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Abstract—The use of transformed IR spectra as descriptors of molecular structure in estimating the boiling
points and molecular weights of alcohols was studied. No additional data on molecular structure are required

for the estimation.

The boiling point T, is afundamental characteristic
of organic compounds; therefore, development of
methods of its theoretical estimation attracts much
attention for a long time. Numerous additive methods
for estimation of T, were suggested, but the most
widely used is the QSPR (Quantitative Structure-
Property Relationships) method, whose current status
can be judged from published reviews [1, 2]. The
majority of studies on estimating Ty, concerns hydro-
carbons or heterogeneous systems containing hydro-
carbons and other low-polarity molecules. Much less
attention was given to simulation and estimation of T,
of highly polar substances. This is apparently caused
by the fact that the traditionaly used descriptors of
molecular structure (mainly topological indices) insuf-
ficiently adequately reflect the structural festures of
molecules responsible for formation of hydrogen
bonds in solutions. In particular, the QSPR studies of
Ty, of alcohols were made only in afew papers [3-9].
The model constructed in [3] for a small set of 37
monohydric alcohols was characterized by the correla-
tion coefficient between experimental and evaluated
boiling points R = 0.978 and standard deviation S =
7.4988. For the same subjects, Yang et al. in a later
study [4] obtained R = 0.9837 and S = 6.35. For the
set of 29 alcohols Galvez et al. obtained R = 0.979
and S= 3.63 [5]. Recently [6] it was found that, for a
small set of 54 saturated alcohols, R = 0.9945 and
S = 4.26. For 58 alcohols, Randic and Basak [7] con-
structed a series of models, the best of which had R =
0.9943 and S = 3.891. For 106 monohydric alcohals,
Cao and coworkers [8] constructed a model with R =
0.9899 and S = 4.5727. The highest quality of estima-
tion with R = 0.9960 and S = 3.814 was reached by
Ren for 108 acohols [9].

Here we studied the possibility of estimating Ty,
and molecular weight of monohydric alcohols using

their IR spectra as descriptors of molecular structure.
Previously the IR spectra were successfully used in
estimating chromatographic retention indices of a set
of substances of various classes, among them alcohols
[10], and normal boiling points of akanes [11]. The
possibility of determining the molecular weights of
compounds from the IR spectra was not considered
previoudly.

EXPERIMENTAL

We used the IR transmission spectra in the gas
phase and the boiling points of monohydric aliphatic
alcohols with the number of carbon atoms from 2 to
12, available from the server of the National Institute
of Standards (NIST, USA) [12]. The training sample
contained 60 substances, and the control sample, 40.
Before the calculations, the spectra were normalized
by the formula

k=n
Ij - h {Zhlk} N D

where dij are operating values of descriptors used in
calculations; n, number of points in the IR spectrum;
and hy;, transmission in the spectrum of substance i in
point ]

A part of spectrain the range 550-3798 cm ™t was
used; in this range, the spectrum was interpolated
linearly with a step of 4 cm™L; the number of points
in the spectrum n = 813. EIements d form a matrix
of descriptors D in which submatrices of training
sample A and control sample C can be distinguished.
In our case, the number of descriptors (813) exceeds
the number of substances in the training sample (60)
and the problem of choice of the least correlated
descriptors, well-known in estimation, arises. A new
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Fig. 1. Correlation coefficient R for the whole set of sub-
stances as a function of the estimated rank of descriptor
matrix r(A).
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Fig. 2. Correlation between experimental boiling points of
alcohols (TEXP) and those estimated from the IR spectra
(TE49). sample: (1) training and (2) control; the same
for Fig. 3.
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Fig. 3. Correlation between the experimental molecular
weight Mg, , and that estimated from the IR spectra (Mg o).
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Fig. 4. Error distribution histogram for estimation of T}, of
alcohols. (N) Incidence.

Table 1. Indexes of correlation between the experimental
and calculated boiling points and molecular weights of
alcohols

Charac-| Index of Whole Sample
teristic | correlation set ..
training | control
Ty R 0.9972 0.9976 0.9963
S 2.268 2.324 2.129
M R 0.9896 0.9974 0.9693
S 3.441 1.929 4,751

approach to solving of this problem was suggested
in [13]. Here we present the expression used for the
calculations:

p = CV,IUulb, )

where p is the sought-for vector consisting of charac-
teristics of the control sample; b, vector consisting of
characteristics of the training sample of substances
U, matrix consisting of eigenvectors of matrix AA
V, matrix consisting of eigenvectors of matrix AT A
and T", diagonal matrix of nonzero singular numbers
coinciding for both matrix products.

The subscript is the estimated rank of the descriptor
matrix r(A); it denotes that r highest eigenvalues and
the corresponding eigenvectors are used. For com-
parison of the results obtained with published data,
the submatrix of descriptors in Eq. (2) was completed
with the submatrix of training sample A and, corre-
spondingly, vector b was completed with vector p.
This procedure is equivalent to constructing a cor-
relation model from the training sample and estimat-
ing the characteristics of both control and training
samples. Calculations were performed using the
PROGROC software (PROGram RObustness Calcula-
tion) developed by us [13]. The quality of estimation
was characterized by the correlation coefficient R
between the estimated and experimental values and
by the standard deviation S

The dependence of the correlation coefficient for
T, of the whole set of substances on the estimated
rank of the matrix of descriptors is shown in Fig. 1.

The maximum R = 0.9972 for T is reached at r =
54, standard deviation S = 2.268. The results of esti-
mation of T, and molecular weight at this rank are
shown in Figs. 2 and 3.

The quantitative characteristics of the correspond-
ing correlation dependences are listed in Table 1.

A pat of the results obtained in estimating Ty
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Table 2. Experimental and estimated from the IR spectra
boiling points of alcohols (K) for the control sample

Ty K
Differ-
Substance experi- |calcula- | ence
ment tion

2-Ethyl-1-pentanol 439.15 | 436.24 | 291
5-Methyl-3-hexanol 420.15 | 422.75 | -2.60
5-Methyl-1-heptanol 455.65 | 454.30| 1.35
2,3-Dimethyl-1-butanol 417.70 | 419.19 | -1.49
2-Hexanol 411.00 | 41253 | -1.53
2,5-Dimethyl-2-hexanol 426.65 | 423.05 | 3.60
4-Methyl-2-ethyl-1-pentanol | 449.65 | 445.96 | 3.69
2,2,3-Trimethyl-3-pentanol 426.65 | 423.38 | 3.27
4-Methyl-2-hexanol 421.15 | 42035 | 0.80
2-Methy-1-propanol 380.80 | 381.25 | -0.45
2,3-Dimethyl-3-pentanol 412.90 | 413.27 | -0.37
2,3-Dimethyl-3-heptanol 446.15 | 450.46 | -4.31
2-Ethyl-1-butanol 421.00 | 42047 | 0.53
4-Methyl-3-hexanol 422.65 | 422.27 | 0.38
3-Pentanol 388.00 | 387.47 | 0.53
3-Hexanol 407.00 | 407.30 | -0.30
6-Methyl-2-heptanol 445.00 | 447.16 | -2.16
3-Heptanol 425.15 | 424.67 | 0.48
6-Methyl-1-heptanol 460.15 | 461.47 | -1.32
3-Methyl-1-pentanol 426.00 | 425.32 | 0.68
2-Methyl-3-pentanol 398.00 | 397.93 | 0.01
4-Nonanol 465.65 | 466.18 | -0.53
2-Methyl-2-butanol 375.10 | 370.98 | 4.12
5-Methyl-1-hexanol 440.65 | 439.31 1.34
2-Heptanol 432.00 | 436.49 | -4.49
4-Methyl-4-heptanol 43420 | 43314 | 1.06
5-Methyl-2-hexanol 422.20 | 419.67 | 253
3-Methyl-3-hexanol 414.00 | 412.34 | 1.66
2-Methyl-2-hexanol 414.00 | 414.44 | -0.41
| sopropanol 355.00 | 349.16 5.84
2-Methyl-2-heptanol 432.00 | 43150 | 0.50
1-Hexanol 430.00 | 433.69 | -3.69
2,2-Dimethyl-3-pentanol 409.00 | 409.50 | -0.57
2-Methyl-3-ethyl-3-pentanol | 432.15 | 432.70 | -0.55
2-Ethyl-1-hexanol 456.00 | 456.11 | -0.11
3-Methyl-2-pentanol 407.00 | 40550 | 1.50
2,5-Dimethyl-3-hexanol 431.00 | 430.33 | 0.67
2-Octanol 453.00 | 454.14 | -1.14
2,3-Dimethyl-2-pentanol 410.65 | 411.42 | -0.77
4-Methyl-1-heptanol 45585 | 454.04 | 181

of acohols, related to the control sample only, are
presented in Table 2.

The maximal error is observed for isopropanol and
reaches 5.84 K. The error distribution for Ty, of alco-
hols (Fig. 4) is close to the normal distribution, which
confirms the reliability of the model; 71% of devia-
tions of the calculated boiling points are in a narrow
range (£2 K).

The above data show that our estimation of Ty, of
alcohols is better than the best published results ob-
tained with the commonly used statistical character-
istics.

CONCLUSIONS

(1) The use of normalized IR spectra as descriptors
of molecular structure allows simultaneous estimation
of the boiling point and molecular weight of acohols
in one numerical experiment.

(2) The quality of estimation is characterized by
the correlation coefficient between the experimental
and estimated boiling points R = 0.9972 and standard
error of the estimate S = 2.268. For the molecular
weight, R = 09896 and S = 3.441.

(3) The important feature of the suggested ap-
proach is the possibility of estimating the character-
istics of unknown compounds without identification,
using only their IR spectra.
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