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Near-infrared spectroscopy as a convenient analytical
method for alkyl polyglycosides
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Abstract

Near infrared (NIR) spectroscopy is used for the rapid determination of decyl glucopyranoside (10G1) and alkyl
polyglycoside (AG) mixtures having different alkyl chain length and the number of glucose unit in aqueous solution.
NIR spectroscopy is a much simpler spectroscopic analysis method compared to three analytical methods for mixture
of AGs such as thin layer chromatography (TLC), high performance liquid chromatography (HPLC), and photome-
try method. NIR spectra of AGs between 0.030 and 0.540 mg/ml in aqueous solutions were utilized to develop a
calibration model. Both raw spectra and the second derivatives of AGs were tested for the best fit. The best
calibration was built with second derivative spectra by using multiple linear regression (MLR). The standard error of
calibration (SEC) and the standard error of prediction (SEP) were used for the evaluation of the model. The best
calibration provides an SEP of 0.052 and 0.061 mg/ml for the prediction set of 10G1 and AG mixture, respectively.
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Although alkyl polyglycoside (AG) was first
synthesized by Fischer 100 years ago [1], it draws
interest recently due to its biodegradability, good
dermatological properties and synergistic effects
with other surfactants [2]. Commercial AGs are
usually a mixture of AGs having a different num-

ber of head group and alkyl chain length. AGs
cannot be determined by the conventional meth-
ods for surfactants such as Epton titration or
determination of bismuth-active substances. Four
analytical methods for AG by GC (gas chro-
matography), TLC (thin layer chromatography),
HPLC (high performance liquid chromatogra-
phy), and photometric method (UV-Vis spec-
troscopy) for the determination of the total
concentration in aqueous solution has been re-
ported [3–8]. But these techniques also require
sample preparations and several steps for quanti-
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tative analysis. Therefore, a simple, rapid, and
non-destructive analytical technique to determine
AG concentration in aqueous solution is in great
demand.

The near infrared (NIR) region of the spectrum
encompasses radiation with wavelength ranging
from 800 to 2500 nm. Absorption in the NIR
region always occurs due to the vibration caused
by combination and overtone of fundamental vi-
brations in the infrared (IR) region [9]. In particu-
lar, absorption in the NIR mainly occurs in the
functional groups having a hydrogen atom such
as C�H, N�H, and O�H [10–12]. Although ab-
sorption in the NIR region is relatively weak,
broad, and overlapped, NIR spectroscopy com-
bined with multivariate calibration technique has
been known as a convenient tool for component
analysis. Quantitative analytical methods of glu-
cose [13], sugar [14], and polymer [15] using NIR
spectroscopy have been reported. Therefore NIR
spectroscopy can be proposed as a simple and
convenient method for quantitative determination
of AG mixture and pure decyl glucopyranoside
(10G1) in aqueous solution in this study.

2. Experimental

2.1. Materials and method

10G1 was obtained from Sigma Co. Glucopon
220UP, where the mixture of AGs with C8 and
C10 alkyl chains and average degree of polymer-
ization of 1.4, is obtained from Henkel Co. The
general chemical structure of AG is shown in Fig.
1. NIR transmittance spectra were collected using
NIRSystems model 6500 spectrometer (Foss
NIRSystems Inc., MD) equipped with a quartz
halogen lamp and PbS detector. The spectra were

Table 1
Data set preparation for 10G1 and AG mixture

Prediction setCalibration set

Number of samples 99
0.060–0.540Concentration range 0.030–0.510

(mg/ml)
Average (mg/ml) 0.2700.300

0.164 0.164S.D. (mg/ml)

collected using Near Infrared Spectral Analysis
Software (NSAS, Foss NIRSystems Inc., MD).
To reduce noise, 32 scans per sample were per-
formed and averaged. A background scan was
obtained for air and used as the reference. The
spectra were acquired with a cuvette cell with a
quartz window. Multiple Linear Regression
(MLR) and second derivative algorithm were per-
formed using NSAS software packages (Foss
NIRSystems Inc., MD). For both 10G1 and AG
mixture, nine spectra were used for the calibration
set and the prediction set as listed in Table 1. The
concentrations in the calibration set and the pre-
diction set ranged from 0.060 to 0.540 and 0.030
to 0.510 mg/ml, respectively.

2.2. Data analysis using MLR

The MLR method is utilized to reduce NIR
spectral data to concise and useful information
for concentration. For the development of the
MLR calibrations it was necessary to select the
single wavelength with the highest correlation to
the concentration of the analyte. In order to find
the better calibration model, second wavelength
was selected so that the SEC was minimum. Selec-
tion of further wavelengths continued until the
improvements to the model were considered mini-
mal. Only a few wavelengths were chosen, typi-
cally less than 5, for an MLR calibration.

The performance of the calibration model with
respect to fitting the calibration spectra was as-
sessed by the standard error of calibration (SEC),
given in Eq. (1). It is calculated when building a
model for each model with the selected
wavelength(s).

Fig. 1. Chemical structure of AG. x is degree of polymeriza-
tion in head group and n alkyl chain length.
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SEC=

� �
n

i=1

(x− x̂)2

n−m−1

�0.5

. (1)

In this equation, x is the actual AG concentra-
tion for the sample, x̂ represents the predicted
concentration for the sample, and m is the num-
ber of wavelengths used in the model and n is the
number of samples in the data set. The minimum
SEC shows the number of wavelengths which
optimally fit the data. The standard error of pre-
diction (SEP) is also calculated in Eq. (2) to avoid
overfitting the data and confirm the robustness of
the calibration model.

SEP=

� �
n

i=1

(x− x̂)2

n

�0.5

. (2)

The SEP is calculated for the samples that were
not included in calibration set for SEC when
developing the model. Because the actual concen-
tration values are expressed in terms of mg/ml, all
parameters in Eqs. (1) and (2) will have the units
of mg/ml.

3. Results and discussion

Representative NIR spectrum of 10G1 is pre-
sented in Fig. 2. The dominant absorption bands
around 1450 and 1950 nm in the spectrum are
assigned to the first overtone of OH stretching
and the combination of OH stretching and bend-
ing vibration, respectively. The spectral bands to
be correlated with the concentration could not be
specified in the raw spectra of 10G1. In order to
enhance spectral features, second derivative spec-
tra were calculated as shown in Fig. 3. In the
analysis of NIR spectra, derivative spectroscopic
techniques are typically utilized since baseline off-
sets are largely eliminated without compromising
the signal-to-noise ratio [16]. Absorbance maxima
in the second derivative spectrum are inverted to
minima that are surrounded by a positive side-
lobe on each side. The spectral region around
1392 nm is highly correlated to the concentration
of 10G1 in second derivative spectra. The best-fit

Fig. 2. The representative NIR spectrum of 10G1 samples in
the calibration set. T : transmittance.

model was found by using MLR. The linear sum-
mation of wavelengths, which are most highly
correlated to concentration, was used for MLR
model. In this study, only four discrete wave-
lengths were investigated to develop the model to

Fig. 3. The second derivative spectra of 10G1. Inset: magnifi-
cation for clear comparison of samples with different concen-
tration around 1392 nm. T : transmittance.
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avoid overfitting. Multiple correlation coefficient
(R), standard error of calibration (SEC), standard
error of prediction (SEP) were calculated to evalu-
ate the four wavelength model and find the best
model. R represents the multiple correlation co-
efficient which is a measure of the agreement
between the NIR data and actual concentration
of AGs for the calibration set. The SEC and SEP
were calculated for calibration set and prediction
set, respectively. For each model, SEC and SEP
were calculated and the results are shown in Table
2. For 10G1, the MLR model using the linear
summation of four wavelength of 1392, 1532,
2320, and 2232 nm had best results, providing an
SEC of 0.008 mg/ml and an SEP of 0.052 mg/ml.
It is supposed that the absorbance bands around
1392 are due to combination of the second over-
tone of C�H stretching and C�H deformation.
The bands around 1532 nm could be assigned to
the first overtone of C�H stretching [9]. It is
known that a region, 2083–2381 nm, contains
glucose bands of high absorptivity [17]. The ab-
sorption bands around 2320 and 2232 nm in
second derivative spectrum of 10G1 were assigned
to glucosyl group. Using the linear summation of
four wavelengths, 1392, 1532, 2320, and 2232 nm,
the scatter plot shows good correlation between
10G1 concentration and NIR data in Fig. 4.
Filled squares and open squares represent calibra-
tion and prediction data, respectively. The cali-
bration and prediction data has good correlation
with actual concentration and many points fall on
or close to the unity line.

The spectral bands correlated to the concentra-
tion could not be specified in the raw spectra of
AG mixture similar to the case for 10G1. Only

Fig. 4. Scatter plot showing correlation between actual concen-
tration and NIR value using the four discrete wavelengths of
1392, 1532, 2320, and 2232 nm for 10G1.

large absorption bands around 1450 and 1950 nm
in the spectrum are assigned to the OH stretching
of water. The second derivative spectra were ac-
quired to remove the baseline shift as shown in

Fig. 5. The second derivative spectra of AG mixture. Inset:
magnification for clear comparison of samples with different
concentration around 1714 nm. T : transtmittance.

Table 2
Results of calibration and prediction for determination 10G1
in aqueous solution using MLR

� (nm) R SEC (mg/ml) SEP (mg/ml)

0.97821392 0.044 0.074
1392, 1532 0.0670.0240.9944

0.0620.99871392, 1532, 0.012
2320

0.0521392, 1532, 0.9996 0.008
2320, 2232
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Table 3
Results of calibration and prediction for determination AG
mixture in aqueous solution using MLR

� (nm) SEC (mg/ml)R SEP (mg/ml)

0.074−0.9198 0.0791714
0.027 0.0681714, 878 0.9907

0.9961 0.019 0.0661714, 878,
2368

0.9993 0.009 0.0611714, 878,
2368, 2408

lengths of 1714, 878, 2368, and 2408 nm shows
the best result with an SEC of 0.009 mg/ml and
an SEP of 0.061 mg/ml as listed in Table 3. For
the AG mixture, it is difficult to clearly assign the
absorption at the four wavelengths, since the sam-
ple is a mixture of alkyl polyglycosides with C8
and C10 alkyl chains and the bands overlap each
other in the NIR spectra. Fig. 6 shows the scatter
plot showing correlation between AG concentra-
tion and NIR data using the linear summation of
the four wavelengths, 1714, 878, 2368, and 2408
nm. The plot is highly linear throughout the
concentration range from 0.030 to 0.540 mg/ml.

NIR spectroscopy using MLR shows the possi-
bility to determine total concentration of AG
mixture with C8 and C10 alkyl chains in aqueous
solution and pure 10G1 in aqueous solution. Fur-
thermore, NIR spectroscopy can be applied to
analyze other pure alkyl glycosides and total con-
centration of other AG mixture without pretreat-
ment for measurement.

4. Conclusion

NIR spectroscopy as a rapid, accurate, and
non-destructive determination of 10G1 and AG
mixtures in aqueous solution was investigated.
Enhanced spectral features were obtained after
second derivatization of the raw spectra. It was
found that the absorption around 1392 and 1714
nm in each representative spectrum was correlated
to the concentration of 10G1 and AG mixtures,
respectively. With the use of MLR in the NIR
region from 800 to 2500 nm, the best calibration
models were built, showing good correlation with
the actual concentration of 10G1 and AG mix-
tures. These results indicate NIR spectroscopy
can be used as a simple and convenient method
for the determination of AG mixtures as well as
pure 10G1 in aqueous solution.
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