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CHAPTER 1 GENERALIZATION

OF INSTRUMENTAL ANALYSIS
e T

Instrumental analysis is widely used in the controlling and management of manufacturing
procedure, exploration and promotion of new material. Analytical chemistry, which is the
foundation of modern technology of analysis, is a course to study the analyzing methods of
the chemical compositions of matters and theories concerned. This branch of science
underwent three great revolutions in its development. With the development of the basic
theory of analytical chemistry, especially the development of basic concept of physical
chemistry, analytical chemistry is transformed from a technique to a branch of science. The
second revolution is due to the development of physics and electronics which changed the
state of taking chemical analysis as the main means and developed instrumental analysis. At
present, analytical chemistry is undergoing the third revolution. With the development of
production, science and technology, analytical chemistry is now applied in all fields of
science and technology.

Instrumental analysis technology is based on the measurement of the physical properties
of matters. Because this technology needs some special instruments, it is called
“instrumental analysis”, With the development of science and technology, deep changes take
place in analytical chemistry in the aspects of methods and experimental technology,
especially the appearance and wide applications of new instrumental analytical methods, thus
the instrumental analysis accounts for more proportion in analytical chemistry and becomes
the important supporter of modern experimental chemistry. In the area of quality analysis for
liquid propellant, the traditional analytical methods are gradually replaced by the
instrumental analysis. The analysis for liquid propellants, such as hydrazine species and
nitro oxidant, depends more and more on instrumental methods. Some basic principle and
experimental technique of the more instrumental analytic technology are becoming the basic

knowledge and basic technique of analyzing staff of liquid propellant.
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1.1 GENERALIZATION OF MODERN
ANALYTICAL TECHNOLOGY

The development of science and technology requires highly analytical chemistry in
increasing the precision and accuracy of measurement. In order to meet the precision
requirements of weapons, the requirements of component analysis in liquid propellant field
are increased continuously. So the application of modern technology of instrumental analysis
in the analysis of liquid propellant, especially the combination technology of separation
technologies, such as gas chromatography, and verification methods, such as mass
spectrum, can combine their advantages together, and cooperate with each other to improve
the precision and accuracy of method and resolution capacity of impurity mixture in liquid
propellant, It also acquire some functions which cannot be got with any single means only.

According to analytical methods, analytical chemistry can be classified into chemical
analysis and instrumental analysis. Instrumental analysis is classified into three varieties;
electrochemical analysis, chromatographic analysis and photometrical analysis. Modern
analytical technology mainly means the above-mentioned three technologies.

The electrochemical analytical technology is based on the electrochemical properties of
solutions, including potentiometric analysis method, electroweight analysis method,
Coulomb analysis method, voltampere method, polarogram method and conductivity
method.

The chromatographic analysis technology is used to attain the separation of all
components in a mixture according to the differences of their physical or chemical properties.
The separated components can be analyzed qualitatively or quantitatively. Sometimes
separation and determination are conducted at the same time and sometimes separation is
earlier than determination. Chromatographic method includes gas chromatography and liquid
chromatography.

Photometrical analysis is based on the transaction between the substance and
electromagnetic radiation, including atomic emission spectroscopy, atomic absorption
spectrum, ultra-visible absorption spectrum, infrared absorption spectrum, nucleus magnetic
resonance spectroscopy and fluorescence method.

The varieties of modern analytical methods are various. According to the actual
condition of liquid propellants, some commonly used analytical methods and technologies
shall be discussed in this book.

» Gas chromatographic method

* Gas chromatography-mass spectrum combination method

* Near infrared spectrum method

+ Automatic counter of particulates
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1.2 CHARACTERICS OF MODERN
ANALYTICAL TECHNOLOGY

Modern analytical technology is to acquire the chemical constituent, content and
chemical structure, of substances by means of measuring the parameters and their changes of
some physical or physicochemical properties of substances with instruments. The analytical
objects of the modern technology of analysis are generally in semimicro grade (0, 01—0,1 g),
micro grade (0. 1—10 mg) or supermicro grade (<(0. 1 mg). Modern instrumental analysis
for the sample components analysis is characterized as simple, rapid operation and most
instruments transfer the concentration changes or the physical property changes of
components into some kind of electric properties, such as resistance, conductivity,
electropoential, capacity and current, etc. so it is easy for the modern instrumental analysis
to be automated and intellectualized to get rid of the manual operation in the traditional
laboratory. Its basic characters include:

1) High sensitivity. Most instrumental analysis is suitable for micro analysis and trace
analysis, such as the water, dimethylammine and unsymmetrical hydrazone in UDMH.

2) Small quantity of sample. Chemical analysis needs sample in the range of 107'—10 'g;
instrumental analysis needs sample in the range of 107 *—10 ®*g. For example, the chemical
analysis for UDMH needs sample in the range from 500—1000 ml. while the instrumental
analysis needs only 50—100 mL.

3) Higher analytical accuracy at low concentration. The relative error is lower in the
range of 1%-10% when the content of impurity is in the scope of 107° %—10* %.

4) High speed. Chromatographic method needs 5 minutes for one UDMH sample while
chemical analysis needs 3—5 days.

5) Non-destructive analysis is possible. Sometimes the determination of non-destruction
can be conducted. Surface or microarea analysis with some method can be conducted.

6) Analysis of multi information or special function can be conducted. Qualitative and
quantitative analysis can be conducted simultaneously.

7) Strong specialty. For example, the ion selective electrode can determine the
concentration of a given ion.

8) Convenient for remote checking, remote controlling and automation. Instantaneous
and on-line analysis can be conducted to control producing procedures and environmental
monitorings.

9) Simple operation. Omit many complex chemical operating procedures. With the
increase of automation and programming, the operation shall be simpler.

10) Instrument is complicated and expensive.
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1.3 DEVELOPMENT OF MODERN
ANALYTICAL TECHNOLOGY

Since the emergence of instrumental analysis in 1930s, the content of analytical
chemistry has been enriched and a series of fundamental changes has been made for the
analytical chemistry. With the development of science and society, analytical chemistry is
facing deeper, wider and more serious changing. The replacement of modern analytical
instrument, application and renewing of new methods and new technology of instrumental
analysis are the important changes. Modern instrumental analysis is playing a very important
role in the analysis for liquid propellant.

Optical analysis method has been developed as an analytical method based on the
knowledge of the photometric properties of substances. After Newton separated white light
into spectrum in the 17th century, scientists made a lot of researches on spectrum. In the
first half of the 19th century, scientists had connected a characteristic spectrum with a
substance and proposed the qualitative analysis concept. On this basis, German chemist
Benson and physicist Jerhuff produced the first optical spectrometer cooperatively to realize
the transition from spectroscopic principle to the spectroscopic analysis and formed a new
analytical method, i. e, spectroscopic method. In late 19th century, the possibility of
quantitative analysis with spectrum was researched. In 1874, Lokai got the conclusion from
great amount of experiments that the quantitative analysis of spectrum could only depend on
the intensity of spectral line. Till the 20th century, the intensity of spectral line is
determined through photoelectrical method. After that, the photomultiplier was used to the
quantitative analysis of spectrum. At the same time, another method in spectroscopy, using
the absorption spectrum of substance, was developed.

The combination of computer and analytical instrument formed the intellectualization of
analytical instrument and accelerated the data processing. It made many tasks, hardly
completed before, such as automation of laboratory, rapid browser of spectroscopy and
complex mathematic statistic, completed easily nowadays. The collection and transformation
of information mainly depend on sensors. This led to the development of sensors in
instrumental analysis and formed chemical sensors of optical conductive fiber and all kinds of
biological sensors. Combination technology of instrument has become an important
developing direction of instrumental analysis. Combining all these methods, especially the
combination of separation method, such as chromatography, and inspection methods, such
as infrared spectroscopy, mass spectrum, nuclear magnetic resonance and atomic absorption
spectroscopy, accumulates the advantages of all methods and avoids their own disadvantages
to conduct the sample analysis.

The development of analytical instrument and methods revitalized the analytical

chemistry and made the analytical chemistry change from typical analysis, chemical analysis
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oriented, to the modern analysis, instrumental analysis oriented. The application of
instrumental analysis is widened gradually into the concerned courses. Analytical instrument
shall be developed in the direction of small-sized, special type, combination, automation and
intellectualization. Modern technology of analysis shall accumulate all new materials, new
apparatus, microelectronic technology, laser, artificial intelligence, digital picture
processing and chemical metrology to make the ability of analytical chemistry of getting the
substance information involving quality, quantity, state, shape, structure and microarea
increased greatly.

In order to adapt to the development of science, the modern instrumental analysis shall
be developed with the following trends.

1) Methods innovation. The sensitivity, selectivity and accuracy of instrumental
analysis methods should be improved further

2) Intellectualization of analytical instrument. Computer can be used to calculate the
analytical results, and also can be used to store the analytical methods and standard data, to
control the operation of instrument and to realize the automation of operation.

3) New dynamic inspection and non-destructive inspection. Off-line inspection cannot
reflect the real situation of manufacturing and live environment instantaneously, directly and
accurately nor control the production, ecology and life procedure in time. With the advanced
technology and analytical principle, studying and establishing effective, real-time, on-line,
highly sensitive, highly selective and non-destructive inspection methods shall be the main
flow of instrument development in the 21th century. At present, biological sensors, enzyme
sensors, immunity sensors, DNA sensors, cell sensors come into being continuously.
Nanometer sensors provide an opportunity for living organism analysis.

4) Combination of many methods. The combination of many instrumental methods can
exert the advantages of all methods and make up for the disadvantages of each method.

5) Expanding the time space multidimensional information. With the booming of
environmental science, universe science, energy science, life science, clinic chemistry and
biological medicine, the modern instrumental analysis is used not only to characterize and
measure the separated component, but also to provide chemical information for substances as
much as possible. With the deepening of the knowledge for the objective matter, some areas
not well-known before, such as multidimensional, unstable and boundary condition, are
gradually put on the schedule. Using modern nuclear magnetic resonance spectrum, mass
spectrum, and infrared spectrum can provide fine structure, space arranging constituent and
instantaneous changing for organic molecules and supply important basis for people to
understand the chemical reaction mechanism and life.

All in all, modern analytical technology is being developed towards high speed, good

accuracy, high sensitivity and good adapting to the special analysis.



CHAPTER 2 GAS CHROMATOGRAPHIC
ANALYTICAL TECHNOLOGY

2.1 GENERALIZATION

Chromatography is a separation method. Different substances have different distribution
coefficients in two phases. When two phases make relative movements to each other, the
repeated distributions of these substances in two phases many times realize the separation of

substances.

2.1.1 CLASSIFICATION OF CHROMATOGRAPHY
Chromatography is classified according to the following criteria.

1. Classified according to the states of two phases

In Tswett experiment, calcium carbonate is fixed, called stationary phase and petroleum
ether is moving, called mobile phase. According to the state of mobile phase, the
chromatography is called gas chromatography if the mobile phase is gas; it is called liquid
chromatography if the mobile phase is liquid and it is called supercritical fluid
chromatography if the mobile phase is supercritical fluid.

According to the state of stationary phase, gas chromatography can also be classified into gas-
solid chromatography and gas-liquid chromatography. Similarly, liquid chromatography is
classified into liquid solid chromatography and liquid chromatography.

2. Classified according to separation principle

In chromatography, the properties of stationary phase play a decisive role in the
separation of a mixture.

The distribution chromatography is named according to the solubility of different
components in the stationary solution. Gas-liquid chromatography in gas chromatography
and the liquid-liquid chromatography in liquid chromatography all belong to distribution
chromatography.

The absorption chromatography is named according to the absorption and desorption

ability of components on the absorbents. The gas-solid chromatography in gas

8 s
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chromatography and liquid-solid chromatography in liquid chromatography belongs to

absorption chromatography.

3. Classified according to the type of stationary phase

The column chromatography is named when the stationary phase is inside column,
including packaged column chromatography and open tube column chromatography. The
packaged column chromatography is named when the stationary phase is filled fully inside
glass or metallic tube. It is called open tube column or capillary chromatography when the
stationary phase is on the inner wall of the tube.

It is called flat-bed chromatography when the stationary phase is in the plate state,
including paper chromatography and thin layer chromatography. The former uses filtering
paper absorbing water as stationary phase and the latter uses the absorbent coated on the

glass plate as the stationary phase.

4. Classified according to the material of stationary phase

The ion exchange chromatography takes the ion exchange agent as the stationary phase.
The dimension exclusion chromatography takes the pbrosity glass or the porosity polymer
with certain scope of aperture as the stationary phase and the bonded phase chromatography
takes the chemical bonded phase (bond the stationary solution on the multi carrier by means
of chemical reaction, such as silica gel) as the stationary phase.

There are many kinds of chromatography, which can be classified with different
classification methods. Generally, the following two methods are used for classification, the
state of stationary phase and the state of mobile phase, seen as table 2 — 1.

Table 2 -1 Classification of chromatography according to the states of two phases

Mobile phase Name Stationary phase Name of chromatography
Solid Gas—solid chromatography(GSC)
Gas Gas chromatography(GC)
Liquid Gas—liquid chromatography(GLC)
Solid Liquid—solid chromatography(LSC)
Liquid Liquid chromatography(LC)
Liquid Liquid—liquid chromatography(LLC)

2.1.2 ANALYSIS FLOW OF GAS CHROMATOGRAPHY

Fig. 2 — 1 is the analysis flowchart of gas chromatography. The nitrogen (N,) and
hydrogen (H,), provided by high pressure cylinder, enter the cleaning device through the
reducing valve to eliminate the impurities and water inside, and then the pressure and flow of
carrier gas are controlled by pressure stabilizing valve and needle shaped valve. In the end
the carrier gas enters the chromatographic column through gasification room. After the flow
of carrier gas, the temperature in gasification room, column, detector and the baseline of
recorder are stabilized, the sample shall be injected into the gasification room through
injector and the liquid sample shall be gasified at once and carried into column by means of

the carrier gas. Because the absorption ability and solubility of different components of



