Polymers in Solution

B 3.1 Technological Importance

For formulation, production, and quality control in the paint, varnish, and adhe-
sive industries, it is necessary to obtain stable solutions (which do not undergo
major changes in viscosity with storage time), with safe handling (the use of flam-
mable solvents should be avoided if possible) at a competitive cost (an expensive
solvent may be replaced by a mixture of other organic liquids to produce a thinner
with the power to solubilize the solids). That is, what is the best thinner (or mix-
ture of solvents) to solubilize a given formulation (or mixture of polymers)?

The melt viscosity shown by a polymer while being processed is due to the diffi-
culty polymer chains face to change conformation during flow. This difficulty is
created by the large number of entanglements, formed among the long polymer
chains. Thus, it is important to know and control the average molecular weight
obtained during the polymerization. The molecular weight is an average of the
length (or weight) of all chains measured individually. For this measurement, it is
necessary to separate the chains, which can be done in a practical manner by solu-
bilizing the polymer in a suitable solvent.

B 3.2 Conformation of the Polymer Chain
in Solution

The conformation of a polymer chain defines the spatial geometric arrangement of
the atoms forming the molecule. This arrangement can undergo many spatial
changes as long as the carbon tetrahedral geometry is maintained. This usually
occurs by rotation of single covalent C-C bonds, keeping the distance and the an-
gle of the bonds fixed. Despite these two constraints, there are a large number of
positions in which the carbon atoms of the main chain can place themselves, since
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all points in the cone defined by the equidistant locus of the previous carbon atom
by a fixed distance (bond length) forming a fixed angle (bond angle) can be used.
Figure 3.1 shows a schematic representation of a polymeric chain in solution when
subjected to a change in temperature or solvent power.

Increase solvent power
and temperature

Decrease solvent power
and temperature

Figure 3.1 Schematic representation of the change in the volume occupied by a polymer chain
in solution and its end-to-end chain distance when subjected to a change in temperature or
solvent power

The most stable conformation in solution is the random coil conformation. In the
presence of a good solvent and/or high temperatures, the hydrodynamic volume
occupied by the polymer chain increases. Likewise, in the presence of a poor sol-
vent and/or low temperatures, the volume occupied by the molecule in solution
tends to decrease. A practical way to quantify the hydrodynamic volume size is by
estimating the geometric mean distance between the chain ends. For this purpose,
the square root of the mean squares of the distances between chain ends is calcu-
lated as:

F=(r)" (3.1)

In an attempt to calculate the average distance between the two ends of a chain,
several theoretical models were developed by Prof. Paul John Flory (19/Jun/1910-9/
Sep/1985), physicochemical professor at Stanford University, California, USA, No-
bel prize in chemistry of 1974, with different levels of detail. The most known are:

3.2.1 Free Joined Chain Model

This is the simplest model where it is assumed that the chain is formed by a se-
quence of bars with a fixed length (/) connected by the tips without restriction of
the angle formed between them. This model can also be seen as that of a Brownian
movement or “the walking drunk man”. In this case, the mean square distance
that the drunkard will walk after n steps with fixed length [ will be:
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F=(r*)*=tJn (3.2)

Figure 3.2 shows a possible conformation of a polymer chain obtained from a nu-
merical simulation using random bond angles (open points). The simulation took
100 single C-C bonds with unit bond length, following the predicted freely joined
chain model. This model is two-dimensional and does not take into account short-
and long-range interactions. This allows the crossing of two segments, something
that is impossible in reality, making a much more closed conformation than the
real one. In any case, it serves as a starting point in the development of other sim-
ulations, presenting results that are closer to reality.

3.2.2 Free Tetrahedral Rotation Chain Model

If the bond angle is set as fixed, the constraint increases and the mean square dis-
tance between the chain ends becomes:

1 )
! 1 —cos0 |2

F=(r|* =1¥n 3.3
(‘ } Y14 cos0| (3:3)
which, in the case of the carbon-carbon single bond, reduces to:
—\ Y ,
F=(r'" =W2n (3.4)

The tetrahedral angle 8 = 109° 28’ then cos 8 = -1/3. This results in a mean square
distance of the free tetrahedral rotation chain model 41% higher than the value
calculated by the free joined chain model.

[\ ‘. Jr— I, - >
("-r»in.f:mm[) = \/2 [“,]'.:lnlmn .‘J = 141(, ) V (3'5)

random

Figure 3.2 also shows the result of a simulation using the free tetrahedral rotation
chain model (full points) for a chain with 100 C-C single bonds.
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Figure 3.2 Conformations of a polymer chain according to the model of the free joined chain
(open points) and with the free tetrahedral rotation chain (full points). Simulation with 100 C-C
single bonds and unitary bond length. The restriction imposed at the C-C-C angle by the free
tetrahedral rotation model creates a more expanded chain (with a higher hydrodynamic vol-
ume) and a larger quadratic mean distance between chain ends

3.2.3 Restricted Movement Chain Model

One can further restrict movement by considering that repulsion effects present in
a given position will also be present on the other side of the molecule (action sym-
metry). Thus, the angle of rotation of the chain ¢ is defined as the angle the next
carbon atom makes relative to the plane formed by the three carbon atoms prior to
it in the chain. Figure 3.3 shows a diagram with the angle of rotation ¢.

z
X
Y

Figure 3.3 Diagram of a sequence of four single bonded carbon atoms showing the bond
length /, bond angle 6, and the rotation angle ¢
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4.6 Unit Cells of Some Semi-Crystalline Polymers

4.6.2 Polypropylene (PP)

Isotactic polypropylene PPi has a monoclinic unit cell with the following unit cell
parameters: « =6.65+0.05A; b=20.96+0.15A; ¢=6.50+0.04A; and angles
a=y=90°and f=99°20. Figure 4.10 shows a view along the c-axis, i.e., the axis
of the main chain. The circular arrows at the center of the chains indicate the di-
rection of rotation of the helix and the fractional numbers next to the carbon atom
of the side group -CH,, its partial height inside the unit cell, counted from the
basal plane, subdivided into 12 fractions.

111 =3A 712

L N
| b |

Figure 4.10 Projection of the monoclinic crystalline unit cell of the polypropylene seen along
the c-axis, i.e., the main-chain axis
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4.6.3 Polyhexamethylene Adipamide (Nylon 6,6)

The crystalline phase of nylon 6,6 may be present in at least three distinct crystal-
lographic forms. At room temperature, the forms « and 3 are stable, both triclinic,
with a planar zig-zag conformation. Figure 4.11 shows the unit cell of the o form.
The ~ form only appears at high temperatures and is not yet well defined.

The unit cell parameters of the « and 3 forms are:

« form 0 form
a=49A a=485° a=49A a=90°
b=54A B=77° b=8.0A p=77°
c=17.2 A y=63.5° c=17.2 A y=67°

The hydrogen bond formed between the -NH and -C=0 groups creates strong sec-
ondary intermolecular links, aligning the zig-zag planes of the layered chains
where the bonding forces between the chain segments within each layer are
greater than the intermolecular dispersion forces between the layers.

Figure 4.11 Triclinic unity cell of the a form of nylon 6,6
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4.6.4 Polyethylene Terephthalate (PET)

The crystallization conformation of polyethylene terephthalate (PET) is planar zig-
zag forming a triclinic unit cell with the following parameters: a = 4.56 A; b =
5.94 A; ¢ =10.75 A and angles a = 98.5°; B = 118°; y = 112°. To allow more pack-
ing, the terephthalic acid group makes a small angle with the axis of the polymer
chain. Figure 4.12 shows several views of the PET unit cell.

Figure 4.12 Planar zig-zag crystallization conformation of the PET chains and its triclinic unit
cell
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— X 390
M, == - 0 0.400 g/mol;
2N, 485x10°

— YN(MY  346x107
M, ‘( i Shexd 88.700 g/mol;
>h 390
— YN,(M)Y 3 5 107
M, !\ '), 3.83x10% _ 110.700 g/mol;
3 N, (‘,\Ii ) 3.46 x 10
M_ 88,700
and the polydispersit PD=—L=— =1.1
POEISpersity M 80,400

n

B 6.5 Most Probable Molecular Weight
Distribution Function

It is theoretically possible to predict the width of the molecular weight distribution
depending on the type of polymerization reaction. Thus, polycondensation tends to
produce mainly linear chains that grow with the polymerization reaction time. On
the other hand, the chain polymerization will be dependent on its preferential type
of termination mechanism.

6.5.1 Polycondensation with Linear Chains

The polycondensation reaction of two initial bifunctional materials yields a long
linear chain where each component enters alternately during the chaining. This
produces the so-called most probable distribution function. Assuming the reac-
tion of a diacid (A) with a dialcohol (G, glycol) forms a linear polyester chain, as
shown:

nA +nG - A-G-A-G-A-G-A-G-........ -A-G

then if for the formation of this chain a total of x molecules of the reactants (half of
the molecules of diacid and half of glycol) are used, then x —1 bonds are formed.
Assuming that the probability of each of these esterification reactions to occur is
p, also known as reaction extension, one can conclude that the probability of a
molecule being formed with exactly x units is n_ given by:

n,=p(1-p) (6.25)
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the first term relating to the probability that the same reaction (p) happens x—1
consecutive times, and the second term appears to ensure that the chain stops
growing exactly after these x—1 reactions. Thus, the number of molecules (N )
with a size of exactly x is the total number of molecules available (N) times their
probability of existing n :

N, =Nxn, (6.26)

or

N, =N (1-p)x p*! (6.27)

but the total number of molecules available is the total number of unreacted mole-
cules (N,), i.e.,

N=N,x(1-p) (6.28)

Replacing these equations, the number most probable molecular weight distri-
bution function is:

N, =N, x (I /))'I x p*! (6.29)

which can be converted into weight function by neglecting the loss of mass due to
the elimination of molecules of low molecular weight after each condensation reac-
tion (water in the case of formation of the ester bond).

W, =xx—% (6.30)

that is, obtaining the weight most probable molecular weight distribution
function as:

W, = \-(l—/;)" xp*~! (6.31)

Figure 6.11a graphically shows the number most probable MWD function and Fig-
ure 6.11b shows the weight most probable MWD function, calculated for four prob-
ability values: p = 0.90, 0.96, 0.98, and 0.99. The higher the probability of the po-
lymerization reaction, the greater the number of initial molecules that will react,
generating larger chains and shifting the curves to the right. With the lowest prob-
ability, p = 0.90 = 90%, the average number of reacted molecules, defined by the
peak of the weight function, is only x = 10. By increasing the probability to p =
0.96 = 96%, the average number of molecules that react to form the chain increases
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to x = 25, and if we reach p = 0.99 = 99%, it increases even more to x = 140, the
typical value of a commercial poly(ethylene terephthalate) PET polymer.

The number average polymerization degree (x,_) can also be estimated as:

- 1

X, =X xxn, =Y xxp" '><(1—p)=]— (6.32)
p

and in weight fraction (\'_“) as:

—_— = |
=Y xxw, =X xxxxp*”’ x(l—p):] a4
p

(6.33)

W X

Thus, the width of the most probable MW distribution curve of a polycondensation
with linear chain is:

; =1+p (6.34)
‘H

assuming p =1, then one can say that

w2 (6.35)

i.e., the polydispersity calculated for a polycondensation is approximately 2 (see
Table 6.5). Nylons are polymers obtained by this type of polymerization and com-
mercial products have PD = 2.

0.08 - 0.04
- |3 Nx=Ng(1-p)2-p*(x—1) . I wi=f 1=p)'2<p(x=1)
=3 : E
0.06 5 ~0.03
C [
o H o
S0.04 \ fgo.02
@ r \ £ A
£002 A 2001 [
277 L N AN
o L T T S, 0 Ko TR s
0 50 100 150 200 0 50 100 150 200
No. of reacted molecules/chain (x) No. of reacted molecules/chain (x)
a) b)

Figure 6.11 (a) Number most probable MW distribution function and (b) weight most probable
MW distribution function, simulated for four different reaction probabilities: p—0.90,0.96,
0.98, and 0.99
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6.5.2 Chain Polymerization

This polymerization presents three types of preferential terminations:

6.5.2.1 Chain Transfer Termination

The hydrogen is transferred from the solvent molecule to the reactive growing
chain end, terminating the polymerization. In this case, the most probable molecu-
lar weight distribution function can be applied, in the same way it was for the
polycondensation or step polymerization. In order to synthesize a polyethylene
with degree of polymerization x =GP = 1000, it is necessary that the probability
of the ethylene addition reaction has at least 3 nines, that is, p > 99.9%.

6.5.2.2 Combination Termination

In this case, two growing radical chains meet and react by forming a single cova-
lent bond. The molecular weight of the final chain will be the sum of the initial two
that formed it. In this case, the distribution function is narrower than the most
probable:

W, :%(.\'—l) x(1—p)’ xp* 2 (6.36)

6.5.2.3 Polymerization without Termination
This type of termination occurs specially in anionic polymerizations. The distribu-
tion function follows Poisson’s distribution:

[x—1

e xXv

and
W, = vxxxe ' xvo -’ (6.38)

(v +1) x(x—1)!

v being the number of reacted monomers per polymer chain. The distribution
width in the anionic polymerization is:

Vv

Bt 2 (6.39)
X (v+1)

If v is big then:

|

Y o4l o (6.40)
X v

n
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1. Vicat softening temperature: is the temperature that, during heating at a con-
stant and predetermined rate, a flat tip needle with an area of 1 mm? (1.120 mm
<D< 1.137 mm), penetrates the sample at a depth of 1 + 0.01 mm, subject to a
constant and predetermined load. Two types of loads, 10 £ 0.2 N (1 kg =
9.80665 N) or 50 + 1.0 N, are used and heating rates of 50 = 5 °C/h or
120 + 10 °C/h. ASTM 1525 standardizes this method.

2. Heat distortion temperature, HDT: is the temperature that, during heating at
a constant rate of 2 + 0.2 °C/min, a rectangular section bar of 13 mm thickness
and length between supports of 100 mm, positioned in its side and tensioned in
the center, deforms the bar 0.25 mm (0.01 in). The maximum fiber tension (S)
should be 0.455 MPa (66 psi) or 1.82 MPa (264 psi). ASTM 648 standardizes
this method.

B 7.6 Effect of the Chemical Structure on
T; and T,

Since the T, and T;, transition temperatures refer to overcoming secondary forces
and giving mobility to the polymer chain, any factor leading to an increase in sec-
ondary intermolecular forces and chain stiffness will increase both 7, and T;,. Fig-
ure 7.7 shows the positioning in the space T,, vs T,, with values presented in de-
grees Celsius, of a long list of semi-crystalline polymers. The maximum range of
the T, is -100 °C < T, < 300 °C and for the 7, is 0 °C < T}, <400 °C, making a total
span of 400 °C in both cases. These ranges are extremely convenient because they
provide polymers for many types of commercial applications with varying levels of
thermal stability. For example, applications where the material is expected to per-
form exclusively at room temperature and do not require any high mechanical
strength can be provided by polyolefin, whose range is 100 °C < T, < 200 °C,
which is considered a low melting temperature range. On the other hand, applica-
tions where the materials will have to perform at constant temperatures in the
range of 100 °C should have a range of 200 °C < T,, < 300 °C, which is considered
a medium-high melting temperature, requiring the use of engineering thermo-
plastics.
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1 - Polydimethyl siloxane

2 - Poly-cis-butadiene

3 - Poly-cis-isoprene

4 - Polypropylene oxide

5 - Poly-trans-isoprene

6 - Polyethylene oxide

7 - Polypentene-1

8 - Polybutene

9 - HDPE

10 - Poly-trans-butadiene
11 - Polypropylene

12 - Polymethylene oxide
13 - PMMA isotactic

14 - Polystyrene

15 - Polycarbonate

16, 17 - PTFE

18 - Poly-4-methyl pentene-1
19 - Polytriacetate celulose

5 B 8

Melting temperature (°C)

=]
T

-100 i i i
-200 -100 0 100 200 300
Glass transition temperature (°C)

Figure 7.7 Relationship between the 7 and T, values of various commercial polymers.
The line represents 7 =T,

The large variation in the values of T, and T, presented by the polymers is depen-
dent on particular structural factors. The most important are listed, commented on,
and exemplified in the next section. It is also possible in some cases to change
them further by making use of external factors, which will be discussed in the next
section of this chapter.

7.6.1 Structural Symmetry of the Main Chain

In Figure 7.7, it can be seen that most of the polymers present a difference be-
tween the transition temperatures of the order of 110 °C. On the other hand, some
polymers present a greater difference. According to the Boyer/Beaman Law, the
greater the symmetry of the polymer chain with respect to its side groups, the
greater the difference between 7, and T;,. Taking the temperature in Kelvin, one
gets:

I,
1. —==0.5 for symmetrical polymers either without a lateral group, as in PE,

POM, etc., or with two groups symmetrically placed on both sides of the same
carbon atom, as for PTFE, PVDC, etc.

2. /‘i 0.75 for asymmetrical polymers either with only one side group, as for

PP, PS, PVC, etc., or two that should be very different in size, as in the case of
PMMA.
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The presence of side groups may not increase 7, and T, at the same level when
they are arranged symmetrically with respect to the main chain axis. This allows
for better-balanced motions of the molecule, not requiring high levels of energy to
achieve mobility. This effect is confirmed by the values of the transition tempera-
tures of polyvinylidene chloride, PVDC, which are lower than those of polyvinyl
chloride, PVC, although the former presents twice as many chlorine atoms as the
PVC (and therefore a lateral group with double the volume) but they are disposed
symmetrically, with a chlorine atom on each side of the polymer chain, as seen in
Table 7.1.

Table 7.1 Tg and T, of Some Vinyl Polymers

AT

: . CH,~CH
Eslérvmyl chloride 4[ T jL 87 212 0.74
Cl —n
Cl
Polyvinylidene chloride CH,—C _
PVDC 19 198 0.54
Cl

n

7.6.2 Rigidity/Flexibility of the Main Chain

The presence of rigid groups within the main chain will promote rigidity, leading
to an increase in both 7, and 7,. An example is the p-phenylene rigid group with
two single bonds flat within the plane defined by the benzene ring. This is found in
PET with T, = 69 °C and T, = 265 °C. In contrast, another polymer with a similar
chemical structure, but not containing the p-phenylene group, polyethylene adi-
pate (PEA), has much lower values (7, = -46 °C and T}, = 45 °C); it, therefore, has
fewer commercial applications. The same happens with other polymers (polyam-
ides, polyesters, etc.) where ethylene sequences are replaced by p-phenylene
groups. On the other hand, some elements can generate chain flexibility as in the
case of oxygen and sulfur atoms because they form flexible bonds with carbon.
Thus, polyethylene oxide, which has a flexible ether bond -C-0-C- within the
main chain, has a T, = 66 °C, much lower than the value given by polyethylene,
which is T, = 135 °C. For a comparative analysis between various chemical struc-
tures, analyze the examples presented in Table 7.2.
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Table 7.2 Stiffening Effect of the p-Phenylene Group on Some Condensation Polymers
Polymer | T, (°C) | T, (°C)




7.6 Effect of the Chemical Structure on T, and T,

7.6.3 Polarity of the Main Chain

The existence of polar groups in polymer macromolecules causes a strong attrac-
tion between the chains, bringing them closer together and increasing the second-
ary forces. Thus, the presence of polarity increases 7, and T, and they are greater
the higher the polarity value. Common polar groups in polymers include the car-
bonyl group, —('c')—’ in which its polarity value will be affected depending on the
type of atom bonded laterally to it. Nitrogen atoms tend to donate and oxygen to
withdraw electrons, respectively. Ester, urethane, amide, and urea polar groups
have increasing polarity in this order and therefore polymers with similar chemi-
cal structures (changing only the polar group but keeping their content along the
polymer chain constant) increase T, and T}, in this order.

Ester Urethane Amide Urea
: Q Q Q
—C-0— —l}I-C-O— —N-C— —l}I-C-lI\I—
H H H H

Increasing polarity

Increasing Tg and Tm

This effect can also be seen in Figure 7.8 where the change of the melting tempera-
ture of several homologous series (with the same functional group) of aliphatic
polymers (with linear CH,-methylene sequences) is shown as a function of the
number of CH, groups connecting the functional groups. For the same number of
methylenes, the higher the polarity of the functional group present, the greater the
T, of the polymer. On the other hand, the higher the number of CH,s, the lower the
concentration of the functional groups per unit length of molecule and, therefore,
the lower its attraction effect. In this way, the values of T, are close to that pre-
sented by a very long sequence of methylenes, which is no more than polyethylene
itself. Table 7.3 exemplifies the latter case for a series of linear aliphatic polyam-
ides. When the number of methylenes is even, both N-H and C=0 bonds are placed
at the same side of the main chain; when it is odd, they sit on opposite sides. This
particular configuration affects the crystallization kinetics and the melting tem-
perature.
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Polyethylene

/ms—&://

Number of methylene groups (CHa) in the mer

Melting temperature (Tm)

Figure 7.8 Variation of 7 for several homologous series of aliphatic polymers

Table 7.3 Melting Temperatures of Some Polyamides (Nylon N)

Nylon type Mer of some nylon types T.(°C)
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2. Discuss how copolymerization and chain branching affect the radius of interac-
tion R. What experimental technique makes use of this property to characterize
different types of homopolymers and copolymers?

3. Justify why Eq. (10.2) (from Chapter 3, Section 3.5.4) is valid. What is the advan-
tage of it being valid for the commercial production of a thinner?

& = \/( (\m ) . (\'" ‘ ; ('(\,l.“ ), (102)

B 10.4 ldentification of Polymers by Infrared
Absorption Spectroscopy

10.4.1 Objective

Use the infrared absorption spectroscopy FTIR technique for a qualitative analysis
in the identification of the chemical structure, molecular configuration, compo-
nents, formulation, etc., of pure polymers, their blends, and composites.

10.4.2 Introduction

Infrared absorption spectroscopy is one of the most widely used tools for identify-
ing and characterizing polymeric materials. The vibrational analysis of polymers
can provide information on three important structural aspects: chemical composi-
tion, configurational, and conformational structure. It also provides indications of
interatomic forces due to the presence of molecular interactions. The technique of
characterization of materials by absorption in the infrared is based on the observa-
tion of the frequency (qualitative analysis identifying the type of chemical bond)
and intensity (quantitative analysis measuring the chemical bond concentration)
of absorbed infrared radiation when a beam of this radiation crosses the sample.
The infrared region corresponds to the range of wavelengths of the electromag-
netic spectrum of 1 micron to 1 mm.

For a molecule to absorb infrared radiation, a change in the dipole moment of the
molecule must occur during its axial and angular deformation movements. The
incidence of infrared radiation in the molecule at the same frequency as the vibra-
tion of one of its bonds absorbs part of the incident energy with increasing ampli-
tude of this vibration. By measuring the decreases in intensity of the transmitted
radiation, a spectrum of the absorbed infrared radiation, characteristic of the mate-
rial being analyzed, is generated.
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The atoms that make up a molecule are in continuous motion due to various types
of vibrations. They can be classified into two fundamental modes: axial deforma-
tion (or stretch) and angular deformation, shown in Figure 10.2 for a triatomic
molecule. These vibrations occur only on some quantized frequencies, that is, they
are unique and characteristic of each chemical bond.

Axial vibrations
X ” X
y }{‘
Symmetric Asymmetric

Bending vibrations

&« &« -~ &« Near Near Near
In-plane In-plane Out-of-plane Out-of-plane
rocking scissoring wagging twisting

Figure 10.2 Vibration modes of a simple three-atomic molecule

If a radiant energy of known intensity at all wavelengths of its spectrum is sup-
plied to the sample through an incident beam and the intensities at each particular
wavenumber of the transmitted beam are analyzed, it may be seen that the inten-
sity will be lower with some particular wavenumbers. This means that chemical
bonds present in the sample selectively absorb at these frequencies. Such knowl-
edge allows the identification of some of the bonds present in the sample contrib-
uting to their identification. In practical terms, spectra of the unknown sample can
be compared with standard sample spectra facilitating the identification of the ma-
terial. Figure 10.3 shows the infrared absorption spectrum of polystyrene.
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Figure 10.3 Infrared absorption spectrum of a polystyrene PS thin film. The arrows indicate
some of the bands used to calibrate the equipment

A large number of polystyrene characteristic bands can be used for spectrophotom-
eter calibration. Table 10.4 shows these reference bands, some with precision to
the first decimal place (in cm™). The table also gives an indication of the relative
intensity of each band, assuming the strongest ones have a maximum intensity
of 10.

Table 10.4 Wavenumber for Some Absorption Bands Characteristic of Polystyrene and Their
Relative Intensity, Normalized between Zero (baseline) to 10 (Highest Absorption)

Wavenumber | Relative Wavenumber Relative Wavenumber | Relative
(em™) intensity (cm! |ntenS|ty (em™) intensity
4

3027.1 9 1583.1 1154.3

2924 10 1495 10 1069.1 6
2850.7 7 1454 10 1028.0 8
1944.0 3 1353 5 906.7 3
1871.0 3 1332 5 842 3
1801.6 3 1282 3 752 10
1601.4 9 1181.4 4 698.9 10

The identification of an unknown sample is done by analyzing the position and in-
tensity of the absorption bands present in the spectrum, comparing them with
standard tables. In this experiment, it is initially suggested to try the identification
of pure and known polymers. After the operator has acquired some experience, it
is recommended that they identify polymer plastic products found on the market
such as packaging, pipes, pots, films, injected parts, etc.
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