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ABSTRACT
The goal of this research was to study some Rheological and optical properties of
poly carbonate in (chloroform and toluene) with different concentrations to know the
physical behavior of this polymer in two solvents at room temperature.It was
determined that the value of polymer solution in these two solvents with different
concentrations and the optical absorption, average viscosity molecular weight
Effective molecular radius. The results have shown that the values of density, (shear,
relative, specific, reduced, original) viscosities, Effective molecular radius and
average viscosity molecular weight, increase with poly carbonate concentration in
two solvents.The results also showed that prepared concentrations density was
significantly influenced by the density of solvents used; this influence was not in the
same magnitude for the rest of measurements and calculations. This may be due to
the dynamic behavior of the polymer in a solvent.
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دراﺳﺔ ﺑﻌﺾ اﻟﺨﺼﺎﺋﺺ ﻟﻠﺴﻠﻮك اﻟﻔﯿﺰﯾﺎﺋﻲ ﻟﻠﺒﻮﻟﯿﻜﺎرﺑﻮﻧﯿﺖ ﻓﻲ ﻣﺬﯾﺒﯿﻦ
ﻣﺨﺘﻠﻔﯿﻦ ﻓﻲ درﺟﺔ ﺣﺮارة اﻟﻐﺮﻓﺔ
اﻟﺨﻼﺻﺔ
ﯾﮭ ﺪف اﻟﺒﺤ ﺚ إﻟ ﻰ دراﺳ ﺔ ﺑﻌ ﺾ اﻟﺨﺼ ﺎﺋﺺ اﻟﺮﯾﻮﻟﻮﺟﯿ ﺔ واﻟﺒﺼ ﺮﯾﺔ ﻟﻠﺒ ﻮﻟﻲ ﻛﺎرﺑﻮﻧﯿ ﺖ ﻓ ﻲ
وﻓ ﻲ درﺟ ﺔ,)اﻟﻜﻠﻮروﻓ ﻮرم واﻟﺘﻠ ﻮﯾﻦ( ﻟﻤﻌﺮﻓ ﺔ ﺳ ﻠﻮك اﻟﺒ ﻮﻟﯿﻤﺮ اﻟﻔﯿﺰﯾ ﺎﺋﻲ ﻓ ﻲ ھ ﺬﯾﻦ اﻟﻤ ﺬﯾﺒﯿﻦ اﻟﻤﺨﺘﻠﻔ ﯿﻦ
ﺗﻢ ﺗﻌﯿﯿﻦ ﻗﯿﻢ ﺑﻌﺾ أﻧﻮاع اﻟﻠﺰوﺟ ﺔ ﻟﻠﺒ ﻮﻟﯿﻤﺮ اﻟﻤ ﺬاب ﻓ ﻲ ھ ﺬﯾﻦ اﻟﻤ ﺬﯾﺒﯿﻦ وﺑﺘﺮاﻛﯿ ﺰ ﻣﺨﺘﻠﻔ ﺔ. ﺣﺮارة اﻟﻐﺮﻓﺔ
وﻛ ﺬﻟﻚ اﻻﻣﺘﺼﺎﺻ ﯿﺔ اﻟﻀ ﻮﺋﯿﺔ و ﺗ ﻢ ﺣﺴ ﺎب ﻣﻌ ﺪل اﻟ ﻮزن اﻟﺠﺰﯾﺌ ﻲ اﻟﻠﺰوﺟ ﻲ و ﻧﺼ ﻒ اﻟﻘﻄ ﺮ اﻟﺠﺰﯾﺌ ﻲ
 اﻟﻠﺰوﺟ ﺔ، اﻟﻠﺰوﺟ ﺔ اﻟﻨﻮﻋﯿ ﺔ، اﻟﻠﺰوﺟ ﺔ اﻟﻨﺴ ﺒﯿﺔ،  اﻟﻠﺰوﺟ ﺔ اﻟﻘﺼ ﯿﺔ،ﻟ ﻮﺣﻆ إن ﻗ ﯿﻢ ﻛ ﻞ ﻣ ﻦ اﻟﻜﺜﺎﻓ ﺔ.اﻟﻔﻌ ﺎل
ﻛﻤ ﺎ.اﻟﻠﺰوﺟ ﺔ اﻷﺻ ﯿﻠﺔ ووزن اﻟﺠﺰﯾﺌ ﻲ ﺗ ﺰداد ﺑﺰﯾ ﺎدة ﺗﺮﻛﯿ ﺰ اﻟﺒ ﻮﻟﻲ ﻛﺎرﺑﻮﻧﯿ ﺖ ﻓ ﻲ اﻟﻤ ﺬﯾﺒﯿﻦ،اﻟﻤﺨﺘﺰﻟﺔ
أﻇﮭ ﺮت اﻟﻨﺘ ﺎﺋﺞ ﺗ ﺄﺛﺮ ﻛﺜﺎﻓ ﺔ اﻟﺘﺮﻛﯿ ﺰ اﻟﻤﺤﻀ ﺮة ﺑﺸ ﻜﻞ واﺿ ﺢ ﺑﻜﺜﺎﻓ ﺔ اﻟﻤ ﺬﯾﺒﺎت اﻟﻤﺴ ﺘﺨﺪﻣﺔ وﻟ ﻢ ﯾﻜ ﻦ ھ ﺬا
.ﺑﻨﻔﺲ اﻟﻤﻘﺪار ﻓﻲ ﺑﻘﯿﺔ اﻟﻘﯿﺎﺳﺎت واﻟﺤﺴﺎﺑﺎت وﻗﺪ ﯾﻌﻮد ھﺬا إﻟﻰ اﻟﺴﻠﻮك اﻟﺪﯾﻨﺎﻣﯿﻜﻲ ﻟﻠﺒﻮﻟﯿﻤﺮ ﻓﻲ اﻟﻤﺬﯾﺒﺎت
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INTRODUCTION
he static and dynamic properties of a polycarbonate chain in dilute solution
have long been the subject of investigation [1–4].
It was therefore worth-wile to obtain information about its behavior in
different solvents. Solvents are ubiquitous we depend on them when we apply pastes
and coatings, remove stains or old adhesives, and consolidate flaking media. The
solubility behavior of an unknown substance often gives us a clue to its identification,
and the change in solubility of a known material can provide essential information
about its ageing characteristics. The effectiveness of a solvent depends on its ability
to adequately dissolve one material while leaving other materials unaffected. The
selection of solvents or solvent blends to satisfy such criterion is a fine art, based on
experience, trial and error, and intuition guided [5, 6].
The physical properties of a polymer solution depend on solvent, temperature, and
concentration. At low concentrations, the polymer chains are separated from each
other, where each chain occupies a spherical volume of radius Rg. In this solution, the
polymer-polymer interactions are small and the polymer coil volume is determined by
polymer-solvent thermodynamic interactions. The hydrodynamic volume occupied by
a given polymer mass is the intrinsic viscosity, which is a parameter that can be
determined by dilute solution viscosity measurements [6].
Toluene C7H8, also known as methylbenzene (M.W. 92.14gm./mol. )is a clear,
water-insoluble liquid with the typical smell of paint thinners (The boiling point is
110.6 °C and freezing point is -94.99 °C).[4] It is an aromatic hydrocarbon that is
widely used as an industrial feedstock and as a solvent. Like other solvents, it’s also
used as an inhalant drug for its intoxicating properties; however, this can potentially
cause severe neurological harm [5, 7].
Toluene reacts as a normal aromatic hydrocarbon towards electrophilic aromatic
substitution [8, 9]. In addition, it is used as a solvent to create a solution of carbon
nanotubes. It is also used as a cement for fine polystyrene kits, Industrial uses of
toluene include dealkylation to benzene, and the disproportionation to a mixture of
benzene and xylene in the BTX process. It is also used as a carbon source for making
Multi-Wall Carbon Nanotubes, Toluene can be used as an octane booster in gasoline
fuels used in internal combustion engines [4].
Chloroform (M.w:119.38 gm. / mol.) is a colorless oily liquid organic compound
with formula CHCl3 with a peculiar sickly smell and a burning taste. It is sparingly
soluble in water but readily soluble in organic solvents such as ethanol and ether (The
boiling point is 61oC and freezing point is -63.5oC) [10]. Its a common solvent in the
laboratory because it is relatively unreactive, miscible with most organic liquids, and
conveniently volatile. It used as a solvent in the pharmaceutical industry and for
producing dyes and pesticides. Chloroform is an effective solvent for alkaloids in
their base form and thus plant material is commonly extracted with chloroform for
pharmaceutical processing, because of containing deuterium (heavy hydrogen,
CDCl3), is a common solvent used in NMR spectroscopy. It can be used to bond
pieces of acrylic glass (also known under the trade names Perspex and Plexiglas) [1112].

T
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Polycarbonate engineering thermoplastics are amorphous, clear polymers that exhibit
superior dimensional stability, good electrical properties, good thermal stability, and
outstanding impact strength [13].
Polycarbonates are long-chain linear polyesters of carbonic acid and dihydric
phenols, it is a versatile, tough plastic used for a variety of applications. The main
advantage of polycarbonate over other types of plastic is unbeatable strength
combined with light weight. It bends light to a far greater degree than glass or other
plastics of equal thickness, because of its high refractive index (1.584 - 1.586). Unlike
most thermoplastics, polycarbonate can undergo large plastic deformations without
cracking or breaking. As a result, it can be processed and formed at room temperature
using sheet metal techniques, such as forming bends on a brake. It is used as dielectric
in high stability capacitors [13, 14].
Automated viscometers are commercially available. To measure the viscosity of
liquids in the centipoise range, it is, however, more common to use a capillary flow
viscometer, unless the measurement is routinely conducted. This classical method is
inexpensive, yet can measure the viscosity with a sufficient accuracy [15].
Intrinsic viscosity, which is measured from the flow time of a solution through a
simple glass capillary, has considerable historical importance for establishing the very
existence of polymer molecules. It also provides considerable physical insight.
Intrinsic viscosity determination for polymers can be simplified and considerable
time and effort saved via a single measurement of relative viscosity at a known
concentration [16].
Absorption Spectroscopic methods of analysis rank among the most widespread
and powerful tools for quantitative analysis. Absorption Spectroscopic methods of
analysis are based upon the fact that compounds Absorb light radiation of a specific
wavelength. In the analysis, the amount of light radiation absorbed by a sample is
measured. The light absorption is directly related to the concentration of the colored
compound in the sample [15].
EXPERIMENTAL
Material: polycarbonate -Makrolon1 (Bayer) - used in this work has a Typical
density (1.20-1.22) g/cm3. Polycarbonates are polymers containing carbonate groups
(-O-(C=O)-O-) as shown in the structure below [17].

Samples Preparation: Using two solvents (chloroform, toluene) from –GAINLAND
CHEMICAL COMPANY- 9 different percentage concentrations for each solvent
from (0.2, 0.4 …. To 1), and from (1, 2, to 5) at room temperatures were prepared by
adding a known mass of the polymer to fixed mass of solvents, by using the equation:
mp
× 100 %
conc .% =
(1)
m +m
p

s
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mp: mass of polymer.
ms: mass of solvent.
DENSITY MEASUREMENTS
The densities of the solutions were determined using the density bottle and electrical
sensitive balance with precision of ±0.0001%, as shown in fig. (1)
Flow Time: The values of flow times for all samples were measured by using
OSTWLD viscometer at room temperature.
The experimental procedure to measure the viscosity of solutions and solvent by
using U-tube viscometer which must be clean in order to obtain accurate results were
used the following steps:
- Prepare a water bath at 20°C.
- Put the solvent and place it in the U-tube viscometer.
- The solvent in the viscometer has reached an equilibrium temperature with the
water bath.
- Measure the viscosity of the solvent by timing the flow of the liquid through the
capillary. Follow the instructions that came with your specific viscometer.
- Put the solution in the U-tube viscometer and check that the temperature has
reached equilibrium with the water bath.
- After the solution temperature will be constant, measure the time that it takes for the
solution to pass through the bulb on the viscometer.
Absorbance: Using (Genesys 10 UV thermo) spectrophotometer after scanning the
values of wavelengths of each concentration of these samples which their absorbance
were maximum, fixing this wavelength and the absorbance of these samples were
measured for different concentrations at 20oC as shown in fig.(6)
THEORETICAL CALCULATION
Shear Viscosity (ΗS):
These values were calculated for all samples, using the following relation

ηs

ρ s ⋅ ts

= ηw

ρ w ⋅ tw

..(2)

Where;
ηs & ts are shear viscosity & flow time for the samples &
ηw & tw are the same parameters for distilled water.
ρs & ρw are the densities of each sample & water.[18 ], as shown in fig.(2).
RELATIVE, SPECIFIC & REDUCED VISCOSITY (ΗREL, ΗSP, ΗRED):
The above viscosities were calculated by using the following relations:
…(3)

ηerl= ηs / ηw = ts / tw
ηsp= ηrel – 1

..(4)

ηred = ηsp / C

..(5)
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Where: C is the sample's concentration [18].
The values of these viscosities for all samples are shown in figs. (2, 3, 4) for different
concentrations.
Intrinsic Viscosity |Η|:
Plotting a graph for ηre against concentration of all samples had been drawn; the
intercept with Y - axis of this graph is |η|.The calculated values of |η| were tabulated
in table (1).
Average Viscosity Number Molecular Weight ( M v ):
An empirical equation is used to molecular-weight determination is based upon the
determination of the intrinsic viscosity of a polymer in solution through
measurements of solution viscosity. Molecular weight is related to intrinsic viscosity
by the Mark-Houwink equation given as

|η| = K M vα

…(6)

Where Mv is the viscosity average molecular weight, and both α and K are empirical
(Mark-Houwink) constants that are specific for polymer, solvent, and temperature.
The values of |η| had been taken from table (1), and the constants (K, α) are
depended on polymer type. The value of the Mv of this polymer was calculated from
following relation [19].
For toluene |η| =0.00285 Mv 0.68, and for chloroform |η| =0.00483 Mv 0.82 the calculated
values are shown in table (3).
Molar Absorption Coefficient (AE)
To calculate (ae) of the samples, the following equation was used:

log

Io
= A = ae/C
I

…(7)

Where
(Io) the intensity of incident beam of light for special wavelength.
(I) the absorbed intensity of the same beam
(A) the absorbance of the same beam.
If we plot A against C, and if we substitute L=1 cm. in equation (5) which represents
the thickness of the test tube, therefore [20].
….(8)

a e = A/ C

Effective Molecular Radius (REFF.)
Using the equation from ref. [21], the effective molecular radius for samples were
calculated.

reff . =

slope
6.3 × 10 24
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Where the slope is for graph plotted between |η| and the molar concentration for all
samples as shown in table (2).
RESULTS & DISCUSSION
All measured and calculated Physical properties for samples in different
concentrations are shown in figures (1-6) and tables (1-4).
The results of most measured and calculated values for all samples show an
increase in polymer concentration in two solvents was accompanied by an increase in
most of physical properties linearly, except some of them as in graphs and tables.
The concentration of the polymer in the good solvent can be as high as 100%, yet
the solution as shown remains clear and uniform. The solvents dissolve the polymer
well are “good solvents” (as in chloroform), they lower the free energy substantially
[15].
The influence of solvent density (chloroform- 1.483 g/cm3 & toluene- 0.8669 g/
cm3) on the solution is obvious fig(1) therefore, an approach of the values to solvent
density is evident, in return to the viscosity figs.(2-5) and absorption fig(6) increase
with concentration we see that the polymer percentage concentration influence on it,
and this could be due to overlap concentration of polymer coils [15].
The increase in chloroform slope could attributed to the swelling difference for
polymer molecular wrapping in solvents, this leads to volume variance. The real
volume of this spherical swollen wrap will be bigger than the calculated as shown in
figs. (2-5) [22].
We find that chain compression increases monotonically with increasing solvent
density in accord with previous studies of the hard-sphere and hard-disk chain-insolvent systems [23].
The investigation of UV and invisible spectrum of polymer in solution states have
established, this polymer appears to be a good transparent at low wavelengths, this
could attributed to The inflexibility and the lack of mobility of crystalline structure
(the amorphous nature of the polymer) allows for light transparency. This result
suggests that weak absorption exist in the region (280-700) nm [24].
CONCLUSIONS
- In looking over figures, it is readily apparent that according to solubility parameter a
solvent “spectrum” is obtained, with solvents occupying positions in proximity to
other solvents of comparable “strength”. Therefore toluene and chloroform are
homologous solvents to polycarbonate since these solvents have similar internal
energies.
-As interaction causing association between two types of molecules forming the
complex could come close to each other, leaving sufficient space around them.
Therefore, these surrounding molecules could be compressed in this polymer, the
motion of polymer macro-molecules could be affect by inter-chain for macromolecules may indirectly have an influence on each other’s by way of mutual
interactions with other molecules when these are solvent molecules.
- Measurements of viscosity provide a good method for evaluation of polymer as its
molecular weights, and for estimation of chain configuration in solution
measurements.
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- It was found that with an increment of solvent/polymer interaction parameters, the
miscibility gaps decreased.
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Table (1) The Values of original viscosity for polycarbonate in
Chloroform and Toluene
Original viscosity
Solvents
(di/gm)
0.3202
Chloroform
0.2568
Toluene
Table (2) The Values of Effective molecular radius for
polycarbonate in Chloroform and Toluene
Effective molecular
Slope
Solvent
radius
ηsp / C
reff.( m)
3.783 x 10-13
0.9016
Chloroform
3.737 x 10-13
0.088
Toluene

Table (3) The Values of average viscosity molecular weight for
polycarbonate in Chloroform and Toluene
Average viscosity molecular weight
Solvent
701.5416059
Chloroform
749.2600679
Toluene

Table (4) Molar absorption Coefficient for polycarbonate in
Chloroform and Toluene
Molar absorption Coefficient
Solvent
0.0513
Chloroform
0.0822
Toluene
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Figure(1)Dencity of polycarbonate in chloroform
and toluene with concentration
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Figure(2)Shear Viscosity of polycarbonate in chloroform
and toluene with concentration
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Figure(3)Relative Viscosity of polycarbonate
in chloroform and toluene with concentration
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Figure(4)Specific Viscosity of polycarbonate
in chloroform and toluene with concentration
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Figure(5)Reduced Viscosity of polycarbonate in
chloroform and toluene with concentration
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Figure(6)Absorbance of polycarbonate in chloroform and
toluene with concentration
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