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Abstract 
      Quantitative Structure–Property Relationship (QSPR) models based on molecular 
descriptors derived from molecular structures have been used for the prediction for computed 
the glass transition temperatures (Tgoc) of polymer compounds. QSPR model includes some 
molecular descriptors, regression quality indicates that these descriptors provide valuable 
information and have significant role in the assessment of the the glass transition 
temperatures (Tgoc) of polymers. Six QSPR equations for the prediction of glass transition 
have been drawn up by using the multiple regression technique. (Eqs 1-6) with the values of 
R2 range from 0.905-0.999, the values of  Q2 range are from 0.895-0.999, and the values of S 
range are from 2.585-0.127, while the values of F range from 57.570-4372.359. The results 
show excellent model by Eq 6. with high of R2, Q2, F and minimum S by using six 
parameters [T. E, Si15CHARGE, D. M, O14CHARGE, H. F and W. B. O], was found and indicate 
that these parameters have important role in determining the properties of glass transition 
temperatures (Tgoc)this result encourages the application of QSPR to a wider selection of 
polymer properties and to other classes of polymers, including industrial, biopolymers. 
Keywords: Silicon –containing  maleimide polymers, glass transition temperatures (Tgoc)                  
(QSPR) model 

  الخلاصة
شتقة من التركیب    اعتمادا على حساب الموصوفات الجزیئیة الم QSPRالدراسة تقدم مودیلات العلاقة التركیبیة ل 

  لبعض  QSPRتضمنت تقنیات .الجزیئي  للتنبؤ وحساب درجة الانتقال الحراري الزجاجي للمركبات البولیمریة المدروسة 
الموصوفات الجزیئیة والتي اثبتت بان هذه الموصوفات تعطي معلومات وقیم مهمة ولها دور كبیر في تحدید خواص درجة 

 وكانت الدوال الكمیة المستحصلة من QSPR (eqs 1-6)بأستخدام ستة معادلات .ولیمرات الانتقال الحراري الزجاجي للب
  المعادلات ضمن المدى  

R2 =0.905-0.999, Q2 = 0.895-0.999, S = 2.585-0.127, F = 57.570-4372.359.  
 واقل القیم R2, Q2, Fالیة ل  اعتمادا على القیم الع.eq 6 اظهرت الدراسة بأن افضل مودیل ممتاز كان باستخدام معادلة 

  والذي اعتمد على المتغیرات الجزیئیة التالیة  S ل
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[T. E, Si15CHARGE, D. M,  O14CHARGE, H. F and W. B. O ],  والتي اظهرت بأن لها تأثیر ودور كبیر في تحدید 
 لمدى  QSPRاسة وتطبیق تقنیات تشجع هذه النتائج لدر. خواص درجة الانتقال الحراري الزجاجي للبولیمرات المدروسة 

  . اوسع من الخواص البولیمریة وانواع اخرى من البولیمرات 
                      (QSPR)تقنیات ,درجة الانتقال الحراري الزجاجي, بولیمرات السیلیكون المحتویه على المالیماید: مفتاح الكلمات 

 
Introduction 
  Thermal properties are one of the most 
important properties of polymers and 
composites; they determine the 
temperature ranges for the treatment and 
use of these materials and terms prior to 
predicting and understanding other 
properties (1-3). The glass transition is the 
most important transition and relaxation 
that occurs in polymers. It has a significant 
effect on the properties and processing 
characteristics of the polymers (4). The 
glass transition temperatures (Tgoc) is 
difficult to be determined because the 
transition happens over a comparatively 
wide temperature range and depends on 
the method, the duration and the pressure 
of the measuring device, besides these 
difficulties, the experiments are costly and 
time consuming(5-6). Nowadays much 
interest is devoted to the prediction of 
physicochemical properties of molecules, 
such as their biological activity, chemical 
property, their retention on 
chromatographic systems, or 
electrochemical property, etc. This is 
usually accomplished by implementing so-
called quantitative structure–
activity/property relationship 
(QSAR/QSPR) models, which relate the 
property of interest, with a set of 
molecular descriptors. These descriptors 
code for the chemical information and are 
related to certain physicochemical 
properties of the molecule (7). In such 
studies, numerous physical properties of 
molecular systems have been successfully 
modeled, including boiling points, aqueous 
solubility and polymer properties, etc. (8-

13). Application of quantitative structure-
property relationship (QSPR) models in 
prediction and estimation of physical 

properties of materials is widely 
developing(14,15). In QSPR, advanced 
mathematical methods (Genetic algorithm, 
neural networks, and etc.) are used to find 
a relation between property of interest and 
the basic molecular properties which are 
obtained solely from the chemical 
structure of compounds and called 
"molecular descriptors (16-17).                                         
In this paper a theoretical technique has 
been discussed by which the glass 
transition temperature (Tgoc) of polymers 
compounds can be measure prior to their 
synthesis. This technique shall reduce the 
coast, time and efforts, by using  the 
parameters in deriving predictive QSPR 
models. The relation between the glass 
transition temperatures (Tgoc) and 
quantum chemical calculation parameters. 
To know the thermochemical behavior of 
silicon –containing maleimide polymers 
compounds, and to find out the effect of 
various the structural, chemical, physical 
and other properties of these compounds 
understudy on experimental glass 
transition temperature (Tgoc).                                       
Modeling and Geometry Optimization   
   Theoretical calculations were performed 
on Arguslab (tm) program version 4.0(18), 
running on a Pentium V PC-CPU 
3400GHz. The geometries of the eight 
compounds were fully optaimization first 
at level (MM+) by molecular mechanics 
force field theory and then at level (PM3 
semiempirical Hamiltonian) by semi- 
empirical theory(19,20).  
Experimental 
  The experimental glass transition 
temperatures (Tgoc) data of 8 

compounds under study  has been 

taken from reference(21). 
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Structures and optimized geometries 
of these compounds are shown in 

Figure.1,2.  

 

 

                                            

                                            

                            
  
  
 

 

 

 

 

  
  
  
  
  
  

Figure 1. The general chemical structure of the compounds understudy. 
  
  
  
  
  
  

1                                2 
  
  
  
  

  
  
  
  
  
  
  

3                                 4 
  
  
  
  
  

C2H5

C(CH3)3

CH3

CH3

TMMS : R =

TPMS : R =

BMMS : R =

TEMS : R =

R1 = R2 =

R1 = R2 =

R1 =
R2 =

R1 = R2 =

TMBMS : R = C6H2Br2       R1= R2 =

TPBMS : R =

BMBMS : R = R1 =
R2 = C ( CH3)3

TEBMS : R = C6H2Br2        R1 = R2 =

1-

2-

3-

4-

5-

6-

7-

8-

CH3

C6H2Br2 R1 = R2 =

C6H2Br2CH3

C2H5

Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)

http://www.novapdf.com
http://www.novapdf.com


 Iraqi National Journal of Chemistry,2013,volume 49 والاربعون   التاسع العدد 2013-        المجلة العراقیة الوطنیة لعلوم الكیمیاء

50 
 

   
  
  
  
  
  

5                                  6 
  
  
  
  
  

  
  
  
  
  
  

     7                                          8        
  
  
  
  
  
  
  
  

 
Figure 2. The optimized geometries of the compounds understudy in gas phase. 

  
Results and Discussion 
   All polymers have wide molecular 
weight distributions, but they also possess 
high molecular weights. Thus, it is 
impossible to calculate descriptors directly 
for the entire molecule of a polymer. In 
this study, the silicon –containing  
maleimide polymers were represented by 
their repeating units end-capped by two 
carbon atoms to calculate molecular 
descriptors(22). To establish a mathematical 
model connecting the experimental 
temperatures characteristic of glass 
transition temperatures (Tgoc)to values 
obtained by quantum study of proposed 
descriptors (QSPR), and calculate the 
correlation between each descriptor and 

each property. The QSPR mathematical 
models consist of multiple regressions 
taking into account only the influential 
descriptors. Using the linear model, 
multiple linear regressions (MLR) were 
performed between glass transition 
temperatures (Tgoc)of polymer and some 
quantum chemical 
parameters/descriptors(23-25). 
All conformers generated for each 
structure were analyzed in conformational 
geometry panel and the lowest energy 
conformer of each structure was selected, 
transferred to a database viewer to 
compute 
various physicochemical properties 
utilizing the QSPR descriptors module. 
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The descriptors, which were significant for 
experimental data, were selected by 

QSPR-contingency module table 1.               

           
Table 1. Recapitulation of descriptors as the independent variables used for QSPR 

analysis of  polymers. 

 
Definition of  Descriptors Used in This Study.

 
D. M= Dipole moment , deby, H. F= Heat of 
Formation  in kcal/mol , T. E= Total Energy in a. 
u, W. B. O = Wiberg Bond  Orders: The bond 
order between atoms O14-Si15,  AO14 
=Mullikan atomic charge on O atom number 
14, BSi15=Mullikan atomic charge on Si atom 
number 15.   

The prediction set, consisted of 8 
molecules, was used to evaluate the 
generated model. It is clear that many 
MLR models will result using stepwise 
multiple regression procedure; among 
them we have to choose the best one. It is 
common to consider four statistical 
parameters for this purpose. These 
parameters are the number of descriptors, 
correlation coefficient (R2) for training and 
prediction sets, standard error (SE) for 
training and prediction sets, F sequential 
Fischer test and The cross-validation 
correlation coefficient (Q2). A reliable MLR 
model is one that has high R2, Q2 and F 
values, low SE and least number of 
descriptors. In addition to these, the model 
should have a high predictive ability(26). 
Establish the statistical correlation, the 

physicochemical parameters were taken as 
independent variables and glass transition 
temperatures(Tgoc) as dependent variable. 
The solutions of the above multiple linear 
regressions (MLR) are given by equations 
1 to 6 for PM3,  calculated to generated  
equations 1 to 6(27-29). 
 The first model when depend on only one 
parameter [Si15CHARGE] gave good model 
with correlation coefficient R2 values for 
this model of  0.905, and the cross-
validation correlation coefficient  0.8957   
as equation 1. The suggest that the glass 
transition temperatures (Tgoc)increases 
with increase values of this descriptor.  

 
Tg = 72.0281 Si15 CHARGE+100.7 ….Eq 1.  

 
Statistical characteristics of the obtained 
equation : 
R2 = 0.905,     Q2 = 0.895,         F = 57.570,  
S = 2.585 

  
The relationship between the experimental 
data and predicted glass Transition 
Temperatures (Tgoc)was shown in  Fig.3. 

T. E 
  

H. F 
   

D. M 
 

CSi15  
CHARGE 

AO14 

CHARGE  
W. B. O  

O14-Si 15  
No. Compound  

-66606.2607 -121.9311 1.630458 0.9515 -0.3611 0.850048 I 
-109666.958 -23.3281 1.525981 1.1332 -0.3391 0.874001 2 
-76953.4838 -140.1418 1.707047 0.9171 -0.358 0.853933 3 
-76955.6237 -142.2817 1.554935 0.907 -0.3638 0.839498 4 
-82195.3225 -105.4854 1.493847 0.9266 -0.3426 0.802011 5 
-125250.842 -1.7051 2.798317 1.1073 -0.3174 0.830905 6  
-92539.1028 -120.2533 2.318458 0.8543 -0.3134 0.833215 7 
-92538.3022 -119.4528 1.760308 0.8861 -0.3393 0.817771 8 
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Figure 3. Plot of  Tg oc  prediction versus Tg oc experimental using eq 1.  
  

Second model of the glass transition 
temperatures (Tgoc)of polymers 
compounds increases with increase T.E 
and Si15CHARGE values. Second model 
depends on only 2  parameter gave good 
model with change in the correlation 
coefficient R2 values to 0.933. and the 
cross-validation correlation coefficient  Q2 
= 0.928. 
Tg = 97.1505+9.53E-05 T.E +84.689 Si15 
CHARGE ……….……..Eq 2. 

 
 

Statistical characteristics of the obtained 
equation : 
R2= 0.933,    Q2 = 0.933,     F = 34.816,   
S = 2.385 
        
 Fig 4. Show the relationship between the 
experimental data and predicted glass 
transition temperatures (Tgoc).  

 
 

  
  
  
  
  
  
  
  

  
Figure 4. Plot of  Tg oc  prediction versus Tg oc experimental using eq 2.  
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Three- parameter correlations of the 
polymers  were given in eq 3. In this 
equation it could be seen that increases of 
the correlation coefficient and the cross-
validation correlation coefficient become    
0.949, 0.947 respectively. When depends 
on parameters [T. E, Si15CHARGE and D. 
M].   

  
Tg = 1.762E-04T.E+92.057Si15 
CHARGE+3.287 D.M+91.305 ………  Eq 3. 

  
 

Statistical characteristics of the obtained 
equation : 
 R2 = 0.949,   Q2 = 0.947,        F = 25.225,  
  S = 2.309 
         
The relationship between the experimental 
data and predicted glass transition 
temperatures (Tgoc), are given in  Fig.5.  

 
 

  
  
  
  
  
  
  
  
  
  

  
Figure 5. Plot of  Tg oc  prediction versus Tg oc experimental using eq 3.  

  
By using four- parameters [T. E, 
Si15CHARGE, D. M and O14CHARGE] the 
correlations of the polymers were given in 
eq 4. Generate this model by adding the 
parameter O14CHARGE to parameters eq 3, 
gave good model with high correlation 
coefficient 0.9709 and cross-validation 
correlation coefficient 0.970,  eq 4. 
 Tg=3.11E-04T.E+105.96Si 
CHARGE+1.709D.M+142.730O14 
CHARGE+141.843  ………Eq 4. 

Statistical characteristics of the obtained 
equation : 
R2 = 0.9709,   Q2 = 0.970,    F = 25.084,   
S = 2.0276       

  
The relationship between the experimental 
data and predicted glass transition 
temperatures (Tgoc)are shown in Fig.6.  
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Figure 6. Plot of  Tg oc  prediction versus Tg oc experimental using eq 4.  
  

On other hand, when the adding of a 
parameters H. F to the equation 4, obtained 
on equation 5. With  the correlation 
coefficient 0.996 and  cross-validation 
correlation coefficient 0.996. It is obvious 
from this result in a very minor 

improvement of the correlation 

coefficient and cross-validation 
correlation coefficient, in contrast 

standard error highest  and a 

decrease of the F sequential Fischer 
test. 
 
 
 
 

 
 Tg=2.350E-04T.E+195.249Si 
CHARGE+1.524D.M+334.326O14 CHARGE-        
0.222H.F+93.568……………. Eq 5. 
Statistical characteristics of the obtained 
equation 
 R2 = 0.996,   Q2 = 0.996,     F = 126.537,   
 S = 0.818      

  
Fig 7. Represents the relationship between 
the experimental data and predicted glass 
transition temperatures (Tgoc).  

  
  
  
  
  
  
  
  
  
  

Figure 7. Plot of  Tg oc prediction versus Tg oc experimental using eq 5.  
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Excellent model equation  when depends 
on  six parameters [T. E, Si15CHARGE, D. 
M,  O14CHARGE,  H. F, W. B. O]. The 
resulting improvement of the correlation 
coefficient & cross-validation correlation 
coefficient, minimum standard error and a 
decrease of the F-test statistic, when 
adding the parameter [W. B. O] to 
parameters eq 5, gave the best model 
predicted in this study eq 6. This model 
equation depends on the six parameters[T. 
E, Si15CHARGE, D. M,  O14CHARGE,  H. F, 
W. B. O], have the significant rule 
suggesting the importance of the 
substituent's on the studied compounds on 
the glass transition temperature (Tgoc). 
Tg = 2.062E-04T.E+289.737SiCHARGE+1. 
601D.M+501.144O14 CHARGE-0.425H.F-
69.976 W. B. 

 O+96.003 ……………. Eq 6. 
Statistical characteristics of the obtained 
equation 
R2= 0.999,   Q2 =0.999,       F = 4372.359,  
 S = 0.127   

 
From eq 6., there is a direct correlation 
between (Tgoc)and charge of silicon and 
oxygen negative charge, as well as the 
total energy and wiberg bond orders 
because of their positive value, while the 
inverse relationship between (Tgoc) and 
nitrogen charge because of their negative 
value. The excellent relationship between 
the experimental data and predicted glass 
transition temperatures (Tgoc)as shown in  
Fig.8.  

 
 
 
  
  
  
  
  
  
  
  
  
  
  

Figure 8. Plot of  Tg oc prediction versus Tg oc experimental using eq 6.  
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to 6 descriptors. Consequently, among 
different models, the best model was 
chosen, whose specifications are presented 
in figure 9. It is obvious that as the number 
of descriptors increase the R2 will increase. 
Also shows the effect of increasing the 
number of descriptors on R2 values. It can 
be seen from this figure that increasing the 
number of parameters only up to six has a 
large influence on improving correlation. 
Therefore, we have chosen six descriptors 
as optimum number of parameters. 1-6-

parameter models for each of polymers 
understudy, which it has high correlation 
coefficient and cross-validation correlation 
coefficient, less standard error (SE) and 
high F values(24,30).                                     

 
 
 
 
.  
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 9. Influence of number of descriptors on R2 of MLR model  

 
 
In construction of a QSAR/QSPR model, it 
is essential to validate the model as well as 
apply statistical parameters to evaluate its 
predictive performance. The models are 
formed mostly by multiple linear 
regressions (MLR) analysis. The quality of 
models can be evaluate by correlation 
coefficient squared (R2), coefficient of 
determination, or in the best, by external 
validation. Cross validation is used to 
judge the predictivity of the model, if no 
data remain for external validation. The 
original set of data is modified by taking 
off one (LOO – leave one out). data which 
are used to check a predictivity of a model 
formed from the remaining data. The 

correlation coefficient of regression 
between experimental and data estimated 
by cross validation is cross- validated 
correlation coefficient Q2. The QSPR 
model is “good” if Q2 > 0.5, excellent if Q2 
> 0.9. In this study the final model results 
from training on the entire dataset using 
the signature height and descriptor count 
assessed to have the highest predictive 
accuracy as measured by the (Q2). A 
representative plot showing Q2 as a 
function of the correlation coefficient R2 
count as illustrated in figure 10, for the 
(Tgoc) dataset(31). 
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The fact can be well established from the 
figure 10 showing a comparative plot of 
the values of Q2, R2 pred for the six 
different equations models that all the 
validations for the real MLR model 
confirm the self-consistency, robustness 
and good prediction power of the model, 
its stability to resamplings and the absence 
of chance correlation. The real MLR 

model shows excellent performance in 
predictive of glass transition temperatures 
(Tgoc), based on the high values for Q2 and 
R2 which are confident that the QSPR 
model gives good predictions glass 
transition temperatures (Tgoc)of polymer 
compounds that may be used to design 
better polymer compounds(32). 

 
. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

obtained by eq 1-6.            Fig 10. The correlation between Q2 vs R2  
   

Table 2. It could be seen from this table 
the predicted of the glass transition 
temperature (Tgoc)values obtain from eq. 
1-6 in this study and comparable with the 
experimental values in the Reference (21). 
It is obvious from this table 3. that the 
relations between descriptors which 
calculated in this study  and experimental 
the glass transition temperature 
(Tgoc)values are excellent(11&33-38). 
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Table 2. Predicated experimental data depends on eqs 1-6. 
 

* References ; 18.                                                                                                                                                                             
 

Conclusion 
   The study indicated that glass transition 
of temperature for polymers compounds 
can be modeled ansd successfully used for 
the derived a designer QSPR capable of 
predicting the Tg of silicon –containing 
maleimide polymers. The results obtained 
showed as the following:                               
1- The values of R2 for the QSPR models 
eqs. 1-6 range from 0.905-0.999, the 
values of Q2 range      from 0.895-0.999, 
and the values of S in the eqs. 1-6 range 
from 2.585-0.127, while the values of       
F range from 57.570-4372.359 which are 
statistically significant at the 99% level. 
The values of         R2, S and F suggest that 
the QSPR models eqs. 1-6 are predictive 
and validate. From all the results     the eq 
6. have smaller the value of S and the 
larger the value of F, the better the QSPR 
model.            As well as the glass 
transition temperatures (Tgoc) increases 
with increasing the descriptors                 
understudy including [T. E, Si15CHARGE, D. 
M,  O14CHARGE, H. F and W. B. O ], eq 6., 
showed            insignificant role in the a 
predict the data of the glass transition 
temperatures (Tgoc).                            
These values of correlations coefficient 
show clearly the influence of the electronic 
properties on the thermal properties of 
polymers studied.                                                                                                     
2- The general feature is that the Mullikan 
atomic charge on Si atom, and other 

descriptors  this          implies that the glass 
transition temperatures (Tgoc) of such 
compounds could be enhanced by     
adding these moleculars to synthesis 
polymers.                                                                                      
3-This result encourages the application of 
QSPR techniques  to a wider selection of 
polymer properties and this may be helpful 
for the industrial chemists to 
understanding the properties of the thermal 
behavior in polymer and the design of 
novel properties of polymers or extended 
to other polymer composite                                                                                              
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