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This report describes th e sy nt hesis of a new bis-bifunctional derivative of 8-hydroxy
quinolin e, its reaction with a number of divalent, firs t-row transit ion metals to form coordi
nation polymers, and a t hermogravimetric study of the thermal stabili ty of the polymers. 
The ligand, 5,5'-[methylenebis (p-phenylenen it rilomethylidyne) ]di-8-quinolinol was prepared 
in a condensation reaction between 5-formyl-8-hyd roxyq uin oline and 4,4'-methyle ne
dianiline and subsequently treated with t he acetate salts of Mn(II) , Co(I1), N i(II), eu(II), 
and Zn (II). The metal coordinated in t he backbone of t he polymer is shown to be an 
important factor in governing the thermal stability w hen t he sampl es a re heated in vacuum. 

1. Introduction 

In an earlier paper [1] 1 the authors repor ted the 
synthesis and thermal properties of coordination 
polymers of bis(8-hydroxy-5-quinolyl)methane. The 
thermal stability of Schiff base and related cOOl·dina
tion systems has been studied by other workers 
[2- 7], al though not under the conditions used in our 
experiments. For example, Friihof [2] prepared a 
variety of interesting 8-hydroxyquinoline-Schiff bases 
which he reacted with metal ions to obtain insoluble 
coordination polymers in the form of colored powders. 
He examined the thermal stability of a number of 
the polymers by heating 200 mg samples at fixed 
temperatures and measuring the weigh t loss after a 
12-hr interval. 

Marvel and coworkers [3] investigated the thermal 
stability of Zn(II) , N i(II), and Cu(H ) chelates con
taining ligands I and II. 

II 

Y =-CH ,--CH ,--, ~I 
R = H,CH, V 

·Chemistry Department, 'rhe George \\rashington U niversity, 1,Vashington, 
D.C. 

I Figures in brackets indicate the literature references at the end of this paper. 
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They found th at the copper complexes were always 
less stable than tbose of ei ther zinc 0 1' nickel, and 
the relative stfLbility of the two latter complexes 
depended, to a large extent, upon the natme of the 
bridging group . Charles [7] studied the heat 
s tabilities of some Schiff base chelates of N -alkyl
salicylaldimine, 

and found that in all cases the copper complexes 
were less stable than t hose of zinc. The relative 
stability of the nickel and the 7.inc chelates appeared 
to be a function of the alkyl substituent on nitrogen. 
The zinc complexes con taining heptyl, decyl, and 
dodecyl groups were more stable than the nickel 
complexes. However, with propyl and amyl groups 
on nitrogen, the nickel chelates were more stable 
than the zinc compounds. 

The work to be described here is an extension of 
the original investigation r1] and deals with the 
synthesis and thermal stability of coordination 
polymers of 5,5' -[methylenebis(p-phenylenenitrilo
methylidyne) ] di-8-quinolinol. These polymers 
differ from those in the first group chiefly because 
the - CH2- bridge in bis(8-hydroxy-5-quinolyl)me
thane has been r eplaced by a 

-CH=N-<::::>-CH~<::::>-N=CH

bridging group . The coordination polymers of 
bis(8-hydroxy-5-quinolyl)methane were found to be 
very insoluble, even in boiling organic solvents. 
As is well known, the insoluble nature of coordination 
polymers has severely limited their use as engineering 
materials and has impeded more fundamental 



research dealing with such problems as molecular 
weights and polymer morphology. On the basis of 
chemical considerations, the bis-bifunctional nature 
of the ligand leads one to expect that polymers were 
formed during the reactions with metal ions. This 
view is supported by infrared and elemental analysis, 
the insolubility of the products from the reactions 
and, moreover, by their enhanced thermal stability. 
The properties of the products differed markedly 
from the known behavior of the nonpolymeric 
complexes of 8-hydroxyquinoline. In part, the 
insertion of the large organic bridge in the present 
group of polymers was an attempt to improve their 
solubility characteristics in organic solvents. In 
addition, it was of interest to study the effect of this 
large bridging group on the thermal stability and 
other properties of the coordination polymers. 

2. Experimental Procedure 

Synthesis oj 5,5'-[methylenebis(p-phenylenenitrilo
methylidyne)] di-8 -quinolinol. The 5-formyl deriva
tive of oxine was prepared by means of a Reimer 
Tiemann reaction of 8-hydroxyquinoline with chloro
form in alkaline solution [8] . The product ultimately 
obtained from this reaction was extracted with 
petroleum ether, and on cooling, a brown-orange 
solid crystallized in the extract. This was re
crystallized from acetone, yielding an orange-tan 
product in the form of fine needles that melted at 
178.5- 179.5 °C. 
Anal. Calc. ClOH 70 zN: 

F ound 
C 69.4 H 4.02 N 8.09 

C 69.3, H 4.07, N 7.81 , 
69 .2 4.01 8.23 

The 5-formyl oxine (0.8658 g) and purified 4,4'
methylenedianiline (0.4957 g, m.p. 92 °C) were re
fluxed in 35 ml of methanol, using magnetic stirring. 
After about 15 min a yellow-brown solid formed in 
accordance with the reaction shown in eq (1). 

Equation 1: 
OH 

The reaction mixture was heated for an additional 
30 min and then allowed to cool to room temperature, 
the product was collected, washed with methanol, 
and dried in vacuum. The yellow powder melted 
at 229 to 230°C. 
Anal. Calc. C33Hz402N4: C 78.0 H 4.75 N 11.0 

Found C 78.1 H 4.96 N 11.0 

3. Synthesis of Schiff Base Coordination 
Polymers 

The coordination polymers were prepared, as 
shown in the general equation (eq 2, below), by dis
solving the ligand in boiling dimethylformamide 2 and 
adding, drop-wise, a stoichiometric amount of the 
metal acetate contained in a dimethylformamide solu
tion, while the reaction mixture was under reflux con
ditions. When the cation was added to the solution 
con taining the ligand there was a sudden change in the 
color of the solution accompanied by the precipita
tion of the polymer. The polymers, in the form of 
colored powders, were found to be insoluble in a 
wide variety of solvents and could not be purified 
by recrystallization . Therefore, each polymer was 
collected, wrapped in filter paper prior to insertion 
in a paper thimble, and extracted with dimethyl
formamide for 16 hr in a Sox hlet apparatus. This 
was designed to purify the polymer by extracting 
unreacted starting materials and soluble non poly
meric substances. After 16 hI' the solution in the 
extraction flask was highly colored while the solvent 
in contact with polymer in the extractor was color
less. The polymers were then extracted with abso
lute alcohol to remove adsorbed dimethylformamide 

2 The dimethylformamide was fIrst treated with KOH pellets and then 
dist ill ed at atmospheri c pressur e in t he presence of CaO. 'rhe fract ion which 
distilled between 152 to 154 °C was coll ected and lIsed in t his work. 

lD + H'N-o-cn~-Nrr, CH30H 
---> Reflux 

bHo 
HO-O- CH=N-O-CH,-Q-N=CH-O-OH + 2H,O 

U U 
Equation 2 : 

HO-Q-CH=N-Q-CH'-( )-N=CH-O-OH + M(CH3C OO),·xH,O :e;u~ 

u u 
<f>3-crr~N-o-CH'-Q-N~CH-L~~~I.+ WH,COOH+,H,O 
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t1nd any alcohol-soluble constituents. The product 
was dried over P20 5 in vacuum at 140 °C for 24 hr. 
The results of the elemental analyses of the polymers 
are given in table 1. 

T ABLE 1. Elemental analy~es of coontination polymers 

Calculated, % Found, % 
"Polym e r 

C H N M C H N M 
------------ - -

68.4 4.17 9.67 9.48 IMnL.H'°d" ___ ___________ 
[MnL·2H, l "-- -- -- ------- 66.3 4.39 9.37 9.19 68. 2 4.10 -- -- - - --- - --

[Co L ·Il,Ol" _______________ 67.9 4.14 9.60 10.1 67.3 4.58 9.00 9.20 [CoL·2Il,Ol " ______________ 65.9 4.36 9.31 9.80 

[N iL·Il,Ol " _________ ______ 68.0 4. 15 9. 61 10. 1 66.2 4.34 9.54 10.4 [N iL·2Il,O]" ________ ______ 65.9 4.36 9.32 9.76 

[Cu L .H 'Od "---- - ----- - ---- 67.4 4.11 9.53 10. 8 69.3 4. II 9. 46 II. 2 
[C u L·2II, l"-------------- 65.4 4.32 9.24 10.5 

[Zn L·Il,Ol " _______________ 67.2 4.10 9.50 11.1 66.9 4. 19 9. 12 10.7 IZn L ·2Il, Ol " ______________ 65. 2 4.31 9.22 
110. 8 

L~C,,]] 220 ,N. 

4 . Thermogravimetric Analysis 

The thermal stability of the Mn(II), Co (II) , Ni 
(II), and Zn(II) 5,5' -[m ethylenebis (p-phenylenenitrilo
methylidyne) ]di-8-quinolinol coordination polymers 
was studied under vacuum condi tions using an 
Eyraud Electronic Thermobalance. 3 A 50-mg 
sample con tained in a platinum crucible was heated 
from room temperature to 1000 °C at a heating rate 
of 2.5 °C/min. The weight loss was determined as 
previously described [1 ]. The thermal stability of 
th e Cu (II) coordination polymer was evaluated 
with a modified Cah n Electronic Balance to be 
described in a subsequent publication, after it was 
demonstrated on reference materials that the data 
were in agreement with results obtained with the 
E yraud Balance. For each polymer, at least two 
samples were taken, and therm ogravimetric analysis 
curves were obtained on each sample. 

5. Results and Discussion 

The weight loss of each polymer, on a percentage 
basis, over the temperature intervals studied are 
listed in table 2. These data are plotted in figure 1 
where each curve represents the average of two 
separate runs conducted on different days. 

The initial slopes in the thermogr ams probably 
represent the volatilization of water, organic solvent 
su ch as dimethylformamide, and low molecular 
weight moieties. For example, the Mn (II ) co
ordination polymer lost approximately 6 percen t of 
its weight prior to the sharp break in the thermogram 
while th e weight loss for the Co (II ) and Ni(II) 
coordination polymers was about 5 to 8 percent. 

3 Eyrau d Recording B alan ce M anual, Anthony- M . Kohler, 535 West 110th 
Street ,N ew York, N. Y. 

55 

T A BLE 2. Penentage weight lo~s of polymers between 25 to 
1000 cC (H eating Rate in Vawum; 2.5 cC/min) 

Tempera-
t ure 

°c 
25 
50 
75 

100 
125 

150 
175 
200 
225 
250 

275 
300 
325 
350 
375 

400 
425 
450 
475 
500 

525 
550 
575 
600 
650 

700 
750 
800 
850 
900 

950 
1000 

o 

10 

20 

f- 30 
z 
w 
U 
0: 4 0 
w 
0.. 

~ 50 
o 
..J 
f-
I 60 
~? 

W 
~ 

7 0 

80 

o 

Percentage weight loss (avg of two runs) 

Zn Cu Ni Co Mn 

0.2 0 0 0 0 
1.2 0.2 0. 1 0.1 0 
3.0 1.1 .5 .4 0 
4.3 2.2 .6 . 8 0 
4.7 2. 8 .9 1.4 0 

5. 1 3.1 1. 3 1. 9 0 
5. 5 3.1 2. 1 2.6 0 
6. 2 3. 2 2.2 2. 9 0.4 
7.5 3.8 2.6 3. 2 . () 
8.6 4.5 2.9 4.0 1. 2 

9.8 5.4 3.5 4.4 1. 3 
10.6 6.3 3.9 4.5 1. () 
12. 1 7. 4 4.7 4. 8 2.1 
13.1 9. 8 0.3 6.2 2.4 
14.3 16. 5 9.0 7. 0 2. 8 

.15. 1 33.5 13.4 7.9 3.2 
16.0 45. 7 19.6 11. 0 4.0 
19.0 47.6 23.0 14.6 4.7 
26.0 48. 5 26.0 20.0 6. 4 
33.5 49. 3 28.1 25. 0 17. 8 

35. 5 50.0 30.2 26. 9 24. 7 
37.7 50. 7 32. 8 29.5 28.8 
39.9 51. 3 34.7 32. 4 30.3 
42. 3 51. 9 37.1 35.4 31. 7 
48. 1 52.7 42.7 41. 9 35. 2 

53.0 54. 1 48.0 49. 8 39.3 
57. 9 51. 9 50.4 57. 7 43. 3 
60.4 55.4 54 . 9 63. 9 49.0 
62. 4 ------.------ 55.5 67. 2 54.8 
64 . 3 ------.-.---- 59. 3 70. 5 56.5 

65. 9 ----------- - - 60. 0 73. 9 63.8 
68. 3 -------- ----- 64.5 76.6 68. 3 

Ni 

100 2 00 300 
TEMP ERATU RE.OC 

FIGURE 1. The1'1nograrns of M n (II), Co(II), Ni(II) , Cu (I1) , 
and Zn (II) 5,5'-[methylene bis (p-phenylenenitrilomethylidyne) 
di-8-quinolinol coordination polymers. 

(Heatin g ra te in vacuum, 2.5 °C/min .) 

These values agree closely with the calculated 6 per
cent water conten t in these polymers based on 
[MnL·2H20]n, where L represents the ligand. The 
weight loss of the Zn (II ) polymer up to 425°C 
amounted to abou t 17 percent, and these volatiles 



may have contained solvent and low molecular 
weight compound's in addition to water. 

After this initial weight loss a rather sharp break 
occurred in each of the thermograms, signifying the 
onset of a decomposition process accompanied by a 
rapid loss of volatile fragments. As a measure of 
thermal stability, the decomposition temperature of 
the polymers was determined by the procedure util
ized earlier [1]. Briefly, as shown in figure 1 by the 
dashed lines on the thermogram for the Mn polymer, 
this involved the drawing of straight lines through 
the experimental points on the expanded thermo
gram, before and after the initial sharp break in the 
curve that occurred at moderately low weight losses. 
The intersection of these two lines was then projected 
to the temperature axis and this temperature was 
arbitrarily defined as the decomposition tempera
ture. These temperatures, for each run, are listed 
in table 3 and are plotted in figure 2 as a function 
of the atomic number of metal incorporated in the 
backbone of the polymers. 
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T ABLE 3. Decomposition tempemiUl'es 
of coon/ination J)olyrr. ers 

D ecomposition temperature, °C 

Coordi nation 
polymer Run I Hun 2 

Mn 
Co 
Ni 
Cu 
Zn 

26 
Fe 

4i5 
4 10 
375 
345 
400 

27 

465 
420 
385 
355 
430 

2B 
Co N I 

ATOM IC NUMBER 

Avg, 

470 
415 
380 
350 
430 

29 
Cu 

30 
zn 

FIGURE 2. Plot of decomposition tempemtllres of polymers 
verSllS atomic nllmber of coordinated metal. 
A. 5,5'-[meth ylenebis(p-phenylenenitri iomet h ylidyn e)] di-8-quinolinol polymers. 
B . Bis(8-hydroxy-5-quinolyl)methane polymers. 

It is interesting to note the mark:ed similarity 
between the shapes of the plots 1'01' the polymers of 
5,5' -[methylenebis(p-phenylenenitrilomethylidyne)] 
di- 8-quinolinol (curve A) and bis(8-hydroxy-5-quino
lyl)methane (curve B), reported earlier [1]. In 
curve A, a linear relationship is seen to exist between 

the decomposition t3mperature and the atomic 
number of the metal, for the polymers containing 
Mn(II), Co(Il), Ni(II), or Cu(II), with the tempera
ture decreasing from about 470°C to approximately 
350 DC. A rather sharp break occurs in the thermo
gram for the Mn-Schiff base polymer at about 470°C, 
the critical temperature at which accelerated weight 
loss ensues. No such break: was observed in the 
thermogram of the Mlil-bis (8-hydroxy-5-q uinolyl)
methan;e polymer, probably because the loss of water 
and other volatile constituents below the decompo
sition temperature obscured this point. However, 
the present work, as well as the thermal character
istics of the metal chelates of 8-hydroxyquinoline [1], 
tends to substantiate the extrapolation shown in 
curve B. The Zn(II) 5,5'-[methylenebis(p-phenyl
enenitrilomethylidyne)] di-8-quinolinol polymer 
shows a departure from the thermal stability trend 
established by the other first-row , divalent transi
tion metals. In fact, its decomposition temperature 
is about 90°C higher than th.at of the analogous 
Cu(II) polymer. The procedures developed by 
Doyle [9], and Horowitz and Metzger [lO] for cal
culat,ing activation energies and reaction order were 
round to be inapplicable to the coordination polymers 
of 8-hydroxyquinoline derivatives in the instances in 
which the data were tested. Obviously, the decom
position temperature alone is a crude measure of the 
thermal stability of the samples and more refined and 
sensitive criteria for evaluating the polymers are 
curren tly under examination. 

A number of conclusions may be deduced from an 
examination of the curves shown in figure 2. First, 
the substitution of a large organic bridge [01' the CH2 

group in the 5,5' -position of the ligand lowers the 
apparent decomposition temperature of the polymers 
by 80 to 100 °C. Secondly, the decomposition 
mechanism, near the temperature at which accele
rated weight loss occurs, appears to involve metal
ligand scissions in both polymer systems and is 
dependent on the nature o[ the metal which unites 
the ligands in the polymer. At this time there is 
little detailed in [ormation about the nature 0[' 
decomposition over the entire temperature range 
used in this investigation but the mechanism does 
not appenr to be a simple one. 

It would be quite informntive if values for the bond 
angles and bond distances were available for these 
polymers, particularly at the metal-ligand site, so 
that one could correlate these data with the thermal 
stability of the polymers. Unfortunately, only one 
definitive structural study 0[' an 8-hydToxyquinolate 
system has been made. This was the work of Mer
ritt and coworkers [11 ] on Zn-8-hydroxyquinolate. 
This paper reported the bond distances for Zn-O and 
Zn-N as 2.05 and 2.06 A, respectively, and indicated 
that the 5-membered ring formed on chelation was 
under strain. Thus, the Zn-N-Cs angle was found 
to be 111.8° rather than the anticipated 120° (fig. 3). 
For the divalent metal oxides , when the M-O inter
atomic distances are plotted versus the atomic 
numbers of the metals, the relationship depicted in 
figure 4 is obtained. Thus it is apparent that the 
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BON DS 

O -Zn-N 

Zn-N-C S 

ANGLE,O 

79 . B 

111.8 

116 . 1 

117.4 

11 4.3 

FIG U R I: 3. Bond distances (A ) and bond angles in 5-membered 
chelate ring. 
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FIGURE 4. Plot of ionic radius(e ) and interatomic distances 
in metal oxides (6.) Vel'SUS atomic number of metal. 
a Wyckoff, R . W. G. , Crystal Structure, In terscienco Publishers, Inc., 1951; 
Intern ational T ables [or X-ray Crysta llography, Tho K yn och Pross, Birming
bam, En gland (1962) table 4.1 

• Ahrens, L . II ., Geochim Cosmo Acta 2 , 155 (1952). 

bond distances are related to the periodic properties 
of th e metal. Also shown in figure 4 is the relation
ship between the ionic radii of the metals and tbeif 
atomic number. The shape of these plots bears a 
striking resemblance to those shown in figure 2 
(curves A and B ) where the decomposition tempera
ture has been related to the atomic numbers of the 
metals in the polymers. 

Returning to table 2 it can be seen that by the 
time the temperature reached 1000 °C the Co 
polymer had lost about 75 percent o[ its original 
weight while the weight loss of the remaining 
polymers amounted to 65 to 68 percent . During 
the run, the furnace was maintained at 1000 °C for 
about 8 hI' until the sample lost no additional weight . 
In table 4 the values obtained [or the final residues 
and volatiles are compared with. the calculated metal 
and C , H, N, 0 content of the original polymers. 
For the Cu, Ni , and Co samples, the residues 
differed from the calculated metal content in the 
original poly mers by about 10 percent, on a relative 
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basis. Some of the residues contained metal oxides, 
which may have been formed when the apparatus 
was opened to the air after the pyrolysis. This 
could, in part, account for the high. results obtained 
for th e residues [rom the Mn, Co, and Ni cOOl'di
nation polymers. There is some evidence to indicate 
that the metal oxides may not be formed during the 
decomposition of some of the polymers . 

T ABLE 4. Comparison of final re.idues and 
volatiles with amount of metal and organic 
constit1,tents in original polymers 

Found l~ Calculated 
Polymer 

Residue Volatiles Metalb a,H,N,a 

% % % % :vrn 12.8 87. 2 9.2 90.8 
Co 1l . 3 88. 7 9.8 90. 2 
N i l 2. 1 87. 9 9. 8 90.2 
e u 9.3 90.7 10.5 89.5 
Zn trace 100 10.8 89.2 

-After pyrol ysis at 1,000 °C unt il the residue rcached conslant 
weight. 

bBasccl on [ML·2lT,Oj where L =C" LJ" O,N •. 

For the Zn-Schiff base polymer, only a tracc of 
residue remained, indicating that essentially the 
entire sample volatilized under the conditions of the 
experiment. This finding is also in keeping with the 
proposed decomposition mechanism involving the 
rupture of metal-ligand bonds in that any metalJic 
zinc or even zinc oxide formed during polymer 
degradation would have volatilized at 1000 °C in 
vacuum. Additional exp eriments are under way at 
the present t ime in which the decomposition products 
are being analyzed in the mass spectrometer. 
These experiments should provide more definitive 
information about the mechani sm of decomposition 
for the coordination polym ers of bis(8-hydroxy
quinolin e) derivatives. 
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