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ABSTRACT

The aim of this wark is based in the reduetion of independent variables in multivariate regression enalysis to one by means a vector dol product (5 ). By this
way, it is omit the onthoponalized procedure to obtained valid regression equation without co-linearity variables and  valid signs supporting each independent
variables factor, also by this procedure (E,} it is possible to omit variable reduction process by means the Principal Components Analysis (PCA) and the used of
others calibrations techniques in order to teach simples valid repressions functions. The reduction of three independent variables to ane by (E,) method, permit
10 applied linear regression {y = m*s + n) with clear significance on m and n parameters, this not occur in the original three-independent 'LiJrlnl.hlt‘ parRAmees

regression, il it is not properly treatise,

INTRODUCTION

In the QSPR mullivariate regression equations, the real significance of all
factors and signs effccting cach independent variable are obtained if orthogonal
procedure’ is carry on, ot the reductions number of poor significant independent
wvariahles by means of Principal Component Analysis (PSA) is applied. By other
Tand, is very important to considered the aumber of independent variables used
in the mathematical regressions, its must be in accordance with the number
of cases treatise, if not, the comelation determination coefficients (R*) value
is false by excess’. Other importanm aspect to be considered in multivariate
regression analysis is the colliancarity of the independent variables, this occur
when the regression of each independeni variahle is correlated in fum against
INC DINET VATIADIES L0d 1he reEressions detenmmant cosifioient (K- ) dre superior
to (LS00 value',

Others multivariate calibeations technigques are frequently applied in
conjunction with PSA technique on multivariate funetions, these techniques
included muliiple linear regression (MLR)} used in this article, parial least-
squares regression (PLS), continuum regression (CR), projection pursuit
regression (PPR) locally weighied regression (LWER) and antificial neural
network (AMMs) among others. Each of these mothods possesses ils own
strengths and weaknesses, and which warks best for a given problem depends
on the charcteristics of the data and objective of the analysis®, In quantitative
structue-activity relationships studics {QSAR) principal component analysis
followed by sample selection to fin facterial and fractional factorial designs has
been reponed*

More extensive multivariate calibration methodology is nol uged in this
paper because it s an inteoduction one 1o propose a new ides, with a few
numbers nf CASCS.

METODOLOGY

Feduction method presented in this work, climinated these troubles by
using 1 lingar siinple regression (y = m*E, + n) where £, is function of thres
optimal  variables chosen of a group of nine variables. B, is obtained by
vector dot product. A similar reduction idea where proposed on W, index by
the author” applied to saturated hydrocarbons but the caloulus for obtained the
vanable reduction is different and with statistically results no s0 good for polar
substances (aleahals).

The madel used in this work consist in twenty soven alcohols whose boiling
points used like dependent variable where extracted feom the literature® and for
cach one of then, cight physicochemical parameter where chosen and one well-
known topological index named Electrotopological index® *(E | ) was used.
For this reduction procedurs is necessary used a maximum three independent
variable by each mullivariate regression, in sccordance with the number of
cases treatise’. Based on a combination procedure, forty eight regressions were
made, each ane with three independent variable vsing aleobols boiling point
(Bp *C) like dependent varizble, and from this forty ::igh: modeling mudti:
regression caleulated; one ol them was chosen like the best in accordance with
COMIMON regression stallsllcal criteria; The structure of this model correspond
Lo eguation |-
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BpoC=A*x +B*y, +C*z (1)

i mean an alcobol, x, corresponds woE |, topological tndex, v, comrespond
to partition ration of cctanolwater (log P) ", = comesponds o molecular
surface {A™ ¥ (8) . Omher physicochemical parameters'! considered were:
maolecular volume, density, refraction index, polarizability, dipalar momentum
and hydratation energy. Mone of then gave better cesults like the three ones
mentioned before. All physicochemical values were obained by Hyperchem
7 program'! and E __index, was obtained by Drapon Software' by this way
it was establish the triad elements belonging to nine independent variables
get which permit to obtained the best multi-regression and s relation was
compared statistically against the Yinear regression (y = m*E, + n) resulling by
the 1owucuon provedee toeugh veotor dot produc (L, §

E, parameter was obtained by the following processes:

The Q matrix rows were huilding by triads of aleohaols independent variables
commesponding to physicochemical purameters thal were used in the optimal
multi-repression, To applicd mechanism reduction (E,) was nocessary o e
defined a vector of three independent varables used like comparative vectar,
Fiom twenty seven comparative vectors, only one representing the average
(p) values of each parameter class produced the best results (an zcceptable
calculated dleohols boiling point vs. E) This was defined like comparative
vector [ XP , ‘:'P Z_ ] the p symbol represent average walue.

Erx| YI ?'n
'}L.' Y:I 21
= | ¥ & X

. :l:n Yr. zn
The calculus of E, was obtained by equation 2
E,=[X.Y,Z1*[X,.Y,,Z,] (scalar number) (2}

i denoted @ panticular alcohol. The result is a scalar number that is possible
to associate with any dependent vanable, in this case he alcobols boiling
points.

PROCEDURE AND DISCUSSION

Twenty seven alcohols are characlerize by & three optimal independent
variables: E . log P molecular surface area (5], (A®) and the boiling point
{Bp.*C) like dependent variable, see Table | The particular sirueture of equation
1 is obtained by Staigraphic propram' comoborated by Origin 7 program'?
and by the theory based in linear algebra applied to multi-repressions™ this
gquation number 3 is.

Bp, °C = -70.2249 (£25.1285) - 2.9976 (+0.8105)* E,__+ 15,6801
(£11.5207) *log P + 0.64830 (+0.6483)" (5) {3

R1=931.524

sl = 6.01
F=94.88
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Since the P-value in ANOVA analysis is less than 0,01 there is o statistically
significant relationship between the variable at the 9%% confidence level. The
R-Squared statistic indicates that the model as fitted explain 92.52% of the
variability in boiling point. The adjusted R-squared statistic, which is more
suitable for comparing models with different numbers of independent variables,
B9 %

The mean absalute crror {MAE) is 4.51 and indicated the average value
of residual -

The study of collinearity® (R > 0.90) present the following relations:

Cme way to checking for multicollinearity is to regress cach independent
varishle in tum against all other predictors and to examine the statistically R?
values, if its value goes above 90.0% multicollinearity is said to be a problem
and is necessary othogonnlized the system or to used PCA method.

E..,. function of (log P, 5} present R-square equal to 85.12%
Log P function of (E ., .. S} present R-square equal to 95.23%
§ function of (E , _, log P} present R-squarc cqual to 91.03%

This resilt indicated collinearity between the independent variabies. In
part it can be simplified because the P-values of log F on regression is 01867,
Since the P-valug is greater or equal to 0.10, this variables is not statistically
significant at the 30% or higher confidence level. Conzequently, its possible
considers removing log P from the model that is not the case for this study.

Table 1 columns 8, 9 are the calculated boiling points values from
multivariste regression and the residuals of experimental and caleulated boiling

peoints.

Table 1 column 7 are present vector produet values, B, = [ X . Y, ] *
[X.Y. Z ] wherep indicated the average values from each column ( 4, 5,
6. The'specific cquation cormesponding to that propesition is: ¥ = m*E, +n
named equation 4 :

Bp, °C =-51 4765(x13.4100) + 0.0D18(=1.44 *10-)* E 4

R =0.9322
s.d = 7.64
F=16591

Table | Topological, Physicochenical and Vecior Product Reduction of Aliphatic Alcohols Parameters

Boiling | Epume | log P | Surface | Vector Calculated Differences | Calculated | Diferences
Polnt Product [ Bolling Point Boling Point
Substances C Al a'h C "C
Mult. Regressicn Linear modal
1  ethanol 78,0 0,752 | 008 | 214,51 564233 63,3 14,7 68,7 9.3
2 pmpmnl 97,1 2213 | 0,55 | 24951 TI2733 91,8 53 19,1 B0
3 isopropyl aleohol | 824 1563 | 049 | 24789 | TATTAY 57,0 4.6 88,1 -5.7
4  butanol 1176 4,090 | 054 | 23363 | B7B54.5 114,56 30 108,% 8.7
5 Z-methyl-1-propanol 108,1 | 4522 | 095 | 28020 | 367971 11,4 3.3 1063 12
& 2-butanol 995 4885 | 0,9 | 27335 | B46TES 108,0 -85 02,9 =34
7 pentanal 1380 | 6395 | 1,34 | 317,78 | 984486 136,] 19 1288 82
B Fmethyl]-butanel 131,0 6,546 1,27 | 311,34 954593 128.0 30 1250 5,0
9 Z-methyl-1-butanol - 1280 7282 | 1,34 | 30371 94100,0 126,56 14 120,6 74
10 2-pentanol 1193 7,513 1,36 | 303,61 94071,2 1264 =Tl 120,6 -1.3
11 3-pentanol 1162 7919 | 143 | 29642 | Q18436 1249 | -8,7 1164 0,2
12 3-methyl-2-butanol 1129 £.267 1,36 | 295,55 Q15821 1199 =10 1159 =30
13 hexanol 1576 | 9036 | 1,73 | 35220 | 1091302 1552 24 148,8 | &8
14 3-methyl-1-pentanol 1530 9970 | 1,67 | 33691 1044033 | 1429 1,1 1399 13.1
15 d-methyl-1-pentanol 1519 9,738 | 1,67 | 344,87 | 1068658 1471 4.8 144.5 T4
| 16 2-methyl-1-pentanol 1490 10,280 | 1,74 | 33573 | 1040407 1442 438 1392 98
17 2-cthyl-1-butanol 147,0 | 10,494 | 1,74 | 321,27 | 995655 1374 9.6 130.8 16.2
18  23-dimethyl-1-butanal 144.5 11,002 | 1,68 | 328,16 | 1017039 1350 2.3 1349 9.6
19 3,3-dimethyl- 1-butanol 1430 | 11,007 | 1,71 | 34723 | 1076077 1443 -1.3 1458 2.9
20 2-hexanol 140,0 10,567 | 1,75 | 338,16 | 1047956 144.3 4.3 140,7 0,7
21 2.2-dimethyl-]-butancl 136,5 11,779 | 1,85 | 333,95 103502.8 141.8 -5.3 1382 | -1,7
22 3-hexanol 1350 | 11,186 | 1,82 | 328,58 | 1018349 140,9 5.9 1351 | -0t
23 J-methyl-2-butanol 1343 10,733 | 1,76 | 318,38 | 986815 131,8 2.5 1292 - N |
24 4-methyl-2-pentanol 1316 11,285 | 169 | 327,94 | 1016375 134,35 -39 134,7 -3,
25 Z-methyl-3-pentanol | 126,5 12005 | 1,B3 | 317,95 | 265518 1331 6,6 128,9 -24
26 3-methyl-3-pentanol ] 1224 13,048 | 1,51 | 321,28 | 94590.3 1162 6.2 1309 -B.5
27 3.3-dimethy]-2-butanc] | 1204 17,346 | 1,87 | 33293 | 1032356 !, 1182 2.2 1377 -17.3
Table 1 columns 10, 11 are present the caleulated boiling points values Table2, Factors Standard Error and p-values “of Multi-Variable
from lincar equation (y = m*E, + n) and the residuals of experimental and Regression
caleulated boiling points.
r&id?:;v;;ﬂf abzolute ermor (MAE) is 6.30 and it indicated the averapge e A SUJ_'Jd.H-l'd Error i I
The factors standard error of multivariable model and the linear equation Constants <7023 2513 00103
proposed are present in Table 2, and Table 3. = : : -
i -2.5% 081 00012
log P 15.68 11.52 L1867
S (A" - 064 0.12 0.0000
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Table3. Factors {m, n) Standard Eri';nr :u.nd P—trlalua; ofy=m*E +n

Parameters Estimalte Standard Error _ °|  P-value
Intercept -51,48 1391 | poon
Slope 0OmMa 000014 0.000

The factor standard errors of multivariable regression are more significative
thamn n, m Factors standard errors of proposed model, see P-values, Table 2 and
Table 3 The negative signs of the E__ - have not physicochemical significance
because the derivative function of boiling point vs, E_ is positive (derivative
of boiling point vs. E__ s +3.59) in accordance 1o the following relation: to
4 greater number of E__ correspond a greater boiling point and consequently
a greater molecular weight, Standardized skewness and standardized kurtosis
are, for both differences (Table 1 column %, 11) within the range of =2 o +2
validating the following statistically parameters. An analysis of the statistically
differences between experimental boiling peints and calculated boiling point
for both regression models {column 9, 11} using Statgraphic! software
indicated that: there are not statistically significance differences between the
means, standard deviation, median and distribution (Kelmogerov-Smimov
test) at 33.0% confidence level. Really, the factors and signs of the multivariate
regression comrelation do not have physicals sustenance, only is possible to
use as & model to obtained calculated dependent vadable, with spuricus
inferpretation on independent variables factor and in many cases the signs of
factors are wrong. For this reason is necessary applied an orthogonal method
te multivariable regression or to use the method described in this paper to
abtained a model consistent with a physicochemical interpretation.

DISCUSSION AND CONCLUSSIONS

Both models present similar differences of experimental boiling points
vs. calculated boiling points but multivariate regression analysis model have
not clear define the signs and magnitude affecting each independent variable.
The model proposed in this paper is casy to obtain and its positive slope is on
accordance with all positive slopes of the following derivatives: d Bp "C/ d E
d Bp "C/d log P, d Bp °C/d(S)
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