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ABSTRACT

25 plasticizers compounds of PVC can be recompameidmodeled by using quantum chemical calculatidhe
geometries of the compounds were optimized firé¢\adl (MM+) by molecular mechanics force field ahe and
then at level (PM3) by semi- empirical method. Qitative Structure — Property Relationship (QSPRyé been
recomputed and established of 25 plasticizater aamgs to correlate and predict low temperature fmint(T;)
and improving it. In addition to compare this vaduwith the original study. Linear multiple regremsianalysis
were used to generate the equation that relatesthectural features to the Plasticization propesi The results

show good models with three and four descriplioesar equation with Iz‘\’value of 0.889, which indicate that these
descriptors Mass, V.W.V, H.F and H. E play an irntgott role in effect on Plasticization propertiesll Eqs 1-7
give better statistical values than those founthmRef [14].

Keywords. Polyvinyl Chloride (PVC), Plasticization Propertié@SPR) Model.

INTRODUCTION

In 1951, the International Union of Pure and Appli€hemistry (IUPAC) developed a universally accdpte
definition for a plasticizer as a substance or mwténcorporated in a material (usually a plastican elastomer) to
increase its flexibility, workability, or distengiiy. A plasticizer may reduce the melt viscositigwer the
temperature of a second-order transition, or lawerelastic modulus of the product. In 2003, theldwide market
for plasticizers was more than 4.6 million metdmnes(10 billion pounds), with approximately 90%plegd as
plasticizers for PVC[1]. Polyvinyl chloride (PVQ used as an all purpose plastic in a wide vaagfields ranging
from industrial materials such as pipes and wiratiog materials to general consumable materiall ssdilm and
sheets. One characteristic that makes PVC diffdrent other polymers is the ability to greatly astjthe elasticity
and hardness of end products through the addifiptasticizer[2-3].

The gquantitative structure-activity/property retauship (QSAR/QSPR) is a successful strategy fodiptien of
surfactant properties based on modeling betweenledd descriptors from molecular structures efshrfactants
and chemical or physical properties of the solfde8]. QSPR has also become a well-established paaden
technique to correlate diverse physicochemical gntigs of compounds, ranging from simple to compleith
molecular structure, through a variety of descriptaf the chemical structures. Most QSAR/QSPR ineats utilize
a program to calculate descriptors and then tigetect a small number of descriptors in a purelpieoal fashion
to form an equation. This is derived from a soeaghlitraining set” of compounds for which a propesfynterest has
been measured[9-13]. QSPR methodology has beed hideew software tools, which allow chemists tacalate
and to understand how molecular structure influsrgreperties. Very importantly, this helps researsho predict
and prepare structures with optimum properties. §dfevare is also of great assistance for chengndl physical
interpretation.
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we present numerical results and discuss them,ngadiitable comparisons with previous publishec.dginally,
we give the conclusions on the proposed procedutdlse evident advantages in resorting to thiserasimple and
direct method. results and discuss them,. In tldpep we have chosen the same molecular set conprisi
25molecules as described in Ref [14]and identicaleaular descriptors to calculate R, S and F ireotd be able to
perform a comparison analysis between presenttsesndl those previously published.

M odeling and Geometry Optimization

Theoretical calculations were performed by GameSg45] version 2% February 2006 compiled with CygWin gcc
3. 4. 4.., running on a Pentium V PC-CPU 3.4GHz. The gedegetf the compounds were optaimized first at level
(MM+) by molecular mechanics force field theory ghdn by (PM3) semi- empirical method[16]

MATERIALSAND METHODS

The experimental low temperature flex poiRf(df 25 and compounds under study which use agdiglzgion of
PVC has been taken from reference[14]. Structof€/C and vinyl chlorideompound shown in Figure.1

CH ,=——CH [ cx ) cH —]
l | I
Cl Cl
M onomer : Vinyl chloride Poly (Vinyl chloride)
(PVC)

Figure 1. Molecular structureof PVC

Table 1. Calculated physico-chemical descriptors of the compounds

No of

molecule Name of molecule H.E Mass TE H.F D.M V. W.v
1 Dipropylene glycol dibenzoate -3.92 342.39 -153.4655706  -145.38 0.603026 322.645
2 Diethylene glycol dibenzoate -6.17 314.34  -142.4834436 -140.058 4.827077 288.845
3 2,2,4-Trimethyl-1,3-pentane diolisobutyrate bengoat -0.3 320.43 -141.8088158 -176.968 3.793732 326.221.
4 Tris(2-ethylhexyl)trimellitate 4.99 546.79  -239.1885759 -324.61 1.258892 573.815
5 Acetyl tris-n-butyl citrate -1.84 402.48  -192.7742512 -373.405 4.171497 395.587
6 Diisodecyl phthalate 3.92 446.67  -191.2793563 -232.9 1.142734 477.484
7  Diisononyl phthalate 3.19 418.62  -180.288432 -222.057  1.045518 443.707
8 Ditridecyl phthalate 6.42 530.83  -224.2290182 -250.923 2.866395 579.1
9  Tri-n-butyl citrate -2.16 360.45  -172.154243 -344.952  1.898259 358.984
10 Bis(2-ethylhexyl) phthalate 2.67 390.56  -169.2896598 -206.291 1.617515 410.197
11 Heptyl nonyl trimellitate -2.22 43457  -195.2535925 -299.261 1.140108 437.29
12 Diisohexyl phthalate 111 334.46  -147.3143994 -188.741 2.487178 342.462
13  Bis(2-butoxyethyl)phthalate -2.64 366.45  -168.8393002 -232.057 5.273248 361.126
14  Butyl octyl phthalate 1.25 334.46  -147.2969294 -177.778 3.460698 342.623
15 Dibutyl phthalate -0.23 278.35  -125.3147323 -155.875 3.267177 275.023
16 Bis(2-ethylhexyl) terephthalate -13.28 718.8 -329.7607157 -445.623  7.504899 659.38
17  Heptyl nonyl phthalate 2.78 390.56  -169.2787473 -199.443 3.449544 410.177
18 Diundecyl phthalate 4.97 47472  -202.2481082 -229.828 2.899259 511.526
19 Butyl acetoxystearate 5.68 398.63  -173.9025256 -272.306 2.480789 437.794
20 Diisodecyl adipate 6.56 426.68  -184.8927682 -282.72 0.185585 473.704
21 Bis(2-ethylhexyl) adipate 4.93 370.57  -162.907927 -259.158  2.540719 406.382
22  Bis(2-ethylhexyl) azelate 5.64 412.65  -179.3954956 -276.163 0.270457 457.043
23  Bis(2-ethylhexyl) sebacate 5.96 426.68  -184.8899803 -280.971 2.900822 473.938
24 Tris(2-ethylhexyl) phosphate 3.44 434.64  -181.2879701 -343.123 5.008266 473.314
25  Heptyl nonyl adipate 5.39 370.57  -162.9106566 -260.871 0.031543 406.033

Definition of Descriptors Used in This Study.

H.E=Hydration Energy in Kcal/mol ~ D.M= Dipole moment in debyes, H.F=Heat of formation in
Kcal/mol, Massinam.u, T.E=Tatal EnergyinKcal/ml, V.W.V=VANDER WALESVolumein Ang®
according the Facio program version 14.2.4.[17]
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RESULTSAND DISCUSSION

Multiple linear regression (MLR) is one of the mattmatical methods which have an extent applicat®even
QSPR models were produced in this study. The piigdicnodel of QSPR study has been built up withhibkp of
the following descriptors in Table 1. These degor for the pvc plasticizers under study were daked.

The best model derived from the ( MLR ) analysiswaed to predict the plasticization efficiencyw€ plasticizers

of compounds understudy which represent by low wmatpre flex point(i). The resulting parametric models are
depicted in Eq. 1-7, along with statistical paraenetof the regression. These parameters are théearuof
descriptors, correlation coefficient YRfor training and prediction sets, standard erf8E) for training and
prediction sets, and F statistic. A reliable MLRdgbis one that has highf@nd F values, low SE and least number
of descriptors. the model should have a high ptegi@bility[18]. the best model was chosen, whegecifications
are presented in Table 2.

Table 2. Statistical parametersof the linear regressions models obtained for the 3& 4 kinds of descriptors.

MODEL Descriptors R’ S F N | Outlier
1 D.M Mass | VW.V | - 0.763 | 8.455| 20.401| 23 6,16
2 HF | V.W.V TE | --—--- 0.850 | 6.722 | 35.963| 23 6,16
3 H.F Mass | V.W.V | - 0.878 | 6.043 | 45.997| 23 6,16
4 T.E H.F V.W.V | H.E | 0.858]| 6.704 | 27.370| 23 6,16
5 H.F Mass V.W.V T.E 0.882| 6.111 | 33.884| 23 6,16
6 H.F Mass | V.W.V | D.M | 0.888| 5.950| 35.988| 23 6,16
7 H.F Mass V.W.V | H.E | 0.889| 5.942 | 36.099| 23 6,16

From Table 2. When replace descriptor Mass, D.ME, and H.F, this lead to improving of tegtistical data of R
F and S, and this gave the best model. Where eisittmber of compounds used for regressidris fhe squared
correlation coefficient, S is the standard erffathe regression, and F is the Fisher ratio forrdgression[19-21].

The three- and four— descriptor correlations of the plasticization were given in eq. (1-7)
respectively and the resulting parametric models are depicted inrég. 2-6, along with statistical parameters
of the regression[22-28].

Three descriptors, the first Eq 1. when depends on three descriptdt, Mass and V. W. V, gave model with

correlation coefficient Rvalues for this model of 0.722 .Table 2.

Y =(-0.7616+/- 3.9206) D.M+(0.8870+/-0.1451)MASEA842+/- 0.1179)V.W.V+(204.0804+/-15.2618).....Eq 1.
n=23 R=0722  F=16.502 S=9.456

While in the Eq.2 the good correlation coefficient 2Rncrease when using the descriptors H.F, V.W. ¥ an
T.E.
Y =(0.1964+/- 8.258) H.F+(-0.4151+/-0.1361)V.W. (/1.4434+/- 0.4594)T.E+(196.4209+/-31.0174)...... Eq 2.

n=23 R=0.850 F=35.963 S=6.722

In Eq 2. Negative value of V.W.V and T.E refer aversible relation with Twhile increase in {with increasing
H.F. Fig. 2, show the relationship between the expentaiel; data and predicted {hy this model.
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Fig. 2. Plot of experimental T¢ vs. predicted T+ calculated by Eq 2.

When replace the total energy in Eq 2. by heat of formationthis gave best statistical data 2, F and
S,as show inEq 3. The Eq 3 of the plasticization occompounds are best predicated by depends on the H.F,
Mass and V.W.V descriptorgave good model with correlation coefficidR? value for this model equal 0.8

Y=(0.1082+/-6.7817*18H.F)+(0.9387/-0.2627MASS)+(-0.7563+/-0.2098N.V)+(196.2504+-27.6327)
................... Eq 3.

n=23 R=0.878 F=6.043 S=45.

According to Eq 3. the (Tincreases with increases H.F, while the decreasheVvV.W.V and T.t and T.E will
increase the T The relationship between the experimental datgpaedictecplasticizationin this model, Fig.

260 T T T T T T T T =T T

N ‘e
255 |
250
245 |
240

235 -

CALC

230 |
225
220 |

215

210 e i

|

205 . 1 L ! .
200 205 210 215 220 225 230 235 240 245 250 255 260 265
EXP

Fig. 3. Plot of experimental T. vs. predicted T+ calculated by Eq .3

Four descriptors, the first Eq 4. when depends on four descripté, H.F, V.W.V and H.E, gave good model w
correlation coefficient Rvalues for this model of 0.858, Table 2.

Y=(0.1852 +/-0.8.835X10-2) T.EL.1543 +-0.9175)H.F-(0.29225+/-0.36394)V.W.{1-20655+-3.31078) H.E+
(195.5526+/-31.2161)............... Eq 4.

n=23 R=0.858 F=23.390 S=6.704

2
As well as in the Eq 5. the good correlation coefficienR increase when using ttdescriptors H.F, Mass
VWYV and T.E and become @3

Y =(0.1964+/- 8.258) H.F+(-0.41516/1361V.W. V+(-1.4434+/-0.4594)T.E+(196.42093.0174........ Eq 5.
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n=23 R=0.882 F=33.884  S=6.111
The relationship between the experimental datgpaedictedplasticizationin this model, show irFig.4
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Fig. 4. Plot of experimental T. vs. predicted T; calculated by Eq.5

Eq 6. are best predicated by thepends on the four descriptors H.F, Mass , V.Whd D.M  descriptors gave goc
model with correlation coefficient®alues for this model of 0.888.

Y =(0.1057+/-6.742*18 H.F )+(0.9608+-0.2650 MASS)+(-0.7802+/-0.2148 V.W.V )$(0948+-2.4911 D.M)
+(199.4606+/-28.3304)......... Eq6

n=25 R=0.888 F=35.988 S=5.950

The relationship between the experimental datgpaedictedplasticizationin this model, show in Fig
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Fig 5. Plot of experimental T+ vs. predicted T calculated by Eq 6.

Eq 7. are best predicated by the depends on thedescriptors H.F, Mass , V.W.V aitlE descriptors gave gos
model with correlation coefficient®alues for this model of 0.889.

Y =(9.7952*10°+/7.0939*10%) H.F+(1.2706+-0.7867MASS)+(-1.0886+/-0.772M.V)+(1.9939+-4.4621H
[E)+(196.1214+/-27.3365)......... Eq7

n=23 R=0.889 F=36.099 S=5.942
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The Eq 7. Shows the increase in the H.F will insectine %, both mass and H.E act in the same direction viha
negative value of WV.V refer to theT; increase with decreasing V.W.V valu&he relationship between t
experimental data and predicteldsticizatiol in this model, show in Fig.6.

260 T T T T T T T L T T T
255 ‘
250 |
245 |
20|
235 |

230

CALC

225 |-
220 |
215

210 |-

205

200 L L Il 1 L | L 1 il 1
200 205 210 215 220 225 230 235 240 245 250 255 260 265
EXP

Fig 6. Plot of experimental T vs. predicted T; calculated by Eq 7.

From Table. 3. It is obvious that #se number of descriptors increase tF* will increase and shows the effect
increasing the number of descriptors o values. It can be seen from this figure that insireg the number ¢
parameters has a large influence on improving tagioa. Onthe other hand can be observed tow outlier (comg
3 & 16) was detected in this study.

Table 3. Predicated Experimental data

No. Name Exp Calc Calc Calc
R2=0.878 R2=0.888 R2=0.889
Eq.3 Eq.6 Eq.7
1  Dipropylene glycol dibenzoz 261 257.91 260.6¢ 257.85
2 Diethylene glycol dibenzoe 255.7 257.72 256.0. 255.04
3 2,2,4-Trimethyl-1,3entanediolisobutyrate benzc  249.3 Outlier
4 Tris(2ethylhexyl)trimellitat 2404 240.43 2414 24433
5  Acetyl tris-nbutyl citrate 237 234.47 233.4¢ 236.6
6 Diisodecyl phthalate 236 229.22 230.1¢ 228.84
7 Diisononyl phthalate 236 229.61 230.8¢ 229.58
8  Ditridecyl phthalate 235 229.43 227.97 228.37
9 Tri-n-butyl citrate 234 225.78 2271« 225.2
10  Bis(2ethylhexyl) phthalai 234 230.32 231.07 230.91
11  Heptyl nonyl trimellitate 234 241.08 242.9. 238.48
12  Diisohexyl phthalate 234 230.79 230.9¢ 231.98
13  Bis(2butoxyethyl)phthala: 233 242.01 239.47 240.59
14  Butyl octyl phthalate 232 231.85 230.8¢ 233.16
15 Dibutyl phthalate 232 232.67 232.2¢ 234.65
16  Bis(2ethylhexyl) terephthala 231 Outlier
17  Heptyl nonyl phthalate 228 231.08 229.8: 231.82
18 Diundecyl phthalate 221 230.14 228.9¢ 229.81
19  Butyl acetoxystearate 221 209.88 209.37 210.66
20 Diisodecyl adipate 210 207.92 209.7: 207.94
21  Bis(2ethylhexyl) adipat 207 208.72 208.2: 208.99
22  Bis(2ethylhexyl) azelat 205 208.06 209.8: 207.06
23 Bis(2ethylhexyl) sebaca 204 207.94 206.7¢ 206.66
24 Tris(2ethylhexyl) phospha 203 209.15 206  206.34
25  Heptyl nonyl adipate 202 208.8 211.0¢ 210.12
CONCLUSION

QSPR model for prediction of thew temperature flex point; of plasticized forompounds using MLR based
descriptors calculated from molecular structureehlagen developed. We have improving the value ?, F and S
compared QSPR resuligith previously study, and attempt to rebuilding thest successfulSPR models. The
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model depending on the Eq. 3 is the best producmtkthwith a better predictive statistical fit asdmnt from its F%

— 0.878, F= 6.043 and S 45.997 by using three descriptors and n=23, conbpanaith the previously studyzR__
0.613, F= 8.24 and S- 10.89, by using three descriptors and n=23. A magel used to improving a predict the
data the Plasticization depends on four descriptittsn=23 , shown it a better predictive equatighg values of S
and the larger the value of F, the better the Q8i®Rel. Eq. 7 the values of2 R0.889 and the values of S =5.942,

while the values of F=36.099. The values 8f Rand F suggest that the best of QSPR modelg B predictive
and validate. The general feature in the previoulicussed models is that the plasticization irsgsawith
increasing descriptors [ D.M, Mass, Van Der Waatduvh, T.E, H.F and Hydration Energy ]. the obseraed the
predicted values was excellent.
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