
P 1 R T - II

SALTS OF SUBSTITUTED

muonic; acids



INTRODUCTION 

( SALT S )



58

INTRODUCTION 

1.1% General s

Many studies, have been reported in the 

literature on the aliphatic diearboxylie adds (I) and 

their salts (II)'and complexes (III)*
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*

These include investigations on malonie acid 
(I,II,III 5 n = 1) in relation to oxalic acid 

(I,II,III 5 n = 0), succinic aeid (I,II,III | n - 2), 

etc* Many substituted malonie acids (IV) are also 

reported in the literature* These are tabulated in 

table a.
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£afil.e.A
(I)

GOOH

COOH

R = References
ch3 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 

17,18.
c2h5 19,20,21,22,23,2^,25,26,27,28,29*

30,31*
i-C4H9 32,33,3^,35*
n-CsH^ 36*

37,38.
i-G6Hi3 39,40.
n-C?Hl5 41.
n-GnH23 42*

4-3,44.
n4322H45 4-2,4-3.
n-G 28^57 45*
n-C3 4-5*
n“G3 2%5 4-5. ' ^
n“G34H69 4 5.
n-C36H?3 4-5*
Cl 46,4-7,48,4-9,50.
Br 47,51,52,53*
g6h5 54.
(c6h5)2gh 55.
g6h5ch2- 56,57,58,59,60,61,62,63*
g6h5ch2gh=gh- 64,65*
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(II)

C’OOH

X - C - Y
Aooh

X = Y * Refere nee s
0% G:H3 22,66,67,68,69,70,71,72,73

74,75,76,77*
g2h5 g2h5 78,79,80,81,82,83,
c2h5 n*433H7 84,

n-C3H7 30,
Gi8%7 Ci8H37 85*
g2h5 Cl 86,
g2h5 Br 87,
Cl Cl 4*7,88*

Br ■ Br 47,88,89,90.
I I 90.
F F 91a
Cl Br 92,
ch3 ^6% 93,94,
gh3 g6h5gh2- 95,
g6h5 C6H5CH2- 93*
g6h5 gh2=ghgh2- 93,96,97*
CgHjGHa TT /tiTT 57,58,98,99,100.



(Ill)

COOH
I

z = c
COOH

z = References

g6h5ch 60,101,102,103,104- ,105,106*

2-G1G6H4G'H 10?.

2-BrC6H*CH 107,

2-IC6H4GH 107.

2-N02C6H4C:H 108*

3-H02G6H^aH 104-,108b

4--N02C6H*CH 103,104-, 108,

2,4~(N02)2C6H3GH 109.

g6h5gh2gh2ch 64-,65*

g6h5gh=chgh 6 5,104-, 110, 111 ,112,113,

2-N02C6HlfCH=CHGH 115.

4--N02C6H*C!H=CHCH 115.



i

Although marts'- substituted malonic acids are 

known, only few references are found in the literature 

on their salts and complexes. A brief review on the 

malonic and substituted malonic adds and their salts 

and complexes is presented below*

64

1.2# MalpflAs.and. sub&tMuiiM,ffla.lQRlg~.3gMa s

Various mono and di-substituted derivatives 

of malonic adds are presented in table A. Besides,
120yl21

polymeric substances from malonic ester and
i 22

polymeric amino malonic add are also known.

Infra red spectra of the esters, amides and 

sodium or potassium salts of malomic and other

dicarboxylic acids have been widely
^ i23»124»l25*126»127li28il29»l30»l3l»i32<>l33*

studied.

Frequencies were assigned to the > 0=0, >0-0- and -OH 

groups and the influences of chelation and of sodium/ 

potassium atom on the spectrum were discussed. Infra 

red spectra of the substituted malonic adds and their 

esters (substituent = alkyl,chloro,bromo,phenyl, 

nitro,benzylidene etc.) were also tiv;: 

investigated. Sadzi and Sheppard

studied the infra red and proton magnetic resonance 

spectra of the malonic and other dicarboxylic adds 

and their deuterated derivatives and discussed the

dimeric nature of the adds. Sdsall and Ghazanfar.
140

141
Edsall and Myers irwestigatedd the Raman spectr%



of malonic and other diearboxylic acids, their sodium 

salts and their deuterated products and discussed the
r
influence of substituents, ionisation and deuteration 

on the Raman lines*
i 4* 2

Baly and Schaefer studied the absorption

spectra of substituted malonic acids in aqueous,aleoholie,

alcoholic HG1 and alcoholic NaOEt solutions. Graham and 
143

Macbeth studied the absorption spectra of the esters 

and amides of the substituted bromo malonic acids in 

aqueous,alcoholic and alkali solutions, compared them with 

those of the bromo and nitro paraffins and discussed the 

labile nature of bromine in these compounds.

Other studies on malonic and substituted malonic
14.4-

acids and their derivatives include thermal decomposition,
, 145 146 >14? ?148

viscosity , electrical conductivity, catalytic
149

activity etc. Prom the measurements of the electrical 

conductivity of the solutions and potentiometric titrations

were derived the dissociation constants of substituted
_ , . l5$>i§i>i52»i53»i54>i55

malonic acids.

65

1.3* Spits and complexes of cobalt with malonic and 

substituted malonic pc ids :

Raymond et al. prepared hydrated cobalt 
l 5?

malonate. Thomas observed that the double salt of

malonic acid with potassium and cobalt (III) was unstable. 
158

Krebbs et al. found that although the double salt of 

oxalic acid with potassium and cobalt (III) could be



66partially resolved with starch, such resolution could not
. 159be achieved with the corresponding malonate. Kapadia

, <* oattempted to prepare the ordination polymer from potassium 
cobalt (II) malonate and formaldehyde*

Complex cations containing cobalt (III), malonate
and a coordinating ligand such as ethylene diamine,
diethylene triamine, 1,10-phenanthroline etc* have been 

I6O916I9I629163prepared* Similarly complex anions containing
cobalt (III), malonate and nitrite or ethylene diamine

116 5diacetate were obtained* Salts of cobalt (III)
with malonic (or oxalic) acid and glycine were also 

1669167obtained.
168Dwyer, Reid and Garvan prepared the complex

1

anion containing cobalt (III), malonate aid ethylene
diamine and studied its resolution into its epical isomers.

169Percival and Wardlaw prepared the oxy-complex anion
containing oxy-cobalt and malonate and carried out cryoscopic
and conductivity measurements to study its dissociation.
Formation of intermediates in the reaction between cobalt
and malonic add were studied by the temperature jump

•170

method by Cavasino.
171van Saun and Douglas resolved the complex

anion of cobalt (III) with ethylene diamine diacetate and
malonate and studied their circular dichroism and proton

1729173magnetic resonance spectra. Yoneda and Mcrimoto
prepared the complex ions of cobalt with malonic acid ^ 
and ethylene diamine and studied their PMR spectra* They 
observed a quartet and. attributed It to GH2 group*



67
They observed that the proton signal dis&pptacdd on

174.
keeping the sample in DgO overnight, Buckingham
studied the PMR spectra of such complexes and used them
to differentiate between cis and trans isomers* PMR
spectra of cobalt magnates were also discussed by

175
Milner and Pratt. Absorption spectra, circular

dlchroism and optical rotatory dispersion of the anionic
176

cobalt malonate complex were studied by Hidaka et al4
177 178

and Douglas et al. Ranadae and Subba Kao determined 
the magnetic moment of cobalt malonate. Ion exchange

7 ^
studies using Go were carried out by fcbrik, Manning 

18 0 181
and Monk and Suzuki. The dissociation constants of

cobalt malonates have been determined by potentiometrlc,
182>i83»18imi85

spectrophotometric and conductometric methods.
„ 186
Calorimetric studies led to the evaluation of the

enthalpy of formation of cobalt malonate*
Kopple and Miller s3udied the reduction of

cobalt (III) malonate cation with bivalent chromium.

Cobalt salts of the substituted malonic adds 
- 188

have been prepared recently and their relative 
stabilities are considered.
1.4. Salts and complexes of copper with malonic and

substituted malonic adds s 
xB 9

Wendt studied the formation of copper malonate
19o»i91

by the relaxation method using a sound tube. Suzuki
determined the dissociation constant of copper malonate

192 1 93*1 94.
from BMP measurements. Riley and Ives and Riley



prepared copper salts of malonic and alkyl malonie adds, 

determined their electrical conductivity ini solution and 

discussed the effect of alkyl substitution on the

stability of the anionic copper malonate complex.
_ 195
Ives also studied the effect of pyridine on the 

conductivity of copper malonate in solution. Kapadia

attempted to prepare the coordination polymer from 

potassium copper malonate and formaldehyde.

The dissociation constants of copper malonates •’

in solution were investigated by spectrophotometric,

potentlometric, polarographic,conductometric and kinetic
182)185)196)1 9? )1 98)199)200 

methods. The dissociation

constants of the salts and complexes of copper with

substituted malonic adds were studied by potentlometric
188)201)202

and polarographic methods*

From the calorimetric studies of copper malonate
186)

and oxalate, their enthalpy of formation was calculated.
2 0i*

Raj an investigated ESR spectra of the salts

of copper with malonic and other dicarboxylic adds
205

and discussed the pairing of copper atoms. Graddon 

studied the absorption spectra of the salts of copper

with malonic and substituted malonic acids.
178)206)207)208)209)210)211

Many studies were

made on the magnetic moment of the salts and complexes 

of malonic and other dicarboxylic adds. Low values were 

obtained in many cases and were related to the spin-pairing 

resulting from the dimeric and polymeric chains.



x*5* 3alts._..and.complexes of nickel with malonie_ and, 

substituted malonie acidp s

The formation of nickel malonate has been

investigated by pressure jump, temperature jump and
, 2l2,2l3»2l»l-» 215 159

relaxation methods* Kapadia attempted

to prepare the coordination polymer from potassium

nickel malonate aid formaldehyde.

Products of the thermal decomposition of

nickel malonate have been considered by thermogravimetry* 
- 186»203
Calorimetric studies of nickel malonate led to

the determination of its enthalpy of formation*

The dissociation constants of nickel malonates

have been determined by spectrophotometric aid
18M.»i85»l98»2l7»2l8

potentiometrie methods. The

dissociation constants of the nickel salts of the

substituted malonie adds were studied by potentiometrie,
I88»l9«f>2 01

conductometric and polarographie methods. The

stability constants of the complexes of nickel with

dithio malonie, dithio oxalic aid dithio carbonic acids
219

were determined by spec tro pho t ome t h ic method and

their relative stability was considered.

The magnetic moment of the nickel salts of

malonie and other dicarboxylic acids were determined by
178 2ii

Ranadae and Subba Rao and by Ploquin and Vergneau .
175

PMR spectra were discussed by Milner, and Pratt.

89

216



gfrlfcmifl..flfflPBIflzg.fi-P.f.■irpff.xifekmaXopip^cL..
substituted malonic acid? :

220
Weinland and Loebich observed that iron in

complex iron (III) malonates could be in the cation or
221

the anion. Jaeger and Gromingen found that the

complexes of alkali metal and iron (III) with malonic

acid could be obtained in .racemic form only. Complex-

forming ability of malonic acid with iron was investigated
2221223

in relation to the catalytic oxidation of iron.

The formation of iron malonates and their

stability constants were determined by speetrophotometric,

potentiometric ,polarographic and solubility 
224122^122612271228

methods.

76'

The absorption spectra of the anionic iron (II)
22 9

malonate complexes were studied by Hatfield and ligand .

field parameters were determined.

%gnetic moments and Mbssbauer spectra of the

complex iron malonates have been widely studied in recent 
23012311232123312341235

years. The magnetic, X-ray and

thermogravimetric studies on the hydrated iron (II)
236

malonate are also reported.

substituted malonic ^cids :

jri th maloni.c,. „an<|

Formation of the complex manganese (III)
237»238i239l240

malonates was studied by various workers.
2 41

Conductometric, speetrophotometric and pH studies



71
showed the presense of lsl salt In the solution of 
manganese (II) malonate.

The dissociation of manganese malonates in
242*243

solution was studied by ion exchange and kinetic methods
i84»i85

and by speetrophotometric and potentiometric methods.
244 - 5

Dingle observed d-d and charge-tranger
transitions in the absorption spectrum of manganese malo rate

245 , 246
and Cohn and Townsend studied its SSR spectrum. GrayCJr.)

178
and Ranada® and Subba Rao determined the magnetic moment 
of the malonate and oxalate complexes of manganese.

I. 8. Saltjg and completes of zinc with malonlc and

substituted malonlc adds :
247

Rowlands and Monk studied the solvent
extraction of the zinc salts of malonic and other
dicarboxylic acids and proposed two stages of association.

The dissociation constants of the zinc salts of
malonic and substituted malonic acids were determined by

1 88 *1 90*1 94,148*201
conductometric and potentioQnetrie methods.

Investigations were carried out on the thermal
decompo sit ion of the zinc salts of malonic and other

de car boxy lie acids in the pure state and as a deposit on 
248

coal.
Thermodynamic calculations have been made by

2 4*?
Hair ' on the zinc salts of malonic and other dicarboxylic

250
acids and by George on the salts of first transition 

series metals with various ligands.



72
of the salts of zinc,magnesium etc. of malonie acid. 

1.10. Present wopfe s

possibility of polymerising the anionic ffialonate complexes 

containing bivalent transition metal ions such as copper, 

nickel or cobalt, using formaldehyde solutions. Many 

difficulties were encountered in establishing the reaction 

and identifying the products. Tt was considered essential 

to know the nature of the salts and. complexes of 

substituted malonie acids. The literature survey showed 

that only a few compounds were known. Hence it was suggested 

that salts and complexes of substituted malonie acids be 

prepared and studied. For that purpose benzylidene malonie 

acid and its derivatives can be selected. The acids 

decompose oh heating into cinnamic acid and its derivatives.

Therefore the salts of these acids should be prepared under 

different conditions. It would provide comparison for the 

different methods adopted.

hindrance and would result in disturbing the coplanarity 

of the molecular system. It was believed that the present

Kapadla investigated in our laboratory s the

(?00H

The phenyl group in tt© acid would cause steric

investigations would help ini assessing the deflection 

due to the steric factor. .



Further the preparation of salts and complexes 

of these acids should assist in correlating the behaviour 

of malonic ard substituted malonlc aeids in their salts 

and complexes*

With these considerations inview, it was proposed

1. to prepare benzylidene and substituted benzylidene 

malonic acids;

2. to prepare their salts with transition metal ions of the 

firsts transition series, by different methods;

3* to prepare their.odohble hhlts (complexes)with potassium 

and transition metal ions ;
4. to evaluate, the effect of steric hindrance on the 

planarity of the acid molecule ;

5. to determine the electrical conductivity,magnetic 

susceptibility and absorption spectra of the salts and 

complexes prepared.

The investigations carried out as above and 

the results obtained are presented and discussed in the 

following pages.



EXPERIMENT 11 

(SALTS)
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ii. experimental

II. 1. General :

1 < 1 ) • Bsag^S^aM-jsslseaifi :

All reagents and solvents used were of G'.P. 

grade or better.

1 ( ii )* Analysis of new products :

Analysis of new products were obtained for 

metal, nitrogen, carbon and hydrogen as required 
(by micro methods ) •

1 ( iii ) • Malting point :

All melting points recorded herein are 

uncorrected.

1 ( iv ). UV Spectra s

The ultra-violet absorption spectra of the 

compounds in solution were prepared from the readings 

of the Beckman Spectrophotometer model DU using 10 mm 

matched quartz cells.

1 ( v ) . Visible gpectra :

Absorption spectra in the visible region of 

some compounds in rnjol mull were obtained for ,us on a



recording spectrophotometer 75
1 ( vi ). Electric?.! conductivity :

Electrical conductivity of some compounds in
*

solution was measured on Toshniwal s conductivity bridge 

model OL-Ol using platinum electrodes.

1 (vii ) Magnetic susceptibility :
%gnetic susceptibility of the transition metal

»

compounds was determined at room temperature on.Gouy s 

magnetic balance using Calibrated pyrex glass tubes.

1 (viii ) Paper chromatography :
An attempt was made to fractionate a few of the 

ffbasic ” anduacidic ” salts by ascending paper 

chromatographic technique, using filter paper strips 

( 1*5 ” x 10 ” ).

1 ( ix ) Thln-laver chromatography :
TLC' technique was adopted in studying the 

nature of some tfacidic ” andt?basic ” salts using 

silica gel.

The observations and results of the various 

determinations for different compounds are given at 

appropriate places in the following Pages.
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II«-2, Substituted malonic adds (benzylldem malonic.

$ *

(i) Bensylidene malonic acid :

2J2
The method of Fujiwara and Naruse was

adopted for its preparation.
Benzaldehyde (l mole), malonic acid ( 1 mole)

and piperidine (0*1 mole) were mixed and heated on a

water bath for about 1 1/2 hours. The mixture changed

into a homogeneous liquid in about fifteen minutes and

after twenty minutes a white solid began to separate.

At the end the whole reaction mixture becasp'secsdlid. It

was dissolved in sodium bicarbonate solution and

extracted with ether for removing unreacted benzaldehyde.

On acidification of the aqueous solution white solid was

obtained, which was washed with water,dried and

reerystallised from hot water as white needles, m.p,
' 0

195-6 .

It is soluble in hot water,acetone,alcohol, 

chloroform and ether and sparingly soluble in benzene and 

petroleum ether.

E-values of the compound in methanol and alkali 

solutions in the ultraviolet region of the spectrum are 

presented in table 1.
(ii) Ortho-chlorobenzylidene malonic ^oid :

It was prepared according to the method of
253

Pandya and Pandya .



Table 1
77

3-Value of the benzylidene, malonic acid in different 

solvents in the ultra-violet region (360-220 up)

Wave-length

(mp)
s.-value

in methanol in alkali

360 13.15 0.00

352 15.79 0.00

344 15.79 0.00

336 23.68 0.00

328 36.84 0.00

320 85.51 0.00

- 312 181.6 0.00

301+ 355.2 77.66

296 545.9 334.9

288 710.4 601.9

280 787.9 864.0

272 747.1 957*9

264 618.3 854.3

256 460.7 659.9

248 322.3 475.6

240 226.1 359.1

232 236.2



Ortho-chlo ro be naaMeh^^e (1 mole) ,malonic aci(

(1 mole) were heated on a water bath for ^ hours. After

about 2 hours, a white solid began to separate. At the

end the whole reaction mixture was taken in sodium

bicarbonate solution. It was extracted with ether for

removing unreacted ortho-chlorobenzaldehyde, The aldehyde-

free filtrate was acidified with hydrochloric acid and

left overnight. The precipitates were filtered,washed

with cold water and dried. The product was recrystallised
ofrom ether + petroleum ether as white crystals, m.p.192 •

It Is soluble in hot water, acetore,alcohol and 

ether and insoluble in benzene,chloroform and petroleum 

ether.

E-values of the compound in methanol and alkali 

solutions in the ultra-violet region of the spectrum are 

presented in table 2.

(ill) Para-chlorobenzylldene m^lonic g.cid t

It was prepared by the method of Pandya and 
253

Pandya.

Para-chlorobenzaldehyde (lmole), malonlc add 

(1 mole) and alcohol (1£ ml.) were heated on a water bath 

for about k hours. After about 2 hours, a white solid 

began to separate. At the end th* whole reaction mixture 

was taken in sodium bicarbonate solution. It was extracted 

with ether for removing unreacted para-chlorobenzaldehyde. 

The aldehyde-free filtrate was acidified with hydrochloric 

acid and left overnight. The precipitates were filtered,



Table 2 73
E-Values of the substituted benzylidene malonie acid 

in different solvents in the ultra-violet region 

(360- 220 mp)

Wave­
length

(mp)

B-value_____  ’ _
o-chlorobenzylidene *" p-chiorobenzylidene 
malonie acid malonie acid

in.methanol in alkali in"methanol in’alkali

360 0.00 0.00 8.06 0.00

352 0;88 0.00 14.51 0,00
314.4. 2,20 0.00 29.02 11.27

336 9A2 0.00 40.31 14.08

328 16.73 0.00 80.63 18.31

320 46*22 0.00 161.3 28.16

312 99.47 45.11 319.3 129*5+

304 165.9 121.9 499.9 309.8

296 259.7 243.9 640*6 521.1

288 376.3 414.6 728.8 75+6.4

280 484.2' 579*2 730.5 926.6

272 55+1.5+ 657*2 661*2 922.2

265+ 506.1 597.5+ 55+0.1 802.8

256 405.0 5+75.5 414.4 631.0

248 290.5 366.6 315+. 5 471.8

240 220.1 292.6 258.0 401.4

232 35+5*5 426.9 322*5



washed with cold water and dried* The product was 80
recrystallised from dilute alcohol as white crystals,

o,m.p.197-8 (decomp*)

It is soluble in hot water,alcohol,ether and 

acetone and insoluble in benzene and chloroform.

3-values of the compound in methanol and 

alkali solutions in the ultra-violet region of the 

spectrum ^r.d presented in table 2.
i

(iv) P|

It was prepared by the method of Pandya and
25>4.

Vahidya .

Anisaldehyde (1 mole) ,malonie acid (1 mole)

and few drops of piperidine were heated on a water bath

for k- hours. The mixture changed into a homogeneous liquid

in 1 1/2 hours and in another 1/2 hour yellow solid began

to separate and at the end the whole reaction mixture

became solid. It was dissolved In sodium bicarbonate

solution and extracted with ether for removing unreacted

anisaldehyde. On acidification yellow solid was obtained.

It was filtered,washed with cold water,dried and

recrystallised from dilute alcohol as yellow crystals,, 
om*p. 195-6 .

It is soluble in hot water, alcohol, ace to re and 

insoluble in benzene,petroleum ether,ether and chloroform.

E-values of the compound in methanol and alkali 

solutions in the ultra-violet region of the spectrum are 

presented in table 3.

t



-Table 3 81

E-tfalues of the substituted benzylidene malonic acid 

in different solvents in the ultra-violet region 

(360 - 220 mp )

Wave- 3-value
length _________________________ _____________________ __

. p-methoxybenzylidene p-nlt.robenzy 1 idene
(mp) malonic acid malonic acid

in methanol in alkali in methanol in alkali

360 50.29 0.00 52.38 235.3

352 96.27 0.00 89.30 358.8

344 175.3 0.00 148.8 482.2

336 310.6 0.00 232.1 576,8

328 510.1 22.61 308,5 637.5

320 732.8 134.2 398,7 658.8

312 862.2 427.6 458.3 623.4

30V 826.2 631.4 488,1 566.6

296 751.3 852.5 488.1 447.0

288 653*7 1013.0 466.7 358.8

280 520.8 999.7 429.7 285.9

2?2 360.7 815.6 386.9 262.3

264- 229.9 532.8 34-1.7 270.5

256 143.6 296.0 300.0 317.7

248 125.0 164.4 271,4 382.3

240 237.1 124.9 264.3 470,6

232 458.3 263.1 276,2



(▼) Para-nitrobenzylidene malonic acid : gg

Th* method of Marckwald was adopted for its 

preparation*

Para-nitrobenzaldehyde (1*2 g*), malonic acid
^1.4 g*), ammonia (1.2 g.) were mixed and alcohol(2*5 ml*)

was added to it* The whole reaction mixture was heated to 
. o60-70 for 2 hours* In firsth 1/2 hour, the mixture

remained clear and then suddenly became turbid* The

reaction mixture was taken into dilute sodium hydroxide

solution and unreacted para-nitrobenzaldehyde was removed

by filtration* On acidification of the filtrate with

dilute sulphuric acid, a yellow solid was obtained. It was

filtered, washed with water and dried. The product was

recrystallised .from dilute alcohol as yellow crystals 
omelting at 227 with decomposition*

It is sparingly soluble in hot water and soluble 

in all common organic solvents except benzene and 

dhloroform.

E-values of the compound in methanol and alkali 

solutions in the ultra-violet region of the spectrum are 

presented in table 3*

11*3* Go-salt of substituted malonic acids :
(i) Partition method :

Substituted malonic acid dissolved in ether was 

added to the solution of cobalt acetate dissolved in 

water (ligand: metal:: 1*5 : 1 ). The solution was



stirred at low speed for two hours at low temperature 

and left overnight. The ether layer was separated and 

the precipitates were filtered,washed with water,acetone 

and ether and dried.

(ii) ftcetate method :

The alcoholic solution of substituted malonic 

acid and aqueous solution of cobalt acetate were mixed 
(ligandimetals ; 1.2 : 1 ) and refluxed for about 6 hours. 

They were filtered,washed w ith water,alcohol and ether 

and dried.
(iii) Carbonate method, :

To a dilute solution of tie substituted malonic 
acid in water, cobalt carbonate was added (ligand:metal:s 

1.2 : 1). The solution was boiled for half an hour and 

filtered hot to remove unreacted cobalt carbonate. The 

filtrate was taken in an evaporating dish and concentrated 

on a water bath. The precipitates were filtered,washed 

with water,acetone and ether and dried.

(iv) Hydroxide method :

The aqueous solution of substituted malonic 

acid and suspension of cobalt hydroxide in water were 
mixed (ligand: metal:: 1+2 : 1 ). The resulting solution 

was boiled for half an hour and filtered hot for removing 

uhreacted residue. The filtrate was concentrated in an 

evaporating dish on a water bath. The precipitates were 

filtered,washed with tester,alcohol and ether and dried.

The cobalt hydroxide used was made by adding 

hot solution of sodium hydroxide to a boiling solution



of cobalt sulphate* The precipitates were filtered,washed
out

several times with hot water and used withA drying.

They are slightly soluble in water,alcohol, 

pyridire and dimethyl formamide and insoluble in all 

other common organic solvents. The colour,m*p., analysis 

etc. of these complexes are presented in tables ^ to 8.

S-values of the compounds in methanol in the ultra-violet 

region of the spectrum are presented in tables 9 to 13.

The mass magnetic susceptibilities and diamagnetic 

corrections of these complexes are given in tables 

14- to 18.

II.4. Cu-salts of substituted malonie acids :

(i) Pgrtition method :

Substituted malonie acid dissolved in ether was 

added to the solution of copper acetate dissolved in 

water (ligandimetal:: 1.5 : 1). The solution was stirred 

at low speed for two:’ hours at low temperature and left 

overnight* The ether layer was separated and the 
precipitates were filtered,washed with water,acetone and 

ether and dried.

(ii) Acetate method :

The alcoholic solution of substituted malonie 

acid and aqueous solution of copper acetate were mixed 
(ligand: metal :: 1.2 : 1 ) and refluxed for about six 

hours. They were filtered,washed with water,alcohol and 

ether and dried.

(iii) Carbonate method :

To a dilute solution of substituted malonie acid
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t&m.2
E-Values of th« compounds In methanol in the

ultra-violet region (360-220 nqi)

Wave- B- Value
length ^

(mp.) Go BM (PA) Go BM (CA> Co BM (Hf)

360 6.25 4*63 9.67
352 8.33 4.63 , 9.67
344 10,42 5*55 14.67
336 15.63 6.48 20.66
328 20.83 12.03 26.67

320 36.46 19.45 36.34

312 83*33 35*19 57.99
304 189.5 74.08 85.00
296 333*3 120.3 117.3
288 ¥45.8 159.2 149.4
280 512*5 182.4 188.7
272 518.7 178.7 196.2
264 477.1 175.0 216.0
256 406.2 180.5 237.3
248 307*3 161.1 220.0
240 255.2 151.1 223.4

232 302.1 183.3 306.7



Sable 10 .91

E-values of the compounds in methanol in the ultra­

violet region (360-220 mji)

Wave- 1-value
length

(mji)
Co ClM(Pi) Co C1M(HS) Co C1M(CA) Co C1M(HY)

360
—• ✓

10.97 15.53 5.15 9.00

352 6.10 18.49 5.15 9.00

344 9.76 22.29 5.15 9.00

336 13 A2 26.35 8.82 125:67

328 20.73 35.14 14.71 19.00

320 39.64 58.64 29.42 41.01

312 79.27 98.65 67*66 91.66

30!+ 132.30 158.80 117*70 131.70

296 ' 201.20 231.10 182.40 176.00

288 271.90 310.90 247*80 226.70

280 333.00 375.00 305.90 274.00

272 365.30 . 406.10 332.40 323.30

264 366.50 398.70 322.10 306.00

256 330.60 371.00 272.00 265.10

248 263*40 306.80 213.20 213*30

24-0 235.40 281.00 181.70 185.00

232 359.80 437*80 275*70 260.00



Table 11

Optical density of the compSunds in methanol in the 

ultra-violet region (360-220 mp)

Wave - 
length

Optical density

(mp)
Go GhHCPA) Co ChM(HS) Go GhJKCA) Co ChM(HY)

360 0*017 0,010 0.012 0.023

352 0.020 0.013 0.012 0.023

344 0.025 0.020 0.014 0.023

336 0.037 0.032 0.023 0.024

328 0.062 0.056 O.O38 O.O36

320 0.117 0.102 0.080 0.658

312 0.245 0.220 0.180 0.120

304 0.430 0.402 0.335' 0*225

296 0.590 0.570 0.478 0.320

288 0.718 0.708 0,600 0.402

280 0.749 0,775 0,651 0.447

2?2 0.718 0.740. 0.639 0.432

264 0.622 0,695 0.590 0.395

256 0.520 0,618 0.512 0.340

248 0.395 0,478 0.400 0,260

240 0 *344 0.428 0,329 0.210

232 0,482 0.602 0,418 0.245



Table 12

B-Values of the compounds In methanol in the 

ultra-violet region (360-220 mja)

33

Wave - 3-value
lensth .

(mji)
Co MM(Pil) Co MM(HS) Co MM(C&) Co MH(HY)

360 25.00 11.11 12.79 9.72

352 38.16 20.64 23.13 16.66

344 69.15 45.24 50.00 30.56

336 129.6 100,8 106.3 58.33

328 227.0 203.1 203.2 105.4

320 354.0 347.6 340.0 170.1

312 483.7 498,4 471.9 234.7

304 538.3 569.8 535.7 252.1

296 563.9 610,2 561.3 268.0

288 552.7 593.6 539.4 258.3

280 490.4 514.2 465.7 229.2

272 406.6 396.8 351.3 180.5

264 342.2 295.2 250.0 140.9

256 302,7 223.8 182.5 113.2

248 261.9 174.6 140,6 89.58

240 317.1 212.6 182.5 107,6

232 539.5 403.2 . 346.9 194.5



E-Values of the compounds In methanol in the ultra­
violet region (360-220. mji)

'Wave - E-value
length _____

(mji)
Go NM( PH) Co NH(HS) Co NM(CA) Co NM(HY)

360 64-.18 69.69 78.68 72.01
352 111.5 115.2 135.3 122.0
344 179.0 - 183.3 212.0 196.0

336 253.3 261.3 30155 276.0

328 322.9 333.4- 382.3 354.0

320 369.9 378.7 439.7 412.0

312 383.7 394.7 464.7 432.0

301+ 368.2 378.7 450.1 416.0

296 327.4- 34-4-. 0 411.8 368.1

288 273.6 300.0 349.3 304.0

280 214-.8 250.0 295.6 242.0

272 174.3 206.1 261.7 200.8

264- 153.3 196.2 244.1 179.3

256 164-.2 204,6 264.0 180.8

21+8 178.3 213.6 279.5 198 o0

24-0 212.1 24-4-. 0 328.1 232.O

232 267.5 312.9 426.5 284.1
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in water,copper carbonate was added (ligand:metal*s

1*2 :1 )« The solution was boiled for half an hour and

filtered hot to remove unreacted copper carbonate. The

filtrate was taken in an evaporating dish and concentrated

on a water bath. The precipitat&svwere filtered,washed

with water,acetone and ether and dried.

(iv) Hydroxide method :

The aqueous solution of substituted malonic

acid and suspension of copper hydroxide in water were
mixed (ligand:metal:: 1*2 : 1 ). The resulting solution

was boiled for half an hour and filtered hot for removing

unreacted residue. The filtrate was concentrated in an

evaporatirg dish on a, water bath. The precipitates were

filtered,washed with water,alcohol and ether and dried.

The copper hydroxide used was made by adding

cold solution of sodium hydroxide to a cold solution of
"lr

copper sulphate. The precipitates were filtered,washed 

setrbral times with cold water and used without dryirg* 

Besides the issual blue coloured products, 

green coloured products were obtained in a few cases.

They are slightly soluble in water, alcohol 

and dimethyl formamide and insoluble in all other 

common organic solvents (Brass green coloured salts are 

also insoluble in water).

The colour,m.p.,analysis etc. of these 

complexes are presented in tables 19 to 23. 3-values of 

the compounds in methanol in the ultra-violet region of
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106
the spectrum are presented in tables 2k to 26* The mass 

magnetic susceptibilities and diamagnetic corrections 

of these complexes are given in tables 27 to 31*

MT_sa.lts, pf substituted malonic acids : 

Attempts to prepare salts of nickel by- 

partition or acetate method were unsuccessful*
(i) Carbonate method :

To a dilute solution of substituted malonic 

acid in water,nickel carbonate was added (ligand,: metal:: 

1.2 : 1 ). The solution was boiled for half an hour and 

filtered hot to remove unreacted nickel carbonate. The 

filtrate was taken in an evaporating dish and concentrated 

on a water bath. The precipitates were filtered,washed 

with water,acetone and ether and dried.

(ii) Hydroxide method :

The aqueous solution of substituted malonic 

acid and suspension of nickel hydroxide in water were 
mixed (ligand :metal:: 1*2 :1 ). The.resulting solution 

was boiled for half an hour and filtered hot for removing 

unreacted residue. The filtrate was concentrated in an 

evaporating dish on a water bath. The precipitates were 

filtered,washed with water,alcohol and ether and driedd 

The nickel hydroxide used was made by adding 

hoi; solution of sodium hydroxide to a boiling solution 

of nickel sulphate. The precipitates were filtered, 

washed several times with hot water and used without 

drying*



Table 2V 107

E-Values of the compounds in methanol in the 

ultra-violet region (360-220 mp)

Wave -length 
(fflji)

S-value

Gu BJKCA) Cu BM(HV)
( Blue ) - ( Blue )

360 3*^1 3.20

352 4.92 3.90

344 6.06 4.96

336 8.71 5.67

328 13*63 9.57

320 16*66 12.76

312 25.00 19.51

304 38.64 30.50

296 55*31 48.22

288 78.41 73.07

280 109.8 105.0

272 152.3 152.5

264 207.6 201.8

256 246.9 236.9

248 242.4 236.9

240 234.5 223.5

232 246.2 227.0



Z&Jf^SS
E-Values of the compounds in methanol in the 

ultra-violet region (360-220 ap)

Wave­
length

(1151)

E-Value

Cu CIM(PA) Cu C1MCHS) Cu C1M(CA> Cu ClMCHf)

360 3*33 9.48 7.00 6.25
352 3*33 11.20 13.00 6.25.
344 3*33 11.20 15.00 8.75
336 13*33 20.68 19.00 10.80
328 28.00 28.44 32.00 16.88
320 58.66 49.14 60.00 31.25

312 120.00 84.47 107.00 54.38
193*3 137.9 172.0 87.50

296 283*3 193.9 245.0 131.2
288 385.3 256.8 320.0 179.4
280 4-59*9 314.7 380.0 225.0

272 4-92.6 349.1 411.0 261.3
264 479*3 356.9 410.0 272.6
256 411.3 334.4 371.0 261.3
248 341.4 288*7 308.0 234.4
240 314.7 277.6 288.0 210.6

232 439.9 372.4 410.0 243.8



Table 26

E-Values of the compounds in methanol in the 

ultra-violet region (360 - 220 mp.)

B- Value

Cu KMC PH) Cu NM(BS) Gu !\TM(HS) Cu NM(Ci) Cu NM(HY) 
(Green) (Blue)

Wave­
length

(mji)

360

3502

344

336

328

320

312

304

296

288

280

272

264

256

248

240

232

45.00

84.37

145*6

234.4

330.0

412.5 

467*6

482.5

457.5

412.5

364.4 ■

314.5

288.1

286.3

288.7

308.1

356.3

43.05

76.38

135.4 

216.6

311.1 

381,9

429.1

459.7

461.7

438.8

424.2

406.9

408.3

404.1

388.9

396.5

465.2

49.99

79.86

138.9

216.6

298.6

375.0

436.1

454.7

447.9

424.2

388.2
376.3

381.9

409.8

401.4

430.5

555.5

49.99

84.72

147.9

231.2

319.5

401.4

450.0

472.2

450.6

409.8 ,

364.6

322.9

306.9

313.8

315.3

340.4

409.8

50.00

95.00

170.0

272.0

385.0

482.0

548.0

560.0

533.0

478.0

416.0

360.0
323.0

316.0
324.0

339.0

370.0
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They are slightly soluble in water,alcohol 

and dimethyl formamide and insoluble in all other 

common organic solvents.

The colour,m.p., analysis etc. of these 
complexes are presented in tables 32 and 33.Optical densities 

of the compounds in methanol in the ultra-vio&et region 

of the spectrum are presented in tables 3*+ and 35* The 

mass magnetic susceptibilities and diamagnetic 

corrections of these complexes are given.in tables 

36 and 37.

II.6. Zn-salts of pubgtj.tu.tgd mglpnlc gelffff :

Partition method :

Substituted malonic acid dissolved in ether was 

added to the solution of zinc acetate dissolved in water 
(ligand :metal:s 1.5*1). The solution was stirred at low 

speed for two hours at low temperature and left overnight.

The etherial layer was separated and the precipitates 

were filtered,washed with water,acetone and ether and 

dried.

They are slightly soluble in dimethyl formamide 

and pyridine, iinsoluble in water and all other common 
organic solvents (Zn NM is sparingly soluble in water).

The colour,m.p.,analysis etc. of these 

complexes are presented in t'abl® 38.

II.7* Mn-salts of substituted malonic adds s 

Partition method :

115

Substituted malonic acid dissolved in ether was
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HR

Table 34

Optical density of the compounds in methanol in 

the ultra-violet region (36O- 220 mp)

Wave - 
length

(mp.)

Optical density

Ni BMC HZ) Ni C-lMCd) Ni C1MCHY) Ni OhM(HY) Ni GhM(CA)

360 0.014- 0.029 0.007 0.014 0.007

352 0.015 0.033 0.007 0.017 0.010

344 • 0.020 0.036 0.007 0.020 0.014

336 0.030 0.04:3 0.007 0.028 0.018

328 0.04-3 0.056 0.014 - 0.043 0.027

. 320 0.062 0.085 O.O38 0.090 0.040

312 0.104- 0.155 0.100 0.210 0.070

304 0,204- 0.24-0 0.185 0.390 0.127

296 0.320 0.34-5 0.300 0.560 0.175

288 0.4-32 0.4-55 0.420 0.705 0.225

280 0.4-98 0.548 0.520 0.788 0.251

272 0.507 0.580 0.569 0.790 0.268

264- 0,520 0.565 0.555 0.805 O.3O6

256 0.560 0.530 O.505 0.800 0.334

24-8 ' 0.530 0.450 0.418 0.660 0.292

24-0 0.518 0.4-40 O.349 0.590 0.284

232 , 0.64-5 0,680 0.490 0.735



IiMt-38. lAw
Optical density of the compounds In methanol In the 
ultra-violet region (360-220 ap)

Wave­
length

(ngi)

Optical density

Hi MM(CA) ni m(m) Ni NMCCA) Ni NMCHf)

360 0,026 0.025 0.082 0.115

352 0,038 0.040 0.134 0.205

3*»4 0,072 0.075 0.212 0.340

336 0,132 0.140 0.305 0.495

328 0.248 0.270 0.395 0.635

320 0.395 0.435 0.455 0.740

312 0.551 0.595 0.478 0.782

304 0.625 .0.68© 0.460 0.7W

296 0.669 0.782 0.419 0.660
288 0.682 0.850 0.356 0.545

280 0.622 0.810 0.300 0.428

272 0.511 0.702 0.256 0.342

264 0.418 0.532 0.235 0.290

256 0.350 0.412 0,244 0.302

2k& 0.302 0.317 0.260 0.331

240 0.357 0.370 0.304 0.387

232 0.595 0.618 0.390 0.478



W
liH

'

D
ia

m
ag

ne
tic

 co
rr

ec
tio

ns
 

(p
er

 Ni
-a

to
m

)
X

x 1
06

<»

06 
-

H
CO
H

1

ITS
UN
H

1

j£

H
1

CO
00

1

*
Q> - <*■*
a «® oE-( v -

0
•UN

fn

Os
•

H
OO

Os
•O

00

H
•

UN
m

IN
•

■4r
m

o&

«rt H 
•PH
STf

■ ’ B,Q
M<Pl
OJP O
S A H
sl *

*e #

CVJ
«±

a

s

•H
H

Os
Os
•

H

Cs.
UN

•
en
H

UN
OS

•
0
CM

C
om

pl
ex

- #*-*

>««* -
s
m
sjS5

Q
0

s:
H
O
ti

S3
H -
a

s|$5

.

X
: A ~

O
0

<$
a
x—*

s: A
O
sjis

£
•

H
•

CM
•

rO
•Jr

•UN

jS
M

U
as

&
jg

,.g
W

»3
tlM

.U
$L

a&
j^

..Ia
3-

gi
>.t

e,
 ag

|3



?a
bl

e3
7

3N
O

*9
C
O
h
P

©
*«
u
0
0 **** s 
0 0
H P 
P ©
8 ;H 
«}S5

S ti
h S.
Q w

<o
0
H
K
H

sO
O
H

a

OS
H
H

1

O
CM
eg

1
1

1

•
g.
s
©

IN

H
«irs

no

ON
•

-±
oO

Os
•

fO
no

Os
•

<0
no

s
0+3 

*H *H 
PH 
® «HC.Q
M«H
«JP
a p< © 
» 0 
© ©
48

'A
O
H

, KK

JT
9

a
O
sO

•
sO
H

0
c*.
•

Os

U\
O
•

a

g

a

a0
«

Q
£»

g '
g*

' /"H&

g*

Q
0

M&5

2#iS

s

ft
♦

H
•CM •

no •

^^
e.

tlg
.^

G
ei

jti
bl

ll^
y^

f.p
*c

 E
ftl

.ja
M

JL
gX

. $
a^

±^
t&

$J
®

a&
m

lS
.a

9.
H



•ts
9•B n3

N o'

©** *4 21
.7

7

20
.0

6

OK#o
CM

.CO
H

A
na

ly
si

s

•*c$O o'
©tt:

ITS 
- ON •ON

CO

CM00
.\0co

tr\CM
*CM

J*

NO00
.COCO

*dB B 
n a o

rH
rH

•t-lCM

1TN0- .ON
1- t

ON
o

*o
CM

3
.00

rl
'S

O B
P

»HrH
•

ON
NO

•Cv.co

CMCO
i

CM00
.COcO

Fo
rm

ul
a

•S

WN•NO
o

N"#W*
o

,O ,

u
ZT0

906Hot
£> (P) ^62

g
1ft
•sOo
H .

w
h ;

o

BtS3
O'

O

■h ,W?1 ‘S3?o
w rO

'
(X, o

• O

o
o1 co
A

o
o
ro

A

O
o
CO

A

C
ol

ou
r

©+5
«H

©•p
iH

©•P
•H

S*

® iH 
rH rH

t*
.§

•p*

~

BO
•H
•P
■H

a!

B
O

«H

a■£

BO
•H
■P
•P

' JP0<

, B 
o•H

■P

t

&

8
i—i
p.
s5

-

< - cu

Sm
BN

' o■saj
a,
'w'
s
rH
C3
B
N3

£3 - ft*

i
£

30<

BN
•oss #

rH
.

CM
♦

ro •J*

Zi
nc

 _s
al

ts
^o

f su
bs

tit
ut

ed
 ma

lo
ni

c a
c 

Id



«

added to the solution, of manganese acetate dissolved in 

water (ligand smetal:: 1*5:1)* The solution was stirred 

at low speed for two hours at low temperature and left 

overnight* The etherial layer was separated and the 

precipitates were filtered,washed with water,acetone 

and ether and dried.

They are slightly soluble in water,alcohol, 

pyridine and dimethyl formamide and insoluble in all 

other common orl'knic solvents*

The colour,m»p., analysis etc. of these 

complexes are presented in table 39. E-values of the 

compounds in methanol in the ultra-violet region of the 

spectrum are presented in table *+0. The mass magnetic 

susceptibilities and diamagnetic corrections of these 

complexes are given in table 41*

123

(a) K-Co-sftlts of substituted malonic addjs 

To a solution of the substituted malonic acid 
(3 g*) in water (100 ml.), potassium carbonate (0.915 g*) 

was added slowly,followed by cobalt carbonate(0.786 g*) 

with heating and stirring. The mixture was boiled for 

half an hour and filtered hot for removing unreacted 

residue. The filtrate was concentrated in an evaporating 

dish on a water bath. The mother liquor was decanted off 

and the crystalline mass was carefully washed with water, 

acetone and ether and dried. Further crops were recovered
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Table, 40

B-Val'ues of the compounds in methanol in the 

ultra-violet region (36O- 220 np)

Wave- S- Value
length _____ _____________________ ______________________________

(op) Mn EM(PA) Mn C1M(PJL) Mn ChMCPJL) Ifa MM(PH) m NM(P&)

360 0.00 2.10 0,0000 ' 1.1181 156.3

352 0.00 2.10 • 0.00 1.81 229.2

344 0.00 2,10 , 0.00 5*44 302.1

336 0.00 6.17 0.00 22,75 369.8

328 0.00 8.23 0.00 67.94 411.4

320 0.00 15.43 0.84 185.7 429.1

312 o.oo‘ 47.32 48.14 380.4 397.9

304 69*21 90.51 249.1 507.2 348.9

296 245*1 164.5 401.2 596*0 285.4

288 418.2 272.6 565.8 647 *6 211.4

280 567.2 376.4 669.7 593.2 151.0

272 599.9 437.1 643.6 466.5 H3.5

264 528.8 423.7 511.0 303.4 111.4

256 392.2 356.9 356.3 176.6 138.6

248 254.8 272.6 228.0 99.63 176.0

240 158.6 211.8 152.0 86.04 213.5

232 129.8 303.4 164.6 194.7 245.8
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from the mother li*quor. It was re crystallised from 127 
dilute alcohol.

They are soluble in.water and alcohol and 

insoluble in all other common organic solvents.

The colour,m.p., analysis etc. of these 

compounds are presented in table if2. I-values of the 

compounds in water in the ultra-violet region of the 

spectrum are presented in table if3. The mass magnetic 

susceptibilities and diamagnetic corrections of these 

compounds are given in table M+. Electrical 

• :• -tesfsttt/vvcifcs.-, of the compounds in water are presented 

in table if5*

(b) K-Cu-salts of substituted nalonic acids :

To a solution of substituted malonic acid 
(3 g*) in water (100 ml.), potassium carbonate (0.915 g*) 

was added sldwly,foliowed by copper carbonate (0.819 g.) 

with heating and stirring. The mixture was boiled for 

half an hour and filtered hot for removing unreacted 

residue. The filtrate was concentrated in an evaporating 

dish on a water bath. The mother liquor was decanted off 

and the crystalline mass was carefully washed with water 

acetone and ether and dried. It was recrystallised from 

dilute alcohol.

In the preparation of KCu ChM two products 

were obtained. One is coloured grass green and the other 
one blue. The blue «Se on boiling with water for about

10 mimtes,chafed into grass green one.
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T-gble 43

El-Values of the compounds in w3»5t*A.; in the 

ultra-violet region (360- 220 mjx)

Wave­
length '___________

(mpt) KCo BM KCo C1M

S- value

KCo ChM KCo MM KCo NM

5.21 2.23360 4.81

352 4.81

34-4 4.81

336 5.77

328 5.77

320 5.77

312 19.23

304 96 a6

296 283.6

288 471.2

280 623.2

272 658.8

264 586.5

256 452.0

25+8 317.4

t40 223.I

232 199.1

2im 384.7

5.21 2.23

5.21 2.23

6.94 2.23

8.68 2.23

15.63 .5.58

53.81 50.21

104.2 234.3

I82.3 373.8

299.4 524.4

401.0 622.6

464.4 597.0

444.4 474.2

377.6 329.2

286.4 217.6

219.6 156.3

308,1 161.4

468.7 -

3.26 164.3

3.26 236.3

5.86 316.4

17.58 384.5

58.59 432.6

175.8 450.2

371.1 432.6

494.8 384.5

559.9 324.5

598.9 256.4

536.9 196.3

416.9 161.8

263-7 161.8

146.5 189.9

76.83 228.3

63.8 272,4

162.8 308.4

314.1



C
O ■—

ii 
r'

■ a

o
•H
+3
o
©
Jh
JU
O
©'-'

E 
o o
■H 4-3 
■p td ^ 
ffi l O
£3 O *-»
bo«L3
c6 1 X
e u .,
ctJ © K

•H &
P^1

- ov
V\
a

i

rn
Q\
CM

1

OJ
O-
CJ

1

CM
Ov
CM

1

rH
Ov
CM

1

g ■ ~
© O

Eh O
>««✓

o
*

m

m
*f-t

fO

00
*

OV
CVJ

Ov
•

CSV
CM

CM
*

r-t
ro

O +1 
•H *H
4-3 »—1 
© *H 
fi.Q

vO
tf-P O
s a h 

©
»© X 
ra ©

ft

o
*

O
CM

CVJ
ro

•
CM
CVJ

Irv
O
•Xrv

cvj

CO
H

*
r-iCM

J"
vO

•
iH
CM

ffl
1—1

i a
E
o

13

S3
CQ

«5

S
H
O

§
5
6 tB

X!

S
JS
o
o

«!§
*ri #CM *rO •J- •ITS

Ta
bl

e 44
M

ag
ne

tic
 su

sc
ep

tib
ili

ty
 of

 c.
oi

n|
ii<

y^
al

ts
 of 

su
bs

tit
ut

ed
 ma

lo
ni

o a
ci

d w
ith

 po
ta

ss
iu

m
 an

d c
ob

al
t.



!a
&

l §J
fc

5
E

le
ct

ri
ca

l re
sis

ta
nc

e of
 th

e co
m

pl
ex

 sa
lts

 in 
so

lu
tio

n

131

©

aos
■P
01

•H
W
©

PS

4-
1

O
rM

M

0)

o 
'_'

UN
H
no

•
o

ir\
\D
-dr

*

o

UN
no
-±

*
O

UN
O-
no

•
O

UN

5• i

O

C
on

ce
nt

ra
tio

n

H
^5

vO
00
C\J
•

o

CM

CM
»

o

o
J*
CM
•

O

CO
ic\
CM

«
o

CM
CM
CM

«
O

C
om

pl
ex

k*-l1 *c£«PQ

O

: 3

S
f—t
o

aw
so
8

Pm

a
a

8 o
o
M

£ •
rH

0
CM •

ro
» •UN



132
They are soluble in water, alcohol and dimethyl 

formajnide and 'insoluble in all other common organic 

solvents*
The colour,m*p*,analysis etc. of these 

compounds are presented in table 46. B-values of the 

compounds in water in the ultra-violet region of the 
spectrum are presented in table 47 • The mass magnetic 

susceptibilities and diamagnetic corrections of these 
compounds are given in table 48* Electrical z

of the compounds in water are presented in table 49.

(c) K-Ni-salts olf substituted m^lonic addp :

To a solution of the substituted malonic acid 
(3 g*) in water (100 ml.), potassium carbonate (0,915 g.) 

was added slowly, followed by nickel carbonate (0.786 g.) with 

heating and stirring. The mixture was boiled for half an 
hour, and filtered hot for removing unreacted residue.
The filtrate was concentrated in an evaporating dish on 

a water bath. The mother liquor was decanted off and the
crystalline mass was carefully washed with water,acetone

(

and ether and dried. Further crop's were recovered from 
the mother liquor. It was recrystallised from dilute 

alcohol.
They are soluble in water and alcohol and 

insoluble in all other common organic solvents*
The colour,m.p., analysis etc* of these 

compounds are presented in table 50. E-values of the 
compounds in water in the ultra-violet region of the
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Tatila 47

E-Values of the compounds in water in the ultra­

violet region (360-220 mp)

Wave- E-value
length . ______________ ______

(mp)
KCu BM X KDu C1M KCu ChM KCu NM

360 2.31 0.00 4.87 163.0

352 2.31 0.00 6.49 240.0

344 2.31 0.00 7.52 317.0

336 4.63 2.27 10.04 382.1

328 9.26 7.79 17.94 434.6

320 19.29 20.78 38.15 456.3

312 42 .44 54.45 95.76 439.1

304 121.2 ,103.9 275.9 398.5

296 273.9 175.3 409.9 344.2

288 424.4 266.2 551.8 276.2

280 540.1 350.5 626.5 217.3

272 ' 559.4 . 396.1 600,5 181.1

264 497.7 383*1 487.0 181,1

256 389.6 321.4 353.0 206.5

248 281.6 253.2 247.5 244.4

240 208.4 211.0 190.7 285.2

232 196.7 293.8 215,0 321.5

224 351.1 422.0 355.5 327.8

ko
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spectrum are presented in Table Jl. The mass magnetic 

susceptibilities aid diamagnetic corrections of these 

compounds are given in Table 52. Electrical resistances 

of the compounds in aqueous solution are presented in 

Table 53• Further the electrical resistance of KUi KM 

in aqueous solution is studied at different dilutions 

as shown in table 5^*
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Ta&be ^1

B-Values of the compounds in water in the 

ultra-violet region ( 360-220 mji)

Wave- 1- value
length ’_________ ' __,

Cmp.)
KNi BM ' KNi C1M KNi ChM KNi MM KNi NM

360 2 • 12 0,00 0.00 0.00 133.2

352 2.12 0.00 0,00 0,00 197.5

3VV 2.12 0.00 0.00 7.9V 261.9

336 ' 2.12 3.55 0.00 21.15 317.1

328 2.12 5.32 1.6V 66. V3 358.V

320 V.2V 10,6 V 8.22 198. V 373.1

312 10.59 39.88 53* vv V16.6 358.V

30V 95*32 79.77 230.2 568.3 323.V

296 2 59.5 150.7 370.0 666.5 ‘ 271.1

288 V39.5 2V9.V 509.8 72V.7 216.0

280 569.9 3V1.3 590.3 670.5 172.8

272 599.5 39V. 5 565.7 535.7 1VV.3

26V 527. V 382,9 V52.8 370.3 1V3.3

256 V01.6 323.5 320,7 22V .8 165.V

2V8 275.V 2V5.6 213.8 1V2.9 195.7

2 VO 180.1 186 • 1 1V8.0 129.6 . 230.7

232 150.V 257.8 160.3 ■ 257.8 266.5

2$m 398.8 273.0
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m. i. WumM * i

The ligands selected for the present investi­

gations vrere bensylidene malonic acid and its derivatives 

having substituents on the phenyl ring* They are 

represented as (I)

(I)

R = 

a = H 

b = o-Cl 

c = p-Cl 

d — p-OCHj 

e = p-H02

They are related to other substituted malonic
acids (II and III) and p~diketoi©s(IV-i) and their 

triketor©-type derivatives (I?-11)

co2h
Uh

io2K

(ID 
R =
a = alkyl d = NH2

b = aryl 
c = HO a

e = NO



<jS02H 
R2 = G

co2h
(III)

144

&2 =
a = (alkyl)2 
b = (aryl)2 

c = alkyl?aryl 
d = CH2

|0R

(IY)

R R*

a = Mb Ms
b = Ph Ph

e = Ms Ph
d s Me ost
e = Eh ost
f = Mb NHPh
g - Hi NHPh

X =
(i) Kz
(ii) NOH



The acids are soluble in water, alcohol, 145
acetone etc* but insoluble in benzene,chloroform,

256 25?
petroleum ether etc® The ionisation constants
of the acid (la) in water are 

Kx = *f.08 x 10 3 

Kz = 3.15 x 10 6

258
The corresponding values for malonic add

are

Kx = 1*41 x 10 3 

K2 = 2.08 x 10 6

Ammonium,silver and barium salts of the acid(r-a) 
259

are known. The acid is also known to decompose on 

heating into cinnamic acid. Hence the preparation of 

salts was carried out at room temperature and whenever 

heating was required it was done in solution on water 

bath.

-X- -X- -X-

The ultra-violet absorption spectra of the 

acids in alcoholic and alkali solutions are presented 

in figures 1,2 and 3 and the wavelengths for maximum 

absorption (A max) and their corresponding E-values are 

presented in table 56.
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The absorption band of the unsubstituted acid 

in alcoholic solution is at 280 mp . It is considered to 

be a conjugation band cI-T band )* Since the 

absorption band of styrene is at 2*+8 flip (in alcoholic 

solution), the conjugation is considered to be extended 

through the molecule. The value of the band is 

intermediate between those for cinnamaldehyde (289 

and trans-cinnamic add (273 mp) • Thus the extension 

of conjugation caused by two carboxylic groups in a 

crossed manner along the conjugated system is even less 

than that caused by a carbonyl group and may be 

attributed to the steric effect.

The substituents on the phenyl ring cause a 

well marked shift in the absorption bard. Thus in the 

alcoholic solutions, the ortho substituent causes a 

blue shift whereas the para substituent causes a red 

shift. The red shift in alcoholic solution is increasing 

in order

H < p-chloro < p-nitro < p-methoxy

15

Similar red shifts of the absorption band are 

also observed in the spectra of para-substituted 

derivatives in alkali solution. However, the red shift 

increases in order

H < p-chloro < p-methoxy < p-nitro 

All these substituents contain lone pair of 

electrons on the substituent atom linked to the ring 

and heme can effectively increase the length of



conjugation, when placed at the para positi

leading to a red-shift of ithe band.

The shift attributed to hetero

may be related to their electrostatic and resonance
26®effects. Thus the electronegativity of these atoms 

increases in order

Cl-wN < 0
26 0

and the resonance parameter (k) of these atoms in- 

combination with carbon atoms increases in order

c-ci < c - n- o

The shift is greater for the nifcro derivative

than for the methoxy derivative in alkali solution. It

may be due to increased resonance stabilisation of the

nitro compound in alkali solution.
_ 261
Bassi,Beulofeu and Ortega observed that in tKt 

case of the spectra of

R - CH

C.0 c-

V
substituent R shifts the absorption band of the 

unsubstituted molecule. The shift increases in order

H < nitro < methoxy

They suggested that groups such as nitro and 

methoxy with high toesomeric effect, when placed at the



para position wi^ere this effect can work through the 

conjugated system, would have the highest shift.

152

-X- -X- -X-

Absorption spectra are useful in studying the 

distortion of the molecule from planarity. Thus, inth.e

case of biphenyl derivatives, the replacement of
» »

some or all of the hydrogen atoms at 2,2,6,6 positions 

in biphenyl by other atoms or groups increases greatly 

the steric interference. It results in the hypsochromic 

and hypochromic shifts of the absorption band of 

biphenyl as shewn below for methyl substituent. The 

shift can be related to the twist angle % of the 

eo-annular bond in the biphenyls, and quantitative 

Calculations can be made by HMO method.

Biphenyl Am ax (mju) £-max

unsubstituted 2kS 16600

2-methyl 235 10500

2,6-dimethyl 231 (sh) 5600
>2,2-dimethyl 227 (sh) 6800

2,2-dichloro 230 (sh) 6600

Similarly in the case of styrene derivatives

introduction of substituents at the ortho,alpha and cis 

beta positions in the styrene molecule causes steric 

interference. It is reflected in the hypsochromic and 

hypochromic effect of the absorption band of styrene as 

shown below for methyl substituent. The shift is



related to the twist angle 8 of the essential single 

bond. The angle 8, calculated by HMO method, is 

also presented below.

153

Styrene ^max imp.) £-max 08
unsubstituted 24-8 14-600 0

ofp-dimethyl 251 30.7

o,o-dimethyl 238 54-

a-methyl 24-1 ® o 114-00 33
cis-p -methyl ¥- o • o\ 13800 35

a-p-dimethyl 244 8700 31*5

The acid (X~a) used in the present 

investigation can be considered to be a M -dicarboxylic 

acid derivative Of styrene. Hence calculations are made 

tSr the steric effect of these substituents and the 

resultant distortion of the molecule from planarity is 

evaluated.

The hypsochromic shift of the band is used to 
calculate the twist angle 8 of 1,1* bond as follows s

In a linear conjugated system, steric hindrance 

to the planarity of the system is considered^ to a first 

approximation, to be releived only by the twist of the 

essential single bond-or bonds. In general, twist of a



bond does not affect the cr -bond energy. Since an 

essential single bond has a relatively low TT -bond 

order, the decrease in the delocalisation energy of 

"IT-electrons caused by the twist of such a bond will 

be relatively small* Furthermore, in most cases it is 

expected that twist of such a bond will rapidly reduce 

the steric repulsion between atoms not directly bonded 

together*

The observed absorption band may be considered 

to be due to the one-electron transition from the 
highest occupied IT M3 to the lowest vacant ¥ MO, Hence 

the wave number at the absorption maximum of the band 

should correspond to the energy difference between the 
two IT Mo’s ( *#v<and ) or two electronic states 

calculated with the most probable or equilibrium 
nuclear configurations in the ground electronic state. 

Similarly the observed intensity of each band can be 

related to the oscillator strength calculated with 

ground state equilibrium nuclear configuration.

The resonance parameter k for a twisted bond 

can be related to the angle of twist 0 . Hence if the 

position of this band of related systems can be correlated 

well with the MD calculations, the position of the bands 

can be related to the angle of twist by calculating 
IT MO s and their energies as functions of the parameter 

k for the twisted bond*
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Adopting Whelandi

write that

264 .
assumptions, one nan

kij ” Sij / S

where k^ and are the resonance parameter and

overlap integral for the i-j double band of the length 

and S is the standard TT-IT overlap integral for 

the standard G-C bond in the benzene.

Using Kulliken s values for the If" If 
overlap integrals for Cf*G bond at various interatomic 

distances , one can obtain values as shown below.

O°13 k. 4ij

1.39 0.249 1.000
1.48 0.214 0.858

1.50 0.206 0.827

1.54 0.192 0.771

When the overlap integral Sj, ^ between two 

p orbitals of C-atoms with interatomic distance Ry 

and the angle of twist ©jj is expressed as S (R,0), 

we can write, as follows :

S(R,§) = S(R,0 ) co$©0

Similarly
k (R,§) = k (R,0°) cos©

= k (a90,o ) 80s©
+ [k(Ro,0°) -k(R9o,0°) J cos2®



156- k(Bo,0 )cos^-[k(R 9o?0 )-k(R9o,0 J 

X COS® (l-COS®)

R0 and R9o are the lengths of the bond C-C! 
o owhen 9 = 0 and when % =90 respectively. If R0 and R9o

o oare assumed to be 1,48 A and 1»5V A respectively, we 

find that
(a) R = R9Q—iR9o—R0) cos®

- = 1.5V A -(1,5V A-1.V8 A)cos®
.0 o

“ 1.5V A-0,06 A cos®'

(b) k (R9o,0°) = 0,771 ,,■

(c) k (R0,0 )—k.(R9g,0 ) = 1.VV6 (R9q*-Rq)

— 1.VV6 (0.06)

= 0,0867

and
(d) k (R,®) a 0,771 cosS + 0,0867 cos ®

= 0.858 cos® -0,0867 cos®(l-cos@)

The skeleton of the styrene T -system is 
illustrated below s

X

3



The plans of the ethylenic bond has been taken
* 1as the XI plane and the direction of the 1-1 bond as

the direction of the I-axis.

In application of the simple ICAO HD method to

this'system, the following assumptions are made*

, » »The length of the ethylenic bond (1-2 bond)
. ois 1.34 A and a value of 1.08 is ussd for the resonance

parameter k for this bond. The length of the essential
♦ 0

single bond (1-1 bond) is 1.48 A, the interplanar angle
o© between the benzene ring and the ethylenic bond is 0,

9
•and the value of the resonance parameter k for 1-1 bond 

is 0.858®

The resonance parameter k for a twisted bond is 

related to the angle of twist 8 and bond length R by the 

following equation i

k (R,8) = 0.858 cos© - O.C867 cos©(l-cos©)

The value of the second term is relatively 

small and is neglected as a rough approximation. Hence

k (R,©) = 0.858 cos-8

The band at 248 mp. as mentioned earlier, is

due to the one electron transition from 1 to *f-l®
263 AThe calculated values of the energy of transition ZsiS

*
as^function of the parameter k for 1-1 bond are 

presented below :
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k 0.858 0*700 0.500 0.300 0.100 0.0
0(deg) 0 33*9 52.6 68.1 82.7 90

R( A) 1.480 1.490 1.504 1.518 1.532 1*540

AM-a) 1.474 1.568 1.697 1.834 1.967 2.000

As a first approximation, Ct+1 can be

considered as .arising from a mixture of ^>+1 of benzene
and ^+1 of ethylene and fy-I can be considered as

arising from a mixture of ^-1 of benzene and ip-1 of
oethylene.VJhen the interplanar angle 0 becomes 90 ,

ty+1 and ^f-1 of styrene reduce to <p+l and ^-1 of

benzene respectively, and the styrene band reduces

to the benzene p-band*

The twist angle 0 for benzyl!dene malonic

acid can be estimated as follows ;

The transition energy AS calculated for the
. oplanar conformation of the add (0=0 ) is denoted by

AS and the corresponding wave number V is denoted 
s

by and wave length by As.

The bathochromic effect of p- carboxylic group 

is assumed to be approximately equivalent in trans and 

cis positions. Its magnitude is found to be 25 mp and 
allowance for it is to be made for cis position in 

correcting As.

The value of AS for k = 0 is denoted by 
and the corresponding wave number by Vl and wave length



by Al. Al for benzene is taken as 203.3 mji. Hence 

the value of AS corresponding to the observed value of 

\J of compound can be calculated by the use of the 

following relation :

AE = AEt - (AEl - AE.g ) (Vl -V )

r^TTO
From the value of AE, the corresponding value 

of k and hence the values of & and R are obtained and 

are presented below ;

153

•Styrene A
(nil) Asvi»H)

Al
Caji)

Sis

(_|)
k 6

(•)
R

<*A)

unsubstituted 248 - 1.474 0.858 0 1.480

trans jl C02H 273 - - - -

p,p(C02H)2 280 298 208.3 1.01 0.73 30 1.489

Additional steric interference will be caused 

by the introduction of an ortho substituent (chlorine) 

on the phenyl ring. Calculations can be made as suggested 

above, assuming the. bathochromic shift due to chlorine 

in the o- or p-position to be about 4- mp. The results 

for o-chloro derivative will be obtained as follows :



•Styrene A As Al AE k 8 R' 
l-f) (°dg) (°A)

unsubstituted 248 — 1 .474 0.858 • 0 1,480

o-chloro, 272 302 212.3 1.611 0,635 4o 1.494

p,jJ(C0aH)2

- 3E - -X- -X-

III*2$ Salts of benzyl! dene rnalonie, acids :

The above acids have been investigated for 

their ability to form salts with different metals, 

under different conditions. For that purpose four 

different methods have been studied with three metal 

ions. The methods adopted were (a)partition method 

(b)solution method (c) carbonate suspension method and 

(d)hydroxide suspension method. The adds would usually 

be expected to give normal salts as represented by 

equation (i)

M + H2L-------»(ML) + 2H.............«..(i)

Such products would be obtained if the ion 

displacement can be complete, as expected in the solution 

or partition method. Different products i<rould be formed 

by the partial ion displacement $ basic or mixed ligand 

products would be obtained in such cases as in equation(ii)

(X+l) ffi03 + H2L------Ki€.03)x ML + H20 + C02.............,(iia)
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(M) M(OH) 2 + H2I----- >[K(0H)2]x HI + 2H20..................(llb)

(X+l) 1©2 + HjL--------J ML + 2HR............................................. (Uo)

s

The formation of the basic profits t may be 

co-precipitation or may involve complex formation and

will be dependent on the nature of the metal and the 

ligand.

Besides, the salts may contain additional 

acid as shown in (iii)

ML + h2L > Ha(ML2).............(iiia)

Z 1€L 4 e2L >i-I2l (ML) ...................(iiib)

The formation of such products will depend 

primarily on the nature of the metal for the same ligand 

while using different methods. *

Studies on the formation of the cobalt,copper 

and nickel salts by the above methods and their properties 

are presented first, in the following pages.

III» 3 * Sob alt (II) spit s of benzylidene malonic qc ids •

Cobalt salts of benzylidene malonic acid and

its derivatives (I) were prepared by four different

methods : (a) partition method (b) solution method (c)

carbonate method and Cd) hydroxide method. The analysis

of the products is given in tables 4 to 8.
vJq find that the salts prepared by the

Partition method are quite similar and may be represented



on the basis of analysis, as (V)
162

Co (H20)n

(V)

R =

a = %
b = o-ClC^Hi*- 

e = p-ClC^H^,- 

d - p-CH30C6H^-

s = p-ilOgC^H^-

where the value of n depends on the ligand used.

The products obtained by the solution method 

are also quite similar and can be represented by (?) $ 

however, the amount of the product obtained is less than 

that of the product in the partition method. Hence the 

partition method would be preferable to the solution 

method for the preparation of these salts.

■ The products obtained by the hydroxide method 

are all basic except in the case of the salt of the 

o-chloro derivative and may be represented as (VI) •



C'o(OH) 2
ffi

(H20)
n

163

(VI)

R = !

a = C^Hjj- 

b = p-CIC^- 

c = p-CH3CC6H^- 

d. “ P—SO2C •-

where the values of x,n and m depend on the nature of 

the ligand. The salt obtained with o-chloro derivative 

can be represented by (V).

The products obtained by the carbonate method 

can be represented by '(V) except in the case of the salt 

of benzylidene malonic add which is represented as (VII),

(GoC03)3 CHjO)13

2

(VII)

It may be possible that the"basicw salts may 

contain cobalt hydroxide or cobalt carbonate in the



adsorbed or occluded form. This possibility is 

excluded on the basis of the observations that only

m

a sir|»le spot wa$ obtained with these basic salts on 

a paper chromatograph.

The results indicate that the replacement of 

the carbonate ion by the acid anion is complete in case 

of the o-or p-substituted benzylidene malonic adds®

<?02H

CoC03 + RGH = C ------ >Co
IC02H

I
1 = CHR + CO2 + h2o

However, the replacement of the hydroxide ion 

by those add anions is partial only, as

(Z+m) Co (OH) 2 2IH20

It may be noted that no salt of the type H2L,X 

CoL is formed in any case. Hence only two types of salts 

are formed by cobalt with these acids. And the type of 

the salt obtained depends more on the method of 

preparation adopted rather than on the nature of the



The absorption spectra of these salts in the 

ultra violet region are given in figures ^ to 8 and 

their absorption hands are given in tables 57 to 61*

The absorption hand of the salt is intermediate between

those of the acid in alcohol and alkali. The replacement 

of the acid proton by the metal ion causes perturbation 

in the electronic energy levels of the acid. It results 

in the shift of the band which is greatest for the 

sodium ion.

It is also seen that an additional band at 

'256 -58 mp is observed in the case of the basic salts 

of cobalt with bensylidene nalonic acid. The blue 

shift of the additional hand suggests'increased energy 

of transition and may be attributed to the decreased 

conjugation. It may arise from the additional steric 

hindrance caused to a part of the ligand by the basic 

component of the molecule.

-X- -X- -X-

The magnetic moments of these salts are 

presented in tables 62 to 66. The magnetic moments of 

the normal salts prepared by different methods are very 

similar within the limits as shown below :

Salt jiCB.M.)

Co BM 5*31

Co C1M 5.22 + o.i?

Co ChM
V

5.13 ± 0.04-

Co mk 5.25 4 0.15

Co NM 5.35 + 0.07
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Cobalt atoms in these salts mt cervcs»«U*«x4- ^9 

have octahedral stereochemistry.

The magnetic moments of the basic salts of cobalt 
Tall in two groups (a) B.K. and (b) p.**kt>8 B.K,'

The first group of compounds include Co BM (CA) and 
Go MM (IK). In these cases the ratio of normal salt to 

cobalt hydroxide or carbonate is 2:3. It is considered 
that in these cases there is no magnetic interaction 
between different cobalt atoms nor is there a change in 

the stereochemistry of these atoms due to chemical 
interactions.

The second group of compounds include Co BM(HY)j 

Co ChM(Hy) and Co In these cases the ratio of

normal salt to cobalt hydroxide is varying (is2, 1:1 and 

3:1 respectively). The low value of the magnetic moment 
in these cases may be attributed to (a) the magnetic 
interaction of cobalt atoms or (b) the changes in 

stereochemistry of cobalt atoms. Thus in a basic salt of 

ratio 1*1, one cobalt atom may remain octahedral bit the 

other one may become tetrahedral. Thus the expected value 
of magnetic moment will be about J+.8 B.K. Alternatively, 

magnetic interaction between cobalt atoms may take place 
through bridge atoms, resulting in some spin-pairing and 
hence in the lowering of the magnetic moment. Similar 

arguments can be made for basic salts of other ratios®

-X- ** X — - X -



182
TMs® cobalt ‘salts may be compared with those

of other related ligands (IV). j)-Biketones (IV-i) form

complexes with cobalt of the type GoLa. Of these complexes,
266*267*268

GoCacac)^ is shown to be tetrameric, while

Co(dpm)2 is considered to be essentially tetrahedral.

It is suggested that in non-coordinating solvents as in

the solid state, cobalt attains a coordination number of

six through polymerisation, while in coordinating solvents*
26??2?0the solvent occupies the two available positions.

Triketone-type ligands (IV-li) form complexes with cobalt 
' 2731,272

of the type HC0L3. Thus bivalent cobalt has a

preference for coordination number six in these complexes 

and attains it either through normal bond formation or 

through polymerisation. Further, the .add salts similar 

to those formed by the oxime-ketone ligands (IV-li) are 

rot formed by cobalt with the adds under investigation.

-X- -X- - X -

III. **. Copper salts of benzylldene malonic adds :

Copper (II) salts of benzylldene malonic add 

and its derivatives (I) were prepared by four different 

methods : (a) partition method (b) solution method (c) 

Carbonate method and (d) hydroxide method. The analysis 

of the products are given in tables 19 to 23.

We find that the type of the salts obtained 

depends more on the nature of the ligand rather than on 

the method of preparation. Thus copper salts of benzylidere 

malonic add ard p-nitrpbenzylldene malonic acid, prepared



by differ©i* methods are quite similar and may be 

represented as (Till).

Gu (H20)n

(VIII)

R =

a “ G^Hj- 

b = p~N02C:6H4-

B©sides, like the cobalt salts, basic copper 

salts of benzylidene malonic acid are also obtained by 

the carbonate and hydroxide methods and may be 

represented as (IX)
IM> —■

/°2I \
Gu C = GEJ6H5 1 CuX h20

\ °2C /
2

(IX)

X =

a - G03 

b = (OH)2

On the other hand, Cu-salts of o-and p~chloro benzylidene 

malonic acids are generally acidic and may be represented 

as (X) except



l Si
h i

Cu I C « CHC^Gl

\

ClC^GHsCCCOaH).,
loi /
v L

2

(X)

the copper salt of o-chlorobenzylidene malonic add 

prepared by the hydroxide method which is basic and may 
be represented as (XI)

\
Gu 4 « GHG^H^Cl 1 Cti(0H)2!

o2g /
MM.

/ _ 2

(Ha0)
n

(XI)

The copper salt of p-methoxybenzylidene malonic 

acid obtained by the partition method may be represented 

as VIII (Rsp-OCHjCgHj,.) and those obtained by other methods 

are addid , and are represented as (XII)

H \
Cu c = chc6h»ooh3 1

^oi /
ch3og6h¥gh=c(co2h) 2

_ X

(XII)



where the value of x depends on the method of prepaf^|on* 

It may be possible that the acidic salts may contain acid 

in the adsorbed or occluded form. This possibility is 

excluded on the basis of the observations that (i) the 

products were carefully washed with various solvents 

and (ii) no separation of the acidic copper salts of, 

say, o-chlorobenzylidene malonic add into two or more 

fractions could be achieved by thin layer chromatographic 

separation*

The results show that three types of salts, 

normal,acidic and basic are obtained in this case, and 

thefe isea greater tendency for the formation of acidie 

salts than that for the formation of basic salts.

-X- - X - _- X -

The absorption spectra of these salts in 

the ultra-violet region are given in figures 9 to 11 

and the absorption bands are presented in tables 

67 to 69*

A new band at 256 mp was observed in the 

case of basic cobalt salts of ber^lider© malonic add* 

Similarly, a band at 252-5^ mp is observed in the case 

of the basic copper salts of benzylidene malonic acid*

It may arise from the additional steric hindrance caused 

to the ligand by the basic component of the molecule.

The band at 25^-56 mp is also observed for the normal 

copper salt of p-nit robe nzylidene malonic acid prepared 

by the solution method but not for the normal salts
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prepared by other 'methods# This difference in behaviour 

remains unexplained.

-X- -X- - X -

The magnetic moments of these salts are 
presented in tables 70 to 7h* The magnetic moments of 

the salts prepared by different methods are s

192

a (B.M.)

normal salt
Cu BH 1.85 1 0.12

Cu C1M
Cu ChM

Cu MM 1.80 A

Cu KM 2.18 + 0.10

acidic salt basic salt 

2*17 + 0.03 
2A1 t 0.03 2.09

2.03 + 0.02
2.31 +0.01

The results show that the values of the 

magnetic moment of these salts are not low. Low values 
of the magnetic moment are observed for the copper salts 
of oxalic acid and other a,w dicarboxylic acids but not o|f

2 06**2ii
malonie acid. “ Thus the copper salts of substituted

malonic acids resemble that of unsubstituted malonie acid* 
Further the values can be divided in two groups x (a)

Ji-^l.8 B.M. and (b) ji—'2.2 B.M. The first set of values 

is observed for the normal salts (except Cu KM). The 

second set of values is observed for acidic and basic 
salts and also for Cu MM and may Indicate similar nature 

of these compounds. Both the acidic and basic salts may
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tS8
be considered contain copper in the complex anion, 

at least partly as represented below s



The normal salt Gu KM is also believed to be 

a complex one*

Cu CHR

/
In the case of Cu KM two hydrates are obtained

by the solution method, one is coloured green and

contains one water molecule while the other is coloured
blue and contains three water molecules* Other Cu KM

salts prepared by different methods are hydrated,contain
more than two water mole Sales and are coloured blue.

The copper complexes formed by JJ-diketones
(iV-i) ana oxime-ketones (IV-ii) may be represented as 
• .. v 2?i»273*274.

CuL2 or Quid OH)» No acid salts of these

ligands are known* we find that the acids under 

investigation form three types of salts : CuL,
(CuL)x Cu(0H)2 and (CuL)x E2L*

- X - -X- » X -

III* 5* Nickel salts of bensylldenc malonic acids :
Nickel (II) salts of benzylidene malonic acid 

and its derivatives (I) were prepared by two methods s 

(a) carbonate method and (b) hydroxide method. Attempts 

to prepare the salts by partition and solution methods
were unsuccessful. The«analysis of the products obtained



are presented In tables 32 and 33* The type of the salts 

obtained depends both on the nature of the ligand and the 

method of preparation* The three types of salts obtained 

may be represented as (XIII), (XIV) and (XV)

■200

05C

Hi G = CIIR

0-

(H20)
n

(XIII)
R = Method

a = o-C1C6H4 Ca | HY 

b = p-ClC6H„. . HY 

c = p-N02C6H4. HY

(xrv)

R = z = Method x = y

a p-cic6h„ co3 CA 1 2

b p-ch3qc6h4 C03 CA 1 1

c p-GH30G6H4 (OH)2 HY 3 2

d c6h5 (OH) 2 HY 1 2
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mmm mmmrn
/°*f \

Hi | C = CHR 1 RSH = C(G02H)2

\ 32C /
\ f

3 — —

(X7)
R '= Method

p«I02C6H4 c-a

The absorption spectra of these salts, are 

presented in figures 12 and 13 and the absorption bands 

are given in tables 75 and 76. The results show that a 

band is observed at 256 mp in case of the basic nickel 

salts of benzyl!dene malonic acid as in the case of the 

basic salts of cobalt and copper with the same acid. 

Similar behaviour is observed in case of the nickel 

salts of p-chlorobenzyltdene malonic acid (band at 

258-60 mp).

The magnetic moments of' these salts are 
presented in tables 77 and 78. The mag re tic moments of 

the salts prepared by different methods are s
p. (B e M» )

Ni BM

normal salt acidic salt basic salt

3*53

Hi C1M 3.44 + 0.06 - -

Ni "ChM 3*38 - 3*43,

Ni - «*» 3.40 + 0.04

Ni NM 3*62 % 3.58
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The re suit s show that nickel salts are ---- '

octahedral, and that no distinction can be siade

between the acidic (or basic) salts and normal salts as

is possible in the case of the copper and cobalt salts*
178

Kanade and SubbaRao observed the magnetic moment of 

nickel malonate aS 3»27 B.N. and suggested octahedral
1

configuration for it.

Nickel complexes of p-diketones in the
hydrated form are monomeric and octahedral275 while

anhydrous complexes are trimeric containing 6-coordinate 
276

nickel. Nickel complexes o„f oxime-ketones are likely 
2? Ito be dimeric.

-X- -x- - X <=

111 • 6* S^CTs^j_gOenzxlJdemcj^^.^cidS :

The studies on the cobalt$copper and nickel 

salts'-6f benzyl!dene malonic acids showed that the 

Partition method of preparing the salts was a better 

method .wherever feasible. Ifence the zine (II) salts 

of benzylidene malonic acid and its derivatives were 

prepared by the partition method. The analyses of the 

salts are presented in table 38. The results show that 

they are all normal salts and may be represented as 
(XVI)



20"
' \

CHR (H20)
n

/

R =
a C6H5 - 

b o-ClGgHj,.*- 

C p—CH3 OG 6H^— 

d p^K02C-6H4-

They ace insoluble in various solvents and 

are believed to be tetrahedral#

The absorption spectrum of Zn NM is presented 

in fig. 14. Its absorption band is at 320 mp with B-value 

of 426#7 •

Zn

/ 02C

I
0: 

OpQ

(X7I)

X

III.7. snzy 11 aene niaionic n_c ids s 
Manganese (II) salts of benzylidene malonic 

acid and its derivatives (I) were prepared by the 

Partition method. The analysts of the products are 

given in table 39® The results show that they are all 

normal salts and may be represented as (XVTI)

*
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Mn GHR

y o2c

(H20)
n

211

(mi)

R =

a - G^Hj- 

b = o-C1C6H4- 

c = p-ClG^Hn,- 

d = p-CH30C6H4- 

9 = p^NOgG^H^-

Their absorption spectra are given in figure 

15 and their absorption bands are presented in table 79* 

The magnetic moments of the salts are presented 

in table 80. The average Value of the moment is 6.11 B.M,

III.8* Coppertnickel and cobalt salts of chlorobenzylidepe 

SaJ^ic„aei^s^2ur.th3r_§tudie§ :
8(a) Visible^abgosptioi^ggectr^ :

The copper,nickel and cobalt salts of o-or p- 

chiorobenzylidfene malonic acid were selected for the 

study of their visible absorption spectra. These spectra 

are presented in fig. 16. The absorption bands are presented

N
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Salt

Hi CliM(CA) 

Co C1M (CA) 

Co ChM (CA) 

Cu C1M (CA)

band frequency 
( cm i)

14820, 26170

19920

18810

13320

We may consider the spectrum of the nickel salt 

first. The absorption bands ar© the d-d bands and be

attributed to the transitions due to the weak octahedral 

crystal field around nickel. The splitting of the terms 

due to the octahedral crystal field is shown in fig. 17* 

Three absorption bands should be observed corresponding 

to the following three spin-allowed transitions*'';

3
A - 

2g

. 3
» T 2g

A ---------^ T (P), and
2g lg

3 3
A -------- > T (P).

2g lg

The first band would be outside the range of 

investigation and hence is not observed*

The two bands observed at 14820 cm 1 and



&<ll8
F/G. // Cb) fA/FfiGY D/AGXAM FOF d8

C r*//>/£-F~r£jeAfS)
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26l?0 chi 1 are attributed to the

3 3 3 3 ' %
A ---------- > T (F) and A --------> T (P)

2g lg 2g lg

transitions*
These observations can be used together with 

fig. 17(b) to evaluate various crystal field parameters* 

We observe that

1 A
.2g

4 7 (P)
lg

E A
2g

4 7 (F)
lg

* 1.77

well for

and that

From the figure, we find that the ratio fits

Dq / B * 0.9N-5

E
2g

4 T (F)
lg

15.7
B

21-

Heme for the m. in the salt

B * cm

-j
Dq = 893 cm 

and A * 8930 cm



» 2+ 
’ Since the value of B for the free Hi

1080 cm i, the ratio

219
ion is

2+
B for Hi ion in the salt

2+
B for Hi ion in free state

is 0.875.

Further

3 “i
2 ( A ) = - 10716 cm

2g

3 -Aand E ( T ) = - 1786 cm
2g

Since
A 3

= f x g x 10

("Where f and g are constants ^for the ligand and metal 

ion respectively )

8930 * f x 8.9 x 103

or f = 1.00

Similarly

P a 1-hk
(Where h and k are constants^lor the ligand and the 

metal ion respectively)

0.875 s 1-h x .12

or h = 1.01}-



220* 2+The value of p for Ni in the salt is 

p * 15B = 14175 cm 1

The values of E
“3
T (F) and E

3
T (P)
^*8

can be evaluated from the following secular determinant! 

•6 Dq -E 4Dq
= 04 Dq p - E

On expansion, we obtain the equation
B2 + (6Dq - p) B - 16(Dq)2 - 6 Dqp = 0

The roots of this equation are the energies of
3 3 3the two T terms — T (F) and T (P). -

lg lg lg
s-w.

The values are obtained as 4080 cm and 15450 c» .

Efence

and

E

E

T (F) 
lg

T (P) 
lg

4080 cm

= 15450 cm

¥e calculate the enemies of transitions as

3
E

2g
3-» T (F) 

lg
= 14796 cm



and

221
.3

lg
(P) * 26166 gb

The close aggrement between the observed and 
calculated values indicates the correctness of the 

assignments.

-X- -X- -X-

If the values of f and h derived for the ligand 
from the study of the crystal field bands for the nickel SA-lt-5 

are considered applicable for the cobalt salts also, we 

find that

A a 1.00 x 9.3 'x 103

' 1 -i 

* 9300 cm

-ior Dq = 930 cm

and p si- 1.04 x .24

== *75
hence B for cobalt in the salt « .75 x 1120

"i

a 840 cm

a 23.7 for Co C1M (CA)

Further

and E»/B

Dq / B = 1.107 

19920
840

v



* 23.6 for Co ChM(CA)

By referring to the fig, 18 which shows the splitting of 

terns for the octahedral crystal field for cobalt (II) 

complexes, we find that these values fit to the

*T (F) 
lg

L
-7 T (P) transition 

lg

Using the secular determinant and the values ,of 
Bq and B as suggested above we calculate the energies of

the h terms,, These values are 
T " 
lg

' B

HE

*T (F)
lg

s ■* 6310 cm

4
T (P)
. lg' ’ .

+ 13330 cm

and

k -iS ( a ) 1U60 cm and
2g

B ( \ ) * + 1860 cm*1.

2g

- X - X - X -

The absorption band for Cu ClMCCA) is observed
-i ' ' - ! ~ '

at 13320 cm , It may be related to the octahedral



F/G. /8(a) 7ANABE-SI/GAN0 D/AG/2AM FOJ? J7 
( Co2* -ocMFMMi sy/f/?£MY)

F/G. /g (6) ENFFG V D/AGFAH FOF y
CQVA&Tfr 7EFMS) ’



crystal field around* copper (II) (Fig. 19) and be 224
attributed to the
<3

2 2
E > T transition,

g 2g

Hence,
A = 13320 cm 1 

and Dq = 1332 cm

We compile the crystal field parameters as

follows s

Dq B

"i "l(cm ) (cm )

Ni (II) 893 9*5

Go (II) 930 84-0

Cu (II) 1320

The results show that the value of Dq for the 

metal ion increases in order

2+ p*f 0*4"
NI < Go < Cu

as .expected for the spectrochemical series.

The value of f observed for the ligand is the
i

stunee as that suggested for water and greater than that 

for oxalic acid. Further the value of h for the ligand
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FIG, 19 ENEJ2G V PI AGRAM FOR c/3SYS7EM 

CCitZf-OCTAFfDRAl Sy/-fArf t#y)
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T£MP£#ATl/#£ FOR 4-r GROUMP 7£RM //V—..................................................... Tv............................................ ... .........

trustC S7FRFQ CHSM/STfiy.



is also comparable to that for water and is much i 
smaller than that for oxalic add. It would imply that 
oxalic add reduces the free ion value of B to a much 

greater extent than water or the ligand under 

consideration and that it causes the splitting of terms 
to a smallAextent than water or the ligand.

-X- -X- , -X-

8(b) Magnetic susceptibility s

Bivalent nickel ion in the octahedral crystal
3 ^ - -

field will have A ground term. Hence the magnetlc
2g

moment and magnetic susceptibility for the nickel ion
2.80from the first order Zeeman effect terms will be

ji = (1-4 A /A )f!T(S+I)

, spin only
= p. ( 1-4-A / A ).

spin only
and X ~ X ( 1 - 8 A /A ).

A - A

where A is the spin-orbit coupling constant. Since the 
spin only

values of X , A and A are known as
A

3333 x 10 CGS / mole, -315 cm 1 and 8930 cm 

we find the value of >^as 4-273 x 10 CEGS/ mole. It is
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analler than the observed value and the difference to a

large extent be attributed to the susceptibility due to

the second order Zeeman effect.

For bivalent cobalt in the weak octahedral 
4

crystal field, T (F) is the ground term. For the T
Ig

ground terms the magnetic moment will be dependent upon 
kT /|A!. This dependence is shown in fig. 20, in which 

the two curves indicate the values for two extremes of 
the ligand field strength. For kT /|A| = 1.24, the range 

of the magnetic moment will be 4.64 to 5.24 B.M. The 

observed values are close to the higher value and 

correspond to the weak field limit.

For bivalent copper in the octahedral crystal
2

field, S is the ground term. Hence, the magnetic 
g

susceptibility of the copper ion from the first order 

2seman effect terms will be

spin only
X = X ( l - 4 A /A )

A - 4

spin only
Since X , A and & for copper (II) ion

k-
”6 "1

are known as 1250 x 10 CGS / mole, -830 cm and
“i

13320 cm -- respectively, we calculate the value of

“6
X as 1562 x 10 CGS / mole. The value is much smaller 

A

than the observed one. The large difference cannot be 

accounted for in terms of the second order Zeeman effect
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terms. It may a-ise from distortions caused by

anisotropy and low symmetry crystal fields.
\

The ratio X (°bs) / X (calc) has a value 
A A

greater than one for nickel and copper salts ; it cannot 

be explained in usual terms.

-X- -X- - X -

HI*9. Salts of Substituted benzylldene, m^lonlc acids-

ggaasal
9 (a) Ultra-violet absorption spectra :

The absorption bands (in cm X) of bsnzylidene 

TOalonic add and its salts, are

BM(alc) 35710 BM(alk) 36770

Go BM (PA) 36230-500MK BM(PA) 36500

A large difference in the values of the

absorption bands for the add in alcohol and alkali is

observed. One of the possible reasons for this can be

the change in the distortion of the molecule from

coplanarity. Calculations show, however, that the angle

& is quite comparable in the two cases and hence it cannot 
*be the main Cause for the shift of the band.

The alternative suggestion can be the change 

in the effective length of the conjugated system. A blue 

shift will be observed if a linearly conjugated system
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modifies so that a Part of its TT-electron system 

branches out. In the present case, the carboxylic group 

can be represented as follows :

/a h\/
0

(a) , (t)>

If it is assumed that the d& localisation of 

*f- electrons is less for (a) than for (b) , it would 

explain the branching out of the IT-electron system 

in case of ions and hence a blue shift.
The absorption band for the salts of the acid 

with cobalt (II), manganese (II) etc. has an intermediate 

value. It can be related to (I) the metal-ligand bond 

and (ii) the nature of the metal.' Since the effect of 

the nature of the metal ion on the band position is 

not well understood as yet, we can explain it grossly 

as the effect of the metal-ligand bond. ‘Since a weak 

crystal field is detected in the salts investigated, 

metal-ligand T-bonding is absent in the salts. It is 

suggested that the effect of the metal is to decrease 
the delocalisation of Tf-electrons so that (b) would 

approach (a).
The pattern of observations of the absorption 

bands is the same for p-chloro and p-methoxy benzylidene 

malonic acids and their salts and can similarly be explained



23d
III, 10, Gcfflm&gX salts of potassium and cobalt with 

bepsyll^gmj&alQI&S-aSMs s

The complex salts of potassium and cobalt with 

benzylidene malonic add and its derivatives (I) were 

prepared by treating the carbonates of potassium and

cobalt with the acid. The analyses of the salts are given 

in table \2, The results show that they can be represented 
as (XVIII).

o,c

K2Co C = CHR (Ha0)

0,C

n

(XVIII) R =

a = G6H5- 

b = o-C1C6H4- 

c = p-GlG^H^- 

d - p-GHjOGgH^- 

e = p-NOaG^H^,-

Their absorption spectra in the ultra-violet 

region are presented in fig. 21 and their absorption bands . 

are given in table 81. The absorption band of the salt 

containing K and Co is nearer to the absorption band of 

the acid in alkali solution than that of the corresponding 

normal salt of Go alone.

The absorption spectra of two salts in the visible 

region are presented in fig. 22. They have an absorption
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band at 19920 cm . In* conti mat ion of our studies on 

Co C1M, we can suggest that for the weak octahedral 

crystal field
Dq = 930 cm 1

t

mXand B = 840 cm .

-Further Dq/B = 1.10?

and S/B =23.7

The band can be attributed to the

4 4
T CF)------- -f T CP) transition.
lg ' lg

The magnetic moments of these salts are presented 

in table 82. The values are anomalous ; they are very high 

for weak octahedral crystal field.

The molar conductivity of these salts is presented 

in table 83• The range of the values indicates the presence 

of complex ions in solution. Hence the salts are 

represented as (XIX)

K, Co
0a<j

C
I0aC

= CHR (HoO); (H20) n-2

(XIX)
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III. 11. Complex EfrltjS of potassium and copper with 

benzvlldene mplonic adds s 

The complex salts of potassium and copper with

benzylidene malonic acid aid its derivatives (I) were 

prepared by treating the carbonates of potassium and 

copper with the acid. The analysis of the products is 

given in table 4-6. The results show that they e an be 

represented as (XX).

09C \
K2Gu C = CHR

/ 2

(XX) R =

a = C6H5- 

b = o-ClG^H^.- 
c = p-GiCfcHjj.- 

d = p-N02G6IV

Their ultra-violet absorption spectra are given 

in fig. 23 and their absorption bands are presented in

table 84*

The absorption band of the salt containing K 

and Cu is nearer to the absorption band of the acid in 

alkali solution than that of the corresponding salt of 

Gu alone.

The absorption spectra of two salts in the

visible region are presented in fig. 22. The absorption
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"1, -1 
band is at 13600 cm 'for KCu C1M ard at 13700 cm for
KCu ChM . In continuation of our studies on Ou ClM, we

suggest that the band be related to the octahedral
crystal field around copper and be attributed to the

2
B ----------->

g

Hence,
A = 13600 cm J

~x
= 13700 cm

"i

and Dq = 1360 cm

= 1370 cm X

The magnetic moments of these salts are presented 
in table 85. The values are varying from 2.17 B.M. to 
2.38 B.M. As observed earlier, the magnetic moment of the 

copper salts may be about 1.8 B.M. if the salt is a normal 

one and about 2.2 B.M. if it is a complex one. It is 

confirmed by our present observation that the value of the 

magnetic moment for copper complex is about 2.2 B#Ma 

The molar conductivity of these salts is 
presented in table 86. The range of the values indicate 
the presence of complex ions in solution. Hence the salts 
are represented as (XXI).

2
T transition

for KCu ClM 

for KCu ChM 

for KCu ClM 

for KCu ChM.
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(XXI)

IIT* 12• ^omias^salM^^oia>i§.lm_aa4.-nickeij4th_ 
benzyliddne malonic gpids :

The complex salts of potassium and nickel with 

benzylidene malonic add and its derivatives (I) were 

prepared by treating the carbonates of potassium and 

nickel with the acids. The analysis of the products is 

presented in table 50. The results show that they may be 

represented as (XXII).

Kam a = ghr (h20)
n

2

(XXII)

R =

a - C6H5- 

b = o-Q1C6H¥- 

c = p “GIG &

d = p—GHjOG'gH^— 

e a p -NO 2G lf-



Their absorption spectra are given in fig. 24 

and their absorption bands are presented in table 87*

The absorption band of the salt containing 

K and Ni is nearer to the absorption band of the acid 

in alkali solution than that "of the corresponding salt 

of Ni alone.

The absorption spectrum of a salt in the 

visible region is presented in fig* 22. The absorption
“i. '

bands are at 14600 cm and 26320 cm (for KNi ChM).

In continuation of our studies on li ChM, we suggest 

that weak octahedral crystal field exists around nickel
"i

and that the absorption bands at 14600 cm and 26320 cm 

be attributed to the

and
3

» T, (P) 
lg

transitions.

Further,

Dq / B 

B

Bq

and A

0.896,

978 cm

876 cm X

"I

8760 cm .

Their magnetic moments are presented in table 

88. The values indicate the octahedral nature of nickel 

in the complex.
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The molar conductivity of these salts is 

presented in table 89. The range of the values 

indicates the presence of complex ions in solution* 

Hence the salts are represented as (XXIII).

'(XXIII)

The molar conductivity of KNi NK at various 

concentrations is presented In table 90. The results 

show that the dissociation of the complex ion increases 

with dilution.'

III. 13.

msx&i. i

The visible absorption spectrum, the ultra­

violet absorption spectrum, the magnetic susceptibility 

and the electrical conductivity of the complex salts of 

copper, nickel and cobalt with benzylidene malonic acid 

and its derivatives have been studied.

Prom the study of the visible absorption spectra 

of some of these complexes, we find that the crystal 

field splitting (A) is 9300 cm for the cobalt complex, 

13600 and 137°0 cm ■ for the copper complexes and
l
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8760 em for the nickel complex. The value increases 

in order
2+ 2+ 2+

Ni < Go < Gu

The order is the same as observed by us for the salts 

of these metal ions -with the acids.
The value of the crystal field parameter B

*"JL

is also derived ana is found to be 840 cm for the
cobalt complex and 978 cm 1 for the nickel complex.

The molar electrical conductivity of these

complexes increases generally in order
2+ 2+ 2+

Cu < NL Go

Hence the copper complexes are much less dissociated 

than the corresponding nickel or cobalt complexes. 

However the molar conductivity of the copper, nickel and 

cobalt complexes of o-chlorobenzylidene malonic acid 

is very nearly the same. The results show that the 

relative dissociation is not only dependent on the 

nature of the metal ion but also on the nature ard 

position of the substituent in the acid molecule.

The ultra-violet absorption spectra of these 

complexes show that the value of the absorption band 

is almost the sa^me for the complexes of the same a®id, 

irrespective of the nature of the metal ion. The value 

is closer to the one for the acid in alkali solution 

than to the one for the acid in alcoholic solution.



The magnetic moments of the cobalt, copped52. 

and nickel complexes are 5.4-5 - 6.14- B.M* $ 2.17 -2.38 
B.M. and 3.52 - 3.?1 B.M. respectively. These values 
correspond!tg weak octahedral crystal field with large 
orbital contribution. For some cobalt complexes, the 
values are anomalously high. It may be interpreted in 
terms of strengthening due to spin-spin interaction, but 
is not confirmed by other evidences.

-X- -X- - X -
i 59Kapadia attempted to prepare polymers from 

the complex salts of malonic acid. It became necessary 
to know for sueh studies if the complex ions of the 
unsubstituted malonic add and its bis-derivatives would 
be sufficiently stable in solution for the polymerisatio 
reactions to be observed, w now find that the- complex 
ions of various substituted benzylidence malonic adds 
are fairly stable in solution as indicated by electrical 
conductivity and other measurements. Hence we believe 
that polymerisation reactions can be attempted with 
complex malonates possessing suitable stereochemical 
configurations so that fairly stable polymeric anions 
Can be obtained.
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