This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
T & T Publication details, including instructions for authors and subscription information:
SIJPEGIIOSCOP) http://www.informaworld.com/smpp/title~content=t713597299
BHL
LETLETS

Mid-Infrared Transmission Spectroscopy of Sugar Solutions:

Instrumentation and Analysis

Bernice L. Mills%; E. C. Alyea®; F. R. van de Voort*

2 Departement de nutrition, Universite de Montreal, Quebec, Canada > Department of Chemistry,
University of Guelph, Guelph, Ontario, Canada © Food Science and Agricultural Chemistry McGill
University, Montreal, Canada

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Mills, Bernice L., Alyea, E. C. and van de Voort, F. R.(1986) 'Mid-Infrared Transmission Spectroscopy
of Sugar Solutions: Instrumentation and Analysis', Spectroscopy Letters, 19: 3, 277 — 291

To link to this Article: DOI: 10.1080/00387018608069238
URL: http://dx.doi.org/10.1080/00387018608069238

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387018608069238
http://www.informaworld.com/terms-and-conditions-of-access.pdf

04:10 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 19(3), 277-291 (1986)

MID-INFRARED TRANSMISSION SPECTROSCOPY OF
SUGAR SOLUTIONS:
INSTRUMENTATION AND ANALYSIS

Keywords:IR spectroscopy, carbohydrate,
aqueous, transmission
Bernice L. Mills#®

Departement de nutrition, Universite de Montreal
Montreal, Quebec, Canada H3C 3J7

E.C. Alyea

Department of Chemistry, University of Guelph
Guelph, Ontario, Canada

and
F.R. van de Voort

Food Science and Agricultural Chemistry
McGill University, Montreal, Canada

ABSTRACT

Transmission studies on a specially designed scanning
spectroprocessor for aqueous systems are reported for the first
time. The nature of the absorption bands and the possibility of a
universal isobestic point are discussed for a series of sugar

solutions.
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INTRODUCTION

Infrared spectroscopy is a valuable technique for the
identification and characterization of substances found in nature
and has been used as a tool not only for the study of molecular
structures but also as a method for quantitative component
analysis”3 . The practical difficulties of examining the
infrared spectra of aqueous solutions have however deterred
spectroscopists from using water as a solvent or studying
biological systems. Water shows very strong absorption bands
throughout the IR region so that in spectra of aqueous solutions,
absorption bands due to the solute are usually obscured unless
special instrumentation is employed. 1In one of a series of
publications, Gouldenu presented the experimental difficulties
and techniques involved in the study of infrared spectra of
aqueous solutions, His work led to the development of infrared
analysis for fat, protein and lactose determination in milk
products.

In the case of milk, the situation is relatively
uncomplicated in regards to carbohydrates since the only sugar of
consequence is lactose. However, in other systems, a variety of
simple and compound sugars plus polysaccharides are often
present. Analysis, differentiation, and quantitation of the
simple sugars by the infrared method would be of major interest
for analytical, quality control and formulation purposes.

Among the studies made on the infrared spectra of various

carbohydrates, those of Kuhns, Whistler and Houses, Barker et
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7 and Par'ker'8 are the most noteworthy. However, because of

al.
the differences in the preparation of the samples, it is
difficult to compare the reports and spectra which have appeared
in the literature. The simple fact that there is a shift in
frequency and a tendency for the absorption bands to broaden when
a sample passes from the crystalline to the amorphous state makes
it difficult to ascertain if certain of the absorptions reported
were attributable to the sugar or to the physical state of the
sample. Since a unique instrument, the Spectroprocessor 1V,
specially designed for aqueous systems was available, a study was
undertaken with the objectivé of obtaining spectra and possibly
identifying an isobestic point, i.e., a wavelength at which the

simultaneous analysis of a wide range of sugars in solution would

be possible.

Materials and Methods

The following sugars were obtained for analysis: D-glucose
(Certified A.C.S. anhydrous, sp. rot. 25 ° . +53°. Fisher
Scientific D-16), alpha-lactose (Certified A.C.S., Fisher
Scientifie L-5), D-galactose (Purified crystalline anhydrous,
Sigma G-0625), D-mannose (Mixed anomers anhydrous, beta-anomer
21%, alpha-anomer 78%, Sigma M-14625), D-fructose (Reagent grade
anhydrous, sp. rot. 20° = -92.4 + or - 0.5°, Fisher Scientific L-
95), sucrose (Certified A.S.C., sp. rot. 25° = 66.4, Fisher
Scientific S-5), and maltose (sp. rot. 20° = +127 to 132°, BDH

29131). 1In addition, soluble starch (Certified A.C.S., pH 6,
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Fisher Scientific S-516) was scanned for comparative purposes.
Five percent solutions (w/v) of each sample were prepared and
scanned on the Spectroprocessor IV. The Spectroprocessor IV was
custom engineered for our research purposes by Mr, J. Shields,
Shields Instruments Ltd, York, England. The instrument is based

9 which was

on the use of a Grubb Parsons Spectromaster chassis
rebuilt optically and electronically with the following
modifications:

a) gold plating replaced the aluminum coated mirrors to
enhance reflection;

b) a 6:1 ellipsoid mirror was use in conjunction with a high
TGS pyroelectric detector with its own built in condensing lens;

c) the original gratings were replaced by new ones, the first
having 984 lines/cm, blazed at 11 um to cover the 5-25 um range in
the first order, the second having 2,953 lines/cm, blazed at 3.5
um to cover the 2-5 um range in the first order and the 0.5 to 2
um range in the second order. The double monochromator (Czerny-
Turner grating, prism and Littrow mirror) system was retained
because of its efficiency in reducing stray light;

d) the original comb and servo drive were replaced by a
substantially larger comb and a highly responsive servo motor
which minimize dead space at the null balance point.

e) the original amplifier was also discarded for a high
performance low noise solid state amplifier more sensitive to
minute changes in signal. These modifications are especially
useful for the low energy situations arising in aqueous systea IR

work.,
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£) the original slit and grating drive motors and cam systems
were replaced by digitally controlled stepping motors, the grating
being driven by a Berger-Lahr five phase stepping motor (1,000
steps/revolution) on a 1:1 basis with the grating drum, i.e.,
1,000 steps per grating micrometer revolution; the slits being
driven by an Astrosyn four phase stepping motor (300
steps/revolution) on a 2:3 basis with the slit micrometer, i.e.,
600 steps per slit micrometer revolution.

g) the instrument cell holders were modified to house short
path length flow through cells (16 and 36 um). Two sets of
windows were provided, barium fluoride and strontium fluoride,
these materials being water-insoluble and having transmission cut-
offs at approximately 12.5 and 10 um respectively. The sample
cell holder was plumbed with 0.1 cm i.d. stainless steel tubing to
allow the fluid sample to be pumped through the cell. A
homogenizer pump and block was set up beside the instrument for
homogenizing and pumping the sample through the cell if desired.
A portion of the cover of the instrument was cut out and replaced
with a removable glass plate to allow ready access to the cells,

h) the instrument was hermetically sealed and provided with
two ports. A peristaltic pump with tubing was attached to these
ports, passing through two four liter containers of dried
molecular sieve, This addition served to dry the instrument to
prevent l1oss of energy due to moisture. The base plate of the

instrument was provided with solid state heaters to provide an
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FIG.1 The Spectroprocessor 1V.

(A) Stepping motor control

(B) Solid state amplifier

(C) Digital voltmeter

(D) Spectrophotometer

(E) CRT display unit

(F) Strip chart recorder replaced by x,y, plotter
(G) Disk drives

(H) Zilog microprocessor

(I) Pump for dessicating instrument

(X) Hard copy terminal for data outpout (not shown)

internal temperature of 37°C monitored by a direct readout
thermometer housed near the cells.
Basically the instrument (Fig.1) addresses the limitations

found in many standard IR spectrophotometers designed for use with
IR transparent solvents, i.e., high energy source, removal of

water vapor, temperature stability and flow through cells.
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Instrument logic and data processing

The Spectroprocessor IV is controlled by a Zilog MC Z80
microprocessor and operated from a CRT terminal. The
microprocessor has a total capacity of 64K memory and is equipped
with a dual disk drive accessory. One disk drive is used to house
the instrument's operational control programs and calibration
files while the second is used for data storage. The control
programs allow the manipulation of the stepping motors driving the
slit and gratings and contain the command language (RIO operating
system) which enables one to set up the instrument in any manner
desired. The data stored on floppy disk consist in the amplified
analog signal obtained from the movement of the instrument's comb
in the form of digitized voltages ranging from 0-10 volts, the
equivalent of transmission reading. Each disk can store 1:1
megabytes which is about 500,000 digits. These digits can be
printed on an auxiliary printer or plotted to produce a spectrum.

One of the major features of this instrument's program
capabilities is that a wide range of slit programs can be
developed. Most IR instruments have a mechanical slit program
which attempts to maintain constant energy as a spectral range is
scanned. The use of IR transmittiné solvents such as carbon
tetrachloride and carbon disulphide require simple slit programs.
Water, however, which absorbs throughout the IR region causes
varying energy problems and obtaining constant energy is a major
difficulty. This has been obviated to a large extent with this

instrument by the generation of calibration programs. A
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FIG. 2. Scan of glucose showing the mutarotation effect.
(A) Immediately after dissolution in water, the doublet

peaks representing alpha and beta anomers.
(B) After 24 hours, where the alpha anomer is predominant.

calibration program allows one to obtain a constant energy level,
e.g., 50%, by slits opening and closing automatically as the
grating moves to each new position. A calibration file is
generated by scanning the solvent, in this case, water, in the
single beam mode and storing the slit settings on disk for a

desired energy level. The calibration program is then run in
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tandem with a scan of the solution under study. This practice
assures constant energy from scan to scan. One is capable of
sampling data, wavelength, slit, etc. during a scanning operation
by reading the video display or alternatively one can go to a

specified wavelength and sample the signal on a continuing basis.

Results and Discussion

One of the first problems encountered in this work was that
of the well known mutaroration effect as illustrated in Figure 2.
The difference in spectra in the 9 to 10 um range is due to
mutarotation which occurs when a reducing sugar is dissolved in
water. D- glucose mutarotates in water to give a mixture of alpha
and beta glucose which differ in the fact that the alpha-D-
anomeric hydrogen occupies the equatorial position and the
hydroxyl occupies the axial position whereas in the beta form, the
anomeric hydrogen occupies the axial position and the hydroxyl,
the equatorial position. The beta isomer absorbs at a lower
wavelength than the corresponding anomeric alpha form since the
hydroxyl in the equatorial position interacts with the oxygen on
C-5 to increase the frequency. These doublet peaks between 9.4

6

and 9.8 um were also observed by Kuhns, Whistler and House” and

Parkers.
This problem was not apparent in the remaining reducing

sugars and was considered to be due to either more rapid

equilibrium or to an initial equilibrated situation. Examination
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of the infrared spectra of the simple sugars showed that all
sugars have a band at about 3.1 um due to the OH stretching
frequency of the hydrogen bonded hydroxyl groups while in the 8 to
10 um, there were several closely spaced bands due to OH bending
or deformation and C-0O and C-OH stretching vibrations. These
bands overlap to a degree and there are no highly individual bands
for the specific group frequencies. The 9.61 um wavelength used
for lactose determination in milk is characteristic of the C-OH
stretching frequency in straight chain primary alcohols. 1In
identifying the C-0H stretching frequency for other sugars (Fig.
3-5), one notes that the spectra are quite different either in
intensity or frequency. These differences could be due to
overlapping and summation of closely situated bands of the two
anomers, to the extent of hydrogen bonding or to the number of C-0
groups in the vicinity. Although all the hexose sugars have the
same carbon to hydrogen to oxygen ratio, differences in the
arrangement of these atoms in the molecule and differences in
conformation introduce significant differences in their infrared
spectra. Because of this, quantitative analysis of aqueous
solutions of mixtures of different sugars is difficult and
complex.

Three particular regions were observed where some of the 5%
solutions had similar absorbancies. These sugars and their
absorbances at 8.95, 9.0 and 9.61 um are presented in Table 1.
Also tabulated are the estimated concentrations one would obtain

using the lactose absorption as a base reference.
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FIG. 3. Typical scan of maltose (A) and sucrose (B).

It is apparent that none of the wavelengths truly serve as an
isobestic point for all of the sugars in question. The 8.95 um
wavelength would serve well for glucose and maltose or
alternatively for lactose and mannose. The 9.0 um wavelength
serves best overall, showing the least overall SD. Maltose and
mannose could be analyzed with this wavelength. The 9.61

wavelength is the worst overall for general sugar analysis,
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FIG. 4. Typical scan of lactose (A) and mannose (B).

lactose and glucose however, having a common absorptivity here.
In assessing these three wavelengths, fructose is definitely a
sugar which causes the greatest discrepancy. For general sugar
analysis, the most common sugar combination found in foods is that
of sucrose, glucose and fructose, the latter two often being added
or present as hydrolysis products. None of the wavelengths chosen

seem to be capable of handling this situation.
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FIG. 5. Typical scan of galactose (A) and fructose (B).

Conclusion

It is recognized that this study has basic limitations, i.e.,
it assumes the analysis is only being made on the pure sugars or
potential mixtures thereof. However, based on this work,
sufficient data were obtained to infer that the concept of
obtaining a true isobestic point for all sugars is improbable. In

the 8 to 10 um region, the wavelengths are not fundamentally



04:10 30 January 2011

Downl oaded At:

290 MILLS, ALYEA, AND VAN DE VOORT

TABLE 1

Absorbances of Standard 5% Sugar Solutions and
Estimated % Concentration using Lactose as Reference

Sugar A(8.95) Conc. A(9.00) Conc. A(9.61) Conc.
Lactose 0.537 5.00 0.537 5.00 0.397 5.00
Sucrose 0.585 5.44 0.585 5.44 0.366 L4.60
Glucose 0.568 5.28 0.508 4,72 0.397 5.00
Maltose 0.568 5.28 0.523 h_B86 0.318 4.00
Mannose 0.552 5.13 0.523 4,86 0.u494 6.22
Fructose 0.698 6.49 0.602 5.60 0.568 7.15
Galactose 0.79% 7.40 0.552 5.13 0.420 5.28
Mean 5.71 5.08 5.32
SD 0.88 0.32 1.05

identifiable as are the 5.74 for carbonyl and the 6.46 for amide
I1I absorptions when analyzing for fat and protein. Consideration
should also be given to the fact that a potential isobestic point
would most probably lie on the steep shoulder of the absorption
peak for some sugars, leading to large errors if there were any
shifts in frequency due to environmental conditions. e.g., changes
in hydrogen bonding. This spectral region is also affected by
many other compounds in unpredictable ways and in a complex food

system, quantitation for carbohydrate would be lost.

ACKNOWLEDGEMENT
We wish to thank Mr. J. Shields of Shields Instruments Ltd,
York, England for the timely assistance in providing research

facilities and designing the Spectroprocessor IV scanning

infrared spectrophotometer for this research.



04:10 30 January 2011

Downl oaded At:

IR SPECTROSCOPY OF AQUEOUS SOLUTIONS 291

REFERENCES

1. Biggs, D.A. Infrared Estimation of Fat, Protein and Lactose in
Milk: Evaluation of the Multispec Insturment. J. Assoc. Off.
Anal. Chem. 1980;62:1202.

2.Mills, B.L. and van de Voort, F.R. Evaluation of CH Stretch
Measurement of Fat in Aqueous Fat Emulsions Using Infrared
Spectroscopy. J. Assoc. Off. Anal. Chem. 1982;65:1357.

3. Mills, B.L., van de Voort, F.R. and Kakuda, Y. The
Quantitative Analysis of Fat and Protein in Meat by
Transmission Infrared Analysis. Meat Science 1984;11:253.

4. Goulden, J.D.S. Infra-red Spectroscopy of Aqueous Solutions. J.
Dairy Res. 1959;26:151.

5.Kuhn, L.P. Infrared Spectra of Carbohydrates., Anal. Chen.
1950;22:276.

6. Whistler, R.L. and House, L.R. Infrared Spectra of Sugar
Anomers. Anal. Chem. 1953;25:1463.

7. Barker, S.A., Bourne, E.J., Stacey, M. and Whiffen, D.H. Infra-
red Spectra of Carbohydrates. In Methods of Biochemical
Analysis. Vol 3. Interscience Pub. Co. New York, 1956.

8. Parker, F.S. Infrared Spectra of Carbohydrates in Water and a
New Measure of Mutarotation. Biochem. Biophys. Acta.
1961:42:513.

9. Martin, A.E. Infra Red Instrumentation and Techniques.
Elsevier Publishing Co., Amsterdam. 1966.

Date Received: 10/17/85
Date Accepted: 11/07/85



