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Abstract The thermochromatograms of blends composed of polychloroprene rubber and

polyacrylonitrile-butadiene rubber were measured. The three-dimensional thermochromatographic
data were unfolded and multivariate calibration methods (PCR, PLSR) were applied to develop
models for the prediction of ingredient content in polymeric composition.
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Multivariate calibration was initially designed for calibrating some

property of specimens with a multitude of known or easily measurable

properties tl ]. Very often the calibrated property is the amount of an analyt
in the sample, which is calibrated with e.g. spectral or chromatographic
data, i.e. with a vector of data.

With the application of "hyphenated" methods, a matrix of data can be

obtained for each specimen. These data have to be correlated with the

properties of interest, which should be predicted in the future [ 2 ].
Thermochromato-graphy belongs to the second-order methods that give a

two-dimensional response for each sample. In thermochromatography a

small amount of the sample is heated at a linearly rising temperature. After

every given time interval the gas phase, containing substances evolving
from the sample, is rapidly GC-analysed. The data collected from multiple
chromatograms form a thermochromatogram that contains much
information on the substances present in the sample and processes
occurring in the course of heating.

The purpose of this report is to show that thermochromatographic data

may be used for the calibration and prediction of the contents of

ingredients in polymeric composition.
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EXPERIMENTAL

Experiments were carried out in the home-built thermochromato-

graphic system, described in [3 ]. A sample of 0.5-1 mg was heated at a

rate 10°C/min. Starting from 90 °C fast chromatograms of the gas phase
were taken in every 57 s. So, the last 37th chromatogram was run at a

sample temperature of 432 °C and the experiment lasted 34.2 min. GC

analysis was performed in a 15 m long capillary column with Carbowax
20M at 100°C and pure nitrogen (oxygen should be avoided!) was used as

the carrier gas. For each chromatogram 256 digital points were collected.
The sampling device, heating, and data acquisition were controlled by a

computer. The specimens taken as the calibration set were

poly chloroprene rubber (CR), poly aery lonitrile-butadiene rubber (NR),
and their blends with various ratios of CR to NR. All specimens contained

also 32.5% of additives such as carbon black, ZnO, stearic acid, and some

others, but throughout this paper we mean the relative percentage of CR

and NR (i.e., CR percentage plus NR percentage is equal to 100%). As an

example, Fig. 1 shows a thermochromatogram of a polymeric blend

consisting of 80% of CR and 20% of NR. The reproducibility of

thermochromatographic data was between 5-10%.

CALIBRATION

A collection of stacked thermochromatograms forms a third-order

tensor and, in principle, trilinear decomposition of data should be applied
[ 4]. However, as our task was not spectra resolution, we could apply
conventional multivariate calibration techniques: principal component
regression (PCR) and partial least squares regression (PLSR). To reduce

the dimensionality, the data were unfolded, i.e. instead of each two-

Fig. 1. Thermochromatogramof polymeric composition composed of polychloroprene (80%) and

polyacrylonitrile-butadiene(20%).
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dimensional thermochromatogram we got a long vector. We did not use

the whole thermochromatogram, but cut out the area where notable

changes occurred: temperature range 180.5-432°C (27 points) and

retention time interval 5.7-17.7 s (56 readings). So, we had for calibration

a 12 x 1 column vector Y of the CR percentage in the samples and a

12 x 1008 matrix X of unfolded thermochromatographic data that were

mean-centred prior to processing.
In order to model data by PCR, 10 principal components were

calculated from matrix X using NIPALS algorithm [s] and then the linear

models relating Y to various numbers of principal components were

compared. Since the reproducibility of our experimental data was not

better than 5%, there was no sense in taking too many factors and describe

the noise. A model with four factors was sufficient to describe data

without substantial overfitting and with acceptable accuracy.
In the case of PCR, maximum variation is extracted from X by each

principal component. In PLSR, each factor takes into consideration from

X only relevant information covariating linearly with Y. So, PLSR should

model the data with fewer factors than PCR. The results of the description
of Y-data by PCR and PLSR with two, three, and four factors are

presented in Table 1. It may be concluded that at least three factors should

be taken for proper calibration. This is in compliance with the results of

Lochmüller et al. [
6

], who studied the blends and mechanical mixtures of

CR and NR by thermogravimetry. They found that, unlike mechanical

mixtures, in the case of blends CR and NR form a complex and three

factors have to be used for the description of the blends.

Polychloroprene
in polymeric
composition

Calculated with PCR Calculated with PLSR

3 factors 4 factors 3 factors 4 factors

100.0 98.6 103.0 99.8 102.6
100.0 98.4 96.5 98.0 98.6

80.0 84.9 79.6 81.0 79.4

80.0 87.7 82.0 86.0 80.6
60.0 50.0 51.0 52.2 53.4

60.0 53.9 60.2 57.7 62.3

40.0 35.1 43.0 38.5 43.9

40.0 36.3 40.3 37.5 38.1
20.0 20.1 22.8 20.8 22.3

20.0 21.2 22.7 21.3 21.7

0.0 16.9 5.6 12.1 5.2
0.0 -3.3 -6.8 -5.9 -6.2

RMSE* 6.8 4.2 5.0 3.7

* root mean squared error.

Table 1

Percentage ofpolychloroprene in calibration samples and the values calculated by
multivariate models



4

In order to assess the ability of our models to predict the CR content in
the future specimens, the cross validation procedure was used. In the cross

validation, samples were left out one at a time and from the remaining
data models with various numbers of factors were built up. Then the CR

percentage was predicted for the left out sample and compared with the
known figure. One experimental point seemed to be somewhat suspicious
and we repeated the cross validation cycle leaving it out. As the result, the

prediction error decreased as can be seen from Table 2. A plot of the Y

values predicted in the cross validation versus CR percentage in the

samples is given in Fig. 2.

Fig. 2. Values predicted by cross validation with a four-factor model versus percentage of CR in 11

samples.

Number of factors

in the model

Prediction by PCR Prediction by PLSR

Number cf samples

12 11 12 11

3 10.7 6.1 8.8 5.2

4 8.8 5.4 8.8 3.4

5 8.2 3.9 10.9 3.5

6 9.4 4.7 12.2 3.3

Table 2

Root mean squared error of the prediction of polychloroprenepercentage in the cross

validation procedure
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All the programs were written and the calculations performed in

MATLAB (the MathWorks, Inc.) environment.

CONCLUSIONS

Unfolded thermochromatographic data may be used for constructing
multivariate models to predict the ingredients content in polymeric
composition. In the case of polychloroprene-polyacrilonitrile-butadiene
blends the percentage of one component can be predicted with an accuracy
around 5% in the range of 0-100% and at least three factors should be

taken into account. Both PCR and PLSR methods can properly perform
the calibration of thermochromatographic data, but priority should be

given to PLSR. The experiments were carried out in a region of parameters
not quite optimal: the temperature of samples should be increased more

and the high temperature chromatograms should be run until the thermal

degradation is finished. This would improve the calibration data and more

sophisticated processing methods could be applied.
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TERMOKROMATOGRAAFILISTE ANDMETE

MITMEMÕÕTMELINE KALIIBRIMINE

Arkadi EBBER, Kaire IVASK, Mihkel KOEL

Mõõdeti mitmes vahekorras võetud kahest polümeerist (polü-
kloropreenist ja polüakrüülnitriil-butadieenist) koosnevate polümeerse
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kompositsiooni proovide termokromatogrammid ning kasutades
mitmemõõtmelise kaliibrimise meetodeid (peakomponentide regressiooni
ja partsiaalsete vähimruutude regressiooni) koostati lineaarsed mudelid,
mis seovad ühe komponendi sisalduse proovis termokromatogrammis
sisalduva infoga ja võimaldavad prognoosida ingrediendi sisaldust

viieprotsendise täpsusega.

МНОГОМЕРНОЕ КАЛИБРОВАНИЕ

ТЕРМОХРОМАТОГРАФИЧЕСКИХ ДАННЫХ

Аркадий ЭББЕР, Кайре ИВАСК, Михкель КОЭЛЬ

Измерены термохроматограммы полихлоропрена, полиакрил-

нитрилбутадиена и ряда их полимерных композиций с различными
соотношениями составляющих компонентов. Трехмерная матрица

термохроматографических данных послойно развернута в двух-

мерную матрицу, и содержание компонента в цолимерной
композиции скоррелировано с этими данными методами

многомерного калибрования - РСК. и РЬBК. Полученные модели с

четырьмя факторами характеризуют содержание полихлоропрена и

полиакрилнитрилбутадиена с точностью около 5%, что

соответствует воспроизводимости термохроматограмм.


	b10720996-1995-1 no. 1 01.01.1995
	Chapter
	KEEMIA
	CHEMISTRY
	Xимия



	MULTIVARIATE CALIBRATION OF THERMOCHROMATOGRAPHIC DATA
	Fig. 1. Thermochromatogram of polymeric composition composed of polychloroprene (80%) and polyacrylonitrile-butadiene (20%).
	Fig. 2. Values predicted by cross validation with a four-factor model versus percentage of CR in 11 samples.
	Table 1 Percentage of polychloroprene in calibration samples and the values calculated by multivariate models
	Table 2 Root mean squared error of the prediction of polychloroprene percentage in the cross validation procedure
	TERMOKROMATOGRAAFILISTE ANDMETE MITMEMÕÕTMELINE KALIIBRIMINE

	ION CHROMATOGRAPHY USING GLYCINE-SODIUM CARBONATE ELUENTS: A RELATIONSHIP BETWEEN ELUENT COMPOSITION AND ITS ALKALINITY
	Untitled
	pH values for the aqueous solutions of glycine-sodium carbonate mixtures
	IOONIKROMATOGRAAFIA GLÜTSIINI JA NAATRIUMKARBONAATI SISALDAVATE ELUENTIDEGA: ELUENDI LEELISUSE SÕLTUVUS SELLE KOOSTISEST

	KANTSEROGEENSED MITMETUUMALISED ÜHENDID ÜLEMISTE LUMIKATTES
	Lumeproovide võtmise punktid Ülemiste järve läheduses (1-3) ja järve jääl (4) märtsis 1993
	Tabel 1 Ülemiste järve ümbrusest (proovid 1,2 ja 3) ja jäält (proov 4) 3. märtsil 1993 võetud lumeproovide iseloomustus
	Tabel 3 Mitmetuumaliste aromaatsete süsivesinike (PAH) sisaldus Ülemiste järve lähistelt võetud lumeproovis nr. 1 (vt tab. 1)
	Tabel 4 Mitmetuumaliste aromaatsete süsivesinike (PAH) sisaldus Ülemiste järve lähistelt võetud lumeproovis nr. 2
	Tabel 5 Mitmetuumaliste aromaatsete süsivesinike (PAH) sisaldus Ülemiste järve lähistelt võetud lumeproovis nr. 3
	Tabel 6 Mitmetuumaliste aromaatsete süsivesinike (PAH) sisaldus Ülemiste järve jäält võetud proovis nr. 4
	CARCINOGENIC POLYCYCLIC COMPOUNDS IN THE SNOW COVER OF LAKE ÜLEMISTE

	ADVANCED OXIDATION PROCESSES OF XYLENOLS IN AQUEOUS SOLUTIONS
	Fig. 1. Ozonation of xylenols at pH 3.5. 1 – 2,3-xylenol; 2 – 2,5-xylenol; 3 – 2,6-xylenol; 4 – 3,4- xylenol.
	Fig. 2. Ozonation of xylenols at pH 9.5. (Legend of curves see Fig. 1.)
	Fig. 3. General picture of the ozonation of 2,6-xylenol in acidic media. 1 – concentration of 2,6- xylenol, mg/1; 2 – ozone in feed gas, 102 mg/1; 3 – ozone in outlet gas, 102 mg/1; 4 – ozone dissolved in liquid phase, 102 mg/1; 5 – concentration of hydrogen peroxide, mg/1; 6 – concentration of quinone, 101 mg/1; 7 – pH.
	Fig. 4. General picture of the ozonation of 2,6-xylenol in neutral media. (Legend of curves see Fig. 3.)
	Fig. 5. General picture of the ozonation of 2,6-xylenol in basic media. (Legend of curves see Fig. 3.)
	Table 1 Ozonation of xylenols
	Table 2 03/UV process of the degradation of xylenols
	KSÜLENOOLIDE LAGUNDAMINE VESILAHUSTES OKSÜDATSIOONI TÄIUSTATUD MEETODITEGA

	PILOT SCALE EVALUATION OF PREOZONATION FOR TALLINN DRINKING WATER TREATMENT
	Fig. 1. Layout of the pilot plant. Legend of 1-15 see Table 1; p. 7 – p. 5, sampling points.
	Fig. 2. Colour reduction versus ozone dose applied; average initial colour 38° (7) and 43° (2). 1 – March-April 1991 (turbidity 1.8-3.4 mg/1); 2 – June-July 1991 (turbidity 10-16 mg/1, biomass 9.4-11.45 mg/1).
	Fig. 3. Residual colour versus ozone dose applied. Legend see Fig. 2.
	Fig. 4. Colour reduction versus ozone dose applied together with coagulation: 1 – initial colour 38°, turbidity 1.6 mg/1, A12O3 dose 18 mg/1; 2 – initial colour 38°, turbidity 3.2 mg/1, A12O3 dose 24 mg/1; 3 – initial colour 32°, turbidity 9.6 mg/1, A12O3 dose 14.4 mg/1.
	Fig. 5. Residual colour versus ozone dose applied at A12O3 doses 18 (J), 24 (2), and 14.4 mg/1 (3). Other conditions see Fig. 4.
	TaMel Characteristics of the pilot plant
	Table 2 Operating parameters
	Table 3 Water parameters
	Table 4 Removal of biomass and different algae species by ozonation
	TALLINNA JOOGIVEE EELOSOONIMISE TEHNOLOOGILINE HINNANG

	INHIBITION OF LIPID PEROXIDATION IN ERYTHROCYTE MEMBRANES BY N-PHENYL-l-NAPHTHYLAMINE
	Fig. 1. Effect of N-phenyl-l-naphthylamine on lipid peroxidation in erythrocyte ghosts. 1 – nonirradiated ghosts, 2-5 – irradiated ghosts; 1,2- incubation without N-phenyl-l-naphthylamine, 3-5 – incubation in the presence of 10 pM N-phenyl-l-naphthylamine. Arrow points to N-phenyll-naphthylamine addition.
	Fig. 2. Dependence of N-phenyl-1-naphthylamine fluorescence on the formation of malondialdehyde in erythrocyte ghosts. The erythrocyte ghosts were incubated without N-phenyl-1-naphthylamine.
	The formation of malondialdehyde (MDA) in erythrocyte ghosts irradiated in the presence of N-phenyl-l-naphthylamine (PNA-1) or l-anilinonaphthalene-8-sulphonate (ANS)1
	LIPIIDIDE PEROKSÜDATSIOONIINHIBEERIMINE ERÜTROTSÜÜTIDE VARJUDES N-FENÜÜL-l-NAFTÜÜLAMIINIGA

	INFLUENCE OF OXYGEN ON THE LEVEL OF RIBULOSE-1,5-BISPHOSPHATE CARBOXYLASE/OXYGENASE (RUBISCO): ONLY A SUBSTRATE OR ALSO AN INHIBITOR?
	Fig. 1. Double reciprocal plot of the carboxylation rate (v, normalized to the initial concentration of RuBP) vs. intracellular CO2 concentration (Cw) after preillumination at 300 ppm (1), 1000 ppm (2), or 3000 ppm (3) CO2, and at the steady state photosynthesis in 300 ppm CO2 (4).
	Fig. 2. Kinetics of the CO2 uptake after a 6-s illumination without CO2. A. Amount of assimilated carbon (c); concentration of the ambient CO2 ([CO2]a). B. CO2 uptake rate (v).
	Fig. 3. Kinetics of the carboxylation efficiency (e ) after a 6-s illumination without CO2. Numbers at curves: [CO2] at the exposure.
	Table 1 Dependence of the net rate of photosynthesis and carboxylation on the concentration of oxygen in the ambient gas phase
	Table 2 The rate of carboxylation during the steady state photosynthesis and after a 6-s illumination in the absence of CO2 and O 2 depending on the O 2 concentration during preillumination
	HAPNIKU TOIME RIBULOOS-1,5-BISFOSFAADI KARBOKSÜLAAS/OKSÜGENAASILE (RUBISCOLE): KAS AINULT SUBSTRAAT VÕI KA INHIBIITOR?

	A COMPUTER PROGRAM FOR PROCESSING ENZYME KINETIC DATA BY THE MAXIMUM LIKELIHOOD METHOD
	Fig. 1. Distribution of computer-simulated 120 000 random numbers used for the simulation of the "errors" in the computer experiments. The dotted line represents the theoretical normal distribution curve.
	Fig. 2. Distribution of 10 000 Michaelis-Menten equation parameters calculated by the proposed program in computer-simulated experiments. The number of points on each curve is 6; the substrate concentrations, s,, are 1,3,9,27, 81, and 243 (arbitrary units). The dotted line – normal distribution curve. Above: (real value, 10); below: Vmax (real value, 25).
	The results of computer-simulated experiments in comparison with different methods for the estimation of Michaelis-Menten equation parameters
	ARVUTIPROGRAMM ENSÜÜMIREAKTSIOONIDE KINEETIKA ANALÜÜSIKS MAKSIMAALSE TÕEPÄRA MEETODIL
	DISKUSSIOON
	DISCUSSION
	ДИCКУCCИЯ



	GEOKEEMILISTE VIITPOMMIDE VÕIMALIKKUSEST MAARDU PUISTANGUTES
	Maardu leiukoha diktüoneemakilda ja Maardu puistangute mäemassi keemiline koostis % (täiendustega väljavõte allikast [s])
	FORMATION OF GEOCHEMICAL TIME BOMBS IN MAARDU DUMPS
	EESTI TEADUSTE AKADEEMIAS
	EESTI TEADUSTE AKADEEMIA ÜLDKOGU KOOSOLEK 23. novembril 1994
	VÕITLUS EESTI TEADUSKORRALDUSE SEADUSE ÜMBER
	EESTI TEADUSTE AKADEEMIA ÜLDKOGU KOOSOLEK 7. detsembril 1994
	EESTI TEADUSTE AKADEEMIA ÜLDKOGU KOOSOLEK 14. detsembril 1994
	EESTI VABARIIGI 1995. AASTA TEADUSPREEMIAD
	EESTI TEADUSTE AKADEEMIA 1994. AASTA ÜLIÕPILASPREEMIAD


	SISUKORD
	Untitled
	Untitled



	Illustrations
	Fig. 1. Thermochromatogram of polymeric composition composed of polychloroprene (80%) and polyacrylonitrile-butadiene (20%).
	Fig. 2. Values predicted by cross validation with a four-factor model versus percentage of CR in 11 samples.
	Untitled
	Lumeproovide võtmise punktid Ülemiste järve läheduses (1-3) ja järve jääl (4) märtsis 1993
	Fig. 1. Ozonation of xylenols at pH 3.5. 1 – 2,3-xylenol; 2 – 2,5-xylenol; 3 – 2,6-xylenol; 4 – 3,4- xylenol.
	Fig. 2. Ozonation of xylenols at pH 9.5. (Legend of curves see Fig. 1.)
	Fig. 3. General picture of the ozonation of 2,6-xylenol in acidic media. 1 – concentration of 2,6- xylenol, mg/1; 2 – ozone in feed gas, 102 mg/1; 3 – ozone in outlet gas, 102 mg/1; 4 – ozone dissolved in liquid phase, 102 mg/1; 5 – concentration of hydrogen peroxide, mg/1; 6 – concentration of quinone, 101 mg/1; 7 – pH.
	Fig. 4. General picture of the ozonation of 2,6-xylenol in neutral media. (Legend of curves see Fig. 3.)
	Fig. 5. General picture of the ozonation of 2,6-xylenol in basic media. (Legend of curves see Fig. 3.)
	Fig. 1. Layout of the pilot plant. Legend of 1-15 see Table 1; p. 7 – p. 5, sampling points.
	Fig. 2. Colour reduction versus ozone dose applied; average initial colour 38° (7) and 43° (2). 1 – March-April 1991 (turbidity 1.8-3.4 mg/1); 2 – June-July 1991 (turbidity 10-16 mg/1, biomass 9.4-11.45 mg/1).
	Fig. 3. Residual colour versus ozone dose applied. Legend see Fig. 2.
	Fig. 4. Colour reduction versus ozone dose applied together with coagulation: 1 – initial colour 38°, turbidity 1.6 mg/1, A12O3 dose 18 mg/1; 2 – initial colour 38°, turbidity 3.2 mg/1, A12O3 dose 24 mg/1; 3 – initial colour 32°, turbidity 9.6 mg/1, A12O3 dose 14.4 mg/1.
	Fig. 5. Residual colour versus ozone dose applied at A12O3 doses 18 (J), 24 (2), and 14.4 mg/1 (3). Other conditions see Fig. 4.
	Fig. 1. Effect of N-phenyl-l-naphthylamine on lipid peroxidation in erythrocyte ghosts. 1 – nonirradiated ghosts, 2-5 – irradiated ghosts; 1,2- incubation without N-phenyl-l-naphthylamine, 3-5 – incubation in the presence of 10 pM N-phenyl-l-naphthylamine. Arrow points to N-phenyll-naphthylamine addition.
	Fig. 2. Dependence of N-phenyl-1-naphthylamine fluorescence on the formation of malondialdehyde in erythrocyte ghosts. The erythrocyte ghosts were incubated without N-phenyl-1-naphthylamine.
	Fig. 1. Double reciprocal plot of the carboxylation rate (v, normalized to the initial concentration of RuBP) vs. intracellular CO2 concentration (Cw) after preillumination at 300 ppm (1), 1000 ppm (2), or 3000 ppm (3) CO2, and at the steady state photosynthesis in 300 ppm CO2 (4).
	Fig. 2. Kinetics of the CO2 uptake after a 6-s illumination without CO2. A. Amount of assimilated carbon (c); concentration of the ambient CO2 ([CO2]a). B. CO2 uptake rate (v).
	Fig. 3. Kinetics of the carboxylation efficiency (e ) after a 6-s illumination without CO2. Numbers at curves: [CO2] at the exposure.
	Fig. 1. Distribution of computer-simulated 120 000 random numbers used for the simulation of the "errors" in the computer experiments. The dotted line represents the theoretical normal distribution curve.
	Fig. 2. Distribution of 10 000 Michaelis-Menten equation parameters calculated by the proposed program in computer-simulated experiments. The number of points on each curve is 6; the substrate concentrations, s,, are 1,3,9,27, 81, and 243 (arbitrary units). The dotted line – normal distribution curve. Above: (real value, 10); below: Vmax (real value, 25).
	Untitled
	Untitled

	Tables
	Table 1 Percentage of polychloroprene in calibration samples and the values calculated by multivariate models
	Table 2 Root mean squared error of the prediction of polychloroprene percentage in the cross validation procedure
	pH values for the aqueous solutions of glycine-sodium carbonate mixtures
	Tabel 1 Ülemiste järve ümbrusest (proovid 1,2 ja 3) ja jäält (proov 4) 3. märtsil 1993 võetud lumeproovide iseloomustus
	Tabel 3 Mitmetuumaliste aromaatsete süsivesinike (PAH) sisaldus Ülemiste järve lähistelt võetud lumeproovis nr. 1 (vt tab. 1)
	Tabel 4 Mitmetuumaliste aromaatsete süsivesinike (PAH) sisaldus Ülemiste järve lähistelt võetud lumeproovis nr. 2
	Tabel 5 Mitmetuumaliste aromaatsete süsivesinike (PAH) sisaldus Ülemiste järve lähistelt võetud lumeproovis nr. 3
	Tabel 6 Mitmetuumaliste aromaatsete süsivesinike (PAH) sisaldus Ülemiste järve jäält võetud proovis nr. 4
	Table 1 Ozonation of xylenols
	Table 2 03/UV process of the degradation of xylenols
	TaMel Characteristics of the pilot plant
	Table 2 Operating parameters
	Table 3 Water parameters
	Table 4 Removal of biomass and different algae species by ozonation
	The formation of malondialdehyde (MDA) in erythrocyte ghosts irradiated in the presence of N-phenyl-l-naphthylamine (PNA-1) or l-anilinonaphthalene-8-sulphonate (ANS)1
	Table 1 Dependence of the net rate of photosynthesis and carboxylation on the concentration of oxygen in the ambient gas phase
	Table 2 The rate of carboxylation during the steady state photosynthesis and after a 6-s illumination in the absence of CO2 and O 2 depending on the O 2 concentration during preillumination
	The results of computer-simulated experiments in comparison with different methods for the estimation of Michaelis-Menten equation parameters
	Maardu leiukoha diktüoneemakilda ja Maardu puistangute mäemassi keemiline koostis % (täiendustega väljavõte allikast [s])




