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de Concepcién, Casilla 3-C, Concepcion, Chile

(Received in final form 17 June 1996)

Metal poly (styrene-co-butyl methacrylates) copolymers were obtained by radical poly-
merization with benzoyl peroxide (BPO) and azodiisobutylonitrile (AIBN). The mono-
mers were codeposited with the metals: Pd, Cu, Ag, Au, Zn, Cd, Ga, In, Ge, Sn, Sb and
Bi at 77 K. The metals were evaporated to produce atoms and with the monomers they
can generate a matrix on the reactor walls at low temperature. During the warm up
process, metal co-monomers colloids can be obtained. The colloids were polymerized
with BPO and AIBN at 65°C for 3.0 h. Four different initiator concentrations (1, 1.5, 3.0
and 5.0 mol%) were used. The yields are fairly low (30-60%) and the viscosimetric
molecular weight range from 104-10°g/mol.

The higher Mv are Ga-SBMA and Ag-poly (styrene-co-butyl methacrylate) for AIBN
series and Sn-SBMA and Pd-SBMA for BPO series. The thermal stabilities of these
metal polymers have been studied by thermogravimetry (TG) between 25 and 550°C
under nitrogen flow. The decomposition temperatures were obtained from the first
derivative from TG curve.

The kinetic parameters of the thermal decomposition were determined by the
Arrhenius equation. All these copolymers degrade in a single step process around
300°C. The kinetic data thus obtained show the thermostabilities decrease in the order:
Cu-SBMA > Ge-SBMA > Ag-SBMA > In-SBMA > Zn-SBMA > Bi-SBMA >
Ga-SBMA > Cd-SBMA > Sb-SBMA > Sn-SBMA > Pd-SBMA for AIBN series and
Ga-SBMA > Ag-SBMA > Au-SBMA > In-SBMA > Ge-SBMA > Zn-SBMA > Sn-
SBMA > Bi-SBMA > Cd-SBMA > Pd-SBMA > Cu-SBMA > Sb-SBMA for BPO series.

The thermal stability is strongly dependent on the metal cluster incorporated in the
polymer matrix. The decomposition reaction order is zero either for AIBN or BPO
series of metal copolymers. The pre-exponential factor and the activation energy of the
decomposition reaction for all the copolymers have been determined.

Keywords: Poly (styrene-co-butyl methacrylate); metal clusters; thermal analysis; ther-
mal stability; kinetics
*To whom correspondence should be addressed.
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INTRODUCTION

In solid-state decomposition reactions, we found variations in the kinetic
parameters due to the sample and measuring conditions. The variation in
the Arrhenius parameters results from a certain change in the overall
behavior of the reaction process due to several factors. The variations of
kinetic parameters for a series of reactions tend to a result of a mutual
dependence of the apparent Arrhenius parameters. Several papers [1-4]
showed an historical review dealing with the kinetic compensation effect
(mutual dependence of the apparent Arrhenius parameters). It is gene-
rally accepted that the experimentally shape of a TG curve changes with
the measuring conditions applied. such as sample mass, heating rate,
atmosphere and others [5]. Guarini [6] mentioned that non-linearity of
the Arrhenius plot increases with the sample mass. Sample mass depend-
ent variation in the apparent Arrhenius has been explained by the effect
of gradients in temperature [7]. To avoid this problem we usually used
2-5mg of sample during the heating process.

The variation in the behavior for a reaction is only detected as
changes in the position and shape of the experimentally TG curves.
The kinetic parameters calculated from these macroscopic data are
projected on the Arrhenius coordinates through the general kinetic
equation. The variation in the respective kinetic parameters most
probably is produced from the changes in the experimental and
physicochemical factors.

It is well known the relationship cxisting between the TG curves
and the general equation.

In this paper, the dependence of the Arrhenius parameters with the
increased in the amount of clusters incorporated in styrene-co-butyl
methacrylate is discussed. Several metal clusters such as: Pd, Cu, Ag,
Au, Zn, Cd, Ga. In, Ge, Sn. Sb were used to prepare copolymers with
metals in the matrix.

EXPERIMENTAL

Colloid Synthesis

As a typical example, tin colloid (10 mL) was placed in a polymeri-
zation flask with 1.0 mol% of AIBN under nitrogen atmosphere. The
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flask was closed and placed in an isothermal bath at 65°C for 3.5h.
The content of the flask was quenched in 100 mL of methanol. The
polymer was filtered off and dried under vacuum (10~ Torr) for 48 h
at 30°C. The yield of the copolymer was determined. Similar procedure
was followed for 1.5, 3.0 and 5.0mol% AIBN fractions). Mole-
cular weights were determined in 2-butanone (K =93 x 1077 and
a=10.72) [10].

Identical method for copolymers prepared with BPO was achieved.

Elemental Analysis

The metals were determined by atomic absorption in a Perkin-Elmer
3100A and carbon/hydrogen in a Perkin-Elmer 2100 Automatic
Analyzer.

Thermogravimetry

A Perkin-Elmer Model TGS-2 Thermogravimetric system, with a
microprocessor driven temperature control unit and a TA data
station, was used. The weight of these samples were recorded accurately
and were generally in the range of 5mg. The sample pan was placed in
the balance system in equipment and the temperature was raised from
25 to 550°C at a heating rate of 10°Cmin~'. The weight of the sample
was continuously recorded as a function of the temperature.

RESULTS AND DISCUSSION

The synthesis and molecular weights of metal poly (styrene-co-butyl
methacrylate) has been recently reported [11]. The synthesis of poly-
mers with doped metal in styrene [12] and butyl methacrylate [13],
was also reported. The present work is an attempt to study the ther-
mal properties of the alternate copolymers of styrene and butyl meth-
acrylate (SBMA). The following synthesis scheme was followed:

The metal SBMA copolymers might exist in several conformations,
but the most probable copolymer is alternating due to their copolymeri-
zation ratios. The single step decomposition in the thermograms is also
another evidence (see Fig. 1a and 1b). The undoped copolymers showed
different thermal decomposition, e.g. for the highest MW fraction SBMA
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Scheme 1.

prepared with BPO showed a thermal decomposition ( T,) at 372.16°C,
however the SBMA from AIBN exhibited a T,, at 379.87°C (Fig. 1a and
1b respectively). The reported T,, values are between styrene (400°C) [14]
and butyl methacrylate (282°C), respectively.

Besides, Cu-SBMA (389.64 C) showed the higher T, than the un-
doped copolymer for AIBN series. Ga-SBMA (418.19°C) is the most
stable copolymer for the highest molecular weight fraction in the BPO
series. In both cases the doped copolymers exhibited higher thermal
stability than the corresponding copolymers.

The amount of metal clusters in the copolymers is similar to PBMA
{15] aiready reported but lower than polystyrene series. As we can
see. the presence of metal clusters in the copolymers are dealing with
the improvement in thermal stability increasing their T,. Ag, In and
Ge-SBMA showed similar 7)) in both series (Fig. 2 shows Ag-SBMA
fractions 1 and 4). The other metal copolymers showed differences but
in general. the AIBN series exhibited higher T, than the BPO series.
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FIGURE 1 Thermogram of poly(styrene-co-butyl methacrylate) (a) undoped copolymers
from BPO series; (b) undoped copolymers from AIBN series. The fractions 1,2,3 and 4
are corresponding to 1, 1.5,3.0 and 5.0 mol% initiators.



11: 47 19 January 2011

Downl oaded At:

76 G. CARDENAS T. AND M. GONZALEZ G.

110 ¢ 1s
70 & 12 .
<
~
® q
- S
T 2
Q
uw -
2 304+ 11
391.0°C
-1041 {4
T _fL
0 200 400 600

TEMPERATURE ¢C)

10/ [ 5
70 2 _
» g
- q
3 2
30] -1
385.13°
- 104 1~ 4
0 > 5
200 400 600

TEMPERATURE (°C)

FIGURE 2 Thermogram and first derivative of Ag-poly(styrene-co-butyl methacry-
late) obtained at heating rates of 10 C min ™'z (a) fraction of 1.0 mol% BPO; (b} fraction
of 1.0 mol% AIBN. respectively.

Figure 1 shows the change in sample weight as a function of time
and temperature when the four fractions of poly(styrene-co-butyl
methacrylates) are heated from 25 to 550°C. The fraction 1 (the
highest M W) exhibits the highest decomposition temperature (T,) in
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TABLEI Kinetic parameters for metal poly(styrene-co-butyl metha-
crylate) with AIBN

Copolymer E,(kJ/mol)

=

Temp. range (°C) T, (°C)

SBMA-1 3228 356.62-420.84 379.87
SBMA-2 30.69 366.99-425.80 361.20
SBMA-3 20.37 367.01-445.33 371.39
SBMA-4 17.34 365.94-488.86 379.76

355.91-420.50 389.64
355.63-435.40 377.99

375.53-436.47 385.94
356.75-414.82 381.05

376.82-437.79 385.13
366.94-430.19 374.86

350.42-425.84 385.81
365.76-430.86 385.83

355.55-429.66 383.46
361.30-422.51 379.89

360.23-435.48 381.83
350.97-435.90 378.29

370.26-433.37 381.05
370.30-443.21 374.79

353.72-430.10 380.96
349.57-429.79 376.06

350.60-435.04 379.59
340.93-435.23 375.70

375.91-440.51 377.61
365.98-435.81 375.18

369.29-427.33 376.67
358.72-425.72 377.56

Cu-SBMA-1 36.61
Cu-SBMA-4 20.29

Ge-SBMA-1 31.43
Ge-SBMA-4 27.57

Ag-SBMA-1 25.84
Ag-SBMA-4 24.77

In-SBMA-1 28.26
In-SBMA-4 23.94

Zn-SBMA-1 34.05
Zn-SBMA-4 28.97

Bi-SBMA-1 ©26.81
Bi-SBMA-4 26.04

Ga-SBMA-1 23.60
Ga-SBMA-4 21.55

Cd-SBMA-1 31.94
Cd-SBMA-4 30.75

Sb-SBMA-1 32.28
Sb-SBMA-4 27.11

Sn-SBMA-1 28.04
Sn-SBMA-4 25.25

Pd-SBMA-1 30.23
Pd-SBMA-4 27.53

SO OO0 OO0 OO0 OO OO0 OO0 OO0 OO0 OO0 oo ocoooo

SBMA = poly(styrene-co-butyl methacrylate)s.
T, = decomposition temperature.

both BPO (Fig. 1a) and AIBN (Fig. 1b) series. Their activation ener-
gies of decomposition reactions are also decreasing with the lower
MW (Tabs. 1 and II).

These copolymers degrade in a single step, loosing mostly their
weight around 370°C. It is quite important to observe only one curve
in the thermogram which is a good evidence for the presence of alter-
nating copolymers.
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TABLE I Kinetic parameters for metal polyistyrene-co-butyl metha-
cryvlate) with BPO

Copolymer E, (kJ mol) n Temp. range ( C) Iy C)
SBMA-1 44.48 0 351.60-388.00 372.18
SBMA:-2 42.48 0 338.16-406.20 37240
SBMA-3 38.88 0 236.00-400.13 370.88
SBMA-4 40.72 4] 3351339493 373.70
Ga-SBMA-{ 36.26 O 36121 420.85 418.19
Ga-SBMA-4 38.77 0 357.41-426.28 411.81
Ag-SBMA-1 42.50 0 361.12-419.96 391.00
Ag-SBMA-4 28.58 0 336.73- 414.69 383.34
Au-SBMA-1 40.49 0 360.26-420.06 388.79
Au-SBMA-4 41.30 0 330.36--385.40 363.73
In-SBMA-1 40.67 0 364.78-429.12 388.52
In-SBMA-4 27.59 0 340.80 - 420.74 381.10
Ge-SBMA-1 3526 0 355.87 42297 387.15
Ge-SBMA-4 44.08 0 343.04-411.03 384.80
Zn-SBMA-1 39.76 0 350.30-400.13 376.51
Zn-SBMA-4 3272 0 366.33-416.16 394.71
Sn-SBMA-1 3597 0 342.93-397.10 373.05
Sn-SBMA-4 36.69 0 340.33 -395.36 37478
Bi-SBMA-1 36.44 0 325.16-385.40 366.26
Bi-SBMA-4 41.60 0 327.76 390.16 378.68
Cd-SBMA-1 34.25 0 320,40 -395.36 366.11
Cd-SBMA-4 28.82 0 325.16- 39536 365.25
Pd-SBMA-1 44.58 0 320.83-380.20 355.50
Pd-SBMA-4 2963 0 330.36-385.40 353.55
Cu-SBMA-1 27.24 0 344.50--419.31 35377
Cu-SBMA-4 44.25 0 359.40-425.64 353.77
Sh-SBMA-1 2853 0 315.20-385.40 347.91
Sb-SBMA-4 30.88 0 330.26 - 390.16 362.64

SBMA = poly(styrene-co-butyl methucrviatens.
1, = decompasition temperature.

The decomposition reaction during the heating processes is irrever-
sible so that the rate dependent parameters such as activation energy
and order of reaction may be calculated from a single experiment
curve [16]. From the Arrhenius equation [17] we can get information
of the specific rate constant (k) and activation energy (E,). The reac-
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tion rates, do/dt, were calculated using a differential technique with
heating rate of 10°Cmin~ "',

The final equation used in a logarithmic form is (18):
B=1In[—da/dt)/6(1 —)"] =InZ—E/RT (1)

A computer linear multiple regression program was developed to
calculate the kinetic parameters E and Z from a linear least-squares
fit of the data in a semilog plot of § versus 1/T. The Arrhenius plot
for the thermal degradation of the metal copolymer (Ag-SBMA) are
shown in Figure 3. The linearity of every plot is good (between 0.976
and 0.987) with some scattering at the beginning of the decomposi-
tion curve.

Tables I and II summarizes the kinetic data obtained according to
the method already mentioned and the temperature ranges used to
obtain the parameters.

In the AIBN series most of the doped copolymers (Cu, Ge, Ag, In,
Zn, Bi, Ga, Cd and Sb-SBMA) exhibit higher T, than the undoped
copolymers (379°C). The data in TableI is another evidence of the
improved thermal stability of those copolymers.

-p '_p
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FIGURE3 (a) Arrhenius plot of Ag-SBMA (fraction 1 and 4) for BPO series; (b)
Arrhenius plot of Ag-SBMA (fraction 1 and 4) for AIBN series, respectively.
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On the other hand. in the BPO series, Ga, Ag, Au, In, Ge, Zn and
Sn-SBMA showed higher T, than the undoped copolymers (372°C)
{scc Tab. II).

Both series followed a zero order decomposition reaction with a
single decomposition curve.

The activation energies (E,) are difficult to compare due to the
differences in the molecular weights of both series, so the amount of
the metal clusters dispersed in the copolymers is different. For
example. in the BPO series the E, is higher for the undoped
copolymers than the AIBN series. probably due to the higher MW
[19]. For BPO, only Pd and Ag-SBMA are similar to the undoped
copolymer. However. in the AIBN series Cu, Zn and Sb-SBMA are
similar to the undoped copolymers. In general. the BPO series showed
higher values than AIBN series.

Finally, it is important to observe that in both series the fraction of
higher molecular weight exhibits the higher T, The activation
energies of the decomposition reactions showed differences between
4—13 KJ:mol for the same metals in the BPO with AIBN series.

Acknowledgement

The authors acknowledge the financial support of this work provided
by Direccion de Investigacion, Universidad de Concepcion (Grant
95-2407-1.2).

References

[1] Galwey, A K. (1978). Adr. Catal.. 26. 247.
[2] Lesnikovich. A. L and Levchik. S. (1965). J. Therm. Anal.. 20, 237.
[3] Pokol. G. and Verhgyi. G. (1988). CRC Crit. Rev. Anal. Chem., 19, 65.
[4] Norwicsk. J.. Smiesck. Z. and Kolende. Z. (1989). Thermochim. Acta, 156, 313.
[5] Simon. J. (1973). J. Therm. Anal.. 5. 271.
[6] Guarnni, G. G. T.. Spinicci. R.. Carlini. F. M. and Donati, D. (1973). J. Therm.
Anal.. 5. 307.
[71 Gallagher. P. K. and Johnson. D. W. {1973). Thermochim. Acta, 6, 67.
[8] Cardenas. T. G. and Shevlin. P. B. (1987). Bol. Soc. Chil. Quim., 32. 111,
[9] Cardenas. T. G. and Klabunde. K. J. (1988). Bol. Soc. Chil. Quim.. 33, 163.
{10] Brandrup. J. and Immergut. G. H. (1989). eds.. “Polymer Handbook™, 3rd Edition,
Wiley-Interscience, New York. p. V1I-49.
[11] Cardenas. T. G. and M. Gonzalez. G. Polymer Bull. (in press, 1996).
{12] Cardenas. T. G, C. Retamal. C. and Klabunde, K. J. (1991). J. Appl. Polym. Sci.
Appl. Symp.. 49. 15.
[13] Cardenas. T. G. and Salgado. C. (1993}, Polymer Bull., 31, 23.



11: 47 19 January 2011

Downl oaded At:

METAL POLY(STYRENE-CO-BUTYLMETHACRYLATES) 81

[14] Cardenas, T. G,, C. Retamal, C. and Klabunde, K. J. (1990). Bol. Soc. Chil. Quim.,
35, 223

[15] Cardenas, T. G., H. Carbacho, H., E. Salgado, C. and M. Rodriguez, B. (1994).
Macromol. Symp., 84, 65.

[16] Carroll, B. and Freeman, E. S. (1958). J. Phys. Chem., 621, 394,

[17] Wen. W. Y. and Lin, J. W. (1978). J. Appl. Polym. Sci., 22, 2285,

[187 Koga, N. (1994). Thermochim. Acta., 244, 1.

[19] G. Cardenas, T., E. Salgado, C. and L. H. Tagle, D. (1995). Intern. J. Polymeric
Mater., 30, 123.



