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ABSTRACT: It is shown that Flory’s last elasticity theory allows calculation of the limit values for the
network chain molecular weight starting from mechanical equilibrium measurements of the modulus |f*|.
For any case it is possible to evaluate the upper limit M, corresponding to affine behavior. However, it is
not always possible to evaluate the lowest limit: when M is known and the synthesis conditions are con-
trolled, the lowest limit is M,, which is the chain stoichiometric molecular weight; otherwise, the lowest
limit becomes My, corresponding to phantom behavior, which, however, can be calculated only when the
effective functionality ¢ of the network cross-links is known. It is also shown that imperfections of the
cross-linking reactions can be estimated by comparing the experimental modulus with that of the perfect
phantom network characterized by the stoichiometric M; and ¢, (eq 15). A practical example of this anal-
ysis is proposed for two classes of polyurethanes, polyether diols reacted with toluenediyl diisocyanate
(TDI) and polyester diols reacted with TDI. The demonstrations and the applications are made in the
case of a swollen system; however, they can be extended to dry systems simply by putting vy = 1 in the

formulas.

General Considerations

Tensile testing of swollen samples has been employed
for a long time as a method to evaluate the effective elas-
tic chain density in rubber networks. The difficulty in
properly modeling the network behavior has been respon-
sible for the growth of different theories for describing
the mechanical properties in relation to the chemical-
physical structure of these materials.1-3

The more recent theory of Flory+7 has led to complex
analytical expressions. Referring to a network deformed
by an applied tensile force f corresponding to an elonga-
tion ratio «, one can write the following constitutive
equation:4®

HI() (14 L) eni+ )

where fpn is the tensile response the network would give
if deformed following the “phantom” model, which was
originally proposed by James and Guth.?2 f, is given by
constraints acting on the fluctuating junctions due to the
presence of “entanglements”.4-7 Equation 1 refers to a
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network at temperature T and volume V. ¢ is defined
as the cycle rank of the network, i.e., the number of inde-
pendent circuits therein, K is the Boltzmann constant,
and Lo is the sample length at the reference volume V),
which is defined as the volume at which the mean square
end-to-end distance of the chains in the network is equal
to that of the same chains in the free, un-cross-linked
state. The reference volume V) is assumed to be the vol-
ume of the network at the moment of its formation at
the same temperature 7. In a previous theory!:? refer-
ring to a model where the relative displacement of junc-
tions was assumed to be affine in the strain, the number
v of elastically effective chains was considered in place
of the term £(1 + f./fon). The extent of entanglement
constraints on junction fluctuations is, in general, depen-
dent on the network deformation, so /. is a function of «
and V/V,. Reasonable estimates of f./fon, supported by
experiments,” show that /. is usually positive, although
it may present negative values at very high swelling ratios
(V/Vo > 3.5-4).

Let us examine a network initially formed at a volume
V., for example, in solution, which is dried so that its

© 1990 American Chemical Society
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volume becomes V, and then is swollen in a solvent to a
volume V. Letting A* represent the area of the dry unswol-
len sample (of volume V,) and taking into account that
Lo = Lyvo Y3, we obtain from eq 1
1/3 .

o= ‘—4% = VE“KTU%I/a(-%) (a-a? (2)
where vs. represents the volume fraction of the dry net-
work with respect to the reference volume (vg. = V,/ Vo)
and F is a coefficient that collects the other coefficients
of eq 1 and accounts for the network structure and its
deformation. Itis convenient to substitute the term V/V,
with the ratio VV,/V,Vo = valvg, in which v; is the
volume fraction of the polymer in the swollen system.
Equation 2 therefore becomes

o= FI‘fTuzf/e’v{l/a(a -ad )]

Following many authors, we define the modulus |f*| as

ov,"*  FKTu,**
a— a'2 Vn

If*| = (4)
The modulus was defined in a slightly different way by
Erman and Flory:? |f*|r = f/[Aov2ct/3(a = o72)]. |f*|r is
related to |[f*| by the relationship |f*|r = |f*|v2.!/3.

The term F can be experimentally evaluated by using
the results of tensile tests in eq 4, and its value is an
index for the network structure and behavior character-
ization: F = v for a perfect affine network, and F = £ for
a perfect phantom network (f. = 0).2 According to Flo-
ry’s theory, we obtain (cf. eqs 1 and 2)

F=£(1+fc/fph) (5)

Moreover, when the network is perfect,* i.e., when no unre-
acted functional groups are present

g=v(l-2/¢) (6)
where ¢ is the cross-link functionality. For instance, when
¢ = 4, a phantom network would have an elastic reac-
tion that is half that of an affine network having the same
chain number ». The relationship between the number
of chains v in the network and their molecular weight M,
can be easily derived in an ideal network:

= _B_NA (7)

where p is the density of the unswollen network and Ny
is Avogadro’s number. M, refers to the stoichiometric
chain length between two following junctions.

In Figure 1 the modulus |f*| is plotted as a function of
p/M. In this graph, curves representing eq 4 with val-
ues corresponding to affine (F = v) and to phantom (F
= {) behavior are represented by straight lines with slopes,
respectively, equal to

A, =0, ’’RT (line a) (8a)

A = (1-2/@)0,*RT (line b) (8b)

where R is the gas constant. These lines have a general
meaning since they describe the limit cases of the behav-
iors of rubbers endowed with pure entropic elasticity. In
an ideal network the chain molecular weight coincides
with M,, ¢ is known, and |f*|s will fall between lines a
and b, if f. > 0, in correspondence with abscissa p/M,
(Figure 1). In the case of high swelling only, when f, <
0, |f*| is found below line b. Employing eqs 4-6, it is
possible to determine the corresponding f./fpn ratio that

Rubberlike Network Structure from Tensile Tests 3309

[f#

®

ffsi,

|

|

1

[

|

[

o P !
[

!

1

° |
/My,

/M
[a] = Ifeln+ Ifl

Figure 1. Schematic of modulus |f*| vs p/M diagrams. Lines
a and b refer respectively to the affine model and the phantom
model.

Table I
Properties of the Reagents

Poly(propylene oxide) Diols

reagent mol wt T, °C trade name and producer

VR 400 430 =72 Voranol 4, Dow Chemical

VR 1200 1230 -68 Voranol 12, Dow Chemical

VR 2000 2180 -67 Voranol 20, Dow Chemical

Poly(tetramethylene adipate) Diols
reagent mol wt Ty, T, °C  trade name and producer

PTMA 600 575 -138.1, 41.1 Diexter SL 122, COIM
PTMA 1000 1035 -73.5, 47 Diexter G 215, COIM
PTMA 2200 2205 ~34.1, 53.4 Diexter G 214, COIM
PTMA 3000 2980 —, 55.6 Diexter G 216, COIM

Cross-Linking Agents (Polyfunctional Amines)

cross-linker functionality mol wt
TIPA 3 191
EDA 4 350
DETA 5 392

completely describes the deformation behavior of the net-
work for the chosen a:

fo _ WPl _ M= I _ BS
fph |f*|ph If*lph B_O

Experimental Section

(9)

Two different classes of polyurethane networks, polyether
based and polyester based, were prepared in solution accord-
ing to a procedure reported in detail elsewhere.8 NCO-termi-
nated prepolymers were obtained by first reacting at 80 °C tol-
uenediyl diisocyanate (TDI) with linear OH-terminated poly-
mers consisting of (Table I) (a) poly(propylene oxide) diols (PE)
of different molecular weight and (b) poly(tetramethylene adi-
pate) diols (PES) of different molecular weight. The PE pre-
polymers were then cross-linked at ca. 30 °C by three-, four-,
or five-functional cross-linking agents (CA): tri-2-propanol
monoamine (TIPA), tetrapropanol diethylenediamine (EDA),
and pentapropanol diethylenetriamine (DETA). The PES pre-
polymers were cross-linked with TIPA only at ca. 40 °C. Stan-
nous octoate was used as a catalyst. The cross-linking reac-
tions were carried out in ethyl acetate solvent (EA) (50% by
weight), which was then evaporated. In this way good-quality,
homogeneous polymer films of constant thickness (0.15~0.4 mm)
were obtained from which strips ca. 70 mm long, 11 mm wide,
and 0.3-0.4 mm thick were cut.

Tensile tests on swollen samples were performed by means
of a dynamometer of our own design. The load was measured
by a Mettler electronic balance (sensitivity 0.01 g) through an
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Table 11
Network Properties
density, g/cm3 U Uge M, M, My
PE-PU Networks
VR 400
TIPA 1.18 0.502 0.414 905 4080 (1360)
EDA 1.17 0.651 0.417 950 2590 (1290)
DETA 1.18 0.662 0.409 935 1840 (1100)
VR 1200
TIPA 1.10 0.373 0.420¢ 1705 3660 1220
EDA 1.10 0.339 0.427 1750 3160 1580
DETA 1.10 0.641 0.434 1735 1950 1170
VR 2000
TIPA 1.08 0.191 0.428 2655 6230 2060
EDA 1.06 0.190 0.403 2700 6900 (3450)
DETA 1.07 0.285 0.431 2685 4170 2500
PES-PU Networks
PTMA 600% 1.20 0.694 0.420¢° 1050 2450 810
PTMA 1000° 1.19 0.592 0.420¢ 1510 2140 710
PTMA 2200% 1.18 0.485 0.423 2680 2760 910
a Estimated values. ? Cross-linked with TIPA.
inextensible wire fastened to the upper clamp, whose position 40—
was controlled by a cathetometer, accurate to 0.01 mm. The
elongations were imposed by moving the lower clamp, which e g vrRTPA
was rigidly connected to a micrometric screw rotating in a sta- X VR EDA i
tionary housing. The lower clamp displacement was read by a 20} v VR DETA l
dial gauge, accurate to 0.005 mm. After the sample was inserted ‘ s PTMATPA |
in the clamps, a cylinder, which housed the sample and the i
clamps, was filled with toluene at room temperature, and the 04
sample was allowed to swell to equilibrium. The length Lo of —_
the swollen sample was measured: it was practically the length e . |
at which the minimum load (0.01 g) could be detected. Then o
the preset strain was applied and after the relaxation phenom- "o g
ena completely subsided (generally after at least 60 min), the
corresponding equilibrium force was measured. The hysteretic ; L
behavior was sometimes checked to be sure that equilibrium —40 - T
conditions prevailed. After the measurements the surface of ‘ a
the samples was dried with blotting paper, and the samples were f ®
rapidly weighed and then reweighed after the toluene was com- j %
pletely evaporated under vacuum. The volume fraction vs of 6o 1000 2000 5000 4000

the polymer in the swollen system was calculated as vy = (Wgq/
pp)/ (Wpa/pp + Wi/pe), where W and p indicate weight and den-
sity and the indices pd and t refer to polymer dried after immer-
sion in toluene and to toluene solvent. The volume fraction vq.
of the polymer effectively embedded in the network was eval-
uated as vo, = (Wpa/pp)/(Wpi/pp + Wea/pea), where index pi
refers to dry polymer before immersion in toluene and ea refers
to ethyl acetate solvent used in the synthesis. The difference
Wi — Wpq represents the amount of extracted polymer not incor-
porated in the network. In the calculations no correction was
made of the V, change for the temperature used at the net-
work formation. The values of vy and vg. calculated for the
tested networks are reported in Table II. Differential scanning
calorimetry (DSC) analyses were performed on the initial poly-
ols and on the prepared networks at a scanning rate of 10 °C/min
over a temperature range of —150 to +250 °C. Number-aver-
age molecular weights M, of the starting chains (diols) were
determined by measuring the number of OH groups in the
polydiols.® M, was calculated by

M, =M, +2M,/¢, + 2My; (10)

where M., and M.q4; are the molecular weights of the cross-
linking agent and toluenediyl diisocyanate.

Results

Figure 2 shows the glass transition temperatures (T}’s)
as a function of M, of PE-PU networks obtained with
three-, four-, and five-functional cross-linking agents and
the Ty’s of PES-PU networks obtained with the trifunc-
tional cross-linking agent. We observe that the T,'s depend
on M,, which is consistent with the fact that the cross-
link density is higher in the case of short polyols, and,
moreover, that the hard-segment density due to ure-

M, (g/mol)

Figure 2. Glass transition temperatures of rubbery polyure-
thane networks (PE-PU and PES-PU) as a function of the sto-
ichiometric molecular weight of chains.

thane groups decreases with increasing chain length of
the polyols, so reducing the interchain attraction. The
Tg is higher for PES-PU due to the lower chain flexibil-
ity of PES diols. We found that the cross-linking agent
functionality is important in determining T} only for the
lower molecular weight networks. In this case we observed
also that the T,’s are higher that those shown in Figure
2 when the NCO-terminated prepolymers are prepared
at room temperature. According to the thermal analy-
sis, all PE-PU are amorphous whereas the PES-PU syn-
thesized from PES diols having M,, = 3000 are crystal-
line, showing melting points >50 °C, and were not exam-
ined in this work. The networks from PES diols having
M., = 2200 crystallized only some time after their prep-
aration and were examined before this event. The lower
molecular weight PES-PU are amorphous. We observe
that the T’s were lower than those shown in Figure 2
when the samples were swollen: all the mechanical data
presented here refer to swollen samples in the elasto-
meric physical state since their T;’s were below room tem-
perature.

Mechanical Properties. Figures 3 and 4 are plots of
ov2'/3 vs (@ — a2) for PE-PU networks of different M,
(VR 400 and VR 1200) and different CA functionalities.
Analogous data were obtained for VR 2000. Figure 5 shows
data for PES-PU with TIPA cross-linking agent. The
slopes of the cvs/3 vs (a ~ o2) regression lines give quan-
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Figure 3. Experimental ¢v,1/3 vs (o — a~2) data and regression
lines of VR 400 based polyurethane networks with different junc-
tion functionalities.
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Figure 4. Experimental cvs!/3 vs (a — o~2) data and regression
lines of VR 1200 based polyurethane networks with different
junction functionalities.
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Figure 5. Experimental cv3!/3 vs (o - a~2) data and regression
lines of polyester-based networks of different chain lengths cross-
linked with trifunctional cross-linking agent (TIPA).

titative indications on the structural parameter F of each
network. In the range of the experimental « the slope
of gvgl/3 is practically constant with (« — a2): the exten-
sibility is not very large since the networks break at low
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strains, and our |f*| values correspond therefore to |f*|o—1.

Discussion

When a network is mechanically tested, the experi-
menter may be in a position to know the conditions of
its synthesis. However, even if the reagents are per-
fectly known, it may be that not all of the cross-linking
functional groups react so that the mean functionality is
lowered and the mean molecular weight becomes higher
than the theoretical value. Looking at a given cross-
link, if, for example, ¢ = 3 and one functional group fails,
the given points become part of one chain that takes a
length 2M,. These facts increase the difficulty of appli-
cation of Flory’s theory and limit the possibility of know-
ing exactly the physical structure of the network start-
ing from mechanical properties only.

In real cases the network is, in general, not perfect,
but the Flory equation can still be used in referring to
the mean values of the constitutive parameters of the
network itself (¢, ¢, M, »), of which only two are inde-
pendent. Once |f*| is measured, different interpreta-
tions of the real network are possible according to the
auxiliary information available. If the fundamental sto-
ichiometric unit M, is known, the true M depends on the
synthesis conditions!®1 and is, in general, unknown; the
true ¢ is also unknown. We observe, however, that the
mean molecular weight of chains between junctions can-
not be lower than the value M, calculated from stoichi-
ometry. M, represents therefore the lowest possible molec-
ular weight of chains so that My, < M < M.. M, is the
maximum molecular weight possible for a given |f*|. In
fact, with reference to Figure 1, no experimental points
(If*), p/Ms) should be found to the left of line a. The
molecular weight corresponding to the affine model is
expressed by

M, = pRTv, 23 /|f¥| (11)

In conclusion, in the case of a real network synthesized
with known reagents, there is for each experimental |f*|
value a corresponding average molecular weight M, > M
> M,, which, however, cannot be precisely determined.
The mean functionality ¢ is also not known. If one does
not know M, but can make reasonable estimates of ¢
only, wider limits of M can be foreseen. In fact, the actual
mean molecular weight M of the network chains should
be in the range Myy, < M < M,. p/M, and p/Myy are
found at the intersection of the straight lines a and b
with the ordinate |f*| (Figure 1). The limit My, is given
by Mpn = (p/If*|)RTvo?/3(1 - 2/¢). Finally, if no infor-
mation at all is available on the network parameters, only
the limit M, can be evaluated (eq 11). Some interesting
limit considerations can be made concerning the cycle
rank £ Using eq 4, which is still valid, and taking into
account eqs 1 and 2, we obtain

f _F IF*1Va

=-1== -
fon & EKTv,®

which gives a correlation between the true f./fpn and the
real cycle rank density £/ V,,, which is, unfortunately, not
sufficient to describe the network. However, the follow-
ing considerations can be made. In an imperfect net-
work £ < vs(1 - 2/¢s), where v, is the total theoretical
number of chains and ¢, is the stoichiometric function-
ality. Therefore a lower |f*| results than for the equiva-
lent perfect network (|f*|s). If one compares the real net-
work behavior to that of a perfect network in its phan-
tom state having a molecular weight of chains equal to
the stoichiometric molecular weight (M), it is possible

(12)
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Figure 6. Modulus |f*| vs o/M of PE-PU and PES-PU cross-
linked with trifunctional cross-linking agent (TIPA). The the-
oretical lines corresponding to the affine model (—) and the
phantom model (- - -) are shown.

to obtain a useful expression for £. The ratio of the mod-
uli in the two situations is

|f*| - 2(1 + fc/fph)
|f*|ph,s fs (13)

and using also eq 6 for & (stoichiometric cycle rank), we
can write

S ((2)_ L
: |f*|ph,s”‘(1 ¢>S) YA

In the case of not very large swelling ratios, when f. > 0

P B “NA( 2)<|7[§|;l}; (15)

If*lphs 8

This disequation will be used in the applications. The
solution to the problem of finding the true, mean molec-
ular weight by using tensile tests remains therefore inde-
terminate. This is an important difference from what
was accepted in the past when only the affine model was
considered.! This approach has been used for a long time
for the analysis of the cross-linking efficiency.!?
Application. From our experimental data we can eas-
ily find |[f*| and the corresponding F parameter (eq 4)
valid in the range of short elongations (o — 1). In real
situations, however, we cannot apply eq 5 to determine
the ¢ value that describes the network due to a lack of
information on f./foh. In Figures 6 and 7 the theoreti-
cal frame line a-line b is reported for different cross-
linking functionalities. Line a (affine model) is common
to all of the graphs, since vy is practically equal for all
of the cases, while the dotted lines b (phantom model)
have slopes corresponding to the theoretical ¢ values (¢
=3,¢ =4, ¢ = 5). Figure 6 shows the experimental
points (|f*|, p/M,) of our PE-PU networks, while in Fig-
ure 7 the PES-PU experimental data are reported and
compared with the trifunctional PE-PU. Figures 6 and
7 show that the experimental |f*| depends on the polyol
chain length: in most cases a decrease of |f*| is observed
for the highest molecular weight. In the case of PES-PU
networks, moduli are higher than in the case of PE-PU
networks of similar chain lengths reacted with the same
cross-linking agent (TIPA). Comparing PE-PU and
PES-PU of similar M;, we see that PES-PU is closer to
affine behavior than the corresponding PE-PU. For
PE-PU we observe that the functionality influences the

(14)

Macromolecules, Vol. 23, No. 13, 1990

x VR TIPA / /
v VR EDA s 4 +
+ VR DETA /s S
81 / ocs”
S
/ Sy -
. S
£ / Vv ®-3
3 S e
= VY -
s S ~ x
.l / 7 s pd
B YA -
s " (N
o v
s
/ ///
7
0 0 é 1‘0 15

10° 0/M {(mol/cm?)

Figure 7. Modulus |[f*} vs o/M of polyether-based polyure-
thanes cross-linked with different cross-linking agents. The the-
oretical lines corresponding to the affine model (—) and to phan-
tom model for different junction functionalities ¢ (-~ —-) are
shown.

behavior of the network. Figures 6 and 7 show, in fact,
that |f*|, at equal M,, decreases with decreasing function-
ality, moving far below the affine (a) line. This appears
to be in agreement with the base hypothesis of Flory since
an increasing number of chains connected to a network
cross-link enhances the constraints on the junction fluc-
tuations. Moreover, it is confirmed that even at « — 1
the network behavior is not affine.

In general, we did not find (Jf*|, p/M,) points above
line a, whereas we sometimes found points below line b.
The graphs show that in all cases the PE-PU with the
lowest molecular weight (VR 400) present moduli lower
than those indicated by the theoretical line b, evaluated
according to stoichiometric . We suggest as one of the
possible reasons a much faster reaction of the network
formation!? in the case of shorter chains since the con-
centration of reactive groups is inversely proportional to
M, and the addition reaction of OH and NCO is kineti-
cally of second order: we found experimentally that the
increase of viscosity is much faster, and we believe that
some chains may not find the chance to react in the way
necessary to form the network even if they chemically
join to the system (branching). In other words, the high
reaction rate lowers the chance of using all of the cross-
linking agent functionalities to build up the networks.
The corresponding lowering of ¢ causes a decrease of the
slope Aph of the curve |[f*} vs p/M. In the case of highly
swollen networks (f. < 0) a position below line b is pos-
sible in principle even in perfect systems. However, in
our case, points below line b were obtained at V/V, <
2.1, i.e., when a reasonable estimate of the k and { param-
eters of Flory’s model” indicates that f. should be posi-
tive. Therefore in our case the position of experimental
points (Jf*], p/Ms) below line b indicates very probably
that network imperfections are present. This fact could
be analyzed by using eq 15, which can be employed when
M and ¢ are known and which is easily interpreted in
Figure 1, comparing the position of point P (|f*|, o/ M,)
with that of the corresponding point B ({(|f*|on, p/Ms),
where |[f*|pn = EKTv22/8/Vya). In our case (eq 15) we
obtained ¢/V, < 2.89 X 1074 mol/cm3, §/V, < 4.58 X
1074 mol/cm?, and /V, < 6.41 X 10~* mol/cm3, corre-
sponding to PE-PU of low molecular weight (VR 400)
respectively cross-linked with TIPA, EDA, and DETA.
Should the experimenter get no information at all about
M; and ¢, he could obtain the upper molecular weight
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limit only: M, is calculated according to eq 11 (in our
case, see column 6 of Table II). On the contrary, if one
knows M;, the uncertainty limits are in between M, and
M, (columns 5 and 6). Table II also shows the limit val-
ues M, and M, of the molecular weight corresponding
to the experimental |f*| that should be considered in the
case (columns 6 and 7) when M, is not known but ¢ could
be evaluated. The values of column 7 in parentheses refer
to points that are below the theoretical line b. These
points are characterized by ¢ < ¢, due to synthesis imper-
fections, and therefore the corresponding My, values must
not be considered.

As a final remark we observe that tensile tests of swol-
len networks have the advantage, compared to those of
dry materials, of allowing the equilibrium to be reached
more quickly, which makes the experimental work eas-
ier. Moreover, they allow one to examine also some glassy
polymers when their T;’s in the swollen state become
lower than room temperature, at which tensile tests are
performed. All the above considerations can be extended
to dry networks by putting ve = 1.
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ABSTRACT: Complexation of the end groups of amino telechelic polydienes strongly affects the viscoelas-
tic behavior. This is shown in the thermal dependence of the isochronous torsion modulus of a liquid
polybutadiene selectively end-capped by a piperazine unit at both extremities. A rubbery plateau emerges
when the telechelic polymer is coordinated to copper(II) or iron(III) chlorides. The rubbery plateau extends
over a temperature range that depends on the molar ratio of the transition metal to the amine end group.
Similar observations have been reported when the dynamic mechanical properties of an a,w-bis(dimethy-
lamino) telechelic polyisoprene have been investigated over the full range of temperature from the glassy
plateau to the viscous flow. Upon complexation of the end groups, a rubberlike plateau is observed, which
does not exist for the uncomplexed polymer. Furthermore, a secondary relaxation, attributed to the aggre-
gation of the complexed amine end groups, occurs above T,. The temperature at which the maximum of
this relaxation is observed and the distribution of the relaxation times depend on the metal to amine end-
group molar ratio. At a ratio of 1, FeCls endows the chain network with higher cross-link density than
CuCl; does. However, at the same time the temperature width of the rubbery plateau is much shorter for
the former than for the latter polymer, indicating a relative thermal instability of the Fe-amine complexes.

Introduction

Thermomechanical properties of hydrophobic poly-
mers are known to be modified by ionic groups ran-
domly distributed along a polymeric backbone.l2 Inter-
est in ionomers has to be found in the potential of cross-
linking macromolecules in a thermoreversible manner.
Alternative modifications of traditional polymers con-
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sist in replacing the ionic groups by other types of inter-
acting groups. Examples have been described in which
ligands have been attached onto polymeric chains and
engaged in coordination reactions with metal salts.3-5
Although many ligands can be used, this work focalizes
on amino groups, which are one of the most studied groups
both in solution and in solid state.3® As recent papers
indicate, there is plenty of interest in these systems.”-16
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