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Prediction on Critical Micelle Concentration of Nonionic Surfactants
in Aqueous Solution Quantitative Structure-Property Relationship

Approach

WANG Zheng-Wu* ¢
LI Gan-Zuo*
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b Shangdong Electric Power Central Hospital ~ Jinan
250001  China

In order to predict the critical micelle concentration cmc of
nonionic surfactants in aqueous solution a quantitative struc-
ture-property relationship QSPR was found for 77 nonionic
surfactants belonging to eight series. The best-regressed model
contained four quantum-chemical descriptors the heat of for-
mation AH  the molecular dipole moment D  the energy
of the lowest unoccupied molecular orbital Ejyyo and the en-
ergy of the highest occupied molecular orbital Eyzovo of the
surfactant molecule two constitutional descriptors the molecu-
lar weight of surfactant A and the number of oxygen and ni-
trogen atoms non of the hydrophilic fragment of surfactant
molecule and one topological descriptor the Kier & Hall index
of zero order KHO0 of the hydrophobic fragment of the surfac-
tant. The established general QSPR between Ig cmc and the
descriptors produced a relevant coefficient of multiple determi-
nation R? = 0.986. When cross terms were considered the
corresponding best model contained five descriptors Eyyno D
KHO0 M and a cross term noy KH0 which also produced the
same coefficient as the seven-parameter model.
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Introduction

Critical micelle concentration cmc of surfactants in
aqueous solution is one of the most useful parameters for
characterizing the properties of surfactants. Over a very
narrow concentration range around the cmc transitions of
the existence of surfactants occur from monomer premicel-
lar to micellar. And companying these transitions many
other important properties of surfactant solution such as
surface tension interfacial tension conductivity osmotic
pressure detergency emulsification foaming and so on
also change sharply at the point.! > The value of cmc of a

surfactant is firmly related to its structure i.e. the con-
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tributions from both the characteristics of the hydrophobic
domain tail and the hydrophilic domain head of a sur-
factant.

Nonionic surfactant is one of mostly used surfactants
and some empirical relationships between the structural
feature of surfactants and cmc have been developed for
some commonly used surfactants based on experimental da-
ta. But so far they are mainly limited to the homologous
.¥6 Though a
series of models have also been presented for diverse non-

series of the linear alkyl ethoxylates C,E,

ionic surfactants very little literature has been published
on the relationship between the structure of surfactant
molecule and the observed cmc from the motion state as
well as the motion level of electrons with the quantum
chemistry method .’ Therefore it is important to employ
QSPR

techniques to expand our understanding in this area.

the quantitative structure-property relationship

In our previous papers we have successfully used
QSPR method to predict respectively the critical micelle
concentration'® and the corresponding surface tension'!
this concentration of anionic surfactants in aqueous solu-
tion. For nonionic surfactants we have established the re-

at

lationship between molecule structure and observed cme for

two series 2

i.e. the linear alkyl ethoxylates and the
alkyl phenyl polyethoxylates at a given temperature. Based
on molecular topology and quantum chemistry a multiple
regression model Eq. 1  between lg cme

descriptors was founded .

and three
lg cme =1.930-0.7846KH0-8.871 x 10 E +
0.04938D R?*=0.995 1

where Ey D KHO and R? are the total molecular ener-
gy the molecular dipole moment and the Kier & Hall
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molecular connectivity index of zero order for the hy-
drophobic fragment and the squared correlation coefficient
or coefficient of multiple determination  respectively.
For only the linear alkyl ethoxylates had a multiple regres-
sion model with the squared correlation coefficient being
0.997 which is more even superior to Becher’' s empirical
model R,=0.996 .7 13

The present work is based on the observed cmc for
much more divers of molecular structures using much
more molecular descriptors such as quantum-chemical de-
scriptors AH Er D  Epgmo and Exomo of surfactant
M and ngy of the hydrophilic
fragment in surfactant molecule and topological descrip-
tor  KHO of the hydrophobic fragment in surfactant
molecule to establish the QSPR between cme and these de-

scriptors for nonionic surfactants.

constitutional descriptors

Mathematical foundation of QSPR

The mathematical foundation of QSPR is based on the
principle of polylinearity.!' According to the theory a
continuous and singular dependence on a property P;
which is experimentally measurable and some intrinsic
structural factors of molecule «; is assumed to be linear in
a certain domain of these factors x; . Under this assump-
tion the experimental property P; may depend linearly on
one or more structure factors x; and by using the multilin-
ear least squares method the corresponding linear multi-pa-

rameter regression equation can be found as

Pi=P0+ Zajxij 2

i=1

In some cases monlinear functions for x; have to be

used for the description of the property such as square
2
%2
J

in some cases P; is not only simply dependent on single

exponential function 6% logarithm function x;. Even

descriptors but also on the combination of a few descriptors
because of the existence of interaction among them such
as the interaction between x; and x; with a cross terms
a2,  and so on. The principle of polylinearity is still valid
by introducing the following nonlinear transformations
Eq. 3 into Eq. 2 .
2

X = Xj

o
i b% Inx; xpw, 3

Data and methodology

Data

The chosen data set of cmc has contained 77 nonionic
surfactants at 25.0 “C in aqueous solution with no extra
salt which belongs to eight classes linear dodecyl poly-
oxyethylene polyoxypropylene ethers linear alkyl ethoxy-
lates octylphenol ethoxylates branched alkyl ethoxylates

alkanediols alkyl-mono and disaccharide ethers and es-
ters ethoxylated alkyl amines and amides fluorinated lin-
Table 1 in which the
values for linear dodecyl polyoxyethylene polyoxypropylene
ethers C,H,s OC,H, ,, OC3Hg ,OH m =3
=4 n=5 m=5
published data. These materials were supplied by Sigma
Chemical Co. USA purity > 99%

were obtained from the sharp break points in 7-lgc  molar

ear ethoxylates and amides etc .

n=6 m
n =4 were obtained from our un-
and their cmc data
concentration curves in aqueous solution with the Du-
Nouy ring method in our laboratory. The other data were
chosen from Rosen’ s textbook.! Since most nonionic sur-
factants consisting of the ethylene oxide oligomers in the
hydrophilic domain of the molecule often contain a distri-
bution of the polyethylene oxide chain lengths rather than a
constant number of units only the monomerically pure
surfactants were chosen for the present study.

Computation of descriptors

The semi-empirical molecular orbital method in quan-
tum chemistry was used for the computation of the quanti-
tative chemical descriptors of the surfactants AH; FErp
Evumo Enomo and D . The parameters for computation
were obtained from Ref. 13. Before the calculation the
molecular structures were optimized with the MINDO-PM3
method. In the real solution surfactants may curl form
non-regular clew or wrap together among them. But in the
optimization of the molecular structures these phenomena
are neglected. All computations were carried out on a PIII
850 PC computer with the MNDO-MOPAC7.0 software .

The topological descriptor KHO which represents the
size of the hydrophobic segment and contains group contri-
butions from all nonhydrogen atoms in the fragment is de-

fined as® '
N
7 - H
KHO = Z 8 12 where & = Zl——Zf—l 4

j=1

Here Z;is the total number of electrons in the ith atom

Z* is the number of valance electrons and H, is the num-
ber of hydrogen directly attached to the ith atom. Valence
contributions are summed for all atoms in the fragment

with the exception of the hydrogen atoms N = N, —
NH .

The number of oxygen and nitrogen atoms noy
which captures the size of the hydrophilic fragment and ac-
counts for the influence of the fragment on cme due to the
formation of hydrogen bounds between surfactant and sol-
vent molecules is directly obtained by accounting the
number of oxygen and nitrogen atoms in the fragment. The
divisions of hydrophobic and hydrophilic segments of the
nonionic surfactants the observed cme and the values of

some of descriptors are listed in Table 1.
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Table 1 Values of descriptors the observed and the calculated logarithm of ¢cme for 77 nonionic surfactants 25 °C
Structure. .Hydrophobic— xo KHO AH; Eromo  Enomo D M lg eme  lg eme
hydrophilic  segment kJ eV eV Debye ob. cal.
Linear dodecyl polyoxyethylene polyoxypropylene ether
C;pHys OC,Hy 3 OC3Hg OH 10 8.778 -2057 1.991 10.57 6.599 667.1 -5.148 -4.89%4
CppHys OC,Hy 4 OC3Hg sOH 10 8.778 -2034 1.937 10.57 6.602 653.0 -4.796 -4.838
CipHys OC,Hy 5 OCsHg 4OH 10 8.778 —-2012 1.897 10.58 4.604 639.3 -4.762 -4.560
Linear alkyl ethoxylate
C4sHy OCH4 ;oH 2 3.121 -445.4 2.544 10.54 0.360 118.2 -0.009 -0.018
C4Hy OCH4 ¢OH 7 3.121  -1254 1.891 10.58 1.410 338.4 -0.110 0.126
C¢H;3 OC,H, ;0H 4 4.534 -814.4 2.078 10.57 0.376 234.3 -1.000 -1.015
CeHi3 OC,H; ¢OH 7 4.534  -1299 1.890 10.58 1.406 366.4 -1.164 -0.991
CsHi; OCyHy oH 2 5.951 -536.3 2.524 10.55 0.371 174.2 -2.310 -2.217
CgH;; OC,H,; ;0H 4 5.951 -859.8 2.077 10.57 0.379 262.3 -2.125 -2.027
CgH;; OC,H; ¢OH 7 5.951 -1345 1.890 10.58 1.405 394.5 -2.004 -2.002
CgH;; OC,H; oOH 10 5.951 -1830 1.829 10.58 0.376 526.7 -1.886 -1.722
CioHy;  OC,H, ;0H 4 7.364 -905.3 2.076 10.57 0.381 290.4 -3.222 -3.19
CioHy; OC,H4 ,OH 5 7.364 -1067 1.985 10.58 1.404 334.4 -3.167 -3.127
CioHy; OCH4 ¢OH 7.364 -1390 1.889 10.58 1.396 422.6 -3.046 -3.013
CioHy; OC,H; sOH 9 7.364 -1714 1.844 10.58 1.410 510.7 -3.000 -2.922
CioHy; OC,H; oOH 10 7.364 -1875 1.829 10.58 0.372 554.7 -2.886 -2.737
Cy Hy;  OCH4 sOH 9 8.071 -1743 1.822 10.59 1.657 524.7 -3.523 -3.469
C;pHys OCH4 ,OH 3 8.778 -789.2 2.232 10.56 1.403 274 .4 -4.481 -4.276
C;pHys OCH4 ;0H 4 8.778 -950.8 2.076 10.57 0.382 318.4 -4.284 -4.058
CppHys OCH4 ,OH 5 8.778 —1112 1.985 10.58 1.403 362.5 -4.194 -4.149
CppHys OC,H; sOH 6 8.778 —-1274 1.927 10.58 0.383 406.0 -4.194 -3.941
CipHys  OCH4 ¢OH 7 8.778 —1436 1.889 10.58 1.403 450.6 -4.060 -4.033
C;pHys OCH4 ,0H 8 8.778 —-1597 1.863 10.59 0.384 494 .7 -4.086 -3.846
C;pHys OCH4 sOH 9 8.778 -1759 1.843 10.58 1.404 538.7 -4.000 -3.984
C;pHys OCH4 ¢OH 10 8.778 -1921 1.829 10.58 0.384 582.8 -4.000 -3.754
CppHys OC,H; ,OH 13 8.778 -2413 1.791 10.59 1.579 714.9 -3.854 -3.788
Ci3Hy;  OCH4 sOH 9 9.485 -1782 1.844 10.58 1.392 552.7 -4.569 -4.447
Ci4Hy OCH4 ¢OH 7 10.19 -1481 1.890 10.58 1.387 478.7 -5.000 -5.042
Ci4Hy OCH4 sOH 9 10.19 -1804 1.844 10.58 1.407 566.8 -5.046 -4.952
CisH;;  OC,H4 sOH 9 10.90 -1827 1.843 10.58 1.390 580.8 -5.456 -5.457
CigHs; OC,H; ¢OH 7 11.61 -1527 1.889 10.58 1.404 506.7 -5.780 -6.062
CigHsz OC,H4 ;O0H 8 11.61 -1688 1.862 10.58 0.385 550.8 -5.7710 -5.874
CigHs; OCH4 4OH 10 11.61 -2012 1.829 10.59 0.387 638.9 -5.678 -5.789
CigHs; OCH4 ,OH 13 11.61 -2504 1.792 10.59 1.667 771.1 -5.638 -5.833
Octylphenol ethoxylate

CgHy;,CgHy, OC,H4 10H 2 8.425 -430.2 0.2018 9.255 0.179 250.3 -4.305 -3.910
CgH;C¢H, OC,H4 ,OH 3 8.425 -591.9 0.1765 9.288 1.607 294 .4 -4.116 -4.077
CgH7CsHs OC,H4 ;0H 4 8.425 -753.6 0.1715 9.296 0.186 338.4 -4.013 -3.845
CgHy7C¢Hy OC,H, 4OH 5 8.425 -915.3 0.1679 9.302 1.627 382.5 -3.886 -4.002
CgH7,CgH, OC,H, sOH 6 8.425 -1077 0.1663 9.303 0.198 426.5 -3.824 -3.765
CgH7,CsHy, OC,H, OH 7 8.425 -1234 0.1918 9.229 1.637 470.6 -3.678 -3.893
CgH;C¢H, OC,H, ,OH 8 8.425 -1396 0.1927 9.232 0.230 514.6 -3.602 -3.660
CgHi7CeHs OC,H4 sOH 9 8.425 -1558 0.1918 9.234 1.628 558.7 -3.553 -3.813
CgHy7C¢Hy OC,H4 9OH 10 8.425 -1720 0.1912 9.245 0.220 602.8 -3.523 -3.583
CgHy7CgH, OC,H, 10OH 11 8.425 —-1881 0.1906 9.236 1.629 646.8 -3.481 -3.732
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Continued

Structure- .Hydrophobic- o KHO AH; Eivmo  Enomo D W lg eme lg eme

hydrophilic segment kJ eV eV Debye ob. cal.

Branched alkyl ethoxylate

CH; ,CH,CH, OC,H, ¢OH 7 3.285 -1252 1.892 10.56 1.370 338.4 -0.049 -0.070

C,Hs ,CH,CH, OC,H4 ¢OH 7 4.699 -1289 1.891 10.56 1.326 366.4 -1.016 -1.079

C3;H; ,CH,CH, OC,H4 (OH 7 6.113 -1334 1.891 10.56 1.319 394.5 -1.670 -1.690

C4Hy ,CH,CH, OCH; ¢OH 7 7.527 -1382 1.891 10.51 1.320 422.6 -2.547 -2.582

C4Hy ,CH,CH, OCH; ¢OH 10 7.527 -1867 1.829 10.51 0.397 554.7 -2.526 -2.816

Alkanediol
CgH;; OCH,CH OH CH,OH 3 5.950 -724.9 2.498 10.51 2.340 204.3 -2.237 -2.464
CgH;; CH OH CH,OH 2 5.950 -585.8 2.840 10.97 1.845 174.2 -2.638 -2.701
CgH;; CH OH CH,CH,OH 2 5.950 -605.1 2.755 11.03 1.955 188.3 -2.638 -2.765
CyoHz; CH OH CH,0OH 2 7.364 -631.3 2.838 10.97 1.846 202.3 -3.745 -3.711
CpHys CH OH CH,CH,0OH 2 8.778 -696.1 2.753 11.04 1.956 244 .4 -4.886 -4.801
Alkyl-mono and disaccharide ether and ester

CgHy7 O CgHy105 6 5.950 -1261 1.883 10.93 2.113 292.3 -1.602 -1.760
CioHz1 O CgHy,05 6 7.364 —1307 1.882 10.93 2.126 320.4 -2.658 -2.893
CpHas O CgHy 05 6 8.778 —-1352 1.882 10.93 2.123 348.4 -3.721 -3.707
CipHas NH CgH1,04 O CgHy 05 11 8.778 -2104 1.467 8.812 5.938 511.6 -3.222 -3.047
CioHas O CgH 904 O CgHy 05 11 8.778 —-2239 1.538 10.55 2.15 510.6 -3.620 -3.376
Ci1Hy COO CgHyp04 O CgHy105 12 8.071 —-2398 0.8515 10.66 4.984 524.6 -3.469 -3.240
CstlyCHEH Gl 7 €00 CotloOs O- 12 12.05 -2423 0.8567 9.801 4.811  606.7 -5.292 -5.471

CeHy10s

Ethoxylated alkyl amine and amide
CiHy CON GH,OH , 4 8.071 -816.2 0.8562 9.657 2.333  287.4 —3.585 —3.509
CoHig CON  CoH40 5CH; 5 5 6.657 —1385 0.8962 9.611  3.438  463.6 -2.299 —2.476
CoHy CON  CHL0 4CH; » 6  6.657 —1709 0.8900 9.619 3.168  551.7 -2.193 —-2.248
CitHy; CON  CoH40 ,CH; 5 4 8.071 —1097 0.9051 9.643 3.121  403.6 —3.398 —3.420
CyjHy; CON  C,H40 5CHj5 5 5 8.071 -1421 0.8915 9.658 2.666 491.7 -3.292 -3.408
CyiHy; CON  G,H40 4CHj5 5 6 8.071 —1743 0.9089 9.651 3.256 579.8 -3.611 -3.539
CpHz; NHCH CH; COO C,H4O 4H 6 8.778 —1298 0.9434 9.478 2.043 433.6 -3.413 -3.299
CioHo; NHCH,COO C,H40 4H 6 8.778 —1285 0.8932 9.582 1.693 419.6 -3.474 -3.246
CipHo; N CH3 CH,COO C,H,O 4H 6 8.778 —=1290 0.9690 9.441 1.821 433.6 -3.533 -3.259
Fluorinated linear ethoxylate and amide
CeF13C,H4SCoHy  OCyH4 ,OH 3 11.97 -3237 -1.324 9.399 2.87 512.3 -4.602 -4.828
CeF13C,H SCoHy  OCyHy 30H 4 11.97 -3398 -1.326 9.402 2.774 556.3 -4.553 -4.775
Cel13C,H SCoHy  OCyHy sOH 6 11.97 -3722 -1.326 9.405 2.779 644 .4 -4.432 -4.696
CeF13C,H SCoHy  OCoHy ,OH 8 11.97 -4045 -1.326 9.406 2.776 732.5 -4.319 -4.614
CeF13CH, CON C,H40 ;CHj3 , 5 8.621 —-3859 -1.492 10.09 4.743 669.4 -3.260 -3.220
Csk17,CH, CON C,H40 ;CH; , 5 11.13  -4665 -1.765 10.06 2.996 769 .4 -4.921 -4.956
CyoF2CH, CON C,H40 ;CH; » 5 13.64 -5470 -1.866 10.07 3.16 869.5 -6.523 -6.523
Correlation analysis analysis and a heuristic method.
Descriptor analysis and subsequent regression analysis Results and discussion

were carried out with SPSS 10.0 statistical software under
the Microsoft Windows operating system. This software can Selection of descriptors
provide available statistical analysis techniques including

principle component analysis best multylinear regression Up to now there are more than 300 different molecular
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descriptors having been set for the study of QSPR for dif-
ferent properties of materials.'® However for the aqueous
solution of nonionic surfactants most of the descriptors will
not be relation with cme. The formation of micelle is a pro-
cess that the total free energy of system automatically re-
duces as the concentration of surfactant increasing. Below
the surfactant added to
the solution remains in monomer form or adsorbs on the so-
lution surface but above that
surfactants form micelles. It is well known that accompa-

the critical micelle concentration
essentially all additional

nying the formation of micelle some other properties such
as the enthalpy and the entropy of solution as well as the
dipole moment of surfactant molecule will be changed.? ?
The capacity of micelle formation is also firmly related to
the structure of surfactant molecule. The surfactant
molecule with a larger volume of hydrophobic segment and
a smaller volume of hydrophilic head is provided with that
it is thermodynamically favorable for the molecule to leave
the aqueous solution and form micelle. Therefore the
original structure properties of a surfactant i.e. AH;

Euwomo Eivmo D Er M nyno KHO and so on

could be expected to use as descriptors. The correlation
analysis between lg ¢cmc  and each of the above-mentioned
descriptors is illustrated in Table 2.

In this table pcc and p are the values of the pearson
correlation coefficients and the one-tailed significance tests
for the linear correlation analysis between lg cme and
each descriptor respectively. It can be seen that the val-
ues of lg cmc  of the nonionic surfactants are somehow
linearly related to the above selected descriptors with the

highest behavior for KHO - 0.916
Euomo 0.141 which are separately shown in Figs. 1

and the lowest for

and 2.
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Fig. 1 KHO of hy-

drophobic fragments for 77 nonionic surfactants.

Scatter plot of the calculated lg cmc vs.

Table 2 Pearson correlation coefficient pcc

between lg cmc
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Fig. 2 Scatter plot of the calculated lg cmc vs. Eyomo for 77

nonionic surfactants .

Multi-descriptor linear correlation analysis

By combining the principal component analysis with
the best multilinear regression analysis and a heuristic
method the multiple linear regression analysis between the
surfactant molecular descriptors and lg cme  was made.
Tables 3 and 4 illustrate the best correlation models of
lg emc created with the stepwise multi-descriptor linear
correlation analysis method. From Table 3 it can be seen
that the most important predictor is the Kier & Hall index
of zero order for the hydrophobic fragment which gives the
squared correlation coefficient high up to 0.840. This re-
sult fits the empirical conclusion well that eme of nonionic
surfactants is mainly determined by the volume of the hy-
drophobic fragment.

The secondly most impotent factor is the lowest unoc-
cupied molecular orbital Eyyyo which can immediately
improve the model by enhancing the squared correlation
coefficient from 0.840 to 0.961 Model 2 . Since there
are hydrogen bonds may formed in the solution with the
lone electron pair on the oxygen atom in water molecule as
the donor and the lowest unoccupied molecular orbital of
the nonionic surfactant as the acceptor a lower Epyyo of
surfactant will be favorable for the formation of hydrogen
bonds. Also since the hydrogen bonds between the surfac-
tants and the water molecules will result the formation of
micelle being unfavorable the values of Ig cme s increase
as the values of Erymo go up. Enomo can just slightly im-
prove the model Model 4
kind hydrogen bond on the contrary by using the electron
pair in the highest occupied molecular orbital of surfactant

as the donor and the hydrogen atom of water molecule as

which indicates that another

the acceptor is more difficult.

25 °C  and each descriptors for 77 nonionic surfactants®

Descriptor KHO M Eq AH; Evumo D noN Enomo
pce -0.916 -0.550 0.514 0.426 0.309 -0.211 -0.207 0.141
p 0.035 0.000 0.000 0.000 0.111 0.003 0.033 0.000

* Dependent variable lg cme .
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Table 3 Best correlation models and their statistical characteristics for 77 nonionic surfactants®

Number of parameter Predictor R? F 52
1 Constant KHO 0.840 392.7 0.5453
2 Constant KHO FEiymo 0.961 448 .2 0.3785
3 Constant KHO Ejyno D 0.968 367.6 0.3439
4 Constant KHO Eiymo D Emnowmo 0.974 331.0 0.3156
5 Constant KHO Epymo D Ewomo non 0.979 320.6 0.2882
6 Constant KHO Eyymo D Euomo non’ M 0.983 329.0 0.2608
7 Constant KHO Eyymo D Ewomo non M f 0.986 357.5 0.2325

* Dependent variable lg cmc .

Table 4 Correlations of the best models and their statistical charac-
teristics with different parameters for 77 nonionic surfac-

tants®
Model Operator Coefficient Std. error  t-Test Sig.
1 Constant 1.204 0.246 4.889  0.000
KHO -0.557 0.028 -19.817 0.000
2 Constant 2.857 0.250 11.409  0.000
KHO -0.687 0.024 -28.351 0.000
Evumo -0.430 0.048 -9.034 0.000
3 Constant 3.098 0.235 13.180 0.000
KHO -0.685 0.022 -31.111 0.000
E1rvmo -0.464 0.044 -10.538 0.000
D -0.114 0.028 -4.081 0.000
4 Constant 6.406 0.890 7.194  0.000
KHO -0.683 0.020 -33.815 0.000
E1uwo -0.328 0.054 -6.096 0.000
D -0.109 0.026 -4.254 0.000
Evnomo -0.343 0.090 -3.829 0.000
5 Constant 6.296 0.814 7.738  0.000
KHO -0.707 0.019 -36.403 0.000
Evuwo -0.368 0.050 -7.334 0.000
D -0.130 0.024 -5.408 0.000
Evono -0.336 0.082 -4.103 0.000
noN 4.855E-02 0.012 3.917  0.000
6 Constant 4.879 0.814 5.993  0.000
KHO -0.669 0.020 -33.762 0.000
E LUMO -0.544 0.063 -8.690 0.000
D -0.104 0.023 -4.588 0.000
Evono -0.164 0.085 -1.928 0.058
nON 0.123 0.021 5.747  0.000
M -2.132E-03 0.001 -4.084 0.000
7 Constant 8.004 1.019 7.856  0.000
KHO -0.660 0.018 -37.113 0.000
Evumo -0.267 0.084 -3.161 0.002
D -0.138 0.022 -6.357 0.000
Evono -0.515 0.110 -4.661 0.000
noN 0.129 0.019 6.756  0.000
M - 3.596E-03 0.001 -6.272  0.000
AH; - 4.350E-04 0.000 -4.370 0.000

“ Dependent variable lg c¢cmc .

The best seven-parameter model produces the highest
squared correlation coefficient to 0.986  which is almost
equal to 1. This result indicates that it is practical to use
these simple descriptors to predict cme of divers nonionic
surfactants just from their molecular structures. The corre-
spondent scatter plot of calculated g cme  cal. vs. ob-
served lg ecme  ob. for Model 7 in Table 4 is shown in
Fig. 3 which produces a linear regression equation be-
tween calculated lg cme  and observed lg cme  as

lg eme  cal. =0.02655+1.00451g eme  ob.
r=0.993 s2=0.16315 n=77 p<0.0001 4

In Table 2 the correlation coefficient between
lg eme and Eyp is the third largest value 0.514  but
Et does not appear in the optimistic models in Table 3. By
further examining the correlation coefficient between Er
and AH; which is high up to 0.969 the possible reason
may be that both AH;and Er represent the energy proper-
ties and have the same influence on cmc. Fig. 4 shows
this tendency of this change.

lg(cme) (cal.)

7 . . . . . .
7 6 5 4 3 2 1 0

Ig(emc) (ob.)

Fig. 3 Scatter plot of the calculated lg ¢cme vs. the observed
lg eme  for 77 nonionic surfactants.

Besides the single operators the correlation coeffi-
cients on cross terms of them i.e. the product of x;
where XiXj = INO KHO Er AH; Ewomo Eiymo D
and M have been calculated and only the term KHO ngy
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shows a significant relation with g eme¢ - 0.566 . By
combining both the single and the cross terms together the
multilinear regression analysis with the stepwise heuristic
method produces the best model with only five parameters

Table 5 . The squared correlation coefficient is also

0.986 which equals that of the best Model 7 in Table 4.

0
-1000
= -2000
E
53000
5 -4000
-5000
6000 . )
-15000 -10000 -5000 0
E(eV)
Fig. 4 Scatter plot of AH; vs. Erp for 77 nonionic surfactants

AH;=478.8+0.3511Er r=0.969 s2=295.1 p
<0.000 .

Table 5 Correlations of the best model and their statistical charac-
teristics containing the cross term noy. KHO for 77 non-
ionic surfactants R%>=0.986 F =425.9 s2=0.000

stepwise method ¢

Operator Coefficient Std. error t-Test Sig.

Constant 4.324 0.232 18.598  0.000
KHO -0.774 0.021 -36.361  0.000
Erumo -0.671 0.042 -16.106  0.000
D -0.104 0.022 -4.783  0.000
noy. KHO 1.611E-02 0.002 8.097 0.000
M - 2.546E-03 0.000 -6.202  0.000

“ Dependent variable lg cmc .

Conclusion

1 A successful example has been illustrated for the
prediction of surfactant properties with a general QSPR
methodology. The established best models with different
numbers of descriptors for predetermining the cme on eight
series of nonionic surfactant contain just the easily comput-
ed descriptors but most of them can produce correlation
equations with correlation coefficient larger than 0.96 and
with the highest up to 0.986.

2 The structure feature that mostly influences cme
is the size of the hydrophobic segment of nonionic surfac-
tants. This phenomenon is in qualitative agreement with
the knowledge about the nature of water around solutes as
well as Huibers' remarks. ' In order to form cavities around

the surfactant molecule the molecules of water have to re-
arrange regularly and this rearrangement distorts their
bonding network. Companying this rearrangement both the
enthalpy and entropy of the solution will vary. These
changes are also influenced by the other aspects of surfac-
tant such as the energies of the lowest unoccupied and
highest occupied molecular orbitals the dipole moment of
surfactant and so on. Since these selected descriptors can
capture both the hydrophobic and the hydrophilic proper-
ties of surfactants for different molecular structures for in-
stance the branch of tail the position of the head group
and its structure diversity they can successfully predict
the properties of surfactants.

3 Because of the complexity of the solution of sur-
factants almost no work has been carried out in the pre-
diction of surface activity for surfactant by using the theory
of the quantum chemistry so far. This work shows a good
example to study of the QSPR of surfactant in colloid
chemistry field by using the quantum chemistry and also
provides to gain insight into the structural aspects of sur-
factant as well as to allow for estimation of cme of the non-
ionic surfactants that have not yet been synthesized.
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