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ABSTRACT: The liquid viscosity of 361 organic compounds containing C, H, N, O, S and/or halogens was
investigated using a quantitative structure—property relationship (QSPR) approach. A five-descriptor equation was
obtained with a squared correlation coefficieRf)(of 0.854 and a standard err@®) (of 0.22 log units. The data set

was divided into three subsets and each of these was cross-validated by the model obtained from the complementary
two subsets; the result indicates a high statistical robustness of the overall model. The average absdfiteferror
0.0494 log units is small compared with the overall range of eta of 1490 mPas. Coy2@0 John Wiley & Sons,

Ltd.
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INTRODUCTION hydrogen-bonding compounds are correlated with aver-
age deviations of 0.5% and 1.8% and predicted with
average deviations of 2.2% and 6.1%, respectively. Their
work made extensive comparisons with the best recom-
mended models determined from their revieWowever,

no clear understanding of the structure—property relation-

ship for liquid viscosity has been attained.

Viscosity is a highly important transport property of
liquids for many studies related to the transfer or
movement of bulk quantities of liquids in the petroleum
industries and in chemical engineering in general. It
would be of obvious utility to develop an effective
method to predict the viscosity of compounds for whicha  An alternative approach for predicting viscosities of
measured value is unavailable. compounds is that of quantitative structure—property
Considerable work along these lines has been reportedrelationships (QSPR)> QSPR models are obtained on
Most existing approaches to predicting viscosity involve the basis of the correlation between the experimental
experimentally determined physical properties such asvalues of the property and descriptors reflecting the
pressure, volume, surface tension, density, refractive molecular structure of the respective compounds. Rigor-
index, vapor pressure, latent heat of evaporation, mol-ous testing of the predictive power of the equations
ecular weight and critical temperature. Viscosity models obtained is possible. Hence the QSPR approach is a
ranging from highly theoretical to entirely empirical have general and reliable method to predict various physico-

been reviewed by Reiet al! and Monnenget al? These

chemical properties. Suzukt al® used a combination of

models can be categorized as theoretical, semi-theorepartial least-squares (PLS) and QSPR techniques to

tical or empirical and further distinguished as predictive
and correlative. For example, Monnesyal 3 developed

a theoretically based predictive model for calculating
both liquid- and gas-phase viscosities by modifying a
statistical mechanics viscosity model. Gas and liquid
viscosities for a variety of 174 non-polar, polar and
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search for correlations between viscosity and 18 para-
meters, mostly experimental. They found five significant
PLS components and proposed a nine-descriptor model
for a set of 237 compounds which gave a squared
correlation coefficientR?) of 0.92. Suzukiet al.” used

the same set to develop further this nine-descriptor QSPR
model for liquid viscosity using multiple linear regres-
sion (MLR) and a two-layer neural network (NN)
technique. Their non-linear model h&f=0.93 and a
root-mean-square error of 0.16 log units for a prediction
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Table 1. Comparison of the experimental and predicted viscosities for the set of 361 compounds?

Compound Calc.logn Exp.logn Compound Calc.logn Exp.logn
Pentane —0.514 —0.620 1-Methyl-4-ethylbenzene 0.056 —0.160
Cyclopentane —-0.432 —0.358 Isopropylbenzene 0.055 —0.102
2-Methylpentane —0.433 —0.509 Butylbenzene 0.136 0.015
2,2-Dimethylbutane -0.411 —0.438 1-1sopropyl-4-methylbenzene 0.161 0.532
2,3-Dimethylbutane —0.410 —0.425 Tetralin 0.231 0.343
Cyclohexane -0.324 —0.009 Amylbenzene 0.240 0.124
Heptane —0.346 —0.379 1-Phenyloctane 0.478 0.408
3-Methylhexane —0.302 —0.430 1-Phenylnonane 0.611 0.496
2,4-Dimethylpentane —0.314 —0.443 1-Phenylundecane 0.747 0.662
2,2,3-Trimethylbutane —0.302 —0.237 1-Phenyldodecane 0.759 0.736
2,3-Dimethylpentane —0.292 —0.392 1-Phenyltetradecane 0.990 0.884
Methylcyclohexane —0.232 —0.134 1-Phenylpentadecane 1.066 0.954
2,2,3-Trimethylpentane -0.191 -0.223 1-Methylnaphthalene 0.299 0.560
2,2,4-Trimethylpentane —0.207 —0.299 lodomethane —0.580 —0.301
2-Methylheptane —0.232 —0.283 Dichloromethane —0.561 -0.371
3-Ethylhexane -0.211 —0.343 Bromochlorobutane —0.387 -0.174
Propylcyclopentane -0.171 —0.168 Chloroform —0.507 —0.237
Nonane -0.174 —0.148 Bromoethane —0.456 —-0.401
Propylcyclohexane —0.054 0.001 1,1-Dichloroethane —-0.473 —0.446
trans-1,3,5-Trimethylcyclohexane  —0.055 —0.146 1,2-Dibromoethane —0.009 0.236
Decane —0.088 —0.033 1,1,2-Trichloroethane —0.294 0.044
cis-Decalin 0.143 0.529 1,1,2,2-Tetrabromoethane 1.425 0.991
Butylcyclohexane 0.029 0.117 Pentachloroethane 0.135 0.389
Undecane 0.000 0.068 1-Chloropropane —0.493 —0.454
n-Hexylcyclopentane 0.075 0.274 1-Bromopropane —0.349 —0.281
n-Heptylcyclopentane 0.187 0.373 1,2-Dichloropropane —0.304 —0.063
n-Hexylcyclohexane 0.215 0.344 1,2,3-Trichloropropane —0.126 0.406
n-Octylcyclopentane 0.236 0.464 1-Bromobutane —0.258 —0.199
n-Heptylcyclohexane 0.304 0.447 2-Bromobutane —0.226 0.157
n-Nonylcyclopentane 0.345 0.550 1-Chloro-2-methylpropane —0.398 —0.335
n-Octylcyclohexane 0.395 0.544 1-Bromo-2-methylpropane —-0.221 —-0.192
n-Decylcyclopentane 0.468 0.550 1-Chloropentane —0.333 —0.237
Hexadecane 0.387 0.524 1,1-Dichloroethylene —0.557 —0.446
n-Undecylcyclopentane 0.494 0.631 trans-1,2-Dichloroethylene —0.414 —0.394
n-Decylcyclohexane 0.568 0.719 Trichloroethylene —0.364 —0.247
n-Dodecylcyclopentane 0.602 0.708 Allyl chloride —0.522 —0.492
n-Undecylcyclohexane 0.653 0.801 Fluorobenzene —0.098 -0.223
n-Dodecylcyclohexane 0.730 0.876 Bromobenzene 0.034 0.054
n-Tetradecylcyclopentane 0.778 0.852 lodobenzene 0.148 0.223
n-Pentadecylcyclopentane 0.883 0.919 1,2-Dichlorobenzene 0.109 0.155
n-Hexadecylcyclopentane 0.936 0.982 2-Fluorotoluene 0.023 —0.168
I-Pentene —0.531 —0.706 4-Fluorotoluene —-0.011 —0.206
trans-2-Pentene —0.569 —0.785 Methanol 0.118 —0.224
2-Methyl-1-butene —0.547 —0.650 Ethanol 0.137 0.079
Cyclopentene —0.549 —0.461 Ethyleneglycol 1.244 1.299
cis-3-Hexene -0.471 —0.564 1-Propanol 0.238 0.349
trans-3-Hexene —0.452 —0.564 Glycerol 2.360 3.173
cis-2-Hexene —0.431 —0.564 1-Butanol 0.348 0.470
Cyclohexene —0.342 —0.187 2-Methyl-1-propanol 0.368 0.606
1-Octene —0.261 —0.328 1,3-Butanediol 1.460 2.115
trans-2-Octene —0.258 —0.320 2-Methyl-2-butanol 0.486 0.666
1-Nonene —0.160 —0.208 2-Methyl-1-butanol 0.458 0.740
1-Undecene —0.017 0.013 1,5-Pentanediol 1.369 2.107
1-Dodecene 0.090 0.114 Cyclohexanol 0.672 1.833
1-Tetradecene 0.258 0.301 2-Methyl-2,4-pentanediol 1.534 1.537
1-Pentadecene 0.347 0.391 3-Ethyl-3-pentanol 0.689 0.829
1-Heptadecene 0.523 0.556 2-Ethyl-1-hexanol 0.723 0.991
1-Octadecene 0.598 0.635 1-Nonanol 0.795 1.155
2-Methyl-1,3-butadiene —0.540 —0.652 Allyl alcohol 0.262 0.135
Toluene —0.143 —0.229 2-Propyn-1-ol 0.284 0.225
Ethylbenzene —0.043 —0.169 Benzylalcohol 0.818 0.747
m-Xylene —0.024 —0.208 Acetaldehyde —0.399 —0.613
p-Xylene —0.048 —0.188 Propionaldehyde —-0.192 —-0.394
1,3,5-Trimethylbenzene 0.104 0.062 Isobutyraldehyde —0.128 —0.246
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Table 1. continued

A. R.KATRITZKY ETAL.

Compound Calc.logn Exp.logn Compound Calc.logn Exp.logn
2-Propenal -0.071 —0.463 Methyl acetoacetate 0.278 0.232
Benzaldehyde 0.389 0.161 Triethyleneglycol 1.887 1.690
2-Butanone —0.355 —0.369 2,2-Dimethyl-1,3-dioxolane-4- 0.911 1.041
3-Pentanone —0.241 —-0.321 methanol

Cyclopentanone —0.136 0.067 Tetrahydropyran-2-methanol 0.911 1.041
2,4-Pentanedione 0.366 —0.222 Tripropyleneglycol 2.189 1.749
4-Heptanone —0.039 —0.133 Eugenol 1.335 0.965
2,6-Dimethyl-4-heptanone 0.181 0.013 2,2,2-Trifluoroethanol 0.528 0.300
Acetophenone 0.238 0.258 2,2-Dichloroethylether 0.010 0.382
Acetic acid 0.374 0.091 1,2-Ethanediamine 0.600 0.188
Butyric acid 0.515 0.188 Isopropylamine —0.154 —0.419
Pentanoiacid 0.624 0.350 Butylamine —0.052 -0.167
Hexanoicacid 0.701 0.505 Diethylamine —0.064 —0.450
2-Ethylbutyricacid 0.740 0.519 Piperidine 0.160 0.172
Heptanoicacid 0.760 0.640 Triethylamine —0.056 —0.444
Octanoicacid 0.854 0.766 Cyclohexylamine 0.264 0.221
Acrylic acid 0.526 0.114 Dibutylamine 0.256 —0.022
Methacrylicacid 0.591 0.121 Aniline 0.349 0.644
Oleic acid 1.626 1.589 m-Toluidine 0.450 0.581
Methyl acetate —0.285 —0.419 o-Toluidine 0.446 0.643
Ethyl acetate —0.226 —0.342 N,N-Dimethylaniline 0.707 0.149
Propylformate -0.175 —-0.241 N-Butylaniline 0.707 0.536
Methyl propionate —0.244 —-0.322 2-Methylpyridine —0.040 —0.094
Propylacetate —0.163 —0.233 4-Methylpyridine —0.035 —0.045
Ethyl propionate —0.191 —0.270 4-tert-Butylpyridine 0.263 0.175
2-Methylpropylformate —0.145 —0.168 Acetonitrile —0.635 —0.426
Methyl isobutyrate —0.181 —0.282 Propionitrile —0.553 —0.372
Butyl acetate —-0.125 —0.136 4-Methylpentanenitrile —0.207 —0.009
Propyl propionate —0.092 -0.172 Acrylonitrile —0.562 —0.456
1,2-Ethanediobiacetate 0.208 0.496 trans-3-Butenenitrile —0.429 —0.289
Methyl pentanoate —-0.109 —0.147 Ethanolamine 0.909 1.366
Diethyl malonate 0.307 0.332 o-Phenetidine 0.731 0.784
Propyl butyrate —0.006 —0.080 N-Methylpropionamide 0.511 0.783
2-Methylbutyl acetate 0.001 —0.059 N,N-Dimethylacetamide 0.222 0.331
Isoamylacetate —0.026 —0.060 Methyl cyanoacetate 0.623 0.446
2-Ethylhexylacetate 0.272 0.176 Nitroethane —0.463 —0.169
Dibutyl sebacate 1.272 0.956 Nitrobenzene —0.015 0.308
Vinyl formate -0.272 —0.444 2-Nitrotoluene 0.118 0.375
Vinyl acetate —-0.270 —0.376 3-Bromoaniline 0.677 0.833
Methyl methacrylate —-0.151 —0.199 Ethanethiol —0.327 —0.602
Dimethyl maleate 0.220 0.549 Dimethyl sulfide —0.420 —0.539
Dibutyl maleate 0.709 0.751 Ethyl methyl sulfide —0.285 —0.428
Ethyl benzoate 0.339 0.350 Diethyl sulfide —0.197 —0.351
Butyl benzoate 0.506 0.493 Tetrahydrothiophene -0.172 0.018
Diisobutyl o-phthalate 1.384 1.477 Thiophene —0.232 -0.179
Butyl decyl o-phthalate 1.759 1.740 2-Mercaptoethanol 0.693 0.532
Ethyl cinnamate 0.471 0.940 2-Methylbutane —0.516 —0.648
Dimethoxymethane -0.121 —0.488 Hexane —0.431 —0.487
1,4-Dioxane —0.033 0.079 3-Methypentane —0.416 —0.523
Ethyl propyl ether —0.297 —-0.491 Methylcyclopentane —0.351 —0.295
Butyl ethyl ether —0.230 —0.376 2-Methylhexane —0.316 —0.423
Diisopropyl ether -0.221 —0.467 2,2-Dimethylpentane -0.317 —0.420
Dibutyl ether —0.064 -0.161 Ethylcyclopentane —0.262 —0.248
1,2-Bis(methoxyethoxy)ethane 0.548 0.575 Octane —0.214 —0.266
Diisopentylether 0.109 0.005 3,3-Dimethylhexane —0.212 —0.301
Dihexyl ether 0.238 0.232 Ethylcyclohexane —0.135 —0.074
Ethyl vinyl ether —0.423 —0.699 Butylcyclopentane —0.087 —0.052
Methoxybenzene 0.061 0.121 trans-Decalin 0.150 0.328
Dibenzyl ether 0.763 0.727 n-Amylcyclopentane 0.000 0.061
1,2-Epoxybutane —0.369 —0.387 n-Amylcyclohexane 0.117 0.235
Tetrahydrofuran —0.281 —0.260 Dodecane 0.067 0.178
Maleic anhydride —0.166 0.647 Tridecane 0.161 0.275
2-Methoxyethanol 0.661 0.236 Tetradecane 0.271 0.339
Diethyleneglycol 1.565 1.553 Pentadecane 0.319 0.457
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Table 1. continued

Compound Calc.logn Exp.logn Compound Calc.logn Exp.logn
n-Nonylcyclohexane 0.476 0.635 Cyclohexanone —0.064 0.347
Heptadecane 0.505 0.573 Propionicacid 0.435 0.042
n-Tridecylcyclopentane 0.736 0.781 Isobutyricacid 0.488 0.118
n-Tridecylcyclohexane 1.052 0.949 2-Methylbutyricacid 0.561 0.382
cis-2-Pentene —-0.539 —0.695 2-Ethylhexanoicacid 0.847 0.887
2-Methyl-2-butene —0.547 —0.686 Nonanoicacid 0.917 0.920
1-Hexene —-0.441 —0.585 Methyl formate -0.319 —0.458
trans-2-Hexene -0.431 —0.564 Ethyl formate —0.277 —0.396
1-Heptene —0.342 —0.456 Acetic anhydride -0.189 —-0.042
1-Decene -0.079 —-0.094 Methyl butyrate —0.186 —0.237
1-Tridecene 0.194 0.212 Isopropylacetate —-0.200 —-0.245
1-Hexadecene 0.446 0.476 Ethyl butyrate —0.125 —0.173
1,5-Hexadiene -0.323 —-0.561 2-Methylpropylacetate -0.075 -0.157
Benzene —0.237 —0.186 Pentylacetate —-0.014 —-0.034
o-Xylene -0.021 —-0.092 Ethyl pentanoate —-0.039 —-0.072
1,2,4-Trimethylbenzene 0.082 0.048 Propylisobutyrate —0.018 —0.080
Propylbenzene 0.055 —0.068 Ethyl acrylate —-0.149 -0.210
secButylbenzene 0.152 0.019 Diethyl maleate 0.436 0.553
1-Phenylhexane 0.301 0.223 Methyl benzoate 0.249 0.311
1-Phenylheptane 0.390 0.316 Dibutyl o-phthalate 1.361 1.299
1-Phenyldecane 0.634 0.579 Bis(2-ethylhexyl)o-phthalate 2.347 1.911
1-Phenyltridecane 0.876 0.812 Diethyl ether —0.415 -0.611
Styrene —-0.079 —-0.124 Tetrahydropyran —0.190 —0.083
a-Methylstyrene 0.036 —0.099 1,2-Diethoxyethane 0.045 —-0.187
Dibromomethane —-0.165 0.008 Bis(2-methoxyethylether 0.294 0.299
Carbontetrachloride -0.411 —0.014 Butyl vinyl ether —0.240 —0.301
lodoethane —0.412 —0.228 Ethoxybenzene 0.148 0.093
1,1,2-Trichlorotrifluoroethane —0.008 —0.148 Propyleneoxide —-0.427 —0.485
2-Chloropropane —0.502 —0.398 Furan —-0.279 —0.420
1-Chlorobutane —0.419 —0.339 2-Ethoxyethanol 0.701 0.312
2-Chlorobutane —0.410 —0.385 4-Hydroxy-4-methyl-2-pentanone 0.984 0.462
2-Chloro-2-methylpropane —0.399 —0.291 2-Hydroxybenzaldehyde 1.429 0.462
1-lodo-2-methylpropane —0.106 —0.058 Trifluoroaceticacid 0.573 —0.033
cis-1,2-Dichloroethylene —0.414 —0.331 Benzoylbromide 0.238 0.291
Tetrachloroethylene —0.167 —0.053 Pentylamine 0.025 0.008
Chlorobenzene —0.109 —0.098 Tributylamine 0.459 0.189
1,3-Dichlorobenzene 0.073 0.036 Pyrrole 0.207 0.131
3-Fluorotoluene 0.010 —0.216 Methylphenylamine 0.441 0.373
Benzyl chloride 0.024 0.146 N, N-Diethylaniline 0.540 0.339
1,2-Propanediol 1.345 1.660 Pyridine —0.287 —0.011
1,3-Propanediol 1.265 1.748 2,4,6-Trimethylpyridine 0.174 0.176
2-Butanol 0.367 0.592 Butyronitrile -0.411 —-0.210
1-Pentanol 0.389 0.602 Methacrylonitrile —0.555 —-0.407
3-Methyl-1-butanol 0.439 0.708 Morpholine 0.377 0.348
1-Hexanol 0.477 0.702 p-Phenetidine 0.703 1.111
1-Heptanol 0.621 0.846 Nitromethane —0.530 —0.188
1-Octanol 0.623 0.951 3-Nitrotoluene 0.100 0.367
1-Decanol 0.858 1.158 1-Butanethiol —0.195 —0.300
m-Cresol 0.832 1.265 Thiophenol 0.228 0.093
Butyraldehyde —0.096 —0.342 Trimethylenesulfide -0.271 —0.195
Pentanal 0.007 —0.290 2,2-Thiodiethanol 1.781 1.814
Acetone —0.502 —0.498 a ;
>-Pentanone _0218 _0.296 re\éit:ft.sm G, and HDCA(2) for thesecompoundsare availableon
4-Methyl-2-pentanone —0.129 —0.233

setof 124 compoundsHowever,both of thesemodels
includefour experimentaphysicalpropertiesasmolecu-
lar descriptors Although efficient fragmentmethodsare
availableto estimatemolar refraction, critical tempera-
tureandcohesivesnergyi,it is moredifficult to dealwith

Copyrightd 2000JohnWiley & Sons,Ltd.

the molarmagneticsusceptibility.Obviously,the models
are most useful for compoundgor which theseexperi-
mentalvaluesareavailable.

In recentyears,the CODESSA QSPRsoftwarehas
beensuccessfullyappliedto the predictionof avariety of

J. Phys.Org. Chem.2000:13; 80—-86
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Table 2. The best five-descriptor correlation model of viscosity (log #) for the data set of 361 diverse

structures

N Descriptor X+ AX t-Test R? Re/ F

0 Intercept —-10.3+ 1.7 —6.06

1 HDCA(2) 1.77+0.08 23.0 0.339 0.330 184.3
2 G, 0.0005574 0.000016 34.2 0.811 0.804 766.2
3 Nrings 2.78+0.41 6.78 0.830 0.822 579.0
4 FPSA(3) 20.2+3.1 6.58 0.843 0.836 477.7
5 Emin(C) 0.08974+ 0.0165 5.44 0.854 0.844 414.1

R%2=0.854,F =414.1,5=0.22,R.,>=0.840

physical propertiesof compound$;® including boiling

points? critical temperature$® vapor pressures? glass
transitiontemperaturesf polymers? andcritical micelle

concentration®f surfactants® CODESSAcangenerate
a large number of quantitative descriptors of the

constitutional, topological, geometrical, electrostatic,
and quantum chemical characteristicsof a molecule.
Theprimarypurposeof thepresentvork wasto developa

QSPRmodelof viscosityfor diversecompoundsitilizing

the CODESSA descriptorsderivable solely from the

structuresof compounds.

DATA AND METHODOLOGY
Data set

The experimentalvalues of viscosities(n) were taken
from the combinationof the training setand prediction
setof Ref. 7. A total of 361 structurallydiverseorganic
compoundscontaining C, H, O, N, S and/or halogen
atomswere included in the data set, with a range of
experimental; valuesbetween0.197 and 1490 mPads.
Table 1 showsthe compoundsand their corresponding
experimentaviscositiesaslog y at 20°C.

Computational methods

The quantitative structure—propertyrelationship was
developedusing the Microsoft Windows versionof the
CODESSAprogram® The programcancalculatearound
1000 descriptors,and the searchfor the beststatistical
relationshipbetweencalculateddescriptorsand experi-
mental property data can be carried out using several
technique$:*® Structuraloptimization of the 361 com-
poundswas performedusing the semi-empiricalquan-
tum-chemicalAM1 parameterizatiolf with MOPAC6.0
program:> The MOPAC outputfileswereloadedinto the
CODESSAprogramalongwith theexperimentalog i to
calculate molecular structural descriptors, including
constitutional, topological, geometrical, electrostatic
and quantumchemicaldescriptors Altogetherover 600

Copyrightd 2000JohnWiley & Sons,Ltd.

moleculardescriptorsverecalculatedor eachof the 361
compoundsstudied.Thenthe statisticalanalysisto find
the bestQSPRmodel was carried out using a heuristic
methodbasedon the linear regressiontechnique.This
procedure is based on the scale forward selection
techniqué® andhasbeendescribedn detail elsewheré.’
In addition, the data were treated by best regression
method (seeTable4) by usinga polynomialexpansion,
and by application of a neural network approach,but
noneof thesealternativetechniquesmprovedthe quality
of thefinal regressiorequation.

RESULTS AND DISCUSSION

Thebestfive-parametecorrelationequationobtainedor
the entiredatasetof 361 compoundhadR? = 0.854and
is presentedin detail in Table 2. The cross-validated
correlationcoefficientR., = 0.840,ascomparedvith the
correlation coefficient R?, indicatesthe stability of the
regressiorequation Calculatedog n valuesaregivenin
Table 1. According to the t-test, the most important
descriptoris the hydrogen-bondinglonor chargedsur-
facearea,HDCA(2), definedas

VS

HDCA(2) = > S

(1)

whereqp is the partial chargeon the hydrogen-bonding
donor(H) atom(s), S5 denoteghe exposedsurfacearea
of this atom which is definedas that part of the total
surfaceareacontributedoy therespectiveatomandSe. is
the total molecularsurfaceareacalculatedfrom the van
der Waals’ radii'® of the atoms (overlappingspheres).
The summationin the formulation of HDCA(2) [Eqgn.
(1)] is performed over all simultaneously possible
hydrogenbonding donor and acceptorpairs per solute
molecule. Also, hydrogen atoms attachedto carbons
connecteddirectly to a carbonylor cyano group were
included as possible hydrogenbonding donor centers
(theireffectivenesss, of coursemuchsmallerbecausef
the smallerpartial chargeon them).

J. Phys.Org. Chem.2000:13; 80—-86
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Figure 1. Scatter plot of the calculated versus experimental
log n values for 361 compounds

Table 3. Verification of statistical validity

Set RZ I:'2cv2

| 0.838 0.825 0.22
Il 0.860 0.844 0.23
] 0.864 0.852 0.22

The secondmostimportantdescriptorin this regres-
sionis thegravitationalindex(G;) overall bondedatoms
i, j in the molecule definedas™®

all bondechtoms

> (mm/rd) (2)

ij

G =

wherem, and my are the atomic massesf the bonded
atomsand r;; denotesthe respectivebond lengths. As
reportedin our previous study on the normal boiling
point'” andthe solubility of gasesandvaporsin water>
the gravitational index reflects the effective mass

distribution in the molecule and effectively describes
the intermoleculardispersionforcesin the bulk liquid
media.The combinationof thetwo descriptorddDCA(2)
andG, adequatelyepresentsheforcesof intermolecular
attraction;HDCA(2) is relatedto the hydrogen-bonding
ability of compoundsand G, with the dispersionand
cavity-formationeffectsin liquids. The two descriptors
are almost orthogonal because the intercorrelation
coefficientsbetweerthemis lower than0.1.

DescriptorN;ings the relative numberof rings in the
molecule,s relatedto the sizeandshapeof the molecule
as defined in the CODESSA Manual® Descriptor
FPSA(3)is the fractionalpositivepartial chargedsurface
areaand is definedas the ratio betweenthe positively
charged surface area and total surface area of the
molecule?® FPSA(3)describeslectrostaticpolar inter-
actions between moleculesand is calculated by the
equation

Na

> Sa0a

FPSA3) =2 s (3)

whereS, is the surfaceareaof a positivelychargedatom,
Ja is the correspondingpositiveatomiccharge N, is the
numberof the positively chargedatomsin the molecule
and S is the total surfaceareaof the molecule. The
chargesin HDCA(2) and FPSA(3) are from quantum
chemical calculation (for definition, see Ref. 8). The
descriptorEnin (C) is definedas the minimum atomic
stateenergyfor a C atom.The stateenergycharacterizes
the magnitudeof the perturbationexperiencedoy a C
atomin the molecularenvironmentin comparisorwith
theisolatedatom. The last threedescriptorgprobablyall
reflectintermolecularinteractions;however,thesethree
descriptorshave much lessimpact than the hydrogen-
bondingrelateddescriptorHDCA(2) and the molecular
massdescriptorG,. The plot of the calculatedversus
experimentallog # of the completeset using the five-
descriptomodelis shownin Fig. 1. The standarcerror S
is 0.22log units.

In orderto demonstratdurther the absencef chance
correlations,the whole data set was divided into three
subsetgby usingnumbersl, 4,7, ...; 2,5,8, ...; and3, 6,

Table 4. Correlation obtained by the multiregression approach

AWNRO|Z

HA-dependenHDCA(2) (Zefirov's PC)
Maximum electron—electromepulsionfor an H—O bond
Minimum electron—nucleusattractionfor an H—O bond

Descriptor X+ AX
Intercept —0.92965+ 0.02865
G, (all bonds) (120.59+ 3.41)x 10°°

1.80371+0.11448
0.37779+ 0.03487
—0.16765+ 0.01550

R?=0.861,S=0.22 (with N=361in denominator)F = 554.4
Cross-validatior(leave-oneout): R.2=0.852,5,=0.22

Copyrightd 2000JohnWiley & Sons,Ltd.
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9, ...) andeachsubsetwas predictedby usingthe other
two subsetasthetrainingset.In this procedurethesame
descriptors were retained, but the coefficients were
allowedto vary. Theresultsareshownin Table3, which
indicateghatthemodelhasa high statisticalstability and
validity.

While the presentwork wasin progress/)vanciuc et
al.?* independentlydevelopeda five-descriptorQSPR
modelfor liquid viscositywith 337 compoundsisingthe
CODESSA program. Their data set differs somewhat
from ours, but possesseaboutthe samediversity. The
five descriptordn Ivanciuc'set al. modelare molecular
weight, Randicconnectivityindex of order3, hydrogen-
donorchargedsurfaceareaHDCA(2), maximumelectro-
philic reactivity index for a C atom, and maximum
atomic orbital electronicpopulation.The squaredcorre-
lation coefficientand standarderror are R* = 0.846 and
S=0.27, respectively.Using thesefive descriptorsto
correlate our data set, the correlation coefficient and
standarcerrorareR? = 0.854andS=0.22,which arethe
same as those obtained by our presentmodel. Since
completionof thework describedn themainbodyof this
paper,we have applied the recently developednovel
techniqueof descriptorselectionbasedon multiregres-
sion?%>#3 Using this approach the best possiblemulti-
linear regressionmodel for liquid viscosity containing
four descriptorsis selectedamongall the descriptors
from data set. This model possessedetter statistical
parameters[R*=0.861, S=0.215, R,*=0.852, S.,
(leave-one-out¥ 0.223], than our five-parametercorre-
lation, emphasizinghe importanceof descriptorselec-
tion in the modelingprocessThe descriptorsnvolvedin
the model are: gravitation index (all bonds), HA-
dependentHDCA(2) (Zefirov's PC), maximum elec-
tron—electrorrepulsionfor an H—O bondandminimum
electron—nucleuattractionfor anH—O bond(seeTable
4). This work is still in progress.

CONCLUSIONS

A gquantitativestructure—propertyelationshipapproach
was used to predict the liquid viscosity of organic
compoundsfor a diverse set of 361 compounds.A

general five-descriptor model was developedwith a
squaredcorrelationcoefficientof 0.854 and a standard
error of 0.22log units. The mostimportantdescriptoris

the hydrogen-bondig donorchargedsurfaceareawhich

reflectsthat hydrogenbondingis a key factorto control

liquid viscosity.

Copyright0 2000JohnWiley & Sons,Ltd.

In comparisonwith previous linear and non-linear
models! our presentQSPR model and the essentially
equivalentmodel of Ivanciuc et al.,** are more general
and practicalmethodsfor predictingliquid viscosities.
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