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Abstract—Instrumental education is a very important part in 

colleges and universities, which has a profound influence on 

cultivating the ability of undergraduates, particularly the ability 

of combine theory with practice. In this paper, compatibility, as a 

key hidden element in the design of suitable materials, 

particularly composite materials, is explored as a professional 

term in instrumental education. The clear disclosure and 

explanations of “compatibility” to college students should be 

beneficial to improve students’ comprehensive ability, 

particularly the ability of “combining theory with practice”. 

Although only Fourier-transform infrared spectroscopy (FTIR) 

has been innovatively developed here, a series of other 

characterization methods can be similarly explored as teaching 

materials for cultivating students’ comprehensive ability during 

the scientific instrumental educations processes.   

Keywords—Instrumental education; Higher School; 

Engineering education; Compatibility; Practical ability 

I.  BACKGROUND 

The issue of students having influence and responsibility 

over their scientific instrumental learning is a complex issue 

[1]. Both lessons for explaining difficult theories and those for 

real experimental practices can be integrated together into the 

scientific instrumental educations. Thus, instrumental 

educations should be taken full advantages for cultivating the 

college students’ ability.     

A scientific instrument is, broadly speaking, a device or 

tool used for scientific purposes, including the study of both 

natural phenomena and theoretical research. In the universities 

for science and technology, there are often a wide variety of 

different kinds of scientific instruments. Learning to use these 

instruments is important for the students to become a valuable 

labor, become an excellent engineer or a scientific researcher 

in future in the society. On the other hand, the teachers should 

pay more attention to explore these instruments as tools for 

effective instrumental educations.       

Compatibility is a measure of how stable a substance is 

when mixed with another substance [2-5]. If two substances 

can mix together and undergo a chemical reaction, they are 

considered incompatible. Today, man-made nanocomposites, 

which often consist of two, three or even more components are 

very popular both in laboratory and industrial applications. 

Correspondingly, the compatibility among the components 

frequently comprise a big concern in the related material 

development [6-7].  

       In analysis chemistry, many methods can be exploited to 

characterize the compatibility and the related stability of a 

nanocomposite [8-10]. Among these methods, Fourier-

transform infrared spectroscopy (FTIR) is a technique used to 

obtain an infrared spectrum of absorption or emission of a 

solid, liquid or gas. An FTIR spectrometer simultaneously 

collects high-spectral-resolution data over a wide spectral 

range, often from 500 to 4000 cm-1. The term Fourier-

transform infrared spectroscopy originates from the fact that a 

Fourier transform (a mathematical process) is required to 

convert the raw data into the actual spectrum. Infrared 

spectrometers are used to analyse molecular structure of 

samples qualitatively and /or quantitatively, without 

destruction of the molecules [11-15].  

 

 
 

Fig. 1 Based on the instrumental education in higher school, a new 

procedure can be developed for improving the comprehensive ability of 

college students: i.e. from theoretical lessons in classroom, to a series of 

experimental class about instruments in laboratory, to a group of experiments 
aimed to one joint goal, and finally to cultivate their practical and innovative 

ability for sending a senior labourer to the society.  
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Instrumental education occurs in lessons about analysis 

chemistry and also many other discipline. It can be excellent 

teaching materials for fostering the comprehensive ability of 

the college students in higher school (Fig. 1). The procedure 

include several steps, including from theoretical lessons in 

classroom, to a series of experimental class about instruments 

in laboratory, to a group of experiments aimed to one joint 

goal, and finally to cultivate their practical and innovative 

ability for sending a senior labourer to the society. Apparently, 

these steps reflect an advance gradually in due order, moving 

forward from simple to complex, from classroom to laboratory 

and to real life, and from theory to practice.   

Each FT (Fourrier Transform) spectrometer is basically 

composed of the following optical elements: an IR source, an 

interferometer (with part of it, a beamsplitter) and a detector. 

In the FT machine, the beam produced by the source passes 

through an aperture, then eventually through an optical filter, 

and penetrates the inetrerometer. When the beam exits the 

interferometer, it is modulated by the scanner (moving mirror). 

The beam is then led to the sample (where it transmitted or 

reflected), and finally it is focused on the detector. In FTIR 

analyses, the incident beam is infrared light, which is 

composed of radiations. When a radiation beam strikes any 

object, it can be absorbed, transmitted, reflected, scattered, or 

it can excite fluorescence (Fig. 2). The achieved FTIR spectra 

can tell the information about the favorable secondary 

interactions between the coexistent components, and thus their 

compatibility for long-time period stability and functional 

performances. 

 
Fig. 2 FTIR spectra can tell the information about the favorable secondary 

interactions between the coexistent components, and thus their compatibility 
for long-time period stability and functional performances. 

II. “COMPATIBILITY” IS THE KEY HIDDEN ELEMENT FOR A 

SUITABLE MATERIAL DESIGN, PARTICULARLY THE 

COMPOSITE MATERIALS 

“Compatibility” is the key hidden element for a suitable 

material design, particularly the composite materials. Often, 

the suitable design needs a full and strong support of the 

practical experiences. A most famous example is the 

composition theory of a prescription in traditional Chinese 

medicine, i.e. “Monarch, Minister, Assistant and Guide”. In 

the field of materials science and engineering, numerous 

double-component composites and multiple-component 

composites have this concern [16-19]. Particularly in today 

nano era, nanocomposites from a wide variety of generation 

methods need to be characterized about their chemical 

stability, physical stability and also physiological stability. 

From this standpoint, “compatibility” can be excellent 

supporting point for organizing engineering and innovation 

teaching material in a broad sense.    

With medicated nanoparticles prepared using an 

electrospraying process as models, the role and place of 

compatibility is shown in Fig. 3. For the design of a new kind 

of medicated material, a model drug and its polymer should be 

reasonably selected, and sometimes the surfactant and 

transmembrane enhancer should be also selected for 

enhancing the functional performances of the final medicated 

material. Medicated materials at nano scale can provide many 

advantages over the traditional materials. Thus, a series of 

processes have been reported for developing nano medicated 

nanocomposites. Among them, electrospraying and 

electrospinning are the most popular “top-down” fabrication 

methods, which can transfer the working fluids into solid 

nanoparticles or nanofiber mats, respectively.    

The characterizations of developed new products often 

consist of a series of analysis methods, which are exploited to 

disclose all their properties and performances, such as 

morphology, inner structure, physical forms and compatibility, 

mechanical/thermal/conductive/hydrophilic properties, and the 

desired functional performances. Through these experimental 

data, the design and selection of raw materials can be 

evaluated correctly. Certainly, among these evaluated 

parameters, “compatibility” is the key hidden element for the 

medicated composite materials. This is because that 

compatibility between the drug and its carrier is very 

important for the composite particles’ functional performances 

and particularly, their stability.  

     

Fig. 3       Compatibility & physical forms are important properties of the 

final medicated nanoproducts. 
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III. HIGH CORRELATION BETWEEN THE “COMPATIBILITY” 

AND THE INSTRUMENTAL ANALYSES  

“Compatibility” is an abstract concept, which is not easy 

to be explained as clearly as the exploited instruments. But 

this concept has a very close relationship with a series of 

instrumental analyses [20-21]. Good compatibility is pre-

requisite for the designed materials, for their storage or 

reactions, so that the vessel and other apparatus will not be 

damaged by its contents.  

Often, secondary interactions between the components in 

the amorphous composites are very important for their stable 

coexistence, preventing the re-crystallization of drug 

molecules and also the possible solid phase separation within 

the solid particles [22-25]. For disclosing the potential 

secondary interactions between the components, FTIR is one 

of the most important and broadest methods for detecting the 

potential secondary interactions, such as the hydrogen bonding 

and hydrophobic interactions, which can be speculated from 

the appearance or disappearance of absorbance peaks, blue or 

red shifts of some characteristic peaks of the raw materials. 

Shown in Fig. 4, FTIR spectra can tell the information about 

the secondary interactions between the coexistent components 

such as hydrogen bonding, hydrophobic interactions, 

electrostatic interactions and also Van der Waals’ force [26-

27]. These interactions are favorable for the stability of the 

final products, which can be evaluated using accelerated 

ageing tests.   

    

 
 

Fig. 4 FTIR spectra can tell the information about the favorable secondary 

interactions between the coexistent components, and thus their compatibility 

for long-time period stability and functional performances. 

IV. CLEAR DISCLOSURE AND EXPLANATIONS OF 

“COMPATIBILITY” IN INSTRUMENTAL EDUCATION IS 

BENEFICIAL FOR THE STUDENTS TO IMPROVE THEIR 

COMPREHENSIVE ABILITY  

In all the universities of science and technology, 

instrumental education is very important key element for 

engineering education. It should create a profound influence 

on cultivating the undergraduate students’ ability, particularly 

the capability of linking theory with practice. Clear disclose 

and explanations of “compatibility” in instrumental education 

is a very useful platform for improving the students’ 

comprehensive ability.  Particularly, “linking theory with 

practice” can be clearly exhibited to the college students 

majoring in materials science and engineering through 

theoretical explanations in classroom, to instrumental 

education with FTIR machines for understanding the working 

mechanism of this analysis method, and to a series of 

instrumental education on characterizing a new advanced 

material. Similarly with the FTIR, a series of other 

instrumental educations about scanning electron microscope 

(SEM), transmission electron microscope (TEM), X-ray 

diffraction (XRD), Raman spectroscopy (RM), and differential 

scanning calorimeter (DSC) can be explored to cultivate the 

students’ ability of practice and innovation (Fig. 5) [28,29].  

 

 
 

Fig. 5 Besides FTIR spectra, a series of other instrumental educations can be 

explored to cultivate the students’ ability of practice and innovation. 

V. SUMMARY  

Scientific instrumental education can be a bridge to 

connect the lessons for explaining difficult theories and those 

for real experimental practices. The full usage of instrumental 

educations should be very useful for fostering the students’ 

comprehensive ability, particularly the ability of “linking 

theory with practice”.  With compatibility as a professional 

term and Fourier-transform infrared spectroscopy (FTIR) as a 

teaching instrument, respectively, this paper successfully 

explains why and how the clear disclose and explanations of 

“compatibility” to the college students can be beneficial for 

them to improve their innovation and engineering ability. The 

developed teaching procedure can be similarly exploited in the 

lessons about other scientific instruments. 
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