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Abstract: Complexes of nicotinic acid hydrazide [NAH] with M)(sulphates (M = Fe, and Cu) have been synthdsize
and characterized by elemental analysis, conduetanagnetic susceptibility and electronic spectratlies.
The infrared data suggest that the ligand act asgradebidentate donors ligating through the carbb@nand
the azomethine N. The magnetic and spectra datmateda distorted octahedral geometry in all the
complexes. Thetemperature effect showed that tleetiom rate increased slightly with increase in
temperature. The plot of the natural logarithm led toncentration of complexes obtained over tinee)(s
showed that the reaction had a pseudo first ordestiks. The activation entropy obtained from plofs
IN(kopdT) Vs. 1/T of the complexes were -327.314 and 32D, J.K:.mol* for [Cu(NAH),]SO,.3H,0 and
[Fe(NAH),]SO,.3H,0, respectively agreeing with an associative meeharof reaction. The activation
enthalpy for [Cu(NAH)]SO,.3H,0 and [Fe(NAH)]SO,.3H,0 were -2.403 and -2.619, respectively. The
negative enthalpies were an indication that thetiea was rather exothermic. The activation enargigfor
[Cu(NAH),]SO,.3H,0 and [Fe(NAH)SO,.3H,0 were -107.361 and -105.038 kJrhait 328 K. The lower
E. is an indication that the complexes required loemergy before it crossed over to the product féiona
state at lower temperature.

Keywords: Hydrazine hydrates, NAH, metal complexes, kinetisgudo first order

Introduction replacement of their ligands or central atoms wesénly

The term “Kinetics” has become a popular term ivesal considered in special papers or books on coordinati
field of research such as organic chemistry, imialst chemistry(Lee, 2008. Much attention in theoretical and
chemistry, microbiology, engineering, geochemisetg. practical works has been given to kinetic methodls o
The term has been studied extensively with sewgmlnd  analysis based on the use of catalysed reactions of
breaking findings. While some are useful, otherguie oxidation and reduction. Zumdahl (2008Rs a high
the contributions from basic inorganic chemicalctems  reputation in the field for the development of the
which could serve as a bed rock guiding theseffiggland  theoretical fundamentals of this highly selectivetnod.
more so, the kinetic study of complexes is an aspecMark and Rechnitz (200&lso dealt with the applications
beckoning for intensive attention. It is worthwhite note  of catalysed reactions. Apart from the unique reatamd
that works on kinetics mainly describe the corietes  the different donating sites of nicotinic acid hyzides,
between time of a reaction and its concentratidre flate  little information is available regarding the kiestudies
constant, reaction order, and activation energynawstly  of its metal complexes. Thus, it is pertinent tathgsize a
determined from every kinetic investigation. It is wide variety of Fe (lI) and Cu (ll) complexes of iinic
impossible to draw any conclusions about the reacti acid hydrazide and carry out the kinetic studiestioem
mechanism when these parameters are absent. Resactiamsing gravimetric method if the information on thes
whose half-times are larger than about 10 secomels acomplexes will be made more available.

considered slow (Zumdahl, 2009for such reactions,

conventional instrumental methods can be usedltowflo = Materials and Methods

and measure the process of the interaction ofudtisthe  Reagents/solvents and instrumentation

reagent. Fast reactions whose half-time are leas fl0 FeSQ.7H,0 and CuSQ5H,0 were of analytical grade
seconds were studied by very rapid methods of mixin reagents and obtained from commercial sources ighdr
solutions and special measurement technique (Awarts Chemical Co. and BDH) and used without further
Paula, 2006). Both fast and slow reactions are tefréist  purification. Elemental analyses were performed am

for analytical purposes in kinetics. Elemental Vario EL Ill Carlo Erba 1108 analyzer. FR—
The study of complex compounds of metals with oigan spectra were recorded in KBr medium on a Perkin Elme
ligands has developed through three stages. At, firs RX1 spectrophotometer in wave number 4000 — 400.cm
intense investigation of new organic reagents fatain  Electronic spectra indimethylsulphoxide (DMSO) were
ions were carried out. Then researches were did¢otthe recorded using Perkin Elmer Lambda - 2B -
elucidation of the effect of the structure of restgeon  spectrophotometer. Molar conductance measurements
their reactivity, taking into account the presengk  were conducted using 10 — 3M solutions of the cexgd
functional-analytical groups and substituents: in DMSO on Elico — CM 82 Conductivity Bridge at room
simultaneously work on the mechanisms of complextemperature. Melting point/decomposition tempeegusf
formation in solution and the calculation of dilet the ligand and complexes were determined using a
constants was carried out. Recently, the studieshen Gallenkamp melting point apparatus. The magnetic
structure of complex compounds using quantum-cha&mic susceptibilities measurement were taken on a Gouy
methods have been developed. So far the problemsdesf balance at room temperature using mercuric
of formation, dissociation of metal chelates, andtetrathiocyanatocobaltate(ll) ashecalibrant.
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Preparation of methyl nicotinate (ester)

The ester was prepared using standard method (Madhu
et al., 2011). 12.30 g, [0.1 mole] Nicotinic acid in B0
methanol, to which 5 mL conc.,HO, was added and the
reaction mixture was refluxed for 4 h. After theqaeation

of the reaction, the precipitate formed was codfittéred,
re-crystallised from methanol and dried over caitiu
chloride in a vacuum desiccator. The purity of the
synthesised compound was monitored by TLC usingasili
gel. [%Yield = 80]

Preparationof the hydrazide

The kinetic studies were conducted in accordante thie
method described by lorungwa (2014) in order tdygthe
rate of formation of the complexes at varied timivals.
The complexes formed at each 180, 360, 540, 72®aad
seconds were allowed to cool in an ice bath and the
crystals obtained at each time intervals were doedr
CacCy}, in the desiccator and weighed. The reactions were
carried out at 328, 333, 338, 343, 348 and 353K,
respectively.

Results and Discussion

The hydrazide was prepared using standard methodhe preparation of the Ester from Nicotinic acid is

(Salgin-Goken et al., 2007). 14.59 g, [0.29 moles] of
hydrazine hydrate was added to 44.01 g, [0.29 rhaiks
methyl nicotinate in 100 mL of absolute ethanol.
Antibumping granules were added to prevent bumping.
The mixture was refluxed for six hours, in a 250 mund
bottom flask. It was poured into a beaker which \eds
overnight to crystallize. The resulting crystalsrevee-
crystallized with minimum quantity of ethanol. Thiaal
crystals obtained was allowed to dry over Gall a
vacuum desiccator and weighed. [% Yield = 73]
Preparation of metal complexes

The metal complexes have been prepared by mixiag th

solution of CuS@5H,0 and FeS@Q7H,0 to the ethanolic
solution of the hydrazide [NAH] in 1:2 molar ratioBhe
resulting mixture was then refluxed on water bath f
about 10 — 15 minutes. A coloured product appeared
standing and cooling the above solution. The corgde
were filtered, washed with ether and dried undduced
pressure over anhydrous Ca@l a desiccator. They were
further dried in an electric oven.

Kinetic measurements

represented by equation (1)

e

N

~

H2S0,
Zhrs
(Reflux)

OCyHs

C,HsOH T HR0 .

N

[Nicotinic acid] [Ethanol] [Ethylnicotinate]

Equation 1: Schem atic Diagram for the preparation o the Ester

The preparation of the Hydrazide as ligand fromEsséer
and hydrazine hydrate is giving in equation (2).

o]

‘(‘37002H5

+  NHNHzH0

Hydrazine hydrate

o
I
= C—NHNH,
=

Sy

| + GHOH + HO.......

thanol N

N

Ethyl t U
VI nicotinate Nicotinic Acid Hydrazide [NAH]

Equation 2: Schematic Diagram for the preparation é Nicotinic Acid Hydrazide

The reaction of the metal (ll) salts and the hyiliaz
[NAH] to form the complexes can be represented Hzy t
general equation (3)

MSO,.nH,0 + RCONHNH — [M(RCONHNH;),.SQ..nH,0 + nHO ... 3
Where: M = Ci#* and Fé"

Equation 3: Reaction of metal (Il) sulphates with
hydrazide [NAH]

Table 1: Elemental analysis of the ligand and metalammplexes

Elemental analysis

Molecular Mol.wgt % C % H %N % M % SO
formula 4
Cald Found Cald Found Cald Found Cald Found Cald unéo
CeH/N3O 137.14 52.50 52.11 5.10 5.25 30.63 30.23 - - - -
Ci12H20N6OsSCu 487.82 29.53 29.30 4.10 4.01 17.21 17.14 13.032.79 19.68 19.52
C12H20N6OsSFe 480.13 29.99 29.77 4.17 411 17.50 17.69 11.631.53 19.99 19.85

All the metal complexes are coloured, solid ancblsta

Table 3: FTIR spectra bands of ligand and complexes

towards air or moisture at room temperature. They

decompose on heating at high temperature, insolible
most organic solvents except ethanol. Analyticah daf

FTIR inKBr pellets (cm™)

C=N N-N N-H C=0 'V(')_

S/
N

Molecular
formula

SO
2_
4

M—

N H>0

the compounds, together with their physical prapsrare
consistent with proposed molecular formula giveiafle
1 and 2. All the metal complexes have 1:2 (metgrid)

1 CgH7/N3O 154913373219 1655 —
2 [Cu(NAH),]SO,.3H,0 1555 1368 3258 1638 483 398
3 [Fe(NAH);]SO,.3H,0 143113513233 1643 458 407

10323404
11023390

stoichiometry. The molar conductance in DMSO of the
complexes is 0.19 and 0.80 Stfol™ for Fe (I1) and Cu
(I1) complexes of (NAH), respectively. These indiehat
the complexes are non — electrolytic.

Table 2: Physical constants for ligand and complexes

Mol.
Form '\fp Cond. S

cnfMol™

Molecular

Color
form

Complexes

NAH GsH7N3O White 137.14 161 0.01
[CU(NAH);]SO4.3H;0 CiHz0NeOsSCu Blue 487.823219  0.19
[Fe(NAH);]SO;.3H,0  CiHooNsOsSFe Brown 480.125 146 0.80

FT-IR Spectra
The data of the FT - IR spectra of the ligand anuétal
complexes are listed in Table 3. The IR spectrahef t
complexes were compared with those of the freentdga
order to determine the involvement of coordinasdes in
the complexes. Characteristic peaks in the spedttaeo
ligand and complexes were considered and compahed.
band in the spectra of the ligand at 1655 dmave been
assigned to(C=0). This band was lowered by 7 to 17 cm
on the complexes, indicating the involvement o th
carbonyl group in the bonding to metal (Nwabuezd an
Salawu, 2012). The imino group; béC=N) band at 1549
cnit for the free ligand and 1431 - 1555¢rfor the metal
complexes which are found to be shifted to lower
frequency region to 6+118 cfon complexion which
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suggest the involvement of the nitrogen atom of theTable 5: Solubility of the ligand and metal complexg in
v(C=N) azomathine nitrogen in the bonding with thedahe some selected solvents
(”) 1ons (Manjma_ta’ 2_003)' . Ligand/complexes Distilled EthanolMethanolAcetoneDMSO DMF
The stretching vibrations of the sulphate if80?") are water

i AH NS S Ss SS SS ss
observed to have a sharp singlet band at 11022 ¢68 [CUNAH)JSO.3H0 NS S NS NS NS NS
indicating that S@ was involved in the inner sphere [Fe(NAH)|SO,.3H,0 N S S NS NS NS NS

coordination since the stretching vibrations of siiéphate S = Soluble, SS = Slightly Soluble, NS = Not Saéubl

ion are usually observed as a sharp singlet ardifd . )

cmt and a medium band around 680 &ifRaman and Solubility test for the Ilgand_and complexes
Ravichandran, 2002). The appearance of broad band 4f'€ Solubility test for the ligand and the compkexeere
3368 — 3404 cit in the complexes have been assigned tccarried in different solvents and the result in [€ab

v(OH) which was associated with coordinated or suive Showed that both the ligand and the complexes were
water molecules which is indicative of the presente insoluble in most organic solvent except ethanblsay

water molecules in the complexes and supportingi fian P& due to the polymeric nature of the complexesa(@a

the range of 611 — 951 chattest for the distorted 2nd Aliyu, 2012).

vibration of v(OH) band and this implies that water Kinetic Measurements

molecules held by a crystal lattice is present e t After monitoring the reaction at the temperatur828 K,
complexes (Venkateset al., 2000). In the FT-IR spectra the reactions were further considered at highetialni
the band due to N— H stretching in the free ligandurs ~ temperatures of 333, 338, 343, 348 and 353 K. The
in the 3219 crif region which may be due to hydrogen reactions were observed to be faster as temperafuhe
bonding probably of the type NH..N type in the reaction was increased. Most of the reactions were
ligandwhich account for the appearance of thi-H] observed to be completed at a temperature of B&RIK

band around 3233 - 3258 ¢nin the complexes. The and at a time of 360 seconds. A plot of the natural
stretchingv(NH) of the ligand is not much altered in the '09arithm of the concentration of the complexesirga

spectra of the complexes indicate the non participaof time was made (Figs. 1 gnd 2) and it showed that th
nitrogen atom of NK Hence it is concluded that the reaction had a pseudo first order dependence on the

compound (NAH) act as a neutral bidentateligandcomplexes formed. The observed rate constapid (kere

(Sonmez and Sekerel, 2002) Tb(@/-N) stretching bands ~©Ptained from the slopes of the plots (Figs. 12nd
are not observed in the spectrum of the ligsnd dret

observed in the spectrum of the complexes probably 0.45 -

because, there is no (M-N) coordinated in the ligan 328K
(Waeel, 2013). Similarly, there is ngM-O) stretching 0.4 1 B 333K

band in the ligand because, there is no metal aoatetl 338 K

to oxygen (Salawu and Aliyu, 2012). 0.35 |

Electronic absorption spectra X 343K
Electronic absorption spectra of the ligand andirthe 0zl & X 348K
transition metal complexes in the UV-Visible rar2f@0— g 353 K

800 nm were recorded on ultraviolet visible & 005 . .
spectrophotometer in ethanol using a 1 cm quattzTdee T Linear (328 K)
absorption bands for the complexes will help toegan 2 0.2 Linear (333 K)
idea of their structure. The absorption spectra ang 3 | Linear (338 K)
magnetic moments of the metal complex are given in £ ,

Table 4. The diffuse electronic spectrum ofCzomplex 0.15 1 Linear (343 K)
shows two broad bands around 305 nm and 311 nm. Th Linear (348 K)
first band may be due to%,g — 'A;g transition while 0.11 Linear (353 K)
the second band may be due to charge transferfifBhe

band shows structures suggesting a distorted airahe 0.05 1

structure for the Cii metal complex. The higher value of

the magnetic moment of the Cucomplex supports the 0 o a0 on a0 oo

same (Silversteiret al., 1981). When the complexes are fime (secs)

compared with the free ligands, there was a shift i

frequency. Fig. 1: A plot of IN[Cu(NAH) ;]S0O,.3H,0vs time (secs)

Table 4: Electronic and Magnetic data for the compéxes for various temperatures

Compounds  p(B.M) Ana{nm) Assignment Geom.

311
305
Fe(NAHLSO;3H,0  2.867 287 °T.g— °Eg Octahedral

Cu(NAH,LSO,3H,0 1.873 2B,g — *A;g Octahedral
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0.1 1 e 328K
o B 333K
el 338 K
03] X 343K
_ X 348K
é 04 353 K
N Linear (328 K)
é 05 - ® Linear (333 K)
@ Linear (338 K)
ig
g 06 1 Linear (343 K)
Linear (348 K))
0.7 .
Linear (353 K))
0.8 -
0.9

time (secs)

Table 7: Shows the values of the natural logarithmfo
[Fe(NAH),]S0,.3H,0 at different time interval

1n[Fe(NAH)Y]SO,.3H;0 at varied temp.

TiMe(S) 28K~ 333K 338K 343K 348K 353K
180 —0.892-0.821 —0.777 —0.755 —0.713 —0.654
360 —0.844-0.755 —0.693 —0.673 —0.635 —0.598
540 —0.755-0.693 —0.638 —0.650 —0.562 —0.528
720  —0.713-0.654 —0.580 —0.562 —0.528 —0.511
900 —0.654-0.598 —0.562 —0.528 —0.478 —0.462

Table 8: Shows the k,derived from the plot of
In[Cu(NAH) ,]S0O,.3H,0 against time for varied
temperature

T(e,f;p' ks (107) ke T(107)  1nfedT) /T (109)
328 1.306 3.983 -14.736 3.09
333 1.310 3.934 —-14.748 3.00
338 1.312 3.574 -14.843 2.96
343 1.315 3.819 -14.778 2.92
348 1.317 3.767 -14.792 2.87
353 1.319 4.051 -14.881 2.83

Fig 2: A plot of In[Fe(NAH),]SO,.3H,0 VS time (secs)
for various temperatures

-13.6
2|8 2.85 2.9 2.95 3 3.05 3.1
-13.8 1 .__.__.___..—H
141 ¢ Cucplx
£ 142 B Fecplx
2 1 Linear (Cu cplx)
) 144 Linear (Cu cplx)
£ ] Linear (Fe cplx)
Linear (Fe cplx
-14.6 4 ( plx)
-14.8 - .._Q——H—“—_‘
-15
1T (10-3)

Fig. 3: Show the plot of In(§dT) vs 1/T

Table 8 presents the observed rate constants etdt&iom

the plot of the natural logarithm of the complexgminst
time (secs). It was observed in Table 8 that as the
temperature was kept at 328 K, the rate of formatib
[Cu(NAH),]SO,.3H,0 was 1.306 X 10 but when the
temperature was increased to 333 K, the rate iseteto
1.310 x 10%. Further increase in temperature to 338, 343,
and 353 K show a significant increase in the oletnate
constant K, to 1.312 x 1d, 1.315 x 1d, 1.317 x 1d

and 1.319 x 19, respectively. It was observed in table 9
that as the temperature was kept at 328 K, the ahte
formation of [Fe(NAH)|SO,3H,0 was 3.337 x16 but
when the temperature was increased to 333 K, ttee ra
increased to 3.340 x TOFurther increase in temperature
to 338, 343, and 353 K show a significant increiasthe
observed rate constariy) to 3.343 x 10, 3.347 x 1d,
3.349 x 10 and 3.351 x 10, respectively. These regular
variations in the observed rate constants as the
temperatures were increased are suggestive ofthehat

the rate of formation of the complexes dependetlhign

The data in Table 6 was used to plot a graph ofhe temperatures. This fact is in agreement wigeagch
IN[Cu(NAH),]SO,.3H,0 against time (Fig. 1), the straight findings made by Xu and Gu (2005).

line graph is an indication that the reaction hgosaudo
first order dependence on the complexes formed.dHbe
in Table 7 was wused to plot a graph

For each of the complexes another plots okg)
against 1/T was made, this was in accordance wéhitz

of and Fish, (1994). The graph was found to be linvetr

In[Fe(NAH),]SO,.3H,0 against time (Fig. 2), the straight very nice regression coefficient (Fig. 3). The \aatiion

line graph observed is an indication that the ieadtad a

enthalpies and entropieaH* andAS") was obtained from

pseudo first order dependence on the complexesefbrm the slopes and intercepts of another plot of gk
The results in Tables 6 and 7 show that, the rdte oagainst 1/T (Fig. 3). This is in accordance withe th

formation of the complexes increases with increase
time. These results agreed with the earlier studies

(Chulsunget. al., 2007).
Table 6: Shows the values of the natural logarithm fo

[Cu(NAH) 5]SO,.3H,0 at different time interval

1n[Cu(NAH)]SO,.3H,0 at varied temp.

TIMe(S) 358K 333K 338K 343K 348K 353K
180 0.2470.262 0.278 0.293 0.315 0.322
360  0.2620.285 0.300 0.322 0.344 0.351
540  0.2700.307 0.322 0.344 0.372 0.378
720 0.2850.329 0.344 0.372 0.385 0.392
900 0.3000.358 0.365 0.385 0.412 0.425

Elevoitz and Fish (1994) equation;
IN(kopdT) = In(kbh) +ASR -AHRT............ 4
Where
T is the temperature in Kelvin
K, is Boltzman’s constant (1.38 x #t/k)
h is plank constant (6.63 x 1fJs), and
R is the molar gas constant (8.314 J/K/mol)
The activation energy was therefore computed from t
relationship;
Ea=AH-TAS........ccoeiinnn 5
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Table 9: Shows the rate constank.,derived from the plot of
In[Fe(NAH) ;]S0O,.3H,0 against time for varied temperature

T(e}g‘p' ks (107) ke T (107)  InfdT) 1T (109)
328 3.337 10.170 -13.798 3.05
333 3.340 10.030 -13.813 3.00
338 3.343 9.8910 -13.827 2.96
343 3.347 9.7580 -13.840 2.92
348 3.349 9.6240 -13.853 2.87
353 3.351 9.4930 -13.868 2.83

Table 10: Activation data for the complexes formedt 328 K

AH*  —AS*

Complexes —E, (kd/mol)
(kJ/mol)  (kJ/mol)

Cu(NAH),S0.3H,0  2.403 327.314 107.361

Fe(NAH)%LS0,.3H,0 2.619 320.247 105.038

It was observed from (Table 10) that the thermodyina
studies of the complexes show that [Cu(NABP,.3H,0
and [Fe(NAH}]SO,.3H,0 had negatives entropies. The
negative value of the entropies is a suggestive tina
reactions follow associative mechanisms. The atitina
entropy is often used as an indicator of the caméton

of the activated complex (lorungwet al, 2014). The
activation energiesE, for [Cu(NAH),]SO,.3H,0 and
[Fe(NAH),]S0,.3H,0 at 328 K were observed. The lower

E.s an indication that the complexes required lower

energy before it crossed over to the product foilomagtate

at lower temperature. Mean while the enthalpy \&lfoe

[Cu(NAH),]SO,.3H,0 and [Fe(NAH)SO,.3H,O were

also presented in Table 10.

From all the available data, the probable strustdioe the

complexes have been proposed as shown in Scheme 1;
_ OH, _

E . nHZO

Scheme 1: Proposed structures for 1:2 Octahedral
geometrywhere: M = Fe (ll) and Cu (Il) and R =N
Conclusion

The complexes were recognized to be non electcolyithe
FT-IR spectra of the ligand and the metal complestesv a
clear evidence of formation of the complexes, thvespectra
of the complexes recognized that the complexes wer
octahedral complexes. The magnetic moment fof* Fe
indicates that the complex is a high spin type pagnetic
while the magnetic moment for €womplex was also found
to be within the expected value. The kinetic resshow that
the rate of formation of the complexes increaseh imcrease
in time and temperature for all the complexes fatndridging
from their observed rate constant,k when a plot of the
natural logarithm of the concentration of the coempk
against 1/T was plotted, it was seen that fortedldcomplexes,
there was regular variations in the rate of forpratof the
complexes as the temperatures were increased gervell
rate constants equally increased, that was a stigges the
fact that the rate of formation of the complexepeata on
temperature. The thermodynamic parameters showwar lo
activation complexEsfor all the complexes formed which is
an indication that the complexes required lowergnéefore

it crossed over to the product formation state awer

e

temperature. Also the negative value of the ené®ps a
suggestive that the reactions follow associativetragisms.
The negatives values of the enthalpy implying thia¢
reaction is rather exothermic.
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