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ABSTRACT

Nitrilotriacetic acid ( NTA), N(CHyCOOH)3, is a tribasic acid with three
carboxylic acid groups. It is known to form simple and complex salts with either single or
more metal ions. Since its isolation in 1862, syntheses of different metal salts of this acid
have been repdrted Metal salts of this acid find various applications. In fact its uses as a
detergent builder or as a complexing agent in plating industry is well known. Chelation of
NTA with different metal ions has been investigated through stability studies with both
single as well as ternary system. However, the temary system with NTA and hydrazine
(N2Ha) ligand has not been investigated so far as revealed from literature survey. Secondly,
in plating industry, since the temperature of the working bath is fairly high, the knowledge
of thermal stability of M-NTA complex becomes essential. The objective in the present
study is to understand the thermoanalytical properties of metal - NTA and metal - NTA
hydrazinates.

Alkaline earth metals Mg, Ca and Sr and transition metals Ni and Zn are used
in present study. Metal NTA is synthesized by known method. The hydrazinates of these
salts are prepared under different preparative conditions, especially with respect to the
pH. The composition of these product salts and complexes are fixed with the help of
chemical analysis and infrared spectra. It is then confirmed with the help of thermal
analysis. Whereas, simple salts decompose above 2000C, the hydrazinates do so ~ 1700C.
Hydrazinates are found to decompose through simple salts to carbonates to oxides. The
kinetic parameters of thesehcomplexes are calculated from the TG data by known methods.
In the case of hydrazinates, the initial decomposition of hydrazine is confirmed from the

activation energy value for the decomposition step. The details of the present investigation

18 presented in five chapters.



CHAPTER 1.
Chapter 1, presents the literature survey on nitrilotriacetic acid ( NTA ) and

hydrazine with respect to the synthesis, spectral and thermal properties. Similarly various
methods of synthesis, spectral and stability studies of metal - nitrilotriacetate salts are also
reviewed in this chapter. Tribasic acid NTA has three different dissociation constants with
large difference between the first two. Consequently, pH plays important role in the
reaction between NTA and aqueous metal ion.

The scope for the present investigation and its objective is briefly given at thje

end of this chapter.

CHAPTER 11,

In chapter I, various analytical procedures and instrumental methods, used in the
present study are described. The instrumental techniques employed include
thermogravimetric analysis ( TGA ), differential thermal analysis ( DTA ), infrared
spectroscopy ( IR ) and magnetic susceptibility measurements by Gouy's balance.

The use of the thermal data to obtain the kinetic parameters which is used in this

study is also described in this chapter.

CHAPTER 1I1.

Chapter III, contains the results of the study on metal ion-NTA hydrazine system.

The products obtained depend on the preparative conditions and are tabulated here.



The compositions of these organo metallic complexes obtained under different
preparative conditions, are assigned on the basis of chemical analysis and spectral studies.
The infrared spectra show typical carboxylic (-COO~ ) and metal nitrogen ( M-N ), metal
oxygen ( M-O ) absorptions. Shifting of the -COO- absorption to ~ 1680 cm -1 indicates
the presence of ionic carboxylic group. The stretching N - N absorption 950 - 1000 ¢cm-}
~is used as the criteria for assuming the presence of NoHy ligand or ionic NyHst. The
magnetic susceptibility values and densities of these complexes are tabulated and briefly
discussed at the end of this_ chapter. Two carboxylic acid groups in NTA are coe -
ordinated to divalent Ni whereas the third is preferentially neutratized by NoH4.H7O (i.e.
N,HsOH).

CHAPTER 1V . €

Chapter IV, deals with the thermal analyses of metal nitrilotriacetates, metal -
nitrilotriacetate hydrazinates and mixed metals nitrilotriacetate hydrazinates.
Decomposition steps are given on the basis of the weight loss observed ih the TG. The
interpretation of the thermal data is described in this chapter. These salts decompose
through dehydrated salt to carbonate to oxide as intermediates. The decomposition of
products includes ammonia ( NH3 ) carbon dioxide ( CO7 ) and acetone ( CH3COCH3).
For some of the salts, the residue obtained on heating to ~ 700°C is found to be the

mixture of oxide and metal (mostly metal). Ni - NTA hydrazinates are found to be good

precursor for fine powder Ni.

N(CHCO0)3M(N7Hs) --> N(CHCOO)3MH --> (MCO3) --> M / MO



CHAPTER V.

Thermogravimetric data is used to evaluate the kinetic parameters involved in
different decomposition reactions. Chapter V highlights the activation energy values
obtained from the dynamic TG data of the samples. The three different methods used are
as given by 1.) Freeman - Carroll, 2.) Coats - Redfern, 3.) Metzger - Horowitz The
comparison and interpretation of activation energy values of simple salts and ‘hydmzinate
complexes are also discussed. Activation energy values for hydrazine decomposition age

found to be lower in case of salts in comparison to its hydrazinates which may be due to

co-ordinated hydrazine in the latter.
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CHAPTER ONE

LITERATURE SURVEY
1. INTRODUCTION

The interest in nitrilotriacetic acad develops from its wide
applications. Mpst important among them are (i) as asequestrian
agent‘in laundry detergent and {ii) as an additive in the plating
industry? In both thece applications,- the &cid acts as  the
camplening agent.

.

As a complexxing agent in detergent, it masks the hardness
components in  hard water,namely.calcium  and magrnesium,thereby
increasing the detergent efflciency. Whereas v in plating
industry. this acid compliexxes the metal ion thus controlling  the
rate of deposition of metal on the substrate. 1t also supresses
the precipitation of the metal ian.

The other component in the plating process, riamely
electFoless (EL) plating, is the reducing agent. Hydraziﬁg is one
such reducing . agent, among varicus others, which has been
explored for its use in EL plating bath. It is envisaged that
hydrazine, along with nitrilotracetic acid asg_ Gomplexing agent

for metal ion, could make component of EL plating bath.

1.1.1 NITRILOTRIACETIC ACID

Nitrilotriacetic acid, also retered as NTA, inthe
subsequent discussion, is a triprotic acid with the molecuwlar
tormula CquobN or HsIN(CH,CO0) .1 It has also various other names

such as,



1) Ny N -~ Ris (Carbotymethyl )‘glycine,
ii) Triglycollamine acid,
iii) oy o'yt =— Trimethylamine carboxylic acid,
iv) Tri (carboxymethyl) amine.
v) Ammonia Triacetic Acid,
vi) Triglycine,
vii) Trilon A (Commercial).

NTA has three carbosylic acid groups and its structieat

formula can be given as

/ £:H,, COOH

N £— £H,,CO0H

AN CH, COOH

i.1.1.1 SYNTHESIS OF NTA

NTA bhas been first isoplated and identified by Heintz®in 1862.
Subsequently, several workers bave reparted‘_d.the synthesis of
this acid. Martell and Hersworth7 synthesized NTA using
chlorcacetic acid and concentrated ammonia.

Monoglycine and diglycine are. converted to triglycine in
presence of NaOM + NaCN rand formaldehyde. Na salt is then
hydrolised with H2804 at pH = 1,2 to abtain NTA  in  wolid form.
Commercial method of preparation of NTA  has  been  reported and

patented by Singer?



1) H_NCH,,COOH

€H.,CO0H
C1.CH,COOH + NH, —3  1i) HN
£ 4__\
CH,,CO0H

/// CH,,COO0H

ii1) N J— CH,COOH
CH,,CO0H

MaOk CH,0
NaCN

/// CH,COONE
N

— CH.,COONa ~—>* NTA
CH‘COGNa(after Fvdrolysis)

1.1.1.2 PHYSICAL PROPERTIES OF NTA

Nitrilotriacetic acid (Molecular weight 191.14) is sparingly
soluble in water with sclukility of 1.28 a in ore litre at
22.5°C. The pH of the saturated aguecus solution of this acid has

been found to be 2.3 and the melting point of the solid

[«

. 4 P e o . a
compountd to e in  the range of 220235 . However, Hird

reported the m.p. to be 241.506. Being &« tribasic " acid., 1t has

three different disspciation constants for -COOH groups. and  the

pka values have been found ontpto he mHlm Z.0%, pk= 3.87 and
| K

phk.= 18.7 at 20°C.  However potentiometrically  determined pha

values differ'? pk, = 1.89, pk,= 2.49 and pk, = 9.73.(Table 1.1).
Souchay“has reviewed ditftterent physical properties o f

mitrilotriscetic acid.



TABLE 1.1%
Equilibrium Constants for NTA

i . onic "
Reaction Temp O Strength pLa
H. A e. HoA  + WY 20 @.1 1.89
Lor 200 e
HA {'} AT + W 20 2.1 2.49
- e v
1 Ha“ -\-) AT+ WY = 2.1 9.73

1.3.1.3 THERMAL PROPERTIES OF NTA

C. Duval*?studied the pyrolysis of nitrilotriacetic acid on &
thermobalance. 1t was found that this acid is stable upto &
temperature af EHQOC, Beyond this temperature, it undergoes
decomposition with the formation of volatile products. However.

investigations carried out by Wendlandt?3-1*

reveal that the acid
is decomposed at about 24@06. Table 1.2 elucidates the thermal

properties of NTA,

TABLE 1.2
TG, DTA Data for NTA

Compoqnd ' : TG o : DTA
Temp., Range [ Paatk temp. °r
NTA ' 240355 260 lendotherm)

1.1.1.4 SPECTRAL PROPERTIES OF‘NTA

lLiterature survey indicatesthat the intrared spectral
properties of nitrilotriacetic acid, both in s0lid?as well as in
solutiontahévw been systematically investigated. In aqueous

solution, the equilibrium of the acid can be given on the basis



of the formatiorn of HN+(CH2COOH)? or H4Y, where Y = N(CHQCDO)Z.
The ageuous solution of the NTA, may have the presence of as many
as eight different ionic/non—ionic species, which are shown by

the sequence of equilibrium given below :

The equilibria of NTA in Bolution15

CHCO0™ / CH,C00 T / CH,Co0™
CH CODH < cH.. ,Cao i: £ CH,COD
\ CH CDDH \ CH, COOH \ CH,C00™
// (A) (E) (C) \\
H,COOH ' - / CH,C00
HN -—-CH LUGH /l ' ‘ /I I /I CH, CDO
NG _COOH \ CH (.cm
\(H) I 7 (D) / /
\ CH,,CCOH H,,COOH H.,COO
s H,CCo . /(3200 N /C -0
N < CH,CODH  —— N &= CH,CO0H =— N CH,CO0™
CH,COOH CH.,COOH CH,COO ™
(&) (F) (E)

The presence of a particular species depends on the pH of the
aqueous solution since the acld has three different pKa values.
Consequently, the observed antisymetric carboxyl (or carboxylate)
stretching fregquencies will be different for solutions having
different pH.

Tomita et al'®have studied antisymetric stretching bands of
carboxyl group at various pH (Table 1.3). Chelated carboxyl group

is observed at ™~ (161@ cm—l.



faRpLE - 1.3

IR Absorption Fregquencies gf NTA Solutions at Various phl

Observed IR, Carboxyl/ Species CH
band cm Carboxylate Freaent
Group {mostly)
N 1720-30 ~CO0H -CO0OH (Undissociated) | 3.2
- +
. - {wi - 4.2
~1461@ -Cao ~-Co0om 1@6-11.6
co—-ordinated
1.1.1.58 APPLICATIONS OF NTA .

Nitrilotriacetic acid (NTA), alsc krnown as ammonia triacetic

acid, as mentioned earlier is used @as  an additive in

18,19

detergents. It removes hardrness from water which idis used in

laundering, by complexing and mashing of calcium and magnesium. It
is used as & levelling agent for dye%? for bleaching, softening of
Loiler water, for prvamtign and removal of scales and also other

. . ~27
appllcatlanﬁ.zo

It is extensively used in various .electrodeposition processe%?
NTA has been & constituent of electrocleaners in  the pre-~treatment

processes prior to electrodeposition. Bet ter cleaning Was

obgervedthen it was uwsed alomg with the alkaliss. Similarly,
addition oF‘NTA to the mixture of nitric acid. citric acid and
surfactant was found to improveso the electropolishing of stainless
steel.. NTA was used as one of the constituents of the bath in  the
deposition of metals on plasticisurfaces?’Thus, in electrodepositioﬁ

processes, NTA is added to advantage for better cleaning, increased

deposition speed, more uniform covering power and good adherance of

the deposited metal.



1.1.2 METAL NITRILOTRIACETATES

Ammonium nitrilotriacetate, NH4.H2CN(CH2COO)3J was thes
first?®salt of the NTA to be isolated along with the acid. Since
then. the NTA salt of practically all the metals?® ?%in  the
periodic table have been synthesized. Nitrilotriacetic acad, is
an amino acid derivative of acetic acid, and 1like ethylene
diammine tetracetic acid., forms compleses, though with lesser

stability. . .

1.1.2.1 SYNTHESES OF METAL-NTA SALTS

Earliest reportd’ *°

on the syntheses of metal-NTA salts are
based on the reaction between agueous solution of metal salt
{chioride etc.) and NTA suspension {(since solubility of NTA is

very low). For example,

L]

MET + H_IN(CHCO0) 3 ====3 HMIN(CH,CO00). 1 + 2H"

Complex salt of the scid containing two metals, sodium-—vanadium,
has alsc been isclated by similar reaction.

Other methods of preparation involve the double decomposition
reactiog‘bwtween the metal salt {chloride or sulphate) arnd the
sodium salt of the NTA in aqueous medium  or the rE&CtiOﬂ‘zbﬁtWEQﬁ
metal carbonate and the NTA in aqueous medium which is  warmed to
~60°C

2+
M + HNaZCN(CHqCOD)WJ —— HMCN(CHqCOD),] + 2Na+

MCO., + H_IN(CH,C00Y..3 -—=> HMINCCHCOD) 1 + H 0 + CO
(W] pa (W £ ) ' 2 2

o
<



With hydrazine hydrate, NnHa.HQU, nitrilotriacetic acid has
Lo a

been found to yield dihydrazinium salt?® H(NqHS)q[N(CHZCDD)ﬁj.

Third carboxyl proton remains undissociated, probably, due to

high third pk value,

D,44,45

Though the comple» formation in the ternary systems, with -

NTA as the primary ligand, has been extensively investigated, not
many of such complerxes have been isolated in the solid state from
the soclutions. Metelis like nickel, copper. cadmium, indium, {ead,

4G6-54

itron, zinc and chromium are known to form complexes with

nitrilotriacetic acid.

1.1.2.2 PHYSICAL PROPERTIES OF METAL=NTA SALTS
The physical properties of metal nitrilotriacetate salts  in
aquenus solution have beenstudied by several workars?"‘Thm

investigations carried ovt, in these studies, are moustly with

respect to the stability of metal-NTA complex saltes in
Eimpléd'sshdsand t@rnarydasyﬁtama. Home of the equiltibrium
constant values (log) are summarized in Table — 1.4

Nitrilotriacetic acid has been found to form éomplexes with
metal ton, which &re more stabled7compar9d to mono - or di ~amino
acetic acid. It can be seen that the zinc complexn of the NTA ia
more stable fTable 1.5 ) compared to the complex of that metal

. , .y , . ., 68
with glycine or imino diacetic scid,



The Equilibrium Constant

TABLE 1

.4

for Nitrilotriacetates

{MYJ/EMILY] Where M = Mg.Ca,Fe,.Cu,Zn,Ni,Co
. g 2~
and Y = HI{N{CH COU)RJ
Metal ion Metal Eguilibrium tOC 3}
Chelate Constant
Form Value (log) ‘
2+ R g
Mg MYy S.41 2 a.1
2+ ,
Ca’ MY Ba.41 28 @.1
\ .
Fe' MY .82 20 @.1
nes [ ]
Cu MY 12.64 20 0.1
-2
Zn<" MY 19. 45 20 @.1
2+ ) .
Ni My 11.2& 20 @.1
cot MY 10, 61 20 2.1
TABLE 1.8
Stability Constant values (log) of
Zinc complexeas of Amine Acetic Acids
Stability With Slyoine With imino With NTA
Constant {Moro acetic acid) ] diacetic acidl{triacetic acid)
First 4.8 YL G 18.5
Second 4.1 S.7 X. &
The greater difference between the two values in  the case of
nitrilotriacetate has been ascribed®to the fact that zinc ion
cannot accept all the possible donor groups in two of the donor

anions.




1.1.2.3 SPECTRAL PROPERTIES OF METAL-NTA SALTS
The characteristic infrared absorption freguencies, for the
carhoxyl groups, as mentioned in section 1.1.1.4, have been

19,106,720

utilised to reveal the stete of bonding of these groups

with the metal ion. The hbonding in the NTA with metal ion  has

been found to be similar to  those found in metal-acetic
acid7‘,metal—diethylenetriamine pentacetic acid72and metal ~-EDTA
73,74
compleres.
However, & systematic investigation of chelation ‘of
nitrilotriacetic acid with metal ions, at various pH, has been
carried out by Tomita et al?®The antisymmetric carboxyl

stretching frequencies have been found to vary depending upon the
pH of the solution. And, the chelation has bheen found to occour
through oxygen atom at higher pH. In soclution, i;(bas aleo been
concluded that NTA behaves as tetradentate ligand, with all
carborylate groups coordinated to the central metal ion.

The characteristic absorption bands Dbaerved‘zin case of

metal NTA salts have besn ~1680 cm b (~COOH), ~162dcm™ >  (-COOM) ,

1

V1418 em T (~COO crystald, ~1130 cm D (~CN) and  the assignments

are given in Table 1.4,



TABLE 1.6

11

Infrared Spectrsl Dats (cm—l) of Metal Nitrilotriacetste Hydrates

oco

M{N(CH,C00),].xH,0 Y = N(CH,C00),
T R 1
Key | | | |
M/x -=> HBY Mg Ca Sr Ba Zn Ni
Assignement l x=3 x=4 x=4 x=3 X=2 x=5
1. -OH _ 3520 | 3525m | 3560w | 35@00w|
. 2900vs | 2930s 325s |2925vs|335@vs! 2875vs
2875vs| 2935vs|28756vs
2.Unionised 1728 s 1720w 1710w 1700w 1725w! 1745m| 1730w
-COOH 5! 1660m!| 1660m | 1680m | 1680m| 1680m| 1665m
3. sym.stret| -- 1595 | 166@w | 4gag 1560 | 1585 | 1585
= 15990
-C00
4$2§;§rfégg§e - 1630s| 163@s | 1635s | 1621s|1621vs| 1625s
5.S5tretching 1425m! 1440nmr 1410mr 1432s
; i 1434s 1412sr 1432s
lasym CO0 1408w!| 1405mr 1445m 1400w
6. -CN - 1150m| 169" | 1165m | 1155m| 1125m| 1120m
: 1145m
7. -COO - 1875w| 1@45r | 19508r | 1950 | 1022m| 1219w
8w 967m 975 s! 97@ s | 975m 965m | 962m | 962 m
© Yc-¢ 930 s| 960 s | 960@s 94Ps | 95@s | 943 s
919 s! 910 5 9109s 918s 906s 995 s
g. & - 720 sI

720 s’

i

720 S’

7203,

—t




1.1.2.4 APPLICATIONS OF METAL-NITRILOTRIACETATE SALTS
Metal - NTA salts have wide variety of applications. Sodium
aalt of this acid, Nath(CHqCUD)KJ has been used as a detergent

Uuildarf“‘p

Motal NTA salte are extensively used in  electronic
industry. Most important use of these salts has been in  the
electrodeposition. Nickel-NTA salt added to gold bath i

electroplating has been found to give hardness >'°°

tes the gold
deposit. Gold-ruthernium allay has beern deposited using
ruthenium—-NTA along with gold salt. With the NMTA based solutions,
deposition of gold a110y7°containing zinc, mickel and indium was
achieved. Metal NTA based hbaths were found to vield high
rates’ Sof deposition. Gold gulphitevcomplex along with NTA was
developed as a substitute®Cto cyanide bath 1inn electroplating
industry. Several other metals like palldium, molybdenum alloy.
cadmium, copper etc. bave heen electrodeposited from NTA  based
baths. Recentaﬁstudy has revealed that metal- NTA  solutions can
also be used for effective depeosition of the metal by

electroless plating process.
1.2.1 HYDRAZINE

Hydrazine is & colovwrless liguid, with the boiling pointnanf
11406 {m.p. EOC) with & nasty ammonia like odour. Physically, it
is similar to water, but chemiéally it is a stromg reducing
agent. Hydrazine is a varsatile compound with & molecular formula
NQHJ' It is an immensely importarmt compound due to  the presence
of a potent N-N bond, four replaceable H atoms and two free pairs

of electrons in it.

12



Commercially hydrazine is available &as hydrazine hydrate

(N H,.H,0), which has a m.p. of ~51.7OC at one atomospheric
£ 4

4
pressure. Some of the properties of hydrazine &re tabulated in

Table 1.7

TABLE 1.7

Physical Froperties of Hydrazine—?83
Fraperty
Molecular Weight X2 B45 .
Vapour Pressure 14,19 mm Hy
Dernsity 1.8037
Vigcosity D.913
Surface Tension @ .664 dyn cm
Thermal Conductivity 7.86x10—5ca1 cmle—18~1
Heat Capacity x.07768 J o k!
Heat of Foration +50.434 1K mol&al
Dielectric Consteant 51.7
Dipole Moment 1.84 debye unit
Refractive Indes 1.468%

1.2.1.1  SYNTHESIS OF HYDRAZINE

Hydrazine was first isclated by Curtiug®in 10887 by hydrolysis

of diazoacetic ester with alkali.
N == N
HOOC ——— CH d \\tH — COOH + 84 H,0 — 2N_H

Ny e n . z

4

Commercially hydrazirne is manufactured by two well krown

methode

| SN

+ 2(CO0H)



. . -88
{i) the reaction beltween uwrea anad sodium hypochlorlteas
NHC 1
7
COMNH) ., + 2NaOCL - C == 0 <+ 2Nalii
s L \
NHC1
NH;2
NHC1 A
Ve e N H,S0
20 == @ + 2NH =77 0 == ¢ C == 0 ~;75} N2H4.H2504 + ’IZCC!.,2
\ | | 2
NHEC —_— N
HC1 /N N
H H .

{(i1) the reaction between ammonia and chloramine
NHW + NalCl -—=> CINH, + NaOH

[

ClNH2 + NH., + NaOH -—-> N2H4 + NaCl + HQO

Irn both these reactions, glue or gelatine is added to inhibit
the catalytic decomposition of hydrazine, so  foroed, by the
unreacted oxidant. Hydrazine synthesised by these methods ’is in
the form of a&zecotropic mixture with water. FPure hydraczire
{hydrate)is subsequently obtained by extractive distillation with

aniline. Anhydrous N H, was subsequently prepared by Deﬁruynoz ir

4
18995,

1.2.1.2 PHYSICO - CHEMICAL PROPERTIES OF HYDRAZINE

In hydrazine the N—N bond length has been found®? " ®%t0  be
1.47 aA° and N—N—H angle equal to 1120, suggesting spé
hybridization in nitrogen atoms. Hydrazine molecule has been

found to have either gauche Cz or Cis C2v  conformation in  the

. : , . . . o6
solid state as revealed from the X-ray investigations.

14



STRUCTURE T v

H . ’

ECLIPSED

(raucheCa H H CisCav H
H
H
H

Hydrazine is athermally stable compound up to 250°C.  On
further increase in temperature, it decomposes exothermically

. - 9?7, . . .
releasing tremendous amount of energy. fhe bond ‘dissociation

. . . ) .. ~1
energies are (i) D - 5.0 K cal mole
NH--NH [
2 2
(ii) D = 75.00 K cal mole |
NH ~--H
2
and bond energy (iii) E = 38.00 K cal mole

Hydrazine is & Lewis base and the reacticn with water may

vield either hydrazinium ion or hydrazonium ion.

NoH, + Ho0 — N,H. Y + oW oy 8.50107
L e \———-—-—- PRI )
+ : 24 T e " ~1&
NoHg + Ho0 —= N H, =" + oM K= 8.9510
<

Hydrazine has been known to be a powerful reducing agent, due
to which, it has a wvariety of applications. Oridation of
hydrazine by oxvgen is an exothermic®® reaction in which enormous

heat is liberated.

”~ o - e - E y -1
N2H4 + 02 > N2 + ZH.0 ... AHnnoce 138.3 Kecal mole
Hydrazine reduces Nickel from solution in an alkaline mediam, to

metal nic:kel.p9

) — :
2NiTE o+ N H, + 40H » 2NL o+ N +4H_0

Py



Due to the presence of two free electroms on the nitrogen
atoms, hydrazine acts A% a mono o bidentate bridge=

. . . . 104
ligandfooespECLally with tranasition metal son,

1.2.1.3 SPECTRAL PROPERTIES OF HYDRAZINE

Studies on  the infrared spectrum of hydrazine in

, ,102~119
solid

state have revealed the N—N bond distance to bes
1.46%. Corresponding to this. the bond stretching barnd® for
N—N is observed &t 884 cmnl. The other characteristic absoprtion

bands observed for N_H, are 3310 c:m_1 (weak H bonded N—H), 1465@

em? (NH1+ deformation), 1605 cm” (NH, bending), 13508 cm * (NH,
wagging), 1130 cm ' (NH, twisting) and 885 cm ' {(N—N

stretching).
t1.2.1.4 THERMAL PROPERTIES OF HYDRAZINE

The heat of formation®®®of hydrazine is +12 K cal molenl,

N2<g>+-2H2 Q> 3 N2H4ﬂ> AH$C = + 12 K cal molmwl

This signifies that hydrazine is unstable, Yet it is quite stable
at room temperature.

When heated, hydrazine decomposes toc ammonis and nitrogen as
the major products. But the dwcompasition“‘pattern varies

depending upon the edxperimental conditions. Generally, the

decompasition reaction can be written as,

SNWHA et 4(1“N)NH% + 1 4Dn) N o+ b HO)

1€



1.2.2 METAL HYDRAZINE SYSTEM

A “ :.4~

Hydrazine exists in various forms, such as N2H4’ NZHS . NZHé’

N, H. OO0 and NH., - Depending or its nature,
2 D P 4

hydrazine forms variows compounds or complexes. in metal

24

+ D4 ) -
or &s a cation (NoH. & N,H ) or a&s an anion. (N,H-COO )
L. “ - L

+ .-
salts,hydrazine may be present as a ligand (M_H ,NWHS, NqHﬁCDD )

1.2.2.1 SYNTHESES OF METAL HYDRAZINE COMPOUNDS™® :
Agqueous hydrazine {ag Nqu) or hydrazine hydrate (Nqnq.HGO)

or hydrazinium hydroxide (N MOH) formse simple salts when it is
P

neutralised by an acid.

NEHSOH + HX 3 NQHSx + HZO

Hydrazine has been found to react with metal salts to give
either hydrazinates of the metal salts or double salts containing

hydrazinium as one of the cation.

MX,, + quH4.HmD > M EN@H IX,,

4

—i ANLGH YMEX, ]
£ ) ~
Hydrazine is also known to resct with COQ, to  form  hydrazido
£

carboxylate in which hydrazine is present in the anionic species.

{i) N2H4 + C02 —— NRHBCDOH
(11) 2N2H4 + CO:2 —— NRHKCDGNEHS
(i11) N2H4.H20 + Cﬁz*n—} NBHSCOQH 4 HBU

17



Consequently, the aqueous mixture of hydrazine hydrate

and metal sall exposed to atmospheric C0., has been found to yeild

-
2

metal hydrazido carboxylate.

sz + 4 N2H4 + 2 C02 —_— ML N2H3C0032 + ENZHEX
All the reactions mentioned above couwld be in aguenus

medium or heterocgeneously with solid metal | salts andliquid

hydrazine hydrate.

By identical procedures mised metal salts have alzso been

synthesised by many investigators 1117

1.2.2.2 SPECTRAL PROPERTIES OF METAL HYDRAZINE COMPOUNDS

Since the existence of hydrazine i the hydrazine based
compounds has been known in variows forms, it is very essential
to study its nature in them. Infrared spectral study has been
one of the important toocls used to distinguish between the

various forms of hydrazine. Along with it the complesation of the

. . , . 148420
metal by hydrazine has also been investigated.

The shift in N-——N stretching fregeuncy ocours =1 a

consequence of the different forms nature of hydrazine. This

121

shift also depend on the physical state, the bonad

122124 122

length and the field effect.

Rraibanti at al”

-3 . :
have aystematically studied the N e
streching band for various hydrazine compounds.

N—N stretching {frequencies for various forme of  byvdrasine

are given in Table 1.8

18



TABLE 1.8

Ne—N Stretching Frequency in Hydrazine

) e e ¥ N-N
Hydrazine as -Stretching Freq.
N, H 1552 cp
272
'NQH&2+ 1023 cm” !
N.H.£00~ 990-1015 cm” ! -
N, 96% cm” ! .
I
NH, (Unidentate) | 930 co”!
-1
H4N2 - N2H4 F46 -~ QA ¢m
(bridging)

1.2.2.3 THERMAL PROPERTIES OF HYDRAZINE BASED COMPOUNDS

Thermal decomposition of hydrazine is briefly déscribed in
section 1.2.1.4. Hydrazine decomposesz to ammonia as & major
product. Consequently, when heated, hydrazinium salts are found
to decampase:254’° to ammor im sal ts., This has been

experimentally confirmed by the detection of NH; S the

intermediate product.

L. 437142
in thermal decomposition

of metal hydrazine compleres,
the adduct hydrazine decomposes ernndothermically where as
cvo-ordinated hydrazine decomposes exothermically.

For metal hydrazine compleses, wherever hydrarzine decomposes

at & fairly high temperature, which is nearer ta the



decomposition temperature of the corresponding salts, metal
oxides (and/cor metal ) have heen found to ke the final residue in
the decomposition.

The decompesition of hydrazine { whether in a simple molecule
or in an ionic form) has been found®®to be catalysed by metals
such as Fe, Ni, Pt etec.. Therefore, it can be concluded that
metal ion present in the metal hydrazine compound will influence

its decomposition temperature.

L
1.2.2. 4 APPLICATIONS OF HYDRAZINE AND ITS COMPOUNDS
Heing varsatile hydrazine find a varity of
o . 149-1232 . ) .
applications due to its unigue structure and properties. [t

is used as a propellant in space rockets. Due to  ite reducing
property, it ds werd as & corrosion inhibitor and in electroless

. SA-157
p}atxng‘ *

industry. It is also used in the synthesis of
polymers, explosives eto. In the later, it is sed due to its

high exothermicity in decomposition.

The hydrazine based compounds A6 used &
- 1o8-102 o : . .
procursars forr the eynthesis of material oxides, thesge

compounds are found to yvield fine powder oxides on decomposition.

1.3 PURPOSE AND SCOPE OF THE PRESENT INVESTIGATION

It is common knowledyge that the effectiveness of detergent
is considerably reduced when used with moderately hard water.
This is due to the hardness components Ca and Ma, which react
with detergent molecules, thereby, lowering its potency.

Nowadays, nitrilotriacetic acid is widely used with detergént



for the complexation of these components in order to overcome the
retardation. It is noticed that the detergent solutions at higher
temperatures are more effective in laundering. As such,it was
interesting to study the effect of heat on complexation product
viz calcium nitrilotriacetate and magnesium nitrilotriacetate
salts. Subsequently, it was felt that the systematic study would
be possible through the isolation of these salte in  the solid
form and by monitoring the efféct ot heat on these salts. .

Secondly, NTA is widely used a complexing agent in the
plating industry, especially electroplating. In electroplating of
nickel on aluminium or mild steel, the working temperature of the
plating baths is normally high. Consequently, Ni—-NTA complex
present in the plating bath is subliected to these high
temperatures,  thus affecting it stability. Therefore,it is
essential to understand the thermal properties of ghis comple).
This can be accomplished only by separating of this comple» from
the selution, in solid form.and carrying out its thermal studies.

NTA is also used as a complexing agent irn electroless (EL)
plating baths in  which sodiumhypophosphite is used &s the

reducing agent for metal ion. Although many Bl baths  have been

developed and patented with hydrazine®®271%%,

g the reducing
agent, none of these baths make use of NTA a5 a complexing
agent. Recent study on hydrazine~NTA for Nickel EL baths has
shown that better quality deposits can be obtained onn  the
substrate material. Further it was found out during the

optimization of bath temperature that,higher efficiency can be

achieved for electroless nickel when bath temperature 1

21



increased to about 85°C. Hence it was thought necessary to find
0
out the nature of the product formed for NiFL—-NTA—— hydrazine

system and also to investigate its thermoanalvytical

properties.
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CHAPTER TwO

EXPERIMENTAL

2. INTRODUCTION

The analytical procedures and the physico-~chemical technigques
employed in the present investigation are described in this
chapter. These methods are used to characterise and to study the

» [

physical properties of the compound, isolated during the course

of the investigation.

2.1 MATERIAL USED

Commercially available chemicals, {(Analar or eqguivalent

grade) are used without purification.

2.1.1 METAL COMPOUNDS
i) Magnesium Carbonate, MgCO. ., Sarabhai
ii) Calcium Carbonate, CaCQx, {98 ~108%> M & ®’.

1ii) Strontium Carbonate, S5rCO.,, Chemco.

iv) HBarium Carbonate, BaCO Loba-Chemie.

R

v) Zinc Carbonate, ZnCDK, Loba-Chemie.

vi) Rasic Nickel Carbonate, NiCO,.2Ni{(OH) . .4H.Q, Loba-Chemie.
L o

)

vii) Sodium Carbonate, Na,CO., BDH.

viii) Potassium Carbonate, K, CO,,. EDH.

Y

i») Ethylene Diamine Tetracetic Acid-Disodium salt, EDTA, EDH.

%) FPotassium Jodate. KIO?, EBDH.

»

xi) Zinc Sulphate Heptahydrate, ZnS0,.7H.0, Qualigen.

wii) Hydrogen Peroxide, H. 0, (3@ %), E.Merck.
R 4
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»iii) Nitric Acid, Qualigen.

xiv) Hydrochlaric Acid, Qualigen.

2.1.2 HYDRAZINE COMPOUNDS AND NTA

i) Hydrazine Hydrate, N_H,.H. 0, (99--10@%) Qualigen.
L L

4

1i) Hydrazine Sulphate, (NGHS)Q 50 L.oba Chemie.
L~ .

4 X
1ii) Nitrilotriacetic Acid, H, LN(CH.,CD0).,], Loba-Chemie.
- L -

2.1.3 INDICATORS
1) Muredide.

ii) Eriochrome Rlack -~ T.

2.2 ANALYTICAL METHODS
Chemical analyvsis of the metal ion and hydrazine was carried

put to fix the compasition of product compounds.

2.2.1 ESTIMATION OF METAL

Known amount (appraox @.1g) of the compound was first
decnmposedi s Wwith 1 cc conc. HNG3 and 3Jcc H202, by  heating
almost to dryness {on & sand bath). The residue was then
extracted with 50cc of deionised water. Thies solution was then
used as such for the estimation of metal ion.

A buffer solution with pH = 1D was prepared by using ammonium
chloride and ammonium hydroxide.

A standard solution of @.81 M EDTA?™® was prepared by
weilghing ocut the discdium salt of EDTA (3.722% g per litre of

solution) and dissolving it in deilonised water. The sclution was
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standardized by titrating with standard (@.01 M) zinc sulphate

solution.

2.2.1.1 MAGNESIUM, CALCIUM AND ZINC ESTIMATION

The solution obtained after the decomposition of the product
was maintained at pH = 1@ wusing buffer solution and then
titratedz-sagainst standard @.@1 M EDTA solution using Eriochrome
Black - T indicator. :

The end point was recorded when the colour of the solution

changes from wine red to blue.

i}

it ml of .81 M EDTA 2.2002432 g of Mg.

= 0.0004003 g of Ca.
= 0,0006538 g of In.

2.2.1.2 BARIUM ESTIMATION

Volume of the solution, after decomposition, was reduced to 28
cc by boilbing and treated with about 10ce of 2N HCL. 15 e of hot
2N H,S0, was then added to arecipitate  EaZt as BaS0,. The
mixture was digested on a steam bath and filtered hot using

Whatmar No 4@ filter paper. After washing Ba804 with warm water,

it was dried and ignited in & crucible to weighz as BaSOA.
23T.4 g af‘Haﬁma = LA7.5% g of R,

2.2.1.3 NICKEL ESTIMATION

To the solution containing the nickel don (2,.2.1), after

diluting to 75cc., about B.05g of the indicator mixture {murexide

+ KNO?) and 1@ cc of M ammonium chloride was added. The pH of .

-~



the mixture was increased to 10.by the addition of concentrated
ammonia and then titrated against ©@.01 ™M EDTA until colouwr
changes from yellow to violet?I® (the pH  of - the solution was
further raised ¢to 10 near end point, 1€ required with

concentrated ammonia)l.

2.é.a ESTIMATION OF HYDRAZINE .
Accurately weighed (0.04-Q.086 g) compound was taken in a 250
cc reagent bottle. A mixtuwre of 15 cc conc. HCL, 15 cec  of
deionised water and Scc of CCl4 was then added in it. Standard
Q.225% M potassium iodate (S.350 g in one liter of the solution)

was then added, with constant shaking of the stoppered bottle,

until organic layer was just decmlourised?
1 ml of Q.025M KID“ = 0.0088103 g of NﬁHq.

2.3 PHYSICO - CHEMICAL TECHNIQUES

The Physico-chemical technigues used in the present
investigation include flame photometry, infrared spectrometry,
magnetic susceptibility measurements, thermogravimetry (TGA),

differential thermal analyis (DTA), etc.

2.3.1 DENSITY MEASUREMENTS

Fyknometer tube was used to determine the density of the

samples. Mass of the displaced CCl4 by the weighed amount of the
solid sample in the tube was determined. By substituting the
density of this liguid at ambient temperature, its volume was

calculated which corresponds to the volume of the sample. The
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required density of the sample was then calculated using the

expression p = m/v.

p B o o v e v o e e s e e P S S Y D e e e ————
sample (Waight of the liquid displocaed) + (Dansity of the ligquid

2.3.2 FLAME PHOTOMETRY
Flame photometry is the measurement® of the intensity of
the emitted radiation by metal ions when sprayvyed into a fleame.

Intensity of emitted radiation is proportional to the amount of

the ions sprayed. Hence this techrique can be used for
. : . ) , . + o+ o 2+ 2+
quantitative estimation of metal ions such as Na K ,5r7 ., Cu

etc. in solution. The sclution is sprayed on the flame with the
help of the atomizer. ELICO CL 22D flame photometer was used in

the present investigation.

2. 3. 3 INFRARED SPECTROFPHOTOMETRY

Every molecule wili have a number of fundamental vibrational
frequencies, each of which may be associated with absorption of
radiation of its éWH freguency. This principles i followed in
the infrared' shectrnscopy arnd absorption of fr@duencies is
obtained in the form of spectrum, which are some times called
"the finger prints",

The infrared spectra of solid samples were recorded by
dispersing them in Nujol or fluorolebe (mull technigque) and also
in KBr disc (pellet technigue).

TOSHNIWAL IR 408 Spectrophotometer was used to record the

spectra in the range 4200 - 450 cm~1. Calibhration of the



instrument was done with polystyrened with its standard
frequencies.
2.3.4 MAGNETIC SUSCEPTIBILITY MEASUREMENTS

Magnetic susceptibility may be defined as the extent to which
a substance is susceptible to induced magnetisation.
Paramagnetism is a type of magnetic behaviocur which is e)xhibited
by substances containing unpaired electrons. These substances are

»

weakly attracted in the magnetic field. .

Guoy method” is ong of the simplest method of measuring the
magnetic susceptibility. In this method, the sample in the form
of uniform rod is suspended vertically in & strong
non—homogeneous magnetic field generdted by electromagnets. The
force exerted on the rod is measured equivalent to weight
difference by a conventional weighing technigue.

Mercury tetrathiocyanato cobaltate CHgCo(CNS)ql was used ’s
the calibrant“p'for the tube, which was later on used for the
solid sémples. All the measurements were made at the ambient
temperature. The molar susceptibility xm was first obtained and
corrected for the diamagnetism using Fascal*®constants.From
“corrected maolar Ebsceptiﬁiiity X, s the effective magnetic moment

was calculated by relation :

o mo et o S o

Hoeg ® 2.84 ¥ x, n T

where T is the temperature in deg. Kelvin.
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2.3.5 THERMOANALYTICAL TECHNIQUES

Thermal analysis techniques are those methode in  which the
changes in the physical and/or chemical properties of a 5ubs¥ance
ie measured as a function of temperature. In these methodsftﬂs
the substance is subjected to a controlled temperature,A heating
or cooling or constant temperature <(isothermal). Most commonly
used techniques, thermogravimetry and differential thermal
analysis, are employed in the present investigation. Since S%pgla
thermal analysis technique may not provide aufficient
information, it is necessary to have the combination of the two
techniques for reliability and complementary data. TG and DTA

14-16 .
curves are affected by various factors such as @

1) natwre and shape of materizl used as sample holder,
ii) particle size of the sample,
iii) packing density of the sample,
iv) sample weight and its history,
v) surrounding atmosphere,
vi) sensitivity of the thermocouple.

Heating rate employed for TG/DTA wacs 5°,1m°,2m° € minnl, in
air or nitrogen (20 ml m:'m—1 as flow rate) or argon (same flow
rate). About 1@ mg of the sample in platinum cups was used for
each experiment. Platinum — rhodium thermocouple was used ag

temperature detectors.,
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2.3.5.1 THERMOGRAYIMETRY

In thermogravimetry, mass of the sample under investigation
is measured as a function of temperature, whilst the sample i=
éubjected to & controllied temperature <(heating, cooling or
isothermal). The type ocf weight change observed in the T6  and
reaction is given in Takle 2.1 .

The TG esperiments were carried out wusing the instrument

SHIMADZU THERMOEALANCE (model TD-3@).

TABLE 2.1
The Reactions and the Observed Change in TGA.

Adsorption|{Desorption Vapourisation
or ©or or . ~
Reaction |Absorption |{Decomposition |{Sublimation SDlld‘Btth
- reaction
or or or
Oxidation |[Reduction Dehydration
g&dn
TG dats gain loss loss ar
ioss

2.3.5.2 DIFFERENTIAL THERMAL ANALYSIS

-

In DTA, sample and an inert material are simultanecusly
heated at a controlled heating rate. And the temperature

ditference betwpen the two is recorded as a function of furnace

temperature. ,
NETZSCH STA-429 Thermal Analyser was used to study the

thermoanalytical properties of some of the compounds.
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Table 2.2 gives different reactions and the corresponding

DTA effect.

TABLE 2.2

The Reactions and the Observed Effects in the DTA
Adsorption |Vapourisation Onidative
Reaction or or Decomposition .
Absorption |Sublimation degradation
or
Dehydration
Thermal (exothermiciendothermic eso or endo |endo or exol®
effect (+) (=) (+) ar (=) {(+) ar (-)

2.3.6 X-RAY POWDER DIFFRACTION

The X-ray powder diffraction patterns were obtained using
FHILLIPS X~Ray Diffractometer Mode FW 1840 using Cuka radiation

with nickel filter.



REFERNCES :

1. ¥Y. Tsuchitani, T. Tomita and K.. Ueno, Talanta, 9 (1942) 1023,

2. I. A. VYogel, "A Textbook of Muantitative

Inorganic

Analysis”, Fourth edition, Lorngmans ELES, London (1978)

I. T. S, West, "Complexometry with EDTA and
BHDH Chemicals Ltd., London (1949).

4. H. H. Willard, L. L. Merritt, J. A.

Settle, "Instrumerntal Methods of Analyses',

Related

Dean

Reabents“,

and F. A.

Gixth Ed.. (1984)

%. D. H. Wiffen, "Spectroscopy”. Longman, London (196&).

6. €C. N. R. Rao, "Cremical Application of Intfrared Spectroscopy”.

Academy, New York {(19463).

7. D. P. Shoemaker, C. ¥. Garland, J. ¥. Nibler,

"Experiments in

Fhysical chemistry", Fifth Ed. McGraw Hill <1989) 424.

8. €. J. O'Connor, E. Sinn, E. J. Cukauskas

Inorg. Chim, Acta 32 (1979) 27.

9. B. N. Figgis and R. S. Nyholm, J. Chem. Soc.,

and J.

18.B. N. Figgis and J. Lewis, "Modern Co-ordination

Interscience, London {1946Q) 405.11.A.

Analysis”", Van Nostrand Reinhold, London

12.W. W. Wendlandt, "Thermal Methods of

Interscience MNMew York (1944).

R. Deaver,

(1938) 4194,

Chemistry",

Blazek, "Thermal

{1973).

Analysis", Wiley

13.C. Duval, "Inorganic Thermagravimetric Analysis”

Amsterdam (1963).

14.C., J. Keatch and D. Dollimore, "An

Thermogravimetry', Qnd

Elgsevier,

Introduction to

Ed.. Heyden, London {1975) 22.

44



15.

146.

P. V. Ravindran and A. K. Sundaram, "Thermal Analysis Manual”
4

Indian Chem. Soc., RBombay (1979).

R, C. Mackenzie and B. D. Mitchell, "Diffraction Analysis”

Ed. R. €. Mackenzie, Academic, New York (197@).

45



mMooommoan!

CHAPTER THREE

DOO0K

sislois/sisisisiesaasiasisias/sisssins/isisinisasisinniasisinisee
I - (wlmmiw|

sinissisisas/siaisisisissinsssiasisasissssisissnnoens

oo
oo

Moo mmomonmooomm

on



CHAPTER THREE

SYNTHESIS. CHARACTERIZATION AND PROPERTIES OF
METAL HYDRAZINIUM NITRILTRIACETATES

3 INTRODUCTION

v 1 . ) . . . .
The metal ions are known to form salts with mitrilotriacetic
acid which has three carboxylate groups. In the caze of the
[ ]

transition metal ion, the complex formatiorn in solution bas been

extensively studi@d,z bt h potentiometrically arved

ccolorimetrically. The knowledge of the stability of ' theses
compleres, especially that of nickel and copper. is important  in
formulation of plating bath,? Although these compleyes have  been
isplated in the solid form by zsome workers * . their properties
in this physical steate have not been thoroughly examined.

It is evident from the literature survey that a termary
system coﬁtéinimg the NTA and hyvdreazine with metal ion has not
been investigated. Interestingly, these three have been important
components, albeit independent, in eletrcles plating hkaths,
Moreaver, the reaction between hydrazine and metal NTA salt  has
not been studied with recard to produoct fmrﬁatiﬁn.

As such, the present investigation undertakes to  study  some
of the physical properties of the metal NTA salts. Similarlv. the
reaction between hydrazine and these salts is studied by
iselating of the products and characterizing them by chemical
analvsis as well as physico-chemical techniques. The findings of

this investigation ere preserted in this chapher.
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3.1 EXPERIMENTAL:SYNTHESIS OF METAL-NTA SALTS

Syntheses of metal nitrileotriacetates have been reported® in
the literature. The three ditferent methods which are

standardized involve.

. .4 \ . , .
(1) reaction betweern metal chloride {or sulphate) and scdium
salt of NTA in agueous medium.
.. N . , g
{11) reactiorn between metal chloride {(or sulphate) and  warm

aquecus suspension of NTA.
CH.COOH CHCOOH
r =

B

MY e N e CHLBDOH (Nad s N e CHoE00 < o one ™)
s P > M

CMWCDOH(Nﬁ) CMWCOG l
{iii) reactimnsbetw&en metal carbonate and NTA in & warm &gueous

suspension.

// CHhCQQH CH,. CO0M
o a . TR . .
MCD:.S + N S (.,}‘{2(_,0(.“'4 oot S N C—— (.,HQC(J(,J M A H?,O + (,UZT
N\ CH.,CO0H CH,,E00

In the present investigation., last reaction was carried out
to synthesize the salts. The product was recrivstallized in water
and the vield was betwesen 52-89 4 depending on the salt.

3.1.1 SYNTHESES OF METAL-NTA HYDRAZINIUM SALTS

Metal NTA salt sclutions were prepared by  the method
mentioned in the previous section. This solution (pH =  4.8) was
treated with hvdrazine hydrate - NoH, .HL 0 (stoichiometric

R R

N:NTQ:NEH4

product so obtained in  solution was  isolated under different

conditions mentioned below.

equal to 1:1:1 or esxcess for the last Yy and the
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Method 1 : The sclution was concentrated on a steambath to
" reduce the velume and allowed to stand for a few
dave in & vaccum dessicator The solid compound .
G
s0 formed., was +iltered and purified by
recryetallization in water.
Method 2 : The solution was treated with ethancl o
precipitate out the compound. it was then
°
purified by recryvstallization.
Method 3 ¢ The solution was kept 1in freezing mixture to

separate cut the compound and then it was filtered

and purified by recrystallizetion.

in the case of M . Ca., G and Zn colourless

compounds were cbhtained, wheress Ni  formed bluish greern product.

3.1.2 SYNTHESES OF NICKEL NarK-NTA HYDRAZINATE SALTS

The mired metal salt Emlmtimn. with nickel -and sodium {or
potassium was prepared by the addition of 28.05% m NaQCGﬁ {ar
KZCOE) from burette to the nmnickel -~ NTA solution until the pH  of
the soclution was increased ° to “4.9. This solution was  then
treated with hydrazine hydrate and the product was disolated in
the solid form by the differernt methods menticned in section

3.1.1.



3.2 RESULTS AND DISCUSSION :
The chemical analysis of the compounds
methods described in Chapter Two.

- NTA salts are in agreement (Table 3.1)with those
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CHARACTERIZATION OF THE SALTS

was carried out by
The metal contents in the metal

reported by

Tomita and Ueno. All the salts are found to be hydrated.
Similarly, different chemical formulae are proposed (Table
3.1) on the basis of the metal and hydrazine contents in the
hydrazine derivatives of the metal-NTA salts. It was observed.
" that different compounds are formed depending on the method of
isolation. -
/// CHZCOOH % CHZCOONZH,
N <:: CHZCOO N (aq) + N2H4.H20 --> N =— CHZCOO N HXHZO
CHZCOO s CHZCOO s

l N H, .H,0

(N2H5)M[N(CHZCOO)3}.xN2H4.yH20
/// CHZCOOH _ ///CHZCOO@b
~ -~ _— 2]
2N \\\ CHZCOO Nyt G2003 > 2N ;::?HZCOO\ Nit C02+H20
CHZCOO Ve CHZCOO/
l N2H4.H20
G(N2H5)N12[N(CHZCOO)332.xN2H4.yHZO
where G = Na or K
3.3 PHYSICAL PROPERTIES OF THE COMPLEXES

Pyknonetric densities of the salts and the complexes were

experimentally found out at the ambient temperature by the method

described in Chapter Two. Comparison of the

densities of the

metal salts and the hydrazine derivatives, is given in (Table 3.2)



Code Method OFf Freparation

MG-1 {iii) in Sec 3.1

MG~3 (1) inm Sec 3.1 (ratic t:1:1)
MGE--4 (1) in Sec 3.1.1 (Escess Hy.Hy)
Ca—1 {1ii) in Sec 3.1

ChR-3 (1) in Sec 3.1.1 (ratioc 1:1:1)
BR~1 (iii) im Sec 3.1

SR-3 (1) an Sec 3.1.1 {ratic t:1:1)
- BA~-1 {111 in Bec .1

ZN—1 {1110 in Sec 3.1

IN-3 (1) in Sec 3.1.1 (ratio 1:1:1)
NI-1 (iii) sec 3.1

NI-3 {3) in Sec 3.1.1 (ratic f:i:l)
NI-4 (1) inm Sec 3I.1.1 (excess HyHy)
NI-5 (1) in Sec 3.1.1 {without conc.)

. .

NI-& {2y ir Bec 3.1.1 (rmt;éii?l:l)
NI-8 (2) i Sec T.i.) {(ercess HyHy)
NI-9 Qec 3.1.2

NI-1@ BSec X.1.2

NI-11 Sec 3.1.2

NI-12 Sec I.1.2

ferncess HyHy)
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TABLE 3.1

Chemical Aralysis Data of Metal Nitrilotriscetates
and Their Hydrazine Derivatives

51

TABLE 3.1-A
Code Metal Hydrazine Formula Mplecular
Content Content Assigried Weight
Z0bsd %“Theor. wobsd “Theor. Y = N{CH,CO00)
MG~-1 B8.94 .08 - HMalY1.3H,0 267 .45
MG-3 9.19 F.22 12.29 12.14 (NwHS)Mg[YJ.HqQ ° 263,45
MG-4 8.5%5 8.4&63 12.58  11.3%8 MY %MQEY].ZH g 261.4%5
CA-1 152,00 15,11 - - THCalY1.2H,0 265.22
CA-3 12.77 13.48 10.72  1@.74 AN ML CalY3.2H.0 297 .22
gR-1 24.9 25,12 - - HErLY 1. 4H,,0 348,74
SR-3  27.@7 26.81 1@2.18 P.79 (NWH5>SrEYJ.HQO I286.76
RA-1 3JE.86 X6.09 - - HE&lY1.3H,0 180.47
ZN=-1  22.40 22.50 - - HIrmbY1.2H,0 29@.52
ZIN-T 21.48 21.49 12.76 1@.50 (NvH@)ZnCYJ.HWO I04.52
NI-% 17.3&6 7.37 - - HNiLY . 5H 0 37 .84
NI-3 16.15 16.48 8.91 9.2 (MM IMIEY 3. 4K, 0 3%1.84
A | £
NI-4 14,07 14.40 15,74 15,92 (Nqu>Ni[Y3.NqH4.5HqO 401 .84
NI-T 13.61 13.91 11.44 11,37 (NﬂHm)NiEYJ.E.SNﬂHq.?HqO 421,84
e ' <l
NI-& §7.7 17.58 1@.22 9.598 (NWHS)NiEYJ.SHqO 333.84
NI-g8 17.84 17.48 L1420 14.44 331 .84

(N?Hq)NiEYﬁ.m.SNZH

4

J2H,0




TABLE 3.1-B

Code Metal Hvdrazine Farmula Maolecular
Y Content Content Assigned Weight
“Obsd “Theor. AWlbsd UTheor. Y = N(CH,C00)., L4
. . i DA
NI-9 18.@88 18.46 1%.19 15,10 Na(NqHS)NiW[YJﬂ.QNWHa.3Hﬂ0 635,68
Lo e . e '
NI-1Q 19.25 19.44 10,75  10.6 Na (N He INE LY D NGH, L BHLO 603,68
o wt e F ' F
NI-11 18.5 18.940 1. 4% 190.3X1 K(NdHﬁ)Ni”CV]”.NﬂH,.SHMO H19 .46
. o e ras e s ey
NI--12 318.3 18.01 14,96 14,73 K(NﬁHﬁ)NiQEVJB.RNRHﬂ.BHQO &L, 66
Na Content K Comtent
* “Obsd %Theor. “O0bsd “Theor.
NI-® 3I.85 3.61 NI-11 &.05 &2
NI-1@ .81 3.8 NI-12 B EE 5,98




993

On hydrazination, the volume of the nitrilotriacetic salts of all
the metals, except nickel, is feduced as seen from the increased
density values. In the caseofnickel, however &ll the compounds
formed after hydrazination, are found to be lighter than the nickel

- NTA salt.

TABLE 3.2

Densities of Compounds Determined By Pyknometric Method.

Metal NTA salt Metxl-NTA-hydrazine
density (p) g/cc density (p) g/cc
code no. of sample|code no. of sample

1.680 (MG-1) 1.73  (MG-3)

2.24 (MG-4)
1.6541 (CA-1) 1.95 (CA-3)
1.9727 (SR-1) 1.63 (SR-3)

1.6918 (BA-1) -

1.566 (ZN-1) 1.8274 (ZN-3)

2.2825 (NI-1) .5249 (NI-3)
.2344 (NI-4)
9223 (NI-5)
. 7008 (NI-6)
.7596 (NI-8)

el

Ni/Na

P

.4920 (NI-9)
.1542 (NI-10)

P

Ni/K 1.6035 (NI-11)
1.5488 (NI-12)




When the nickel - NTA salt solution was conductometrically
titrated with S¥% N H4'H20 splution, the conductance of the salt
was found to increase initially,. (upto M=N3H4 ameaarn t equal' to
one) and then remaining almost constant. This could be due to the
neutraliziation of the third -COCOH group by N2H4'H20 {or NBHSOH)’
which is a weak base. And the increased conductance is due to the
ionic character of N2H5+ 10wy,

The magnetic momernts of nickel hased NTA complexe%
are calculated from the magnetic susceptibility, measured
at ambient température.

These valuesz {(Table J.3) indicate that the complexes are of

high spin variety.

TABLE 3.3

Magnetic Moments of the Complexes

Complex Y = N(CHQCQO>3 He g4
1 HNi[YJ.qHﬂU FLAEET
2 INLHOONLILY 1. 4H.,0 3.87@6
3 (N:Hi)Ni[YJ.Nﬂ;,.SH i 3.85846%
4 xN:Hh)N1[Y3 m.qN H ./H O JL9L1E7
S (N H.)Nl[r]uﬁHqU X770
& xN H ONILYT.QLTN, H H”O T.anas
7 Nu(NQH P M, [qu.“NqH4.uH 0 73106
a Na(Nth)Nx [YJ .N H H O S.0204

K(N,; YN, EYJ“.NPH4.qHBO S 20351
1@ F(N H >N¢ EY],.&N H .3H20 LL051E
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3. 4 SPECTRAL PROPERTIES OF THE SALTS

Tomita and Ueno"have studied the infrared spectra of the
metal NTA salts both in solid state and in solution. The strong
absorption bands for the three carboxyl groups in  the NTA have
been assigned to asymmetric and symmetric -0 stretching
vibrations. However, in ion}c carboxyl groups. band at V1735 (:m--1
has been found te disappear and & new band ~14680@ (:m“1 observed.
Consequently these three regiconse have heen studied to predict the

.
possible structures of metal NTA salts. Also,the shifting7oﬁ band
from 1730 to “1i300 (:m"1 hes heen observed which is attributed to
the loss of positive charge on nitrogen in NTA  through  the
formation of IZwitter ion. Infrared spectral data of metal
nitrilotriacetate salts are given in Table 1.6.

Fresence of a weal band at 1720 (:m”1 and a strong band "~14Z0
cm -1 have been assigned te the presence of one undisscciated and
two ionic carboxylic groups.‘énd the difference between these two
wave numbers have been found useful? to get the hkrowledoe on
oxvgen metal bond.

In the present investigétion, infra red spectra of solid
metal NTA salts show typical absorption bands as  observed by
Tomita et al. For compounds obtained after hyvdrazination, no
apsorption is observed “~1730 cmml.muggegting that the third -COOH
in  the =salt is nectralized by the hydrasinium brydroscide .
<N2H5HEO)’ & weak base. This gives rise to an  additignsl banog
~345 cm ~1 due teo N2H5+, hydrazimiam ion, since N-N stretching is
known® to occur  inm that region. Most of the characteristic

carboxylate absorption overlap those of hydrarzinium  ion hence
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10,11

broad bands are obszerved for the compounds in  the region

~164@ (~COOM and ~NH, bending), 156@(vasym €00 stretching and

bending of -NHL), 115 (~CN and -NH, twisting), and 980 cm |
{ve-c and wN-N stretching).
Infrared epectral data of the hydrazime based metal

nitrilotriacetate sslts is presented in Table 3.4, The comparison
of the infrared spectrum obtairned for the mnetal-NTA salts  and

their hydrazine derivatives is demonstrated inm Fig. 3.1 to I.0L.



TABLE 3.4

TARLE 3.4-4
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Infrared Spectral Data (cmﬁl) of (Nqu).MEN(CHTCDO)RJ.WHQG
ey
M —-_——) M(;_l/l Mg/? Carsld Srsl in/d
Assignement l
R 3425 3400 m I4TE m 3400 m | 3420
. 2900 2908 = 2908 = 2908 s | 2940
2.Unionised o e L o o
~CO0H
T 14670 )
3. - : i — — &&2
3. —COOH Le5n 1660 166
4.co~ordinated e L = £, o o
—~CO0M 163N 143G 1605 1 a2 1425
SoStretehing ) yegs 1570 1sas 1sas | 1s=o0
asym COO
6;5t'EtCh‘fg 1425 1430 i:;g " ;ﬁ?@ 1450
sym CO0O e -
- 1370 1370 = ]
- o 3 ' 325 305
7. —C0O 1310 i (310 . 1305 1305
1155 - .
8. C-N 1105 1115 1120 1108 1122
o g
. - -
9. ~-Cao 1020 1020 1212 12185 .r| 1015
10, O P70 P85 9@ m,r 962 r 28@
. 910 Qs 9TD . r 9228, r| 905
11. tch, A _
Stretc 940 7= 548 m =@ 945
v
N-N
12, -coo” 720 7R TR 7172 7




Infrared Spectral Data

(N Ho Y CNITNCCH, COM L, 3
PO 4 " )

TABLE

J.4-B

{em

.>:N,2H4

1) of

~yH O
L
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= ——— 5= () =1 L1 w=.5 0=
y= NiNTA
Assignement i {Tablel. &) =4 VS =7 e PR St
. xEm7E o | IS0 m) 3500 m | 3600m =00m
- xSy -
1. ~OH 3520 350 e | 3700 | 3340 s | 337Ss | 3250s
1200m
2.Unionised 17 o . - e o
~CO0H =
3. ~COOH 1665 s 1o80m | 1770m | 14680m 1675m | 14680m
4.co-ordinated| ,.-e 1a20s | 1420s | 1620s 1620m | 1820m
~CO0M
=, Stretechin o o -
SoSErELEning | yses s 1sa0s | 1570 | 1590s 1590s | 15680
aswvm 00
-Stretching 1432 & 1422 | 14720s | 144Qs 1472%: | 1420
sym coo-
o . 1 3E5m - 1345 1365m S 3am
7. =00 L317m 1310s Bl xaom 131ds | 1310m
1150s 1170s 70s 1150s | 117@s
- ~
8. L-N 11.20m 11308 11308 | 1130s 11730m | 1135sr
9. -Coa 101 0m 1Q18m.r {1218m, | 1020m 1015m,.r|1025s,r
{0, C-C Q70w PRTmM ] PP0m PP PP@s ,r} 990, r
T P12m P18s | 2@z, QiS%s,.r| 920s,r} 718
1. Stretch - )
11. Stretc o 95 A 950 m|  9E0m 9=@m | 945m
} 4
NN
t2. -coo” 720 740 = 75D s TESe 7R0s | 7S0s




TARLE X.4--C

Infrared spectral Data (mel) of G(NqHS).NiqM[N(CHnCDO)ﬁjﬁxN2H4.yH;
£a e £ ~ A

G=Na G=Na G=k G=k
n=2 M= =] =2
Assignement l y= 3 y=15 w=3 y= A
" TEAQ m ALA0 m A5 m 3= m
. IRAD = I2EQ & I2E@ = T30 s
Z2.Unionised L o — e e
~CO0H
. —-COOH 1670 1670 m 1675 m 1665 m
4,co~-ordinated
& & &2 s | &2 28 o=
CeoOM 1618 s 14670 1620 = 14
SoStretehing | gsas s 580« 1590 = 15680 s
asym COQ
o-Stretching | jazs s 1410 s 1420, r| 1425 s
sym COO
- i 1320 m 1332 m
2. - TR ; 33
7. ~C00 1H28 m 100 m 1308 m 1330 m
- - 1170 m 1170 s
8. C—N 1130 m 1130 m L1TE 1130 m
. -C00 105D m 1020 m 1023 m 1020
(B, emC 99 &, r RAR &, r 9E5 & 990 m
T Elal) 15 P16 &, r P20, r
1. itratCh 548 m 95D m 95D m DE D
N--N
12, ~-Ccoo TEQ = TEA & 7EQ & 750 m
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CHAPTER FOUR

THERMAL STUDIES OF METAL-NTA SALTS
AND THEIR HYDRAZINE DERIVATIVES

4. INTRODUCTION

~ Although some of the properties? *of metal
nitrilotriacetates have been extensively investigated, litergture
survey indicates that, the thermoanalytical properties of these
salts have not been studied. NTA, 1like EDTA, is an amino
derivative of an organic acid that has been found to co-ordinate
with the metal ion through both nitrégen and oxygen in its salts.
Since thermal study has been one of the analytical tools which
can be used to investigate the bonding in metal salts or
cbmplexes it w;m thought worthwhile to Carry out thim
investigation. More over, the knowledge of the the?mal
stabilities o? metal~NTA salts are also useful due ‘to the
specific application of these salts as mentioned in Chapter One.
Az such the thermal properties of metal-hydrazinium salts and
hydrazinates of metal salts have been exhaustively
studied? *These various salts or compleses include those
coptaining cl , No;, 8CN ™, NEHBCDO" as univalent anion or Soﬁug
80§—, Czoﬁ" as divalent anion. The distinct property of these
compounds is that,they yield oxides at much lower temperatures as
compared to their corresponding simple salts. It was also
observed in the course of these thermal studies, that the bigger

the molecule, the finer are the oxide particles in its final
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residue. The hydrazine derivative of metal-nitrilotriacetates

when heated could be envisaged to vyield such & fine powder
oxide.

- NTA®and hydrazinephave been important components in many
electroless plating baths. Most of these baths operate at higher
temperatures, The thermal stability of the bath in deposition
process is therefore important not only for better efficiency but
also for better product. In the present investigation, the
compounds isolated from metal-NTA-hydrazine system, Tetal
nitrilotriacetates and their hydrazine derivatives were subjected
. to heatihg in the TG and DTA. The results of this investigation

are presented in this chapter.

4.1 EXPERIMENTAL

Thermal studies of the metal-nitrilotriacetates,
HM[N(CHECOO)sl.xHZD where M = Mg, Ca, S5r, Ba; Zn  and Ni were
carried out by using instruments described in Chapter Two. These
salts were separately heated, in air and in nitrogen atmosbhere,
to about 700°C. The heating rates of S deg min 1,10 deg min
and 2@ deg min'—1 were employed separately to have & better
understanding ofthe thermal properties.
4.2 RESULTS AND DISCUSSION : METAL-NTA SALTS

These salts, which are hydrated, initially lose water of
hydration, endothermically, in single or different stages to form
the corresponding anhydrous salts. This dehydration step, for

most of the salts occurs above 100°C (Table 4.1 ). Generally,

this decomposition reaction can be written as,



s . . ,
HMEN(CH,C00) (1. 5H 0 ~S-—- > HMIN(CH,CO0) .3 + »xH0

'

The anhydrous salts, on further heating decompose to the
acetate salts of the corresponding metals, along with large
amount of gases COZ’ HQD, NH3 {vapour). Acetone was detected as
one of the gaseous product. The non stoichiometric reaction

couwld be written as 1

HMIN(CH_CO0) .1 ~=2==3 M(CH,COD) ,+ B.P. .

G.P. = Gaspus products= aCO., bH_0, cNH,
~ & & DY)

The final residue, at about s00°C was found to contain
oxycarbonate compound of the metal and metal itself. In the case

of magnesium salts, the final residue at this temperature was MgO.

A . e
ZM(CH3COO)2 —_— xMO.y.C02 + ZCHBCOCH3+(2~x)M + (2—y)C02+(1 >./2)O2

Metal acetates are known‘oto decompose to yield acetone as
one of the géseoua products. Nitrilotriacetate also seems to
decompose in & similar manner. In addition, the metal acetates
are also known to decompose through oxycarbcmates‘oxMD.yCD2 as
intermediates. The decomposition temperature for the oxycarbonate
compounds is higher in comparison with that of the simple
carbonate. For example,the osxycarbonate of zinc was found ﬁo be
stable even at 600°C even thouah ZnCD3 decomposes ~350°C.

Oxycarbonate, xMO.yCOQ, formed after the decomposition of
metal acetate, further undergoes degradation by partial loss*ios

COQ; this appears as weight loss in the TG. However, the chanaged
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or increased x:y ratio could not be definitely evaluated since
it was not possible to estimate the metal contents along with the
oxycarbonate at the completion of this step in the TG.

Along with the metal oxycarbonate, the residue at about 600°¢C
was found to céntain ﬁhecorresponding metal with almost 1:1
mplar proportion. Such an obéervation has been made by Patil et

1c':‘m the decomposition of copper acetate. FPresence of metal was

al
further confirmed by the gain in weight seen as the last step, in
the 76, for almost all salis. This is perhaps due to the
oxidation of the metal to its oxide.

The Differential thermal analyses of these salts show
endothermic dehydration. The anhydrous nitrilotriacetate salt
decomposes exothermically to acetates and further to
oxicarbonates. However a sharp endotherm is also observed between
these two steps. This is probably due to the free radical
reaction occuring therein which could not be resolved. And The
free radical reaction results in formation of acetone in the
vapour statefo

The thermal properties of the salts mentioned above are

individually discussed below :

4.2.1 THERMAL ANALYSIS OF HMgIN CCH2C00) 1.3H,0

3 2

This trihydrate salt of magnesium loses two H.O molecules

between 137~217°C (Fig 4.1) in N, atmosphere (heating rate 10 deg

minal). On further heating, the monohydrate salt decomposes to

‘ . g O ‘
magnesium acetate in the range 222-3847C. Magnesium acetate =so

‘

"/



formed decomposes at ”38508 to oxycarbonatefz This decompositiomn
is complete at 480°c. On further heating, at about 62@06,
Magnesium oxide is formed. Complementary peaks were observed in
the DTA (MG-1 in Table 4.1)

Similar decompostion pattern (MG-2 in Table 4.1) was
observed when this salt was heated in air to about 608°C and

with the heating rate of 10°C min~! (Fig.4.3).

4.2.2 THERMAL ANALYSIS OF HCa[N(CH2C00)31.2H20

Calcium nitrilotriacetate dihydrate i stable upto 4®°C. The
decomposition of the salt, through partial dehydration,is
observed between 142-162°C with the weight loss of  3.6%
indicating the loss of 0.5 HZD' After further dehy&ration
(175-219°C),  the anhydrous calcium nitrilotriacetate
decomposes, (231-439°C) to calcium oxycarbonate (CA-1 in Table
4.3) with loss of 45.1% when heated between 439 - 668°C, the

oxycarbonate'®lead to the formation of CaCO, or Cabd.CO., with loss

of 592.6% in weight (Fig. 4.2).

When the same salt was heated in Air {(Heating rate ZZOC/min),
the first decomposition was similar to the one observed in the N,

atmosphere in the temperature range 140-160°C {Fig. 4.4).

However, further decomposition of the salt in air occured at
a comparatively higher temperature (26800), and the total
dehydration of the salt was completed at NQQBOC. The anhydrous
calcium NTA salt so formed decomposes (CA-2 in Table 4.3) between

28@—42@00 to calcium acetate and them further to stable CaO,
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within the temoperature range 415—59500, with the weight loss of
40 .5% in the.TG. Cal0 is thus formed from oxycarbonate at much
lower temperature compared to the decomposition of CaCO__K to Cal

which occurs ~éBQoC.

4.2.3 THERMAL ANALYSIS OF HS:{N( CHZCOO) 3}.4“"20

Dehydration of this salt contaiming four HZO molecules
occured in two steps in N2 atmasphere. Initially, it loses two
HEO molecules between 142"19400, followed by the remsining ®two
molecules between 215~3BBDC {Fig. 4.59). The weight loss in the
two rezpective steps are 8.41% and 221.1%, which could be
attributed to the formation of anhydrdus salt. When heated
further, it is decomposed to acetate with weight., lopss of 39,7%
in the temperature range 389*419°C. The weiéht lose'*in the last
step indicated the formation of SV‘O.ECD2 at  ~54R°C  (8KR-1  in
Table 4.4).

Almost identical pattern of dehvdration was observed when the
salt wag, heated in air (Fig 4.7. The final residue at ~600°C was,

similarly found to be oxycarbonste 8r0.200,

R~2 in Table 4.4).

3}

4.2. 4 THERMAL ANALYSIS OF HBa(N(CHaC00)31.3H20
Barium nitrilotriacetate trihydrate on heating in N? atmosphere
lose one HQD with the weight leoss of 4.9%X in  the temperature
range of 110~-138.5° ¢, The dihydrate salt., so  formed, is stable
upto 323° C (Fig. 4.4). Beyond this temperature it further
decomposes to Ba(CH3C00>2 and gaseous products as  discussed
o

el ier. The final residoe at 7@ i Leems te be ot

oxycarbonate'®, Ea0.2C0, (EA-1 in Table 4.5).



However decomposition in air vielded Ba0 (Fig. 4.8) at s00° ¢
{BA-2 in Table 4.5)
4.2.5 THERMAL ANALYSIS OF HZn[NCCH2COO)SlQH20

This salt of Zinc {(mol. wt. 281.52) undergoes dehydration in
two steps when heated in N2 gas @.5 HZD (3.16% wt. loss) and 1.9
HZO (13.16 % wt. loss) are lost in two stages (Fig. 4.%9). Further
decompositian, as observed in the simultearnecus TG-DTA, is similar
to the other NTA salts. The sequence of decomposition. is
nitrilotriacetate --* (unhydrous) --»> acetate --> oxycarbonate
{Table 4.6:1IN~1).

Howerver, when this salt is decomposed in &ir at an increased
heating rate (Table 4.6:ZIM-2), the fimal residue in the TG was

found to be In0 (Fig. 4.1@).

4.2.6 THERMAL ANALYSIS OF HNilNCCH,C00,3. SH,0

2
Nickel nitrilotriacetate pentabydrate is a pale green
coloured compound and compared to alkaline earth

nitrilotriacetates, it has lower thermal stability. In N.,

atmosphere when this salt is heated, 1t loszes three H.0
\ 4

[

molecules, (Fig. 4.11) as shown® by 146X weight loss in the TG in

the temperature range of &2 ~ 37@0

C. The remaining two molecules
o f HBG are lost along with the decomposition of the salt at
~380° C. (62 % weight loss).

On further heating, the salt decomposes to onycarbonate
(along with some metal). FPresernce of nickel is indicated by gain
in weight observed bevond 49@° ¢ which can be ascribed to slow

oxidation of nickel to NiO. The final residue, from the weight

loss could be ZNiD.CDO (Table 4.8)
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Thermogravimetry of the salt was also carried out im argon
atmosphere (Table 4.8 : NI-2). Total dehydration cccured in the
first step in TG. Also. the final loss in weight was different in
comparison to decomposition in N2.

4.3 TA. OF HYDRAZINE DERIVATIVES OF M-NTA SALTS

Hydrazine derivatives of the metal nitrilotriacetate salts.
prepared by different methods (Chapter Three). were decomposed in
N

2

atmosphere upto 700° C. .

4.3.1 TA OF CNaﬂs)M[NCCHaCOO)Sl.xHEO WHERE M = Mg, Ca, Sr AND Zn

Hydrazine derivatives of alkaline earth metals
nitrilotriacetate were prepated by treating agueous M-NTA with
N2H4.H20. These hydrated hydrazinium metal salts are thermally
more stable than the corresponding simple salts. Initially,
dehydration occurs in one or two steps depending upon number of
mqlecules of water present.

After dehydration (Fig. 4.12 - 4.14), further degradétion
leads to the formation of simple metal-NTA salt as is evident
from the weight lass in the T6. This further confirms the
formulae assigned to the compounds.

Further decomposition pattern of these salts are similar to
the corresponding metal nitrilotriacetates. However, the
decompusition temperatures for different stages are lower in  the
case of salts under discussion,

In the final decomposifiom step, upto 700° C anmd 1in N

2

atmosphere, the aalts vield oxycarbonates, though the

temperatures of formation of oxycartbonate are lower.
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TG data of these hydrazinium—-metal NTA salts are given in
Tables 4.2,4.3,4.4 and 4.7,

Complimentary peaks are observed in the DTA of the sample.
Endotharmic déhydration iz followed by exothermic decomposition
of the salt. A sharp endothermic peak which is seen immediately
after exothermic is due to the free radical reaction as stated in
Section 4.2«

4.3.2 THERMAL ANALYSIS OF CNBHS)Ni[N(CHaCOODSI.xNaH4.yHaO

As described in the Chapter Three, hydrazine derivatives of
the nickel nitrilotriacetate were prepared under different
preparative conditions. The general formula for this set of

compounds can be written as (Nqu)NiCN(GHqCOD),J.quH ~yHLO.
. P Lo Pl s P4

4
where the value of and y varied depending on the method of
preparation.

Figures 4.18 to 4.23 represent the thermal behaviour of these
comple»es. Thermoanalvtical data of the complexes is presented
in Tables 4.9 to 4.11. All the complesxes initially decompose
endothermically with the loss of total or partial H?D. This 1is
followed by the loss of hydrazine and degradation of
corresponding simple salt. The temperatures of these two step are
very close hence the hydrazine decomposition appears as a
shoulder (in the T6) to the subséquent 'degradation (Fig.
4.18 to 4.23). All the complexes vield nichkel Dﬁycarbonate after
degradation similar to nickel-NT& salt (Sec. 4.2.4).

One of the complex was decomposed at two different heating

rates (S5 and 10°C mim~1). It is observed (Fig. 4.19 & 4.22) that

the »:y ratio in xNi.yCO,, decreased with increase in the heating

rate.
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4.3.3 THERMAL ANALYSIS OF NaCNaﬂs)NiafN(CH2C00)312.xN2H4.3H20

These mixed metals complexes were obtained by treating
nickel-NTA solution with aqueous NaQCDS, before adding of
N2H4.H20. The hydrazine content varied depending on the amount of
N2H4 added (Table 3~F). This reflected in the TG of the samples.
The complex ¢ from excess of hydrazine) with »=2 loses 2N2H4 &long
with 3H20 in a single step (Fig. 4.24).Where as the other.
containing one N2H4 undergoes dehydration first followed by _the
decomposition of total N2H4 in the complex (Fig. 4.28). The
singlevstep, w;th weight loss of 17.84 is observed in the
te;perature range 50-175° €. In the case of the latter, 8.0@%
weight lose (85-150°C) and ~9.5 % weight loss (155-2108° ©) is
seen in two different stages.

Further decomposition pattern for the complex was found to be
almost similar to that of nickel hydrazinium nitrilotriacetates.
The final residue at 700° C in the TG contained oxide mixture of
the metals (NI-9,1@ in Table 4.12).

4.3.4 THERMAL ANALYSIS OF K(NaHS)NialﬁCCHaCOO)3la.xN2H4.Bﬂao

Fotassium mixed metal complex was also prepared by the two
different methods as described in the previous s=section. In the
initial stage, the decomposition pattern for the two samples,
obtained by the two methods, were also similar. The single step
in the TG for the loss of water and hydrazine molecules is seen
{(Fig. 4.27) in the temperature range sa-180° © (15 % weight
loss). For the other complex prepared with limited amount of
N2H4'H20 (Table 3-F) the weight loss of 7.8%Z (range 70-150° Cr.

and of 10.0%4 {(range : 155-210° €) was obhserved (Fig. 4.28) for
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3H20 and 2N2H4 {one from Nsz)respectively. The decomposition of
the samples, finally at 700°C vielded mixture of oxides of nickel

and potassium (NI-11,12 in Table 4.12).
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TABLE 4

Thermoanalvtical Data Of The Samples

83

Key : (i) GBP= gaseous products (1i) Y N(CHqCGO)q
TABLE 4.1
MG—-1 In N, HMgENC(CH,,CO0) 1. 3H,,0 Fig. 4.1
Step Thermagraylmetry | DTA Pzak
. o o L Temp TC
No. Temp., Range|] Loss [Residue Left] Weight Loss *
- O obsd. calc.
1 136.5-217.@) 2H.,0 [HMg.Y.H.,0] 15.@ 13.5 18a.7¢~)
2 222384 .56 GF (Ma(AL) ] 4%. 0 44,5 257.7 ()
392 (+)
3 384.,46-480.11 GF L3MO. 200, 7302 73,94 4@7 ()
“ A7R L 10+)
4 481620 200., [3Mgol f3.821 84,90 broad
MG-2 In Air HMQCN(CHﬂCOO)WJ.EH%O Fig. 4.3
Ste Thermoaravimetry DTA Feak
No. Tempé Rarnge] Loss [Residue Leftl Weight Loss %Ll Temp °r
c obsd. calc
1 136.5-217.@) 2H,0  [HMg.Y.H,,02 15.8 13.5 180.7
2 222-384 .4 GP EMg(RC) ., ] 45.2 46,5 2897.7
3 384.6-4B0.1) 6P £3Mg0. 200,17 732 J.96 473.1
4 A431-620 200, (3MaOl g8x.821 84.9 broad




TABLE 4.2

MG-3 In N4 (N_H_ Mg IN(CH,CO0) ] .H,0 . Fig. 4.12
< oo L et 4
Step Thermogravimetry DThA  Pealk
. . . Temp. °¢
No. |{Temp. Range| Loss [Residue Leftl] Weight LLoss ¥
o absd. clc.
C - -
1 218 - @ (N, +NH.,) [HMgY2 20.0 189.97 293.34(-)
s o) °
2 42Q -~ 440 (MgO.1.5H,,011 99.8 59,485 420 (+)
- 473Q.8(-)
3 {4460 - 1.3 €0, (2Mel. 00,1 TR.24)1 74.50 continopus
= - wpto 700
MG-4 In N., 4N0H5)MQEN(CHqCQG)V“.EHWO Fig. 4.173
£ £ i wd <.

Step Thermogravimetry DTA Pzak
No. Temp. Range| Loss CResidue Leftd] Weight Loss % Temp. ~C
O, cbsd. calc.

C
1 162288 H.,0 E(NqH%)MgYHwOJ H.25 bH.482 260(-)
2 420-460 H,O + N”quHMgYJ 25.00124.2& Q9 (+)
s e
A 4@5-580 GF {Mg] 85.487 188,47 424 ,78(+)




TABLE 4.3

In M

HC& [N {(CH,C00) T,

2H

R
s

0

Fig. 4.2

Step
No .

Thermegravimetry

Temp.

Range

[Residue Leftl

Loss

Weight Loss %

DTA Peal:

Temp “e

©r obsd. calc.
1 142, 3161, 53 e | T4 150

175.0-219.23

238.8-290.38

I90.4-458. 44

4545, 38

D.5H,0 [HCaY1.,GH,. 0]
. o
1.8 H,0 [HC&Y]

GF [Ca0.200,)

15,121 1

4%.1

ol

57

45,71

in

3@~
J2&6.9(-)

= CGQ [CaCDzJ S LG 2.7 S513.50+)
AT Inm Air Fig. 4.4

HC&EN(CH,C00) 3. 2H,.0

104 |

Step
No.

Thermogravimetry

Temp. Kange

Ce

Loss [Fesidue Leftl

Weight

absd.

[

4

143.0-150.0
268.0-280.0
282.0-420.0

424~595 ., 0

Q. SHL0 [HCEY L. SH,, 0
1.5 HoU [HDaY )
BF [Ca(AC) ]

GF  [CaD 1

/

1

o d

Y/

<.

RN

&

40,35

In N

4
Fig. 4.14

o (N2H5>CaEN(CHQCQD)3J.QHZO
Step Thermnogravimetey DTH Peak
- o)
Ne Temp. Range!] L.ose IResicdue Leftl] Weioht Loss % Femp. L
O ched, cele.
1 42.4-118 H,0 E(Nqu>CaYH70] &g & .24 18a(-)

28@-1551

42@Q~-423.5

423.5-491

Ho QW N H THCeY ]
< o 4 )

GF LCal. 00, 0r Cal, ]

=

22,89

by AR

332.204)

415,40+

&2 G0+
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TABLE 4. 4
SR-1 In N, HSr[N(CHqCOO)13.4HqO Fig. 4.5
Thermoaravimetry DTA Peak
Step
: . Tempo C
No. Temp. Range Less [Residue Letft] Weight Lossh
o obsd. calc,
C R _
1 142.3~194,2 2H.,0 [HSrY.2H,01 8.411 10.34) 176.9
L o
2 215 -38g.0 2H,,0 CHSrY] 21.1 20,69 broad
- L .
3 388.45-419.2316 P [8r(AC), 1 A9.7 4Q .91 {396.15(~)
‘ “ 411.58¢(~)
4 420540 M0 + v L8, 200.,1 47.97) 49,7 broad
s M F
SR 2 In Alr HSVCN(CHOCDO)1].4H50 Fig. 4.7
Step | | Thermogravemetryw | DTA Pzak
No. |Temp. Range | Loss [Residue Left] | Weight Loss%| '©PF C
o obesd. talc.
C
1 183.8-250 2H.,0 CHSrY.2H,03 8.401 12.34 -
2 26@ -419 5 F [Sreac) 41 42.5 40.91 -
3 419 -4600 6 F [SrO.ZCOvj 49 .43 49,7 -
Sk - In N2 (NQHS)Sr[N(CH2C00)3J.H20 Fig. 4.15
Step | Thermogravimetry DTA Pzak
No. |Temp. Range| Loss [Residue Leftl| Weight Loss %| | ©™P- C
OC obed. calc.
1 72.5-142.5 H,,0 [(NﬁHﬁ)SrYJ .1 5.9 115(-)
2 142,5-195 N,,H4 [HE8rvyl 1x.8 16,33 18@(+)
3 372.5-480 GF [SrO.COﬁmrSrCOWJ 51.083 [54.82 442,5(+)




TABLE 4.5
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BA—1 In N, HEaN(CH,.CO0) 1.3+ 0. Fig. 4.6
< £ S <
Thermogravimetry DTA Peak
Step
Temp OC
No. Temp. Range Loss [Residue Leftl! Weight Lossk
1a) obed. calc.
C °
H 1186 -138.5 1H,0 [HEaY.2H 0] 4.9 4.73
2 JI2T.1-417 .3 GP [Eai{AC) ] JQ.0 32.87
3 417.3 ~-520 5GP [Bad.20C0.,1] 3%5.8 3L 55
BR - 21 In Air HBaEN(CHqCDD)WJ.SHdQ Fig. 4.8
£ o I’ 24
Steb Thermogravimetry DTA PFPwak
No. - e
Temp., Range |l L.oww [Ragiduw L.eft] Weight Loss % Temp “c
OC . obsd. cale.
1 370 - 438 GF - 1 - - -
2 438 ~ 570 GF LEa] 63,3 S%.31 -




TABLE 4.6
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Zh~—1 In N, HZnIN{CH_C00),3.2H,0 Fig. 4.9
.y Thermogravimetry DTA Fealk
Step

Temp ¢
No. |{Temp. Range lL.oss frResidue leftl] Weight Loss ¥
o, obesd. calc.
C
1 210-- 260 8.5 H,0 [HZRY1.5H,01 J.o16) F.19 | 243.2 (-)
I L
2 J1@ - 370 1.5 H,0 [HZInY] 13,141 12.78 IGT.T )
3 38B - 4385 5F [Zrinl) ] 3.0 34.98 T4, (+)
4 38Q - 435 GF L2t 200,13 44,21 39.484 419.2 (+)
5 435 - 560 €0, £Zn6.CO0,,0 S6.31) S5.56 | broad (+)
K= '
ZN-2 In Air HZnUN{CH,CO0) ,3.2H..0 Fig. 4.10
i o +a :
- Thermogravimetry DTA Feak
Step
' Temp OC
No. [Temp. KRange Loes fResidue leftld]| Weight Loss i Sl
Op ' cobsd. calo.
1 3@ - 130 B.5 H,O [HInY1.SH 01 2.8 3019 -
2 13@ - 178 @.% H,0 [HInY1H, 03 5.5 5.738 -
3 17@ - 28@ .3 HO [HInY@.S5H_ 0] a.2 .57 -
4 250 - 338 @.% H.,0 [HInY] 12.3 12.78 -
(] IPQ - 495 GF £Zn0] &9.0 7.1 -




TABLE 4.7

89

IN-3 Im N, (N H.) ZnIN{CH_CO ,1.H,0 Fig. 4.1é
' £ P i P £l
Step Thermogravimetry DTR Feak
L ) Temp. °c
No. |Temp. Range| Loss fResidue Lettl] Weight Loss %
o obsd. calc.
1 22@- 310 H.,0 [(NqHS>ZnYJ .40 .91 broad
2 J1@- 5@ N,,H‘,1l [HZNY] 1641 16£.42 -
3 oS- 650 &GP [Zn0.CO. 3 &@ .69 |58.82 -
IN-4 In Air (NﬂHq>Zn[N(CHqCDO)1J.HﬂD Fig. 4.17
Step Thermogravimetry DTA Feak
Temp “e
No . Temp. Rangel Loss [Residue Leftl] Weight Loss )
Ops obsd. cale.
H 78 - 300 H., 0 [(NWHH>ZnY3 5.1 S.91 -
2 JIvg - 38a - - 22.5 - -
3 390 — 480 G [ZIn01 T1.2 TI.27 -
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TABLE 4.8B
MI-1 In N, HNi[N(CH?COO)WJ.SHﬁo Fig. 4.11
< 2 3 2 .
- Thermogravimetry DTA Peal
Step o
. . . , R Temp ~C
No. |Temp. Range l.oss [Residue Leftl]| Weight LossX
0. ohisd. cale.
1 &2 =370 aHL0 CHNLY . Z2H, 0] 1é.@ 15,99 broad
2 I8 440 GF INAG.300,, +Nil] $2.@ HB.T741 4374, 5
3 44Q -47@ co., CNiCH 200 +N1] ST TS &V U258 455,78
4 5Q@ - [QNiCGw(ZNiQ.COT)] LS9 &4.9 broad
NI-2 In Ar HNi[N(CHﬂCOO)ﬂ}.SH”O -
- Thermogravimetry "DTA Feak
L“tep o
No. [Temp. Range Loss [Residue Leftl] Weight Loss Temp L
O obsd. calc.
1 H2 - 42a@ Su M0 [HNiY] 2S T 28H.62 -
2 420 - 450 &GP [NiCGWJ H5 .0 H4.9 -
3 450 - 572 ., INAQL.CO., + Nil] 72.84] 73,76 -
4 617 - 7@@ 71.42% 71,39 -

ENLQ.CO_ +M10]
S




TABLE 4.8

MNI-3 In N, (NﬂHS)Ni[N(CHqCDD)T].4H70 Fig. 4.18
Step Thermogravimetry DTA Peak
Temp. OC
Neo. |Temp. Range! Loss [Residue Leftl] Weight Loss %
el cbed. calc.
C
1 P ~ 15@ 2H,0 C(NHHW)NiY.QHqOJ 10.5 10.23 * ~
s Lo e o
2 140 -~ 268@ 2H.L0 DEINH,. ONLY ] 20,0 |-20.46 -
P . PO
A 290 - 410 Nqu CHNiY 1 2.5 29.9% -
4 4200 - =09 GF INi +Ni0. 1. 5C01170.8 71.67 -
5 518 - 460 XCOv LM +3N10.807] 79.@ T8.96 -
& &80 - Gain [Ni0O + 3N10.CO_ 31} 75.8 75.64 -
NI-G In N, (Nqu)NiCN(CMqBOD)w].uaN”H#.?HqD jFig. 4.,2@
e ot “we Wy e Lo
Step Thermogravimetry DTA Vgah
No . Temp. Range| lLoss [Residue Leftl| Weight Loss % Femp . C
OC obsd. calc.
1 & - 190 4H@D[(N@H5)N1YQ.ENqH4~ 17,0801 16.71 -
3H., 07
2 200 - 340 F_'\H,_,O/G'J.‘Ji%N,_,H4 E(NﬂHS)Ni AL, 35,05 -
e - s
Y
3 IFH - 425 1GF CNL o+ NiO. 1. 5C0,3 76,00 76.85
4 425 - 540 |[xCO, [Ni + aMNif . o0, 1) 84,20 - -
L L
o S50 - - Gain CNiO.CD% 4 MA] 7H,BQ] TE.QS




TABLE 4.10

L}

NI—-4

In N

o (NQHS)NiCN(CHECOO)EJ.N2H4.SH20 Fig. 4.19
Step Thermpgravimetry DTA  Feak
Temp. %
No. Temp. Range! lLoss [Residue Leftl! Weight Loss %
Op obsd. calc.
1 95 - 179 4H_0 [(N5H€)N1Y.NWH4] 17.00) 17.91 -
e - .. s
[ ]
2 2183 - 328 H,.,D/N,)H4 EHNiY 3 IR0 I@.254 -
A L
A JZQ - 410 GF IN1+Ni0.2.3C0,1 &H8.00) 69.71 -
4 42@ ~ &35 1.5C0, [Mi + NiQ.C0_3 4.5 T7.92 N
S 535 - - Gain [NiQ.CO,, 1 7@.4 7@.434 -
NI-7 In N, (NWH:)Ni[N(CHqCGO)vJNqH%.SHWU Fig. 4.23
- ot - ~d L. £
Step Thermogravimetry H.K.: 109C min"1 DTA Feak
Tem °c
No. Temp. Range| Loss [Residue Leftl] Weight Loss % P
o obsd. calc.
C
1 S0 - 180 2H,.0 [(NﬂH%)NiY.NqHz. 8.4 8.96
M FOANRY PO
2H, 0]
2 168 - 340 ﬁHQO E(NQHS)NiV.N2H4J 22,501 22.40
3 340 - 410 GF E2N10.5C0,,1 5501 S4,1
4 - 720 55.0 S55.0
[ ]
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NI—é& In N2 (NQHS)NifN(CHECOQ)gl.3H20 Fig. 4.2
, Thermogravimetr DTA Feak
Step o
. . . .| Temp. —C
No. |Temp. Rangel Loss [Residue Leftl] Weiaght Loss
O, obsd. calc.
€ .
1 59 - 1495 2H,.,0 C(NﬁH%)NiY.H_OJ 9.5 Q.7 -
2 15@ ~ 19% 11.5H,0 [(NvHH)Nin 14,75 116.18 s
3 2480 - 3T@ Nqu THNiY 3 26.5 259.77 -
e
4 IEd ~- 420 j6F (NiO. 3000 &8.a b7 08 -
= 415 - 4% »CQ,, CNLCH] T L2E - -
oloe
NI-G in N2 (NEHS)Ni[N(CHQCDD)SJ.X/ZNQHA.RHEO Fig., 4.23
Step 7 Thermogravimetry DTA Pgak
No. Temp. Range! Losas [Residue Leftl] Weight Loss 3 Temp. C
oC obsd. calc.
1 9@ - 16Q 2H,.0 {(NWHQ)NiY.@.S 11.@ 12,85
T ONGH T
2 1659 - 272 N,,H4 EHNiYm.SNWHAJ 20.0 2Q.49
3 IS - 405 l/szHa THMIY ] 28.0 250351
4 4346 - SO &P [2NiQ.3C0.,] &H9.5 69 .94
S |S@5 - s&d xCO, C4NLI0.CO 3 78.25 | 78.2%
& L&E - aain




TABLE 4.1¢

94

NI-9@

It N

o

N i N Ho YN ENCCH, GO0 5 0y 2N H, o SH 6

Fig.

4.74

Thermogravimetry

DTA

Feal:

Ster o]
. . . . wATemp. C

No. [Temp. Range| L.ass [Residue Leftl Weight Loss W

o obsd. celc.

9

1 58 - 175 SH”Q;ENa(NﬁHﬁ)Nqu(Y)q3 17.81 18,354 -
e e \ oo -
2N2H4

NI-1@ In N NaéNWHW)Niq[N(CHﬂCOU>?JW.NWHA.3H £ Fig. 4.25

2

Step

Thermagravimetry

DT

Fealk

- o
. . | Temp. :
No., Temp. Rangel Loss [Recidus Leftd] Weight Loss % emy ¢
o obed. calc.
C
t 8E = 150 | IHLO [Na (N HoONi, (Y),, | 8.0 8.94 -
N " H 4 3
z 1eE - 218 :’.N?H4 ENaHNiEéV}RE 1@.49 1@.4 -
3 =t 700°C GF 78, @ - -

ENIO + N, @l

o

NI-11%

N

Fig.

4.2

- M(Nqu>NivEN(CHTCOO>734.N?HA.KH?D
- Thermogravimetrw DT FPeak
Step o
Mo. |Temp. Range! Loss  [Residue Leftl| Weicht Loss % Temp. —C
O ched, celao.
1 T o~ 150 IHLO LR ONGH YN Y 7.0 3.71 -
NQHAJ
2 158 - 218 2N2H4 L HNiEYJ 18.0 1@, 32
3} &t veec | e ENLD + K00 70,5
NI-12] In N, KN M YN, ENECHL,C000 3 2N,H 2 BHLL0 Fig. 4.27
' P | o 4 PARN 42 v
Ster Thermogravimetry DT Feak
Temp °p
No. JTemp. Range] Loss [Residue Leftl Weight Loss ’ :

cbsd.

cale.

2@

FH L 0 M, H

SRR LY
4 A N,'.:':fH’f.‘fii\J'l TZ’.V - 1

1.0

18,1
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CHAPTER FIVE

THERMAL DECOMPOSITION KINETICS OF METAL-NTA SALTS

AND THEIR HYDRAZINE DERIVATIVES

8. INTRODUCTION

Decomposition o+ & solid is a complicated reaction. AR single
and simple looking sﬁep is invariably associated with many other
reactions occuring simultanecuslivy.

They are,
(1) destruction of initial crvstal lattice.

{(ti1) decomposition of one compound and the formation of the

other,

(iii) formation ouf new crvstalline centres +of new compounds

and their growth,

(iv) bond dissociation, resulting in  the formation of the

gaseous productis?.
{v) adsorption of gases on solid sample surface,

{vi) desorption of gaseocus products,

{vii) diffusion of gaseous produéts, etc.

The reactions mentioned above. consequently the decomposition
step, depends on the experimental conditions f{(section 2.3.95)
adopted in the thermal method used. Thermoanalytical technigues
are widely used to understand the thermal behaviouwr of variety of
substances when subjected to heating. From among these tools,
thermogravimetric analysis has found an important application in
the kinetic study of the solid state reaction involv;nq wmijht

loss. This is because the shape of the curve in a particular step.



is determined by the kinetic parameters for that step. These
barameters include energy of activation, order of reaction,
frequency factor etc., and can be calculated from the proper
assessment of the curve. Freeman and Carrollz have been piconeers
to give the method of determination of kinetic parameters from
the curve. Subseqguently, based on the fundamental kinetic laws,
other methc:-dsss’"s have been developed to evaluate the parameters
from thermogravimetric data. The weights ‘Df the sample at
different temperatures, as seen on the TG curve have heen usé; in
the calculation of the kinetic parameters.

Computational methods have also been developed®*? on the
basis of the procedures mentioned. In the premen£ study, energy
of activation and order of reaction for different steps 1in  the

thermal decomposition of the NTA based compounds are calculated.

These kinetic parameter values are presented in this chapter.

5.1 EXPERIMENTAL : METHOD OF CALCULATING KINETIC PARAMETERS
In the present study kinetic parametere are calculated by
nueirng three methods, namely
i) Freeman and Carroll?
ii) Coats and Redfern’
1i1) Horowitz and Metzger®
‘These methods are also mentioned as FCL,CR and HM  respectively,
in the ensuing diécussinn)
These three methods are based or the basic kinetic laws of

the rate of reaction and the Arrehenius eqguation,

1l<.
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-(dX/dt) = k Xn where X = mole fractiorn or
amount of reactant
ard k = ZemEa/RT W = Snecific rate
n = order of reaction
Z = freaguency factor
Ea = energy of activation
T = Temperature (dea.kelvin)
' - A ,
such that, ~(dXsdt) = ze E2/RT 0 e, eQli)

on the basis of this equation different methods. as mentioned

[ J
above, have been designed.

S.1.1 FREEMAN AND CARROLL METHOD

‘U5ing equation(i), Freeman and Carroll have derived a method
of evaluation of kinetic parameters in the solid astate
decompmaitimn»o# reaction. In terms of moles of the reactants,

eqrn (i) has been modified such that.

—~{dne/dt) = ~ [{ne/we){dw/dt)]

The advantage in this approach is that it relates the number of

moleculez of reactants to the weight.
The expression used to ¢alculate the kinetic parameters 4in

‘the FC method is

D (1/7) D loagl{dw/dL)
- ) [ PR m eyt ettt e
(Ea/RT D Tog W S I T
r R o
where W, = W - W W, o= weight loss at completion of

reactions.

w = Tptal weight loss upto time t.
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dw/dt is the rate of change in weight which can be equated to
{dw/dT)g where g is the heating rate of the sample.

D logl{dw/dT)qgl D (/T
\
D log Wr //8 D log Wr

an intercept on the v-anis which is identified as the order of

Therefore graph of

woule give

the reaction. And from the slope of the line, energy of
activation can be calculated.
slope = -(Ea/RT)

In the present study the change in the sample weight wita the
temnperature was obtained from the TG curve by goling horiéontally
equal division on either sidé of & particular point of the curve
and extending two vertical lines in opposite directions at these
position to the curve. From the vertical difference in the
percentages (or weights) , and corrdesponding temperature difference
for the two point u% the curve, dw/dT value was calculated.

These plots were obtained on Computer using Lotus 1-2-3 R3,

5.1.2 COATS AND REDFERN METHOD
In this method the weight of the reaction is expressed in

terms of the fraction (o) of the reactant decomposed.

{(da/dt) = K (1-—01)n where o = #raction of the reactapt
decomposed
. ~Ea/
-~ K (l*a)n = Ze Ea/RT n = order of reaction

On the basis of this equation, an expression has been derived hv

Coats and Redern as,

1~n .
1-(1~a0) . AR 2RT Ea
Log [ =" 3 = -
4 72 1o °¢ Ea Ea TUI05 KT
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1-{1~q) 1"

and therefore the graph of log [ . ] .. Yeavin
T (1-n)

ard /7 aae X—adis
"should rezult in a straight line with the slope equal *to

~-Ea/2.303R.

€rs the basis of this equation & program  on computer in
FORTRAN language was developed for instant calculation of Ede for

the best fitting "n'" values which is given below.

dimension a(23) (23 ,alg(28),act(20) ,0rd(20)

apen{7.file="input.n’)
readi7,.X)nset

de 19 iset = 1 ,.nget
actiiset) = @.0

ordi{iset) = 0.@

write{(k, ,x)iset,.nset
read(7.xnpt
read(7, %) (afi) . i=1.npt)
red(7,¥){t¢i) i=1,npt)

do 1 =1,npt

af{i)=1-a{i)

tii)= 1.87,t(1)

enddo

write{(t,¥) nst,nnd.nstp’
read{S . Vet ed,nastp
ifi{st.ge.2)goto 19

ncrt = @

an = gt

ne = @

continue

do 1 =l.npt
var={1l-al(i)¥¥X{t-an))/{i~an)
algti)=loglB(varxt(idxt(i))
enddn

var = enactinpt,alo.t.ea.corcaf)
ifincrt.gt.0.and.nr,.eq.8) then
if{corcof.gt.ctt) then
act{iset) ett

ord{iset) ott

write{(Xx, %)’ ] e e o
nr = 1

W

rJ

no#
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19

74

erndi

pndi

ctt = corcot

£
§

ettt = ea
an
writel{¥,77)pa.corcof.an
1ftnr.eaq.dgoto 19

ottt

format(ly, "Ea = ', f12.5,"'
+ (ed-st)/rnato

an o=

1432

3

i

ncrt = nertel

ifincrt.le.nstplgo to
ifinr.eq. Moot &

continue
clouws(7)

format(in,. 1%, 2%, 'Ea =

i

corffi. =

-
2

L1255 '

opent{7,flle= output.n’)
= 1. .nset

do i

writed7 ., 7)i,actiil) ordli)

endado

close(7)

stop
end

function enactinpt.yst.ea,corcot)
dimension w{25) ,y{25)

enact = @.0

SM =

sy =

a3y = 3.0

do i

2.0
2.2
axy = Q.0

=1 ,npt
+ (i)

BM = &M
sy = 8y + y(i)

gxy = axy + n{(i)¥Xy(i)

SN

enddo

L P S

+

HES DR SYEE !

var = nptis>n-—ankegy
if¢abs{var).le.l.Be~12) then

write(¥,X) line parallel to y axia’
return

endi

sip =

f

cpt =

ea = -=lpxl.987%2,3@3

(nptXsiy-siisyv) /var
{syXarn—-sxieny) / var

wmin = sx/npt
ymin = sy/npt

Ny
=Y
sYY
do 1

&
o
=

Ca 12082000

Lov B -

gy |

)
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gxy = sxy + (x(i)—min)¥x{y{(i)-ymin)

Sy = osyy + ({L)=xmin)X¥2

Byy = vy + (y(i)-ymin) XX
enddo
ifiabs(s)nisyy).le.l.0e-24)stop
corcof = sxy/{{sksyy)X¥x{0.5))
return

end

8.1.3 HOROWITZ AND MET2ZGER METHOD

This method makes use of the eguation

1. 1nL (Wo-WE) / {Wt~We) 1 = (Ea/RTs2)6

Where NT = the weight remairning at the given temp.
WD = initial weight
wf = final weight
8 = T - Ty where Te is the peak temperature

The graph of the values on the left hand side in above
equation (Y-axis) ard & (X~axie) is & straight line. The
energy ot activation is then calculated by using the slope and
the expressiobh  Ea/RTE

slope = Fa/RTS

These plots were obtained on & Computer using Lotus 1-2-35 KT
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5.2 RESULTS AND DISCUSSION : KINETIC PARAMETERS IN  THE
DECOMPOSITION

There are four Principle steps in the decomposition of metal
nitrilotriacetate hydrates éalts and their hydrazinates. The
reactions in the sequence being

i) dehydration (total or partial in two or more stages) and

dehydrazifnation,

i1) decomposition of metal nitrilotriacetate (which is &also
associated with the free radical decomposition) 1eading. to
the corresponding metal acetate,

iii) decomposition of metal acetate to metal oxycarbonate, and

iv) decomposition of the metal oxycarbonate involving partial
loss of carbon dioxide.

These steps in the TG are analysed by using the three methods
described in Section 5.1. The values of the kinetic parameters
obtained by means of Coats-Refern and Freeman-Carroll methods are
in good agreement. Although the values obtained by t@e
Horowitz-Metzger method are on the higher side, for some of the
steps (Table 5.1), the variation is within 10%.

The activation énergy for the dehydration step is between 4.5

to 13.5 K Cal mole_1 depending on the number of moles of H.O lost

2
in the step. The decomposition of the salt from nitrilotriacetate

to the acetate form is associated with the activation energy of

~3@ K Cal mole .

The metal acetates decompose to the corresponding
oxycarbonates due to the concentrated atmosphere of carbon

dioxide surrounding the sample holder. Obviously, this is due to
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the decomposition of the organic nitrilotriacetate ion From the
activation energy value for the loss of partial carbon dioxide
from the oxycarbonate (step iv above), it can be concluded that
carbon dioxide is losely bonded to the metal oxide. The hydrazine
derivatives of nitrilotriacetate salts on heating in air and \in
an open crucible, decompose to the corresponding metal oxide(s).
The percentage weight loss in this decomposition substantiate the
observation. .
Nickel hydraziniﬁm nitrilotriacetate complexes,
(N2H5)Ni[N(CHZCOO)3].xN2H4.yH20, were heated (in air) to about
70@00. The X-ray powder diffraction patterns of these residues,
thus obtained, were determined by using the instrument mentioned
in Section 2.3.6. These patterns indicate that the complexes

decompose, in combustion, to nickel oxide (with traces of metal

nickel).
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Fig 311  HMPlotfor Step Iin the TGA of sample MG ~1
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Fig 512  HM Plot for Step Il in the TGA of sample MG -1
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X—axs D[(1/T)x1000}/D{LogWr] Y-axis D[log(dw/dt)xq)/D[logWr]
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Fig 5.2.1 FC Plot for the Step I in the TGA of sample MG ~1
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Fig. 5.2.2 FC Plot for the Step Il in the TGA of sample MG -1



X—axis D[(1/T)x1000]/D[LogWr] Y—axis Dlog(dw/dt)xq]/D[logWr]
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Fig. 5.2.3 FC Plot for the Step IV in the TGA of sample MG -1
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Fig. 531  HMPlot for Step I in the TGA of sample MG -3
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X ~ axis © : Y—axis Inin[(Wo —Wf)/ (Wt -WH)]
0 o]
-0.5 +
-1}
15 L
B, I A " - : . . 5 ‘
-9 -8 -70 -60 -50 -—-40 =30 =20 --10
Fig 534  HM Plot for Step IV in the TGA of sample MG -3
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Fig. 5.41 HM Plot for Step I in the TGA of sample MG —4
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Fig. 551  HM Plot for Step I in the TGA of sample CA -1

X — axis © © Y—axis Inin[(Wo —WH)/ (Wt—W§)]

05 L /
-035 /

[ %

J i i e A A

~17 -12 =7 ~2 3 8 13

Fig. 5.52  HM Plot for Step Il in the TGA of sumple CA -1

125



X —ads © : Y—axs Inin[(Wo—Wi)/(Wt—WH]

0 el

-23

.—3 L i ctromah. 4 A
-5 45 =35 =25 -15 -3 3 13

N 'y . i

Fig 553  HM Plot for Step Il in the TGA of sample CA-1
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Fig. 3.54  HM Plot for Step IV in the TGA of sample CA-1
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X - ads @ : Y—ads Inin[(Wo— W)/ (Wt—WH]
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Fig 5.5.5 HM Plot for Step V in the TGA of sample CA-1
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Fig. 5.61 HM Plot for Step I in the TGA of sample CA -3
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Fig 5.6.2 HM Plot for Step Il in the TGA of sample CA—3
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Fig. 3.6.3 HM Plot for Step Ill in the TGA of sample CA-3
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Fig 572 HMPlot for Step Il in the TGA of sample SR-1

X —axds © : Y—axis Inin[(Wo —WH)/(Wit—~Wi)]

i

4 i

-37 =17 93 23 43 63 83 103 123

Fig 575  HM Plot for Step Il in the TGA of sample SR -1
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Fig. 374  HM Plot for Step IV in the TGA of sample SR -1
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Fig. 5.8.1 HM Plot for Step I in the TGA of sample SR ~3
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Fig. 5.8.2 HM Plot for Step Il in the TGA of sample SR -3
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Fig. 3.8.3 HM Plot for Step Il in the TGA of sample SR-3
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Fig 5.8.4 HM Plot for Step IV in the TGA of sample SR -3
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Fig. 5101  HM Plot for Step 1in the TGA of sample ZN-1
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Fig 5102  BM Plot for Step Il in the TGA of sample ZN -1
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Fig. 5.11.1 FCPlot for the Step ] in the TGA of sample ZN~1
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Fig 5.11.2 FC Plot for the Step Il in the TGA of sample ZN -1
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Fig 5.11.3 FC Plot for the Step 11l in the TGA of sample ZN -1
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Fig. 5121  HM Plot for Step I in the TGA of sample ZN -3
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Fig 5141  HM Plot for Step I in the TGA of sample NI-1
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Fig. 5142  HM Plot for Step Ilin the TGA of sample NI-1
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Fig. 3143  HM Plot for Step 1ll in the TGA of sample NI-1
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Fig 5151  HM Plot for Step lin the TGA of sample NI-3
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Fig. 5.15.2  HM Plot for Step Il in the TGA of sample NI-3
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Fig. 5.16.1 FC Plot for the Step ] in the TGA of sample NI-3
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Fig 5.16.2 FCPlot for the Step 1l in the TGA of sample NI-3
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Fig 3.16.4 FCPlot for the Step IV in the TGA of sample NI-3
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Fig. 5.16.5 FC Plot for the Step V in the TGA of sample NI-3
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Fig. 3171  HM Plot for Step Iin the TGA of sample NI-4
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Fig 3174  HM Plot for Step IV in the TGA of sample NI-4
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Fig 3.18.1 FCPlot for the Step Iin the TGA of sample NI-4
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Fig. 5.18.2 FCPlot for the Step II in the TGA of sample NI-4

X—Saxis D[{(1/T»1000}/D[LogWr] Y —axis D[log(dw/dt)xq}/DflogWr]

-10

-13

o

e

0

1.5 2

Fig 5.183 FCPlot for the Step 11l in the TGA of sample NI-4
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Fig 319.2 HM Plot for Step Il in the TGA of sample NI-3
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Fig. 3194  HM Plot for Step IV in the TGA of sample NI-3
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Fig. 5201  HM Plot for Step I in the TGA of sample NI-6
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Methods used

kKey @ Ea

: (1) Coate

(i1)

{(ii1) Horowitz and Metiger

Freeman

TABLE 5.1
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TABLE 5.3
. > FC FHM
Compound Htep (K ¢ 4
Nos . Fea s rn Ea r Ee
Kcal mole Keal/mole
I - - 19,8120 11.00) 17.3270
SR-3 Iz - - 18.1147 (@.16] 31.7317
111 - - 43.060% Q.00 27 .8698
v - - SO.7642 (2.00) S@.7162
[ ]
cE g TN
Compound Step CR FL HE
Nos. Ea r E& r Ea
Keal mole kcal/mole
I 81,2386 11,701 26.9284 11.00] 46,7340
BA~1 i1 48,1451 1.381 37,1338 {1.42] 54,370
111 27.9480 10.94 - - 32.2547
Compound Step R Fe HM
Nes. E & n Ea n Ea
Kecal mole Kecal/mole
I 41,2449 10,70 48.1827 |1.5%] 49,4644
IN~1 It RYL.B877 (.00 40.4884 [1.29] &7.5073
111 91.9767 j@.941 I7.0620 11.09) 52.8248
v 270593 1.24 1 - 3Q.78463




TABLE 5.4
-:r :4.\ M
Compound Step LR FL H
NoS . Ea n Ea r Ea
Kecal, mole Focal/mole
1 - - 24,7804 11.421 18.7363
IN-2 11 - - - - 75.8494
111 - - 8.3941 11.00 8.243¢%6
Compound Step CR FC HM
Nes . E & " E @ n Ea
Kcalmole Kcal/mole
I 1.483 @.5 4.2046% 12.58 4,2178
NI-3 11 - 1.7 - ) - 148.7420
I11 64,8781 [1.661 62,1666 [1.501 64,1465
Compound Step LR FC HM
Nos. E & rn Ex r Ea
Koal mole Koal/mole
I 16,2017 |@.4@1 18,7450 10,78 29,724
NI~3 11 19.64464 |0.5 11,1883 j@.5%1 21.957
11t 23.8646 0. 40 P.6109 10.451 35,4654
I"\') 49-6154 @.6@ 51.\5198 2-@6 \52-617
Y 16,0328 10,50 1.3 27.064

IR 4585
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TABLE 5.5
CR FC HM
Compound Step
Nos. Fa r Ea r Ea
Keal mole Kcal/mole

1 - - H.4311 11.90 ?.9613
NI-4 11 - - H.3339 [@.47] 16.3350
111 43,3674 |@.60] 29.4915 [0.43) 75,2090
IRV 20,4322 |0.7@0 1&.7742, |0.63] 30.9250

Compound Step CR FC HIM

Nes. lea n Ea " Ea

fHcal /mole Keal/mole

1 2.92a81 |a.70 1.59878a 1@0.72 5.30398
NI~ 11 L6.3808 1.7 12,6530 Q.58 22.7780
111 44,0789 0.7 38.8102 10.7301 55,0050
v 14,7261 1@.37@1 22.8903 (1.8 27.389@

Compound Step LR FC HM

NoS . E & r Ea 1 Ea

Keal mole Keal/mole )
I 13.46292 18.80 11.68636 [1.38] 16.9140
NI-& 11 D2 .954 2.5 18.8577 (@.3%1 TQ.0020
111 - 15%.2830 10.37) 24.7050
v S4.9487 10.94 48.3625 {(1.17] 64.0180Q
% 29.00673 J1.7Q 23,7135 [2.281 27.8516

194



TABLE 5.6
CK FC HM
Compound Step
NOS . Ea n Ea n Ea
Kcal mole Kcal/mole
1 19,1766 |@.83] 13.6492 |1.00] 21.2080
NI-B8 11 J4.,936F 11.50) 18.9704 |1.821 27.32906
111 21.1657 |{@.18] 16.5514 [1.88] IX.8210
v o/ BN | Q.20 S9.4723 1.871 60.0424
v JI7.8425 [11.9@) 42.1605 {2.31] 24.5485
Compound Step CR FL HHM
Nos . E & r Fa ~ Ea
Keal /mole Keal/mole
1 15.8688 11.701 13.5824 {2.13 B, 2933
NI~-9 11 13,3823 10.40 - - 20.3610
111 427346 |B.6Q) 44,1737 J1.331 58, 1430
v 19.91@02 (2.46@1 12.3798 |8.47| 27.4480
Compound Step LR FL M
Nos . Ea r Ea r Ea
Kecalmole Kecal/mole
1 28,8464 11.5 28,5614 11.47 22,1297
NI-1@ Iz 2.,13Q7 |0.50] 22.0180 (@.53| 24.5741
111 16.4473 11,100 11.893% 10,721 28,3346
v G 4865 1.2 31.67901 |2.301 60.9150@
\ 28 .8388 15.2061 1.14) 28.4430




TABLE 5.7
5 =
Compound Step C FC HM
NO'S . Ea n Ea n Ea
Kcal /mole Kcal/mole
I 22.3172 |1.50 - - 20.7340
NI-11 11 33.8947 (1.20) 11.3589 {1.291 30.784@
111 - - 25.7922 {1.42] 38.3510
v EXL.3ATE 11.20] 67,1392 |0.46] 60.0770
Y ,15.2370 |@.50 2.9787 (.28} 16.2920
®
-
Compound Gltep CR FC HM
Nos. E & n E & r Eea
Keoal snole Kecalsmole
1 13.8891 {1.408] &.9592 [1.46 H.7200
NI-12 11 12.7884 j@0.501 14.93500 [1.42] 19.5194
111 H1.8%524 11,10 - - 63,8760
v 19.1447 (@.5@] 23.8327 (.50 24.80102

VAR
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RESUME:

The metal ions, reacting with nitrilotriacetic acid in an aqueous medium
were found to yield metal nitrilotriacetate salts. When crystallized from this aqueous
solution, metal NTA hydrates were obtained as reported by Tomita and Ueno. Generally,
these salts decompose, when heated, around 100°C and above, depending on the metal ion
present and the number of moles of water of hydration. Again dehydration occurs in single
or multiple steps. The different metal ions studied are Mg, Ca, Sr, Ba, Zn, and Ni.

MCO, + H, [ N(CH,COO), ] ----> HM [ N(CH,C00), ] +H,0+co,l .

After the dehydration, the first intermediate step in the decomposition for
all the salts was the formation of the anhydrous metal nitrilotriacetates. These anhydrous
salts were stable at ~ 350°C, and on further heating decomposes to the corresponding
metal acetates. This decomposition step is a combination of exo and endothermic reactions
which includes the dehydration of the free radical, a product formed there in. It appears as
a single endotherm immediately after the exotherm, and being a fast reaction could not be
resolved. The products formed after the decomposition are identified as oxycarbonates,
xMO.yCO, with a definite MO to CO, mole ratio. This ratio is evaluated, for the different
salts, on the basis of the percentage weight loss. Along with this metal oxycarbonate some

amount of metal is also formed.

HM [ N(CH,COO),]. xH,0 ---> HM H, [ N(CH,COO), | + xH,0
HM [ N(CH,COO); ] --> M(CH,COO), + G.P.
G.P. = Gaseous products = aCO,, szo,f-éN'H3
2M(CH,CO0), ---> xMO.yCO, + 2CH,COCH; + (2-x)M + (2 -y) CO, +( 1-%/2) O,



On further heating, the MO : CO, ratio increases due to the partial loss of
CO,. The final decomposition step observed in the TG is the gain in weight, which is due
to the oxidation of corresponding metal formed in the previous steps. The salts are found to

yield metal oxides when heated in air taken in a crucible.

Depending upon the amount of hydrazine hydrate added, the metal - NTA
galts react with hydrazine hydrate in an aqueous medium to yield hydrazinium metal
nitrilotriacetate hydrates ( or hydrazinates ). This reaction is confirmed by carrying out
conductometric and infrared spectral studies. In‘ the case of the alkaline earth metals and ®
zinc, only hydrated salts are synthesised by using limited amount of N, H ;. H,O. Where as
in the case of nickel, as representative transition metal, both limited and excess of
hydrazine hydrate is used in the preparation. The general formula assigned for these new
complexes is ( N,Hs) M [ N(CH,COO);] . xN,H,. yH,0, Where M = Mg, Ca, Sr, Zn
and Ni and
x=0for M : N,H,H,0 : NTA equal to one.

HM [ N(CH,CO0), ]+ N;H,. H,0 ---> (N, H,)M [ N(CH,COO0), ] + bH, 0
S U NH, HO
(N,H;)M [ N(CH,CO0),] . N, H,. yH,0

The decomposition patterns of these complexes is similar to those
observed in the case of the simple metal nitrilotriacetate salts. The sequence of
decomposition, in general, can be written as :

Metal hydrazinium nitrilotriacetate hydrate = Unhydrous salt = metal nitrilotriacetate
U

metal oxide <= metal oxycarbonate <= metal oxycarbonate < metal acetate
(with increased ratio)



Similarly, mixed metals hydrazinium nitrilotriacetate complexes with Na / K
and Nickel are synthesized. The thermal reactivity of these complexes is also investigated.
The final residue in the decomposition of these complexes are found to be the mixture of
oxides.

HM [ N(CH,COO), |
U Na,CO,
Na M [ N(CH,COO), ]
J NH,HO
Na(N,H,) M, [ N(CH,COO) ], . N, H,. yH,0

The Kinetic parameters for the different steps in the decomposition are
proposed after evaluating them by known methods. The values obtained by coats and

Redfern method are more reliable and consistant.

It can therefore be concluded that the ( alkaline earth, or Nickel ) metal
nitrilotriacetates or their hydrazinium derivative, in their aqueous solution,are stable upto a
" moderately high temperature. At very high temperatures, whether in detergents or in

electrodeposition process, the solution or bath could be unstable thus resulting in the

decrease of its efficiency.
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