrational
370m 370m 370m 368m 390m, br ) modes
342w 340w 340w 340w )
275w 2%m )
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INFRARED FRFZUENCIES (Cm_l) AND TENTATIVE ASSIGNMENTS

OF PHIFALTC DIHYDRAZIDE COMPLEXES

oM Cu(PDH) P Cu(PDH) 37 Zn(PLH) = Cd(PCH) 5 Cd (PCH) 37" Tentative
: Assignments
(BF,), (BF,), (BEy), (BE,), (BF,),
3350m,br  3220s 3220m 3165m,br 3250m,br 5250m,br ) ~Jas (MH,)
2980m,br ~ s(\H ), ~J(NH)
2325w 2870w Overtone and
combination
1625vs 1635vs 1645vs 1649s 1640vs 162Cs Jc=0
1613s
1589m 1595s 1590m 1587m 1585m ovgg;g’;flafl‘gn
1558s 1550vs 1555s 1553s 1550m 1555m o I DN,
1540sh 151Cm 1510w 1505vs,br 1498s%
1457s 1484vs 1483vs 1480in 1475vs 1475vs ) Je -t
1455w 1370m 1448w 1445w 1430 sh )
1375s 1350m 1360w 1430w 1368s ) G =iC
1325m 1319s 1290w ) '
1245m 1248s 1250m, br 1250m 1250s 1244m o+ S
1230s 1212s 1215m 1225m 1216s 1218s
1149m 1155m 1150w, br 1147s 1133m 1149s )
1117w . 1135s ) /BE,, SHNC
1060s 1068s 1060m 1065m,br 1070s 1065s ) S ont
1025m 1010w )
1018m 1015m 1025% 1017w
942m
921w 950m 948w ) 8c :
858w 840m 840s 830w 82sw,br ) ¢ - c
820s 820w;br 80Cm 816m )
760m,br  780m,br 770m, br 785w 770s 770w, br 6 NCO
720m 720w 635s
670m, br 670w 650w, br 670m 675m,br
536w 520m 595w 604s 607m D
480s 490m 560w, br ) M - L + ligand
430vs,br 435m 428w 480m 470s 480s ) vibrational
370m 365w 385w 435w,br ) modes
342w 320m 354w 320w 370m )
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TABLE 11 (Contd.)! LNFRARED FREQUENCIES (Cm-") AND TENTATIVE ASSIGNMENTS
OF PHTHALIC DIHYDRAZTDE COMPLEXES

: D Tentative
PLH Hg(PEh)Z(BFd) ! Hg (PLH) 5 (BF ) . Mg(PLH),(BF,) . Mg(PDH) 5(BE )., Aeni Sradbys
3350m, br 3000w, br 3140m 3120m 3120m Pas(NH,)
3000w 3000m 3000m
2330m 2380m JoH) /s (NH,)
1625vs 1645s 1645s 1645vs 1645vs C=0 -
1589m 1588m 1590sk 15%0s 1590s Overtone and combinaticn
1558s 1555w 1542w 1540m 1540m o + SN,
15403h
1457s 1480m 1448w 1475vs 1430vs )
1365m 1430w 1445w 1448w ) ~c-H
1342m . 1430w 1430w ) 7¢C -C
1322m 1370s 13635 13465 )
1295m,br 1342s 1340s 1340s )
1245m 1255m 1257s 1258vs 1255s o+ DN
1230m 1215m 1218m 1215s 1215s
1145m 1160w 1155m 1158w ) B
1117w 1075m 1075s 1074vs 1080vs ) ~/BE,", DHNC
1060s 1055w 1045w
1018m 1020w 1018m, br 1015s 1015vs & I
942m 940w )
921w ) Sc-H
858w 860w 855sh 830sh ) . S¢c=¢
820s 320m 820s 820s 818s )
760m,br 775m,br 7758 775s 775s SN
670m, v.br 670w, br 675m, br 670m 670m
615w,br 610m, br 618m,br
536w 550w
480s 475m,br 435m 470m,br )
415w 430vs,br 415w ) M- L + Ligand
430vs,br ) vibrational
370m 375w, br 390s 385s 380w ) modes
342w 345w 3

275m 280m,br 299w
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INFRARED FREQUENCIES (cm ') AND TENTATIVE ASSIGNMENTS

OF .
TDH Mn (TOH) 5 - Co(TDWg—  Ni(TDH)g—  Cu(iDH);—  Zn(TDH); — Tentative
Assignments
(BE,), (BE,), (BF,), (BF,), (BF,),
3280m 35255 3270s 3278s
3200m,br  3250m 3225m 3230m 3280w 3250s,br ~Jas (NH,)
3010m,br 3140w 3020w 3150w 3050w Z(NH), ~/5(NH,)
1705s 1915w
1640m 1635s 1600vs 1615vs 1665m,br 1625m,br \7C =0
1603s 1598s 1595vs
1545m 1558vs 1530s 1555w 1550m, br 1570vs,br Jon o+ SNHZ
1500w
14%0m,br  1455vs 1460w 1410 sh 1490w 1490sh Y e =
1400s ) ¢ e
1365sh 1370vs 1367vs 1370vs 1380Vs 1385vs,br )
1307m
1285m 1285m 1300w 1204m 1280m 1285m o+ &M
1175m 1200w 1140s 1200w 1185s ) .
1110s 1125m 1187s ) ~/BE;, &HNC
1136s 1105w 1155w 1135m )
1000s 1005s 1005s 1030m 1100m R
1008m j
990m 880m 964m 974m 975m )
875m 930m 9:30m, br ) Sc-H
865m,br 845m 870m 870m 875m ) &€ =1C
820w,br 825w 815s 820m 830m )
810s 765w 820m )
735m 745s 736s 730s 720s 735vs SN
720s
680m, br 570m, br 655w 680w
587m 615m )
500m 500s 530m, br 540w 515m 560m ) M-L+ligand
490m ) vibrational
400m,br  420m 377s 405w 520w ) modes
330m,br  320s 535w 340w 298m 380w )
235s 290w )
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TABLE 11 (Contd.): INFRARED ;%}‘EVCIES (Cm_l) AND TENTATIVE ASSIGNMENTS
. OF 1E N RAZ )

TOH Cd(TI]i)s(E»F4)2 Hg TD{(BF4)Z Mg 'I'I}-I(BE“)2 Tentative Assignments
5280m 3250s,br 3200w
3200m,br 3195vw 3000m;br ~Zas (NH,)
2850m, br
1705s 2650m L0H), /s (NH,)
1640m 1635m 1618w 1665vs JC=0
: 1625w
1603s 1585w 1570sh
1545m 1545s 1560s 1558s v + VN,
1490m,br 1495s ) B
1400s 1415vs ) gg -x
1365sn 1380s 1378s )
1285m 1275m,br 1270w 1275vs .~ + SN
1175m 1185w 1130s ) N
1110s 1135s 1080w, br: 1105s ) VBF, Sine
10965 1000m 1010w, br 1075m ) Saw’
1007s )
990m 945m
s i : 930s,br ) -
865m,br 870m ) ég ~r
820w, br 826s 815m 770s )
735m 735s 735m 730s S NCO
680m, br 570w 600vw )
500m 495s 510s,br ) M - L + Ligand
400m,br 440w 490vw ) vibrational
410w 440s ) modes
330m,br 300m, br 295w 385w )
310w )
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INFRARED FREQUENCIES (dn-l) AND TENTATIVE ASSIGNMENTS
OF THE TETRAFLUOROBORATE SALTS

m(ar4) 2 6520 :o(e_‘r“)z.exzo Ni(es'4)2.6&20 cu(ar‘,‘)z.ez-zzo zn(e_f'4)2. 6!-120 cd(ax-‘,‘) 2.7520 Hg(EF4)2.6H20 l-:g(Ef-“)z.&-laO Tentative B
Assignments
3406s,v.br 3400s,v.br 3450s,v.Er 3420s,br 3480s,br 3400s,br 3435s,v.ke 3500s,v.br 7 (OH)
1614m 1605m 1614m © 1e12s 16085 15185 1610m “ 1612m WH,0)
1306m 1290w 1310m 1285m 1300m 1300m 1304m 2310m S{OH) -_rs (2,0)
1108s,br 1100m, = 1102s,br 1106s,br 1100s,br.. 1100s,br 1110s,br | 11125,br ~Jor,~
76 5m, br 750m 740m 756m 760s 740m 750m 74 2m ?l’-@ﬂz
530s 540m = 530m 540s 535w 535s 53Ss S40s p)]
) & B,
520s 525w 525m 520w 525 520s - 518s 522s »

s = strong, m = mecium, w = weak, Ir -.broad. V.br = very Iroad, sh = shoulder

—Qg stretching Zrequenc S- bending fregquency
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\) X103 (cm-)

ligands in water

Fig.36: UV Spectra of the



Fig.2¢ :
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Oxalic dihydrazide
Malonic dihydrazide
Succinic dihydrazide
Adipic dihydrazide
Phthalic dihydrazide

Terephthalic dihydrazide
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~J X10° (em™)
Fig.37 UV Spectra of ligands in methanol
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Fig. 37: la. Oxalicdihydrazide
5a. Phthalic dihydrazide

6a. Terephthalic dihydrazide
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28.6 200 143 m 10.0
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Fig.38: Reflectance Spectra of nickel(ll) "
tetrafluoroborate dihydrazides.
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Ni(ODH),(BFy),
NI(ODH)3(BF|‘)2
Ni(MDH)(BFy),

Ni(MDH)3(BFy)2
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T T T
286 20.0 %3 ni 10.0
vV x 103 (cm-1)

Fig39. Reflectance Spectra of nickel(ll)
tetratluoroborate  dihydrazides  Contd.
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Fig.39: 5.  Ni(SDH)3/2(BFy);
6.  Ni(SDH)3(BFy);
7. NilADH)3/2(BFy)2

8. Ni(ADH)3(BFy)2



Absorbance

286 200 143 n1 100
v x103 (em)

Fig.40 Reflectance Spectra of Cobalt(ll)
tetrafluoroborate dihydrazides.
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Fig. 4.0  13. Co(ODH)3(BFy);
14,  Co(MDH)3)2(BFy);
15.  Co(MDH)3(BFy);

16. ~ Co(SDH)(BFy);
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Fig.4 !

200 %3 Mo 100
V x10% (c m~")

Reflectance Spectra of Cobalt(11) tetrafluoroborate
dihydrazides Contd.
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CO(SDH)s(BFq)z
Co(ADH)(BFy)>
ColADH)3(BFy),

Co(PDH)3(BFy);



Absorbance

286 20.0 %3 n 100

v x10° (em-)

Figih2 Reflectance Spectra of Copper (11) tetrafluoroborate
dihydrazides.
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Fig.42. 23.  Cu(ODH)3/2(BFy);
24, Cu(ODH)3(BFy),

25. Cu(MDH)3(BFy),
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Fig.42 Reflectance Spectra of Copper(ll) tetrafluoroborate
dihydrazides Contd.
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26.

27.

28.

29,
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Cu(MDH) 3(BFy)y
Cu(SDH)3(BFy)2
Cu(SDH)3(BFy)2

Cu(ADH) 3/2(BFy)2
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TABLE 12: ELECTRONIC SPECTRAL DATA OF THE LIGANDS AND
L 1). 2

1
TOPPER(IT) RATE
Compound wa"eéengih Tentative Assignments
x 10%cm
a *x
o 33,9, 34.5 R —S/K
MIH 35.0 AN N\*
SIH 35.1 o —s AT
Al 35.0 N —
PINI 33.92, 32.6 A —y K
a >
TIH 34,53, 5.1 7N =% N\
Co(0IH)  (BE,) , 20.4 re® — 1,0
) K 52
10.3 T — T, ()
Co(ODH) 3(BF,), 20.4 e ) —s .
= 18
10.4 Y —s Y am
Co(MDH) £ (BF,) P 4
372BF); 20.0 T () — 4T1g(P).
4 ,
10.2 T® — 1, (®
Co(MDH) 5(BF) 21.3 %0 = W
10.3 ', m — I m

lg .
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TABLE 12 (Contd.)

Wavelength
Compound % loscm-l Tentative A§sigmnents
Co(SDH) , (B, ), 2.5 LG TP
10.3 B E trm
Co(SDH) 5(BF,), 20.4 1y 1 — Y1 m
10.3 A 1D —> * 24F)
Co(ADH),, (BF,), 20.4 b m—
10.1 b 1P — 4'1‘2,,1")
Co (ADH) 5 (BF,) , 20% 0 —s 1@
10.4 g —s 1
Co(PDH) 5(BF,) 20.6 T m—s .o
10.3 ) — NG
Co(TDH) 5 (BFy)4 20,4 41‘18@)_; "'rlg(P)
10.3 g — 10
Ni (ODH) ) (BF,) , 17.1 Ny (B — 31‘13(17)
11.0 Agg(F) — >1y,(F)
Ni (ODH)  (BF,) 17.2 Fhgg(F) — 1y4(F)

10.8 SAzg(F) == 2g(F)
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TABLE 12 (Contd.)

Wavelength

Compound x 10%em™} Tentative Assignments
Ni(MH), (BF,) , 16.8 N ag® — TR
10.7 B o)

Ni(MDH) 5 (BF,) , 17.2 o —s i
10.5 % odB) — 31og)

Ni(SDH) 5 (BF, ), 17.1 Sag(B) —> *1yylh)
10.6 “Mag(®) — 3ay(P)

Ni(SDH), (BF,), 16.9 3A25(F) — ()
10.5 MagF) — Fpe(®)

Ni(ADH) 5/, (BFy), 17.2 SAzg(F)-—a 314
10.7 *hoglF) — Tag(P)

Ni(ADH)  (BF, ), 17.2 Mg > *T1g(F)
11.0 NoglP) — 1oy

Ni (PIH)3(BF,) , 18.2 NP —> TP
10.5 NadB) == Aogp)

Ni(TDH) 5 (BF,) , 17.7 3 2fF) — 31 14P)
10.3 NafF) —> 31 og)
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TABLE 12 (Contd.)

Wavelength
Compound x 103} Tentative Assignments
Cu(ODH) 5, (BF) 25.0sh CF band
15.7 d—d
Cu(ODH) 5 (BF,) , 25.3sh €T band
16.5 d—d
Cu(MDH) , (BF,) 25.6sh Cr band
15.9 d—d
Cu(MDH) 5 (BF,) , 24.4sh CT' band
15.5 d—d
Cu(sm) , (BF,), 25.6sh CT band
15.9 d—y d
Cu(SDH) 5 (BF, )5 24.4sh CT band
15.5 d4—>d
Cu(ADt), (BF,) , 25.0sh CT band
14.6 d~——d
Cu(AH) 5 (BF,), 24.1sh CT band

15.5 d—>d
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TABLE 12 (Contd.)

W
Compound aveéen%h Tentative Assignments
x 107cm
Cu(PDH) 5 (BF,), 23.3sh CT band
15.6 d=d-
Ca(PDH) 5 (BF), 23.8sh CT/band
16.4 d—=d
Cu(TDH) 5 (BFy) 25.0sh CT band
15.4 d-d
Notes: a = Solution spectra of ligands in methanol, the
rest in water; spectra of complexes were taken
as solids

Cr = /Charge-transfer sh = shoulder
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4.6 Magnetic susceptibility data

The results of the magnetic susceptibility measurements at

room temperature are given in Tables 13 and 14 respectively.

4.6.1 Calibration of sample tube
Weight of empty tube, field off = 1.2561 g
Weight of empty tube, field on = 1.2548 g
Weight of tube + water, field off = 1.5158 g
Weight of tube + calibrant, field off = 1.7079 g
Weight of tube + calibrant, field on = 1.7372 g
Temperature = 304 K
Density of water at 29°C (304 K) = 0.995976 g/cm?
x (volume susceptibility of air) = 0.029x1076
Mass of water in tube = 0.2597 g
Volume of water-in tube (V) = 0.2607 cm?
Weight of calibrant (W) = 0.4518 g
Diamagnetic correction of glass (x) = 0.0013 g
Paramagnetic pull on Hg[Co(CNS) 4] (y) = 0.0293 g
Actual change in weight under magnetic

field: w = y+x = 0.0306 g
Biit 1 xV +5w

) E = XW-xV

w
(15.99x1076x0.4518) - (0.029x1076x0.2607)
0.0306

E = 235.0x1076.
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4.6.2 Calculation of the magnetic moment of
Ni(ODH),(BFy) 2

Weight of sample tube, field off (Xg) = 1.2561 g
Weight of sample tube, field on (X7) = 1.2548 g
Weight of sample tube + sample, field on (X3) = 1.3598 g
Weight of sample tube + sample, field off (X3) = 1:3571 g
Paramagnetic pull on sample (X3-X3) (4, =.0.0027 g
Diamagnetic correction of glass (X1-Xg) (y) = 0.0013 g
Weight of sample (W) = 0.1010 g
Avcvt=L;'achhange in weight under magnetic field(w) = 0.004 g
Temperature = 304 K

Molecular mass of the sample = 468.7 g

'X - xV +5w
W

X
A
7(/\ =XM"XL

The calculation of the diamagnetic ligand correction (X|) is from

9.0x1076 c.g.s. unit

X x ‘molecular mass = 4397x1076 c.g.s. unit

the Pascal's constants87,

X = -177x1076 c.g.s. unit

X a
/‘(eff

4397x1076+177.1076 c.g.s. unit

4574x1076 c.g.s. unit

2.828 Y AT B.M.
3.34 B.M.
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Calculations for the other transition metal complexes were

similarly made.

4.6.3 Calculation of the magnetic moment of
Zn(SDH),(BFy)y

Weight of sample tube, field off = 1.2561 g
Weight of sample tube, field on = _1:2548 ¢g
Weight of sample tube + sample, field off = 1.5031 g
Weight of sample tube + sample, field on = 1.5016 g
Paramagnetic pull on sample (x) = -0.0015 g
Diamagnetic correction of glass (y) = 0.0013 g
Weight of sample (W) = 0.2470 g
Temperature = 302 K
Molecular mass of sample = 530.98 g

A - v +Bu

w
X = -0.160x10"6 c.g.s unit
XM calculated) Mc.

Diamagnetic correction of Zn(BFy); = -93x1076c.g.s. unit
Diamagnetic correction of (SDH); = -146.64x1076 c.g.s. unit

XM'c

-240x1076 c.g.s. unit



160

’X M experimental XMe

X
XMe

-0.160x10~6 c.g.s unit

(-0.160x1076) x 530.98 c.g.s unit

-85x1076 c.g.s. unit

AXu

IX Me _XMC

(-85+240) x 106

+ 155x1076 c.g.s. unit

YA X M 'XL a"dAXM =7{Me"1c ;- hence
A A :AXM

- /49{eff

2.828/[37{M.T B.M.

= 0.61 B.M.

Calculations for the other non-transition metal complexes

were similarly made.
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TABLE 13: MAGNETIC DATA OF MANGANESE(IT), COBALT(II), NICKEL(II)s
g ORATE COMPLEXES OF THE

X I, v
DIRYDRAZTDES
-0 -0 -0
Compound Begt)!p é’r}; ::uss-?‘ .gt‘gxg:lss-z X(‘:l‘: ;:USS-Z Mett @i1.)
mole-l) mole ) mole_l)
M (0DH) , (BE,) 306 15414 177 15591 5.77
M (OLH) 5 (BF,) 306 13954 227 14181 5.90
Mn(MDH) 5 (BFy) , 306 13532 201 13733 5.80
Mn (MCH) 5(BF,) 306 14002 262 14264 5.91
M (SDH) 5 (BF,) 304 14239 225 14464 5.93
Mn (STH) 3(BF,) 304 14384 298 14682 5.98
Mn(ADH) 5, (BFy), 304 14708 224 14931 6.03
M (ADH) 3(BF) 304 14871 369 15240 6.09
M(PDH) , (BF;) 304 14525 303 14828 6.01
Mn (PDH) 3(BFy) 304 14506 415 14922 6.03
Mn (TDH) 3(BF4), 304 14745 415 15160 6.08
Co(ODH) 5 (BF,), 304 7723 177 7900 4.39
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TABLE 13 (Contd.)

X, %07 X x 107 X 10V
Compound T?;('?’ (erg gzj;xss'z (erg gz_luss-Z (erg ga:lilss'z /‘éff (8.x.)
mole ) mole ) mole °)
Co(ODH) 5(BFy) 305 8519 227 8746 4.62
Co (MDH) 5/, (BF, ), 301 9471 170 9641 4.82
Co (MPH) 5(BFy) 300 10892 762 11154 5.18
Co(STH) , (BF,), 304 8045 25 8270 4.49
Co (STH) 5(BFy) 304 10061 208 10339 5.02
Co(ADH), (BFy) 304 9484 272 9756 4.87
Col(ATH) 5 (BE) 5 301 10254 369 10623 5.06
Co (PLH) 5(BF, ), 301 9375 a1s 9790 4.85
Co(TDH) 5 (BF,) 299 10282 a1s 10697 5.06
Ni(OH), (BFy), 304 4397 177 4574 3.34
Ni(OmH) 5(BF,), 299 4329 227 4556 3.30
Ni(MDH) , (BF,) 01 3945 201 4146 3.16
Ni(MDH) 5 (BF,), 303 4269 262 4532 3.31
Ni(SDH) 3/, (BFy), 301 3709 188 3897 3.07
Ni(SIH), (BF), 303 3804 225 4029 3.13
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TABLE 13 (Contd.)

X, x 1070 X, x 107 X% 10
- oy ) -
Compound ® (erg gauss (erg gauss™ (erg gauss ™ Aegs (BM)

n\ole'l) mile™l) mole™l)
Ni(ATH) 5 /5 (BFy), 299 4212 224 4436 3.26
N1(ADH), (BFy), 301 4111 272 4383 3.25
Ni(PDH) 3(BF,), 03 4106 413 521 3.31
Ni(TDH) 3(BF,), 299 3088 415 3303 2.9
Cu(OmH) 5/, (BFy) 04 1233 152 1385 1.84
Cu(OmH) 5(BFy) 5 299 1758 227 1984 2.18
Cu(MIH) (BFy) 209 1589 201 179 2.07
Cu(MH) 5(BFy) 303 1463 262 1725 2.05
Cu(SIH) 5 (BFy) 299 1450 225 1674 2.00
Cu(SIH) 5(BF,) 301 1288 298 1586 1.96
Cu(ADH), (BFy) , 303 1575 2 1847 2.12
Cu(ATH) 5{BFy) , 300 1307 369 1677 2.01
Cu(PIH) 5 (BFy), 304 1021 303 1324 1.80
Cu(PrH) 3(BFy) 299 1503 415 1918 2.14
Cu(TIH) 3(BF,), 209 1575 a1s 1991 2.18
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TABLE 14: MAGNETIC DATA OF ZINC(II), CADMIUM(II), MERCURY(II) AND
—  AGVESIUM TETRAFLUOROBORATE COWPLEES ——

-0 -0 -0 -0
-xg x:10 _xM(exp.) x 10 'x.\l(calc.) Jo A’gl x 10

Compound T%%p’ (erg gfuss'2 (erg galfss'z (erg gauss (erg ga‘fss-z Aloge(B-M.)
mole ) mole ) mole ) mole ")
Zn(ODH) , (BF,), 302 0.118 56 192 136 0.57
Zn(OIH) 5(BF, ), 302 0.371 220 242 2 0.23
ZaMIH(BEy) ) 302 0.366 136 154 19 o.21
Zn(MH) 3 (BF,), 302 0.246 156 277 121 0.54
(S5, BF); 30, 0.116 76 203 127 0.55
Zn(STH) , (BF,), 302 0.160 85 240 155 0:61
Zn(ALH) 5 (BFy), 302 0.362 276 384 100 0.5
Zn (PIH) 5 (BF), 302 0.407 334 430 9  0.48
Zn(TIH) 5 (BF,), 302 0.470 386 430 4 0.3
Cd(ODH) , (BF,) 304 0.197 103 199 9%  0.48
Cd(OmH) 5(BF, ), 303 0.115 74 249 175 0.65
CA(MH) , (BF,), 303 0.249 137 223 86  0.46
Cd(SDH) , (BF,), 306 0.175 101 247 X 146  0.60
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TABLE 14 (Contd.)

= 5 5 100
Hgx 10 HKyexp.) %,1° Kicatc.)*, 10N A% * 2 A ee(B.M)

T T?%s. (azg gfuss‘z (erg gauss (erg gmias (erglsglllss

mole ) mole ) mole ) mole )
Cd(smH) 5(BE,), 306 0.375 272 520 a3 0.34
CACADH) , (BF, )5 308 0.270 171 254 125 0.55
Cd(A) 5(BF,) 303 0.382 309 391 82 0.45
Cd(PIH) , (BFy) 303 0.271 183 325 142 0.59
CA(PIH) 5(BF,), 303 0.212 184 437 253 0.78
Cd(TDH) 5(BFy) 303 0.160 147 437 290 0.84
Hg(OmH) 5(BF,) 306 0.256 186 264 78 0.44
Hg(OH) 5/, (BFy); 304 0.275 152 190 38 0.30
Hg(MDH) 5(BF,) , 303 0.274 m 299 88 0.46
Hg(MH) , (BE), 303 0.171 109 238 129 0.56
HgSIH(BFy), 305 0.202 105 188 83 0.45
Hg (SIH), (BFy), 303 0.169 13 262 149 0.60
Hg(AH) , (BE,) 303 0.167 120 309 189 0.68
Hg(ADH) 5/, (BFy), 0.231 147 261 114 0.53

305
Hg (PIH) , (BF,) 304 0.189 144 340 196 0.69
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TABLE 14 (Contd.)

5 B
x 10 Kytexp.) %10 xm(calc N SAX x 107 2 ffoee®M.)
e

Compound T‘E‘;g' (erg sﬁxlxss'z (erg gauss (erg gauss {erg. gauas
mole ) molé 7) molé ™) mole )

Hg(PIH) 5(BFy) 303 0.204 195 452 257 0.79
Hg TIH(BE,), 303 0.168 95 27 132 0.57
Mg(ODH) , (BF,), 304 0.304 132 180 as 0.34
Mg (OLH) 5(BF,), 305 0.363 200 230 0 0.27
MgOMH) 5/, (BF,), 504 0.180 71 173 102 0.50
MgH),(BF,), 553 0.218 101 204 103 0.50
Mg SLH(BF,), 302 0.179 62 155 93 0.47
Mg(SOH) 5(BFy), 305 0.317 202 301 99 0.49
Mg ADH(BF,), 300 0.264 98 178 80 0.44
V(A (BF)), 5 0.404 291 £72) 81 0.44
Mg (P, (BF,), 304 0.356 140 194 54 0.36
Mg (PIXD) 5 (BF,) 303 0.471 367 a18 51 0.35
Mg TIH(EF,), 303 0.233 91 193 102 0.5

Ay - Asgexp) - Aiceare.).
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CHAPTER FIVE

DISCUSSION OF RESULTS

5.1 The ligands

The preparation of the ligands from their acids may be

represented by the following equations:

/COOH ut /COOC2H5
R\ + ZCZHSOHh)R\ + 2H,0 (5.1.1)
COOH COOCyHg
CO0C3H;g - COONHNH,
R\ + 2H7NNH7.H70 — R\ + 2CyH50H
COO0C3H5 COONHNH,
+ 2H,0 (5.1.2)

where

R = (CHj)pn (n=0,1,2,4) or CgHy.

In cases where the diethyl esters were available commercially,
only equation (5.1.2) applies. The melting points and analytical
data of the ligands given in Table 8 agree with the expected or

literatice values® 5+879.11

5.1:1 Electronic spectra of the ligands

The bands observed in the spectra of the ligands (Table 12)
around 32,600-35,100 cm™! may be assigned to internal A—>7%*

transitions. There was little variation in band positions in going
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from ODH to ADH.

5.2 Complexes of manganese(ll) tetrafluoroborate
dihydrazides

5.2.1 Colour of compounds

All the complexes are dirty white powdery solids (Table 8)
which are expected of octahedral high spin manganese(ll)

complexesso .

5:2.2 Analytical data

The analytical result for the complexes (Table 8) indicates
that the reactions involving 1:2 metal to ligand reactant ratios
yielded complexes having a 1:3 metal to ligand stoichiometry,
whereas, the use of a 1:1 . metal to ligand reactant ratios gave
mostly complexes with 1:2 metal to ligand stoichiometry. However,
the complex of ADH prepared using the 1:1 molar ratio of ligand
to metal salt contained one and a half moles of ADH. This

phenomenon- has been observed before‘o'n.

2.3 Melting points/Decomposition temperatures

The ODH, PDH and TDH complexes melted/decomposed*
(Table 8) at temperatures above 300°C, whereas, the melting
points/decomposition temperatures of the MDH, SDH and ADH

complexes were generally between 135-273°C.
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5.2.4 Percentage yields
The yields obtained for the complexes ranged between, 62%

and 84% (Table 8).

5.2.5 Solubility
The solubilities of the complexes in various polar and non-
L)
poular solvents are shown in Table 9. Most of the cdmplexes

were slightly soluble in these salvents, while some were found to

be socluble in water and DMSO.

5:2.6 Molar conductance

The maolar conductances of the ODH, MDH, SDH and ADH
complexes that were soluble in water/and DMSO are shown in
Table 10. These values reveala 1:2 type of eleclrofytes“, and
indicate that thie anions are probably not coordinated in the
complexes.,  HNonetheleéss, water as a solvent for conductance
purposes is not popular because of prolilems of occasional

hydrolysis. 3

5, N Infrared spectra

The infrared spectra of the complexes and those of other
complexes studied (Table 11) were assigned by comparison with
; 3,10-12,33  _
those of the ligands and related compounds = 77 The

bands in the region 3300-300 cn™! in bath the ligands and Mn(11)



170
tetrafluoroborate complexes and the others, that is complexes of

Co(ll), Ni(ll), Cu(ll), Zn(I11), Cd(Il), Hg(ll) and Mg were compli-
cated by splittings thereby making the assignment of the Q(NH) and
Q(NHz) in this region unreliable. This complication has been observed

by other workers3‘ =

Changes in the frequencies in this region could
not therefore be used to infer the coordination of the amino nitrogen.
However, changes in the amide |, amide |l and amide Ill have been
used in this work to interprete the IR spectra of all the complexes
studied.

The amide | band (WC=0) is displaced to lower frequehcies in the
ODH, ADH and TDH complexes. This suggests the coordination of
the carbonyl group. The behaviour of these complexes resembles
those observed for some transition metal complexes of these and related

Iigandsu' 101 .

The amide | band remains practically unchanged *
in the MDH complexes and Mn(PDH)z(BFq)Z, while it increased in
Mn(PDH)?‘(BF“)2 and the succinic dihydrazide complexes. These
observations suggest the non-involvement of the carbonyl oxygen in
coordination.

The amide |l band (JCN + SNHZ) is lowered in frequency
in the ODH, MDH and PDH complexes, and suggest the involvement of
the amino nitrogen in coordination in accord with previous studies3‘3u.
Whereas the band rose on complex formation in Mn(SDH)Z(BFu)z,
Mn(SDH)_,‘(BF“)2 and Mn(TDH)3(BFq)2, but remains stationary in the
adipic dihydrazide complexes.

The amide 111 band (JCN +8NH) rose on complex formation
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’

in the succinic dihydrazide complexes, whereas the SNCO
band disappears, an indication that the amide nitrogen is
coordinated”. In the spectra of the ODH and TDH complexes
as well as Mn(ADH)3(BFy), there is a shift to higher frequen-
cies of the amide 11l band. The SNCO band is lowered in the
oxalic dihydrazide and Mn(MDH)3(BFy)y complexes but remains
stationary in Mn(MDH),(BFy) and Mn(TDH)3(BFy)2. This
band is however very weak in the adipic dihydrazide complexes
and adipic dihydrazide as a resuit nomeaningful deductions
could be made. Observations inyoiving shifts in the amide (111)
and SNCO bands preclude the involvement of the amide nitrogen
in the formation of ODH, MDH, ADH, PDH and TDH complexes.
A broad band between 1200-1000 cm™! in the spectra of
ODH, MDH, SDH and ADH complexes has been assigned to the
'\7[3Fq' modc92. This band is taken as an envelope of QBFQ—
and some ligand vibrational modes which occur in this region.
Though' there is some weak splitting of this band, the presence
of ligand modes makes it difficult to associate the splitting with
the coordination of the BFy ion. In the PDH and TDH com-
plexes, like in similar complexes of the other metals studied,
the broad band was not observed. Other bands between
1000-1150 cm™! similar to those in the ligand spectra were

observed. The bands in the region below 580 cm™! in the
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93
complexes are assigned to metal-ligand stretching modes .
Because of the effect of H-bonding in hydrazides and

their complexesll_12’44, these assignments and those of
cobalt(II), nickel(II), copper(II), zinc(II), cadmium(II),
mercury(II) and magnesium discussed later in this work are
tentative. And the factors which determine whether N or O

bonding is obtained are not yet clearlo_lz.

5.2.8 Electronic spectra

The complexes showed no d=*d transitions as would be
expected of a high spin d5 configuration since there is no
excited state of the same spin multiplicity as the ground

term (6A1g)79'

5.2.9 Magnetic properties

The magnetic moments of the complexes (Table 13) are in
the range 5.77-6.08B.M. High spin octahedral or tetrahedral
Mn(II) complexes with an /A‘ground term is expected to give a

90
spin-only temperature independent moment, 60, ‘" of 5.92B.M.
The observed deviations could be attributed to magnetic interac-
tions in the complexes 60’91.

5.3 Complexes of cobalt(II) tetrafluoroborate dihydrazides

5.3:1 Colour of compounds

The colours of the complexes are indicated in Table 8,

90
they are typical of octahedral cobalt(II) complexesso' s

5.8.2 Analytical data :

The analytical results.shown in Table 8 shows that the
cobalt(II) complexes have metal to ligand stoichiometries
similar to those of manganese(II) discussed above.

5.3.3 Melting points/Decomposition temperatures

Some of the complexes did not melt or decompose up to
300°C while the others melted in the range 140-247°C (Table 8).
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5.3.4 Percentage yields

The yields are in the range 63% - 90% (Table 8).

5.3.5 Solubility

The complexes are slightly soluble in the polar and non-
polar organic solvents used. They are, however, soluble in

water except the PDH and TDH complexes (Table 9).

5.3.6 Molar conductance

The molar conductances of the complexes that were solu-
ble in water are presented in Table 10. These values reveal a

1:2 type of electrolytes11 A

5.3:7 Infrared spectra

In the spectra of the oxalic dihydrazide complexes the
amide | band around 1660 cm™! shifted to lower frequency, an
indication of carbonyl group coordination. The amide Il band
around 1510 cm~! rose to higher frequencies in both complexes.
This_suggests that the amino nitrogen is not coordinated. But
the ‘amide 111 and SNCO bands at 1265 cm~! and 795 cm™!
respectively were lowered on coordination. These observations
suggest the involvement of the amide group in coordination.

The bands in the region below 575 cm~! in all the com-

plexes are assigned to metal-ligand stretching mode593.
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The amide | band around 1650 cm~! shifted to a lower
frequency in Co(MDH)3/2(BFy)7 and Co(MDH)3(BFy), and this
suggests the involvement of the carbonyl group in complexation
Similarly, the amide Il band around 1515 cm~! decreased in
frequency in both complexes, an indication that the amino
nitrogen is also involved in coordination. The amide Il band
around 1250 cm~! remained unchanged in the complexes, while
the SNCO band around 725 cm~! remained stationary in
Co(MDH)3/2(BFy)2 but rose to a higher frequency in
Co(MDH)3(BFy);. These observations suggest the non-
involvement of the amide nitrogen in coordination.

In the spectra of Co(SDH)(BFy)y and Co(SDH)3(BFy),,

the amide I, 1l and Il bands around 1630 cm™!, 1510 cm™! and

1232 cm™! respectively rose to higher frequencies. But ti;e
5NCO band around 740 cm~! decreased to a lower frequency
in Co(SDH)(BFy)2 and disappeared in Co(SDH)3(BFy)y thus
indicating coordination through the amide nitrogen!1.12,

The amide | band around 1640 cm™! in the complexes of
ADH remained unchanged in Co(ADH);(BFy); but rose
slightly on coordination in Co(ADH)3(BFy), this probably
suggests the non-involvement of the carbonyl oxygen in
complex formation. On the other hand, the amide Il band

around 1510 cm™! was lowered on coordination in both complexes

10,11
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while the amide Il band increased in frequency in both
complexes. The &NCO band was very weak in the ligands and
complexes hence no meaningful deductions could be made. These
observations suggest that coordination is via the amino group.

In the spectrum of Co(PDH)3(BFy),, the amide | and Il bands at
around 1625 cm~! and 1558 cm™! bands respectively increased in
frequency showing that the carbonyl and amino groups are not
coordinated. The 8NCO band also shifted to a higher fre-
quency in the complex. The frequency of the amide Ill band
at 1245 cm™! in the free ligand was lowered in the complex. It
is suggested that this compound bond through the amide
nitrogen.

The amide | and 1l bands around 1640 cm~! and 1545 cm™!,
respectively were lowered in Co(TDH)3(BFy)y, indicating the
coordination of the carbonyl and amino groups. The SNCO
band remained practically unchanged, whereas the amide 11|
band around 1285 cm™! shifted to a higher frequency on

complexation.

5.3.8 Electronic speétra

The electronic spectra of the complexes (Table 12)
exhibited two bands in the region 10,100 - 10,400 cm~! and
20,000 - 21,300 cm™! respectively. The lower bands (10,100 -

10,400 cm~1) may be assigned to 4T 4(F) —4T4(F), while the
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second band is due to "T1g(F)— #T14(P) transitions. The
electronic spectra indicates that the complexes are

octahiedial®? ©0,90:99

5.3.9 Magnetic properties

The magnetic moments of the cobalt(ll) tetrafluoroborate
complexes (Table 13) are in the range 4.39-5.18 B.M.  This

agrees with the values reported in the Ii'(eraturesg-f'o'90

for
octahedral cobalt(ll) complexes. The magnetic moments are
higher than the spin only value of 3.87 B.M. for cobalt(ll)
high configuration with three unpaired electrons. In octahedral

cobalt(ll) the ground term s "T1g and orbital contribution to

the magnetic moment is expected being a T ter|n60'90 . This
explains the high values observed.
5.4 Complexes of nickel(ll) tetrafluoroborate dihydrazides

5.4.1 Colour of compounds

The colours of the complexes are shown in Table 8. These
colours-are typical of octahedral nickel(ll) complexessg'so,

with a d8 configuration.

B2 Analytical data

The analytical results (Table 8) shows that most of the

complexes have 1:2 and 1:3 metal to ligand stoichiometry and a



177
few with 1:3/2 stoichiometry.

5.4.3 Melting points/Decomposition temperatures

The melting points/decomposition temperatures (Table 8)
were quite high in most cases ranging between 214 and above
300°C, except the MDH complexes and Ni(SDH);(BFy)y which

melted below 200°C.

5.4.4 Percentage yields

The yields ranged between 67% and 88% (Table 8).

5.4.5 Solubility

The complexes have poor solubilities in the range of

solvents used except a few that were water soluble (Table 9).

5.4.6 Molar conductance

The molar conductances (Table 10) revealed that the

MDH and SDH complexes are conductors in water' . '

5.4.7 Infrared spectra

The amide | band ('\7C=O) around 1660 cm™! was lowered
in frequency in Ni(ODH)2(BFy); and Ni(ODH)3(BFy). This
shift in frequency suggests that the carbonyl oxygen is one of
the bonding sites in the complexes. Similarly, the amide Il
band (VCN + SNHz), around 1510 cm™! was lowered in

frequency on complexation, an indication that the amino nitrogen
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is probably coordinated”. However, the amide II1 (OCN +SNH)
and 5NCO bands around 1265 cm~! and 795 cm™! respectively
rose to higher frequencies in both complexes. These observa-
tions suggecst the non-involvement of the amide nitrogen in
coordinationss. The bands in the region below 680 cm~l.in the
complexes may be assigned to metal-ligand stretching modes93

In the spectra of the complexes of malonic dihydrazide,
the amide Il band around 1650 cm™! shifted to-a higher frequency
on coordination in Ni(MDH),(BFy),, but is lowered in the
spectrum of Ni(MDH)3(BFy)y. This suggests the non- y
involvement of the carbonyl group in bonding in Ni(MDH),-
(BFy)p. The amide Il band around 1515 cm~! rose to a higher
frequency in both complexes suggesting that tﬁe amino group
is not coordinated. The spectrum of Ni(MDH),(BFy)y reveals
that the amide Ill and 5 NCO bands are lowered in frequencies
on coordination. This presupposes the coordination of the
amide nitrogen. The amide 11l band around 1250 cm™! remained
stationary, while the 5NCO band around 725 cm~! rose to a
higher frequency in the spectrum of Ni(MDH)3(BFy). This
may preclude the amide group in bonding in the complex.

In the spectra of the SDH complexes, the amide | band
around 1630 cm~! remained unshifted in the complexes. Whereas

the amide Il and !ll bands around 1510 cm~! and 1232 cm™!
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respectively rose to higher frequencies in Ni(SDH)3/7(BFy);
and Ni(SDH),(BFy); complexes. The SNCO band around
740 cm~! in the ligand disappeared in the spectra of the
complexes. Bonding in these complexes is presumed to be
through the amide nitrogen”.

In the spectra of the ADH complexes, the amide | band
around 1640 cm™! decreased on complexation suggesting that
the carbonyl oxygen is involved in bonding. The amide Il and
11l bands rose on complex formation; these observations
suggest that the amino and amide groups are not involved in
bonding in these complexes. The spectra of these compounds
indicate that the molecules of the dihydrazide are bonded to the
nickel(I1) ion through the carbonyl oxygen.

The amide | band around 1625 cm™! rose to higher fre-
quencies in the PDH complex, whereas the amide |l band around
1558 cm~! decreased in frequency on complex formation. The
amide 1l and SNCO bands rose to higher frequencies in the
complex. The bonding in this compound is through the amino
nitrogen 34.

The spectrum of Ni(TDH)3(BFy); revealed that the amide
| band around 1640 cm™! is lowered in frequency on

coordination. Likewise, the amide IIl and SNCO bands.

Whereas, the amide Il band around 1545 cm™! rose to a higher
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frequency on coordination. The general features of the TDH
spectrum suggests that coordination is via the carbonyl and

amide groups.

5.4.8 Electronic spectra

Octahedral nickel(ll) complexes with 3A29 ground state
are expected to have three spin allowed transitions,
3A2g(F) 33T g(F); 3Ayg(F)5 3T 1g(F); and 3A;4(F)— 3T 4(P)
respectivelyso. Some workerssa_60 have reported two or three
of these spin-allowed transitions. The nickel(ll) complexes
studied exhibit two bands in the regions 10,300-11,000 cm™!
and 16,800-18,200 cm™! which-may be assigned to
3A29(F)_§ 3T4(F) and 3A29(F)—93T19(F) transitions, respec-
tively (Table 12) 9. sutton 96, also reported that for octahedral
"nickel(11) complexes the ratio of the first and second bands
should be £ 1.8, whereas, for tetrahedral complexes it should

be close to 2.2. In this study, this ratio lies between 1.6 and

1.7 indicating that the complexes assume octahedral geometry.

5.4.9 Magnetic properties

The magnetic moments of the nickel(ll) tetrafluoroborate
complexes studied are in the range 2.90-3.34 B.M. For
octahedral nickel(ll) complexes with two unpaired electrons,

magnetic moments ranging from 2.9 to 3.4 B.M. is expected
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" depending on the magnitude of orbital contributionso. The
complexes are presumed to be octahedral and free from

magnetic interactions (Table 13).

5.5 Complexes of copper(l!) tetrafluoroborate dihydrazides

5:5.1 Colour of compounds

The colours of the complexes are typical of compounds

of Cu(ll) with a d° configurationso (Table 8).

5.5.2 Analytical data

The metal to ligand stoichiometries (Table 8) are similar
to those obtained in the complexes of Mn(Il), Co(ll) and

Ni(1l) respectively.

5.5.3 Melting points/Decomposition temperatures

The melting points/decomposition temperatures were
generally >200°C, except Cu(MDH)3(BFy)2 which melted

between 106-108°C.

5.5.4 Percentage yields
The experimental yields were quite high (Table 9),

ranging from between 63-82% (Table 8).

5.5.5 Solubility

The complexes were slightly soluble in most of the solvents
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used, while the MDH and SDH complexes were soluble in water

(Table 9).

5.5.6 Molar conductance

Molar conductances of the MDH and SDH complexes in
water suggests that they are conductors and 1:2 type

1
electrolytes (Table 10) -

5.5.7 Infrared spectra

Infrared spectra of the complexes were assigned by
comparison with those of the ligands and related compoundswq2
(Table 11).

The amide | band around 1660 cm™! is lowered in
Cu(ODH)3/2(BFy) and Cu(ODH)3(BFy), complexes, showing
coordination through the carbonyl group. Whereas, the amide
Il band around 1510 cm~! rose to higher frequencies in both
complexes, this suggests that the amino group is not
coordinatéed. The amide |1l band around 1265 cm™! remained
practically unchanged in the Cu(ODH)3(BFy), complex but rose
on coordination in the Cu(ODH)3/7(BFy); complex. The SNCO
decreased slightly in frequency on complexation. These
observations suggest the non-involvement of the amide nitrogen

: T | -
in coordination .

In the spectra of the MDH complexes, the amide | band
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around 1650 cm~! experience a negative shift to Iéwer frequen-
cies in both, this suggests the involvement of the carbonyl
oxygen in coordination. But the amide Il band around 1515
cm™! remained unchanged in the complexes, whereas the i
amide Il band rose to a higher frequency in both Cu(MDH),-
(BFy)2 and Cu(MDH)3(BFy);. The band due to SNCO around
725 cm”! remained also unchanged in Cu(MDH);(BFy); but rose
in Cu(MDH)3(BFy)7 complex. Bonding in these complexes is
presumed to be through the carbonyl groupq’”.

In the SDH complexes, the amide | band around 1630
cm™! decreased on complexation suggesting that the carbonyl
oxygen is involved in bonding. Whereas, the amide Il and 11|
bands rose on complex formation and SNCO band unaffected,
these observations suggest that the amino and amide groups
are not bonded in these compounds.

In the spectra of the complexes of ADH, the amide | and
Il bands were lowered in frequencies in both complexes. While
the amide IIl band rose slightly in Cu(ADH)3(BFy)y but
remained unaltered in Cu(AD'H)z(BFu)z complex, the spectra
of these compounds indicate that the molecules of the hydrazide
are bonded to the copper ion through the amino and carbonyl
groups in agreement with previous studies3’3u.

The amide | band (Table 11) around 1625 cm~! rose to
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higher frequencies in the PDH complexes, whereas the amide
Il band decreased in frequency on complex formation. The
frequencies of the amide Il and SNCO bands rose in the
complexes. It is presumed that these complexes bond through
the amino group.

In the spectrum of the TDH complex, the amide | band
around 1640 cm™! shifted to a higher frequency, likewise, the:
amide Il band around 1545 cm~! and SNCO band around
735 cm~! rose on complexation. However, the amide 1ll band
decreased on coordination. It is suggested that coordination

is via the amide nitrogen”"z,

5.5.8 Electronic spectra

The reflectance spectra of the complexes (Table 12) show
a broad band between 14,600 - 16,500 cm™! assigned to d-3 d
transitions. The asymmetric nature of the bands indicates

distorted octahedral geometry resulting from Jahn-Teller distor-

58,94

tion of the 3eg state The weak shoulders in the range

23,300-25,600 cm~1 in the electronic spectra of the complexes

resemble those found in binuclear Cu(ll) compoundssa'97.

This band is now known to be a charge-transfer band 98.
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5.5.9 Magnetic properties

The magnetic moments of the complexes (Table 13) are in
the range 1.80-2.18 B.M. The magnetic moments of copper(!l)
complexes excluding those with Cu-Cu interactions are usually
in the range 1.75-2.20 B.M. regardless of stereochemistry,
and they are indep;endent of temperature except at extremgly
low temperatures (<S°K)G°. The complexes can be regarded
therefore as being magnetically dilute with. no metal-metal

60,90
interaction .

5.6 Complexes of zinc(ll) tetrafluoroborate dihydrazides

5.6.1 Colour of compounds

Table 8 indicates the colours of the complexes, and are

as expected of Zn(Il1) ion with d'0 configuration.

5.6.2 Analytical data

Analytical results for the complexes are presented in
Table 8. The stoichiometries are similar to those discussed

earlier.

5.6.3 Melting point/Decomposition temperatures

The melting points/decomposition temperatures were quite
high in most cases ranging between 173 and above 300°C

(Table 8).
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5.6.4 Percentage yields

As shown in Table 8, the yields are in the range

55-85%.

5.6.5 Solubility

Solubilities in the solvents used were poor except the
ODH, MDH and ADH complexes that were soluble in water

(Table 9).

5.6.6 Molar conductance

Table 9 indicates the molar conductances of the ODH,
MDH and ADH complexes in water. It revealed that they are

5 11
conductors with 1:2 type electrolytes «

5.6.7 Infrared spectra

The amide | band remained practically unchanged in the
spectrum of Zn(ODH),(BFy); but rose to a higher frequency
in Zn(ODH)3(BFy)2 showing that the carbonyl group is not
involved in coordination. Similarly, the amide Ill band around
1265 cm~! and the SNCO band remained either unchanged or
rose slightly in going from the ligand to the complexes
(Table 11). This may indicate the non-involvement of the amide
nitrogen in coordination ' 112,

The amide |l band around 1510 cm~! was lowered in

frequency compared to the free ligand in the spectrum of
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Zn(ODH),(BFy)2 and Zn(ODH)3(BFy),. It is suggested that
bonding in these complexes is probably through tﬁe amino
nitrogen.

In the MDH complexes, the carbonyl absorption around
1650 cm™! (amide | band) was lowered in frequency on complex
formation in both complexes. This may be taken as evidence
for coordination through the carbonyl group. The amide ||
band decreased slightly in frequency on complex formation,
while the amide Ill and SNCO bands remained invariant in the
complexes. It is presumed that these complexes bond through
the carbonyl and amino groups34.

The amide | band remained unshifted in the complexes of
SDH, but the amide Il band rose ‘to a higher value in the
complexes. The amide Il band was slightly lowered whereas
the 6NCO band disappeared on complex formation, probably
indicating coordination through the amide nitrogenu.

The spectrum of the ADH complex has the amide | band
lowered in frequency on complex formation, while the amide Il
band increases in frequency on coordination. However, the
amide 111 band shifted from around 1262 cm™! in the ligand to
about 1225 cm~! in the complex.

In the spectrum of Zn(PDH);(BF,), amide | band at

1625 cm™! in the ligand was shifted to 1649 cm~!. This is an
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indication that the C=0 bond is not coordinated. Likewise, the
amide |l and Il bands rose to a higher frequency. The gNCO
disappeared in the spectrum of the complex, an indication that
the hydrazide moiety coordinated through the amide nitrogenn.

In the spectrum of the TDH complex, the amide | band is
lowered on coordination indicating carbonyl group participation
in bonding. However, the amide Il band rose to a higher

freqdency on coordination, likewise the amide Il and (SNCO

bands remained unshifted on complexation.

5.6.8 Magnetic properties

The magnetic susceptibilities of the Zn(ll) complexes are
in the range 0.21-0.57 B.M. These values revealed that they
are nearly diamagnetic as expected of Zn(ll1) with a d10 con-
figuration. However, comparison of the experimental suscep-
tibilities with the calculated values (Table 14) reveals a large
deviation from the additivity law in most of the complexes.
This behaviour has been explained before®?, in terms of
polarization paramagnetism. It is suggested that they are

probably asymmetricgg—wo.
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5.7 Complexes of cadmium(I1) tetrafluoroborate dihydrazides

5.7.1 Colour of compounds

The colours of the complexes (Table 8) were as expected

of cadmium(11) with a d10 configurationgo

Sl Analytical data

The analytical results of the cadmium(11) tetrafluoroborate
complexes (Table 8) revealed that the 1:1 and 1:2 metal to
ligand reactant ratios gave different metal to ligand stoichiometry

in most cases.

L ) Melting  points/Decomposition temperatures

All the complexes have sharp melting points (Table 8)
ranging between 211 and above 300°C, except for Cd(SDH),~

(BFy)y and Cd(ADH)3(BFy)2 which melted below 200°C.

5.7.4 Percentage yields

Yields obtained were between 62% and 80% (Table 8).

5.7.5 Solubility

The complexes have poor solubilities in the solvents used.
Nonetheless, the ODH, MDH, SDH and ADH were soluble in

water (Table 9).
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5.7.6 Molar conductance

Presented in Table 10 are the molar conductances of the
ODH, MDH, SDH and ADH complexes in water and DMSO. The
values indicate that they are conductors with a 1:2 type

1
electrolytes

577 Infrared spectra

The infrared spectra of the complexes (Table 11) revea.led
that the amide | band was lowered in Cd(ODH)3(BFy),,
Cd(PDH)3(BFy);, ADH and TDH complexes suggesting that the
carbonyl group is involved in bonding in these complexes.

While the amide | band shifted to higher frequencies in
Cd(ODH),(BFy)3, Cd(SDH)3 and Cd(PDH);(BFy)2. This band
remained almost stationary in Cd(MDH),(BFy), and
Cd(SDH)3(BFy)2: The IR features suggest the non-involvement
of the carbonyl oxygen in coordination in these compounds.

The amide Il band was lowered in frequency in the PDH
complexes, whereas the complexes of ODH,MDH, ADH and
Cd(SDH)3(BFy); experienced a shift to higher frequency. This
band remained unchanged in Cd(SDH)3(BFy); and
Cd(TDH)3(BFy);.

The amide 11l band was lowered in Cd(ODH),(BFy); ,
MDH, SDH and ADH complexes. These complexes also either

have the 5NCO band lowered or absent in their spectra except
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for the MDH complex where the SNCO band rose to a slightly
higher frequency. The shifts associated with the amide III .
and SNCO bands are indications that the amide nitrogen is pro-
bably involved in bonding. On the other hand, the amide III
band rose on complexation in Cd(PDH);(BFy) and Cd{TDH)3-
(BFy)7 but remained practically unchanged in Cd(ODH)3(BFy);

and Cd(PDH);(BFy);.

5.7.8 Magnetic properties

The room temperature magnetic moments of the complexes
(Table 14) show that they are diamagnetic as expected. But
the experimental and calculated molar susceptibilities differ
significantly and probably indicate the presence of polarisation

-1 .
paramagnetism99 oom the complexes.

5.8 Complexes of mercury(ll) tetrafluoroborate dihydrazides

5.8.1 Colour of compounds

The colours of the complexes are typical of Hg(ll)

90
complexes (Table 8) .

5.8.2 Analytical data

The analytical results are indicated in Table 8.
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5.8.3 Melting points/Decomposition temperatures

Phthalic and terephthalic dihydrazide complexes melted/
decomposed at temperatures above 300°C. The other complexes
have either melting/decomposition temperatures between 117-

269°C (Table 8).

5.8.4 Percentage yields .

The yields were between 66% and 82%.

5.8.5 Solubility

A summary of the solubilities of the complexes in various
polar and non-polar solvents is presented in Table 9. A few
of them were soluble in water, while all of them have poor

solubilities in the organic solvents used.

5.8.6 Molar conductance

The molar conductivities of Hg SDH(BFy), and
Hg(ADH),(BFy), (Table 10) revealed that they are conductors
and a 1:2 type electrolytes. The molar conductivities of the

other complexes could not be taken because of poor solubility.

5.8.7 Infrared spectra

The IR spectra of the complexes of ODH, SDH, ADH,
TDH as well as Hg(MDH),(BFy)2 have their amide | band

lowered in frequency on complex formation. This may be taken
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as evidence for coordination through the carbonyl oxygen.
The amide | band in Hg(MDH)3(BFy); remained invariant,
whereas there was a shift to higher frequencies in the PDH
compounds.

The amide |l band was lowered in frequency in the MDH
and PDH complexes, an indication of amino group participation
in coordination in the complexes. Nevertheless, the ODH, SDH,
ADH and TDH complexes experienced shift to higher frequen-
cies, an observation which suggest the non-involvement of the
amino nitrogen in complexation in this group of compounds.

The amide Ill band was lowered in ODH, SDH and TDH
in addition to Hg(MDH)3(BFy)3. This band however rose to
higher frequencies in the ADH and PDH complexes as well as

Hg(MDH),(BFy)3.

5.8.8 Magnetic properties

The magnetic susceptibilities of the complexes (Table 14)
show that they are diamagnetic as would be expected of
mercury(11) with d10 configuration. Nonetheless, the experi-
mental and calculated molar susceptibilities differ significantly
and probably indicate the presence of polarisation paramagne-

tism in the complexes”-wo-
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5.9 Complexes of magnesium tetrafluoroborate dihydrazides

5.9.1 Colour of compounds

The colours of the complexes are indicated in Table 8.
Magnesium complexes are expected to be colourless, magnesium

being a non-transitional element 20

5.9.2 Analytical data

The analytical results indicate different ligand to metal

stoichiometries (Table 8).

5.9.3 Melting points /Decomposition temperatures

All the magnesium complexes have melting/decomposition

temperatures above 300°C. (Table 8).

5.9.4 Percentage yields

Yields were between 71% and 85%.

5.9.5 Solubility

The complexes were slightly soluble in the polar and non-
polar organic solvents used. They also have poor solubility
in water except Mg(ADH)3/7(BFy), that was soluble in water
(Table 8).
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5.9.6 Molar conductance

The molar conductance of Mg(MDH)3/7(BFy); in water

1
(Table 10) reveals a 1:2 type electrolyte -

5.9.7 Infrared spectra

In the IR spectra of the magnesium complexes (Table 11)
the amide | band was lowered in MDH, SDH and ADH
complexes. It is suggested that these compounds bond through
the amide nitrogen. However, the amide | band rose on com-
plexation in PDH and TDH complexes, but remained practically
unchanged in Mg(ODH),(BFy)7 and Mg(ODH)3(BFy). These
observations suggest the non-involvement of the carbonyl
oxygen in the compounds.

The amide Il band in Mg(ODH)3(BFy)y, Mg(SDH)3(BFy))
and PDH complexes shifted to lower frequencies, whereas it
rose to higher frequencies in Mg(ODH) (BFy)y, Mg(MDH)3/2-
(BFy)2, Mg(MDH)(BFy)y, MgSDH(BFy);, ADH and TDH
complexes.,

The lowering in frequency probably indicates that the
amino nitrogen is involved in bonding while the rise in
frequency may be taken as an indication of the non-involvement
of the amino group in bonding in the complexes involved.

The complexes of Mg(ODH),(BFy)2, MgSDH(BFy),

MDH, ADH and TDH have their amide Ill band lowered in
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frequency on complexation. Except for the MDH complexes
which have the 8 NCO band slightly increased in complexation,
the others, that is, Mg(ODH),(BFy)y, MgSDH(BFy),, ADH
and TDH complexes have their SNCO band either lowered or
absent on coordination. But the amide Ill band in
Mg(ODH)3(BFy)2, Mg(SDH)3(BFy); and PDH complexes shifted
to higher frequencies on coordination. The corresponding

5 NCO band also rose to higher frequencies.

5.9.8 Magnetic properties

As would be expected, the room temperature magnetic
susceptibilities of the Mg complexes (Table 14) shows that they

are diamagnetic with some evidence of polarisation paramagnetism 39309,

5.10 Proposed structures for the complexes

Based on the analytical data and physicochemical data
discussed above, structures |-V are suggested for some of
the complexes. The proposed structures are only tentative. in

the absence of X-ray data.
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5.11 Conclusion and suggestions for further work

Reactions involving 1:1 and 1:2 metal to ligand reactant ratios,
yielded complexes with different metal to ligand stoichiometry in
most cases. This is an indication that the ligand to metal stoichio-
metry depends to some extent on the ratio of the reactants used
during their preparations.

The infrared studies based on the interpretation of changes
in the amide | (JC=O), 1l (JCN+SNH2) 1 ([QeN+ SNH) and SNCO
bands revealed that coordination in the complexes was via the
carbonyl, amide or amino groups.

The magnetic moments and electronic spectra of the complexes
of manganese(ll), cobalt(ll), nickel(I1), and copper(ll) indicated
that they assume octahedral geometry. Whereas the magnetic moments
of the complexes of zinc(Il1), cadmium(11), mercury(ll) and magnesium
indicated that they are diamagnetic as expected with some evidence of
polarisation paramagnetism.

The molar conductances of the complexes which were soluble
in water and DMSO indicated 1:2 type electrolytes, which is an
indication that the BFu anion is probably not coordinated in the
complexés.  The coordination of the tetrafluoroborate anion is

60,100-104
re

ra , and there are no evidence from this study to suggest

"semi-coordinated" BFu_ arilon 00108,

The complexes with 1:1, 1:3/2 and 1:2 metal to ligand
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stoichiometries are probably dimeric or polymeric10_12'33’3u.

The effect of H-bonding in hydrazides and their

11,12, 44

complexes makes the IR assignments tentative.

Suggestions for further work

(1) X-ray structural studies of the complexes to confirm some
of the proposed structures.

(2) Industrial and biological applications of these complexes
could also be exploited.

(3) Characterisation of complexes formed using 1:3 and 1:4
metal to ligand reactant ratios for comparative purposes.

(4) Variable temperature magnetic measurements between 320
and 80K could be carried out to estimate the extent of
magnetic interactions, if any,in the complexes of
manganese(l1), cobalt(11), nickel(ll) and copper(ll)

respectively.
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