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Abstract 
The essence of education is to educate people, and the main goal of education 
is to educate on people how to think and make people not only have perfect 
personality, but also have strong learning ability. The teacher is the best per-
son to complete education. Based on self-perception theory, the teacher guided 
students to finish the derivation of the Gibbs-Duhem (G-D) equation in order 
to strengthen the students’ internal incentive. With a new establishment of par-
tial molar quantity and set formula, students promoted their thinking ability 
and solidified internal incentive with a sense of achievement. The logical estab-
lishment process of the G-D equation was used to supplement this currently 
widely used derivation process by heuristic teaching method. The system condi-
tions to which the G-D equation applied and the nature of its zero-degree ho-
mogeneous function were the key to understanding the derivation process. The 
derivation was carried out along the route of induction-deduction-induction, 
highlighting the training of thinking. Students’ internal incentive not only 
strengthened their innovative ability, but also provided the conditions for their 
future success, which played a very important role in serving the society. 
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1. Introduction 

In today’s severe pandemic situation, it is very important to train medical talents 
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in universities, and it is even more commendable to develop students’ innovative 
thinking through education. The urgent scrutiny of undergraduate science, tech-
nology, engineering, and mathematics (STEM) education has recently caused more 
and more research interesting for educators, education managers and policy-
makers in government departments, because the STEM is to meet the require-
ments of economic development for talents. Therefore, this requirement has ar-
gued that the faculty needs to be more active and responsible for being in research 
of knowledgeable of theories of learning, student learning experience, and re-
search-based instructional strategies. Education is a social activity in which hu-
man beings purposefully (consciously) cultivate people (strictly, there is no edu-
cation in the animal kingdom), and education must be acquired after birth, rela-
tive to congenital, which is also a way of inheriting culture, inheriting production 
and social life experiences (Erbil & Kocabaş, 2020), for example, children will suck 
milk when they are born, which is innate rather than education. Broad education 
includes social education, school education, and family education, for example, 
if there are some men walking together, one of them is bound to be good enough 
to be my teacher, and talking with you for one moment is much better than read-
ing books for ten years, etc. Narrow education usually refers to school education, 
where educators educate students in an organized, planned, and purposeful way 
according to the development law of students’ physical and mental health, and 
promote them to develop along the desired direction on the basis of developing 
needs required by industrial society, knowledge society and post-knowledge 
society. More narrowly defined education is moral education (such as ideo-
logical and moral courses), and from an individual perspective, education is 
the process of individual learning and development. In summary, education is 
a practical activity that promotes individual socialization and social individu-
alization under a certain social background, and the opposite of individual so-
cialization is individual liberalization (learning a lot of social norms), and so-
cial individualization is the individualized expression of the common social norms 
on individuals. 

Therefore, the essence of education is to educate people, which is the funda-
mental feature of education that differs from other things and the qualitative regu-
lation of education. Three main characteristics are as follows: Education is a kind 
of conscious social activity unique to mankind (purpose); education is an activity 
in which human beings consciously transfer social experience (sociality); educa-
tion is a social practice activity that directly cultivates people (education) (Erbil 
& Kocabaş, 2020; Tasdemir & Gazo, 2020). The ultimate goal of education is to 
educate people, and it is more important to teach students how to think, that is 
to say, good thinking methods can help them succeed, which will be beneficial to 
the society. Education is also a kind of imparting of thinking, and people have 
another kind of thinking trend because of their own ideology. Then, education 
should be taught to people with the most objective and impartial conscious think-
ing. People’s thinking will not be too deviant and gradually become mature and 
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rational due to the richness of thinking. From this, we can move towards the most 
rational self and have the most correct thinking cognition. 

Teaching is the basic way to carry out the policy of education, implement the 
comprehensive development of education and realize the purpose of education 
(Tasdemir & Gazo, 2020). Teaching is the most effective form of disseminating 
systematic knowledge and promoting the development of students, and it is also 
a powerful means of reproducing social experience, adapting and promoting so-
cial development. Teaching is an important part of cultivating students’ all-round 
development of personality by providing a scientific basis and practice. Teaching 
is also one of the ways of moral education, aesthetic education, sports, etc., and 
intellectual education is the main task of teaching, which also needs to be devel-
oped and consolidated through extracurricular activities. 

Teachers are the organizers of the educational process and play a leading role 
in all educational activities. As an independent social individual, teachers and 
students are a friendly and helpful relationship of friends (Jean-Jacques Rous-
seau, 1712-1778, French Enlightenment Thinker, John Dewey, 1859-1952, Ameri-
can pragmatism educator, both fully affirmed the student’s dominant position 
(Taylor, 2020; Bender, 2020). In order to improve the teaching effect, teachers 
should give active guidance to students. However, in most schools, teaching is 
still the traditional way of “preaching, teaching and solving doubts”. As for the 
teaching content, it remains unchanged for many years, and the teaching method 
without a heuristic function is old too. For example, in physical chemistry text-
books at home and abroad (Atkins & De Paula, 2014; Fu et al., 1990; Shao et al., 
2017), Gibbs-Duhem (G-D) equation is a traditional reasoning process. For par-
tial molar quantity, it is still a function of temperature, pressure and composi-
tion. This property has not been deeply explained and applied, and it has not 
been used in the derivation of the set equation and the G-D equation. There-
fore, for researchers and teachers, it is very important to update teaching con-
tents and methods, stimulate students to think positively and improve their think-
ing ability. 

2. The Role of Self-Perception Theory on the Learning 

Self-perception theory divides the reasons for people’s study behaviors into two 
dimensions, namely, self-perceived external motivation and self-perceived internal 
motivation. There are strong and weak points in each dimension, so there are 
four typical situations, i.e. external excitation is strong and internal excitation is 
weak, external excitation is weak and internal excitation is strong, both external 
excitation and internal excitation are weak, both external excitation and internal 
excitation are strong. In this article, we only discuss this situation: external exci-
tation is weak and internal excitation is strong due to the most closely relations 
to the learning positive attitude and effect. Of course, the length limitation is 
also a factor. 

In this situation, students have a higher interest in learning by themselves, 
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moreover, they have a deeply pleasant experience in learning activities, but there 
is no obvious or strong external incentive to promote students’ learning, whether 
material or social-emotional incentive. According to the self-perception theory, 
students’ mentality is also stable and balanceable at this time, because students 
can attribute their own reasons of learning motivation to their inner interests, 
rather than any external incentives. For example, in the story of “bore a hole on 
the wall to make use of the neighbour’s light to study”, in Han Dynasty, Heng 
Kuang (also called as Gui Zhi, born in the late Western Han Dynasty, a Confu-
cian scholar in the Western Han Dynasty, and a famous prime minister) was 
very diligent and eager to learn. Because his family was very poor, he had to do a 
lot of work during the day to earn money. Only at night can he study with peace 
of mind. However, he couldn’t afford candles, and as soon as it got dark, he 
couldn’t read books. Heng Kuang felt very painful for this wasted time. His 
neighbor was very rich. At night, candles were lit in several rooms to brighten all 
rooms. One day, Heng Kuang got up his courage and said to his neighbor, “I want 
to study at night, but I can’t afford candles. Can I borrow an inch of your house?” 
This neighbor had always looked down on people who were poorer than their 
family, so he sarcastically said, “If you are too poor to buy candles, why should 
you read?” Heng Kuang was very angry, but he was even more determined to 
read the book well. When Heng Kuang returned home, he quietly and secretly 
bored a small hole in the wall, and the candlelight of the neighbor’s house passed 
through the hole. Taking advantage of this dim light, he read hungrily, and 
gradually finished all the books. He became a famous scholar when he grew up. 
Obviously, when Heng Kuang was studying, there was no strong external incen-
tive, neither material reward nor emotional praise. The reason why he could per-
sist was that he could experience strong and lasting fun in the process of reading. 
His mentality must also be balanced, because he could clearly attribute his learn-
ing behaviors to the pleasure of reading, rather than the reward or praise given 
by others. 

Therefore, in the study process, firstly, the thought education of students is 
indispensable, why to learn, for whom to learn, this is the first thing to solve. Sec-
ondly, teachers guide how to learn by setting a few small goals that can be easily 
achieved, so that students can gain a sense of accomplishment and increase their 
confidence in learning. Finally, they should change old thinking habits, innovate 
their thinking way through logical thinking training, and increase practical train-
ing and pay attention to the practice process, and improve their ability to ana-
lyze and solve problems. In summary, student’s own internal incentive in learn-
ing and logical thinking ability is key to obtain future success. 

3. A New Insight of Gibbs-Duhem Equation 

The main teaching mode is still the transfer-acceptance type in China. The ad-
vantage is that it can present fully the leading role of the teacher and enable stu-
dents to obtain a large amount of systematic and scientific knowledge in a short 
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time. The disadvantage is that it is not easy to stimulate the initiative and enthu-
siasm of students. Although the teacher is the instructor and the student is the 
recipient, it is not a simple indoctrination relationship, that is to say, i tell you 
what you listen to. Teachers should mobilize students’ initiative and enthusiasm, 
guide them to master scientific knowledge consciously and improve their ability 
to analyse and solve problems through independent thinking, active exploration 
and lively learning. 

Exemplary teaching is one of the generally adopted better forms for learning 
basic knowledge, embodying the unity of problem teaching and system learning, 
and the unity of mastering knowledge and developing ability (Martin Wagen-
schein, 1896-1988, Famous German Educator and Practitioner (Wagenschein, 
2010). The basic process is to exemplarily clarify the individual case—the cate-
gory case—to exemplarily master the principle of law—to grasp the methodo-
logical significance of the law, and to apply the training of the law. Example 
teaching can cultivate students’ good thinking quality in teaching, strengthen the 
training of scientific thinking methods, and use heuristics method to arouse 
students’ positive and active thinking (Atkins & De Paula, 2014). In particular, 
the training of thinking mode is crucial to the future success of college students, 
because good thinking ability can ensure good lifelong learning ability. With the 
popularization of the concept of lifelong learning, it is more urgent for students 
to master lifelong learning ability. Therefore, only when students master this 
learning ability can they make greater achievements in society. Thinking refers 
to thinking activities based on scientific principles and concepts to solve problems, 
also known as logical thinking, including analysis and synthesis, comparison and 
classification, abstraction and generalization, systemization and concretization. 
Analysis (deduction) and synthesis (induction) are the basic processes of logical 
thinking, and the ultimate goal is to acquire a stronger creative thinking ability 
and enhance lifelong learning ability so as to better serve society. It is also ex-
pected to provide a reference for teachers’ teaching methods and teaching idea to 
meet the requirements of modern teaching education. 

The establishment process of Gibbs-Duhem (G-D) equation is an example (Shao et 
al., 2017) of the application of logical thinking (induction-deduction-induction). 
Through heuristic teaching methods, students’ thirst for knowledge is stimulated, 
creative motivation is cultivated, students’ enthusiasm and initiative in learn-
ing is mobilized, and the purpose is to improve the ability of their creative think-
ing and strengthen their internal incentive in the process of study. 

Taking the problem-oriented as the main line of the new analysis process, 
firstly, the existing problems and difficulties in study are analyzed, and the char-
acteristics of partial molar quantity is deeply analyzed. Secondly, according to 
the key point that partial molar quantity is still a function of temperature, pres-
sure and composition, G-D equation is re-deduced. Finally, the system conditions 
to which G-D equation applied and the nature of its zero-degree homogeneous 
function were the key to understand the derivation process. 

https://doi.org/10.4236/ce.2023.148105


Q. Jin et al. 
 

 

DOI: 10.4236/ce.2023.148105 1626 Creative Education 
 

1) Questions 
a) The current difficulty is that students cannot clearly understand the defini-

tion of partial molar quantities. 
b) In commonly used textbooks, partial molar quantity is still a function of 

temperature, pressure and composition, but this problem has been simplified, 
and there is no rigorous and logical derivation process resulting in the difficult 
understanding. 

c) The third difficulty is that students do not have a good understanding of 
the mathematical principle of partial mole quantities and the relationship of be-
tween set formula and partial molar quantity. 

2) Measures 
a) A new derivation and re-establishment of partial molar quantity. 
b) A logical thinking training of induction-deduction-induction. 
c) Stating the shortcomings in the current textbooks with the compared 

method. 
3) Results 
A new insight of partial molar quantity with the essential characteristics of 

zero-degree homogeneous function inspires students to think divergently and in-
novatively. 

3.1. The Re-Establishment of Partial Molar Quantity 

Partial molar quantity is a very important thermodynamic concept, in a homo-
geneous and multi-component macro-system with variable composition, when 
constant temperature (dT = 0) and constant pressure (dP = 0), and the amount 
of substance in all components except one component B is constant, the change 
of capacity property (extension quantity) X caused by the increase of one mole 
of component B is called as partial molar quantity XB. 

Here, it should be emphasized that the assumed model is a very large macro 
system, an increase of 1 mole of any substance will not change the ratio of all 
substances in this system, which is the premise of the existence of the concept of 
partial molar quantity: 

, , C B

B
B T P n

XX
n

≠

 ∂
=  ∂ 

                       (1) 

These capacity properties (X) include volume (V), enthalpy (H), thermody-
namic energy (U), etc., which also indicate that the thermodynamic property is a 
function of temperature, pressure, the amount of substance ( 1 , , mn n ) in the 
components and the ratio (composition) (such as 1 2:n n ) between the compo-
nents. But partial molar quantity is the strength property (rate of change), and is 
also affected by temperature, pressure, the amount of substance in components 
and the ratio between the components, or it is a function of these factors, that is 
to say, ( )1, , , ,B mX f T P n n=  . 

If all components in the system increased or decreased by the same multiple 
(i.e. the ratio is constant), the partial molar quantity will not be affected as long 

https://doi.org/10.4236/ce.2023.148105


Q. Jin et al. 
 

 

DOI: 10.4236/ce.2023.148105 1627 Creative Education 
 

as other factors remain unchanged. For a macro system, adding a certain amount 
of substance is still a macro system, which would not change the essential nature 
of partial molar quantity, because it is a ratio of the capacity property to the amount 
of substance-a rate of change, and it is an increase in relativity rather than abso-
lute quantities. In other words, the partial molar quantity of any substance is 
mainly affected by the relative amount of different substances. As long as the ra-
tio between any two matters changes, this partial molar quantity will change. 
Therefore, partial molar quantity is a zero-degree homogeneous function (Equa-
tion (2)), which is an essential characteristics of partial molar quantity, and it is 
also a prerequisite for the generation of set formula, rather than a limiting con-
dition. Obviously, the composition is an important factor that affects partial molar 
quantity: 

( ) ( )1 2 1 2, , , , , , ; 0n
B m B mX an an an a X n n n n= =            (2) 

In addition, the constant T and P is a prerequisite for partial molar quantity 
too. 

Taking the homogeneous system of 1, 2, 3, , m
 components as an example, 

the generation of this set formula is derived as follows. 
The function of any capacity property can be expressed in Equation (3). 

( )1, , , , mX f T P n n=                       (3) 

To find exact differential: 

1

1
, , 1 , , , ,

d d d d d
i i m

m
P n T n mT P n T P n

X X X XX T P n n
T P n n

≠ ≠

  ∂ ∂ ∂ ∂   = + + + +      ∂ ∂ ∂ ∂       
   (4) 

When T and P are all constants, moreover, the ratio does not change  
( 1 2: : : mn n n C= , constant), 

1
1 1 10 0 0

d d dmn n
m m i

m
i

x

iX X X n X n X n
=

= = + + =∫ ∑∫ ∫            (5) 

where i represents the components from 1 to m). Set Formula (5) contains some 
characteristics, and thinking of induction is as below: 

Firstly, the set formula starts from Equations (3) and (4), that is, from the in-
vestigation of influencing factors, when integrating, some conditions are added 
or considered (constant T and P, 1 2: : : mn n n C= ), indicating that the gen-
eration of the set formula is under specific conditions, that is, the generation of 
the set formula is considered only after the special situation is obtained. Of 
course, these conditions are consistent with the requirements of the conditions 
when defining partial molar quantity, moreover, the reason why integration is 
possible is that partial molar quantity of each substance is a fixed value by de-
fault due to a great macro system. The result is that this capacity property X is 
the sum of partial molar quantities of all components in the system. 

Secondly, X is the state function (thermodynamic property) of the system, 
which is general and universal and affected by T, P, n1, n2, …, and C. 

Therefore, the applicability of X function goes from special case to generality, 
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presenting the characteristics of induction. Obviously, in 1 i i
m
i X nX
=

= ∑ , the 
exact differentiation of X can be performed again to investigate the influence of 
various factors. However, at present, most textbooks in China are simply deduced. 
Here, the partial molar quantity as a strength quantity is still affected by some 
factors such as temperature, pressure, and composition, etc. 

The derivation of the G-D equation is as follows. 
The set Formula (5) is exactly differentiated, and thinking of deduction is also 

expanded to specific case. 

1 1d d dm m
i i i ii iX X n n X

= =
= +∑ ∑                    (6) 

The partial molar quantity iX  can be further differentiated 

1 1 1
, ,

1 1
, ,

d d d

d
j

i i
i i i ii i i

P n T n

i
i ji j

j T P n n

m m m

m m

X X
n X n T n P

T P

X
n n

n

= = =

= =

≠

∂ ∂   
= +   ∂ ∂   

 ∂
+   ∂ 

∑ ∑ ∑

∑ ∑
        (7) 

In addition, 

1 1
, , , ,

1
,, , ,

j i

j i

i
i ii i

iP n T P n P n

ii
P ni T P n P

m m

n

m

X Xn n
T T n

X Xn
T n T

≠

≠

= =

=

  ∂ ∂ ∂   =     ∂ ∂ ∂    

  ∂ ∂ ∂  = =    ∂ ∂ ∂   

∑ ∑

∑

       (8) 

Similarly: 1
,,

i
ii

T nT n

m X Xn
P P=

∂ ∂   =   ∂ ∂  
∑                (9) 

Substituting Equations (8) and (9) into Equation (7) 

1 1 1
, , , ,

d d d d
j

i
i i i ji i

m m
j

P n T n n

m

j T P n

XX Xn X T P n n
T P n= = =

≠

 ∂∂ ∂   = + +       ∂ ∂ ∂     
∑ ∑ ∑   (10) 

Substituting Equation (10) into Equation (6) 

1 1 1
, , , ,

d d d d d
j

i
i i i ji i j

P n T n j T

m m

P n n

m XX XX X n T P n n
T P n= = =

≠

 ∂∂ ∂   = + + +       ∂ ∂ ∂     
∑ ∑ ∑ (11) 

Because Equation (4) was obtained from the exact differentiation of  
( )1, , , , mX f T P n n=  , then, Equation (4) can be simplified into (12) as fol-

lows: 

1
, ,

d d d dm
i ii

P n T n

X XX X n T P
T P=

∂ ∂   = + +   ∂ ∂   
∑            (12) 

Comparing (11) with (12): 

Obtained: 
1 1

, ,

d 0
j

i
i ji j

j T

m

P

m

n n

X
n n

n= =

≠

 ∂
=  ∂ 

∑ ∑            (13) 
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Equation (13) can be considered as another form of G-D equation too (Fu et 
al., 1990; Yang & Wu, 2003), when the change of temperature and pressure is 
considered. This equation is no different with the current common form in es-
sence. 

The result is further proved from the characteristic that the partial molar 
quantity is a homogeneous function of zero-degree. 

Equation (13) can further be changed into: 

1 1 1 1
, ,, , , ,

1 1 1 1
, ,, , , ,

d d

d d

ij j

ij
i

i
i j i ji j i j

j j i T P n nT P n n T P n n

j
i j i

m m m

ji j j i
i j i T P n nT P n n T

m m

n

m m

P n

mX Xn n n n
n n n

XXn n n n
n n n

= = = =
≠≠ ≠

= = = =
≠≠

≠

=

    ∂ ∂ ∂ =    ∂ ∂ ∂     

   ∂ ∂ ∂  =     ∂ ∂ ∂   

∑ ∑ ∑ ∑

∑ ∑ ∑ ∑

(14) 

Because the partial molar quantity is a zero-degree homogeneous function, i.e. 

1
, ,

0
i

j
ii

i T P n n

m X
n

n=
≠

∂ 
= ∂ 

∑ , then, 
1 1

, ,

d 0
j

i
i ji j

j T

m

P

m

n n

X
n n

n= =

≠

 ∂
=  ∂ 

∑ ∑ . 

G-D equation is the inevitable result of zero-degree homogeneous function of 
partial molar quantity, which is consistent with the essential property of partial 
molar quantity because when defining partial molar quantity, one of the required 
conditions is constant temperature and pressure. 

Equation (10) can be further simplified to (15) after introducing (13) 

1
, ,

d d di ii
P n T n

m X Xn X T P
T P=

∂ ∂   = +   ∂ ∂   
∑              (15) 

This equation contains the effect of temperature and pressure, reflecting that 
the partial molar quantity still is a function of temperature and pressure (Yang & 
Wu, 2003; Liu, 2005). 

Obviously, when dT = 0, dP = 0, 

1 d 0i ii
m n X
=

=∑  (Gibbs-Duhem equation, common form); 

Also, 
1 1

, ,

d 0
j

i
i ji j

j T

m

P

m

n n

X
n n

n= =

≠

 ∂
=  ∂ 

∑ ∑  too, after comparing (11) with (12). 

Therefore, the condition of dT = 0 and dP = 0 can be regarded as a special 
case of the change of temperature and pressure, regardless of this condition 
happens to be consistent with one of the conditions required when defining par-
tial molar quantity. 

Or Equation (13) is equal to 1 d 0i ii
m n X
=

=∑ , (
1

, ,

d d
j

i
i jj

j T P n n

m X
X n

n=

≠

 ∂
=   ∂ 
∑ ). 

Induction of thinking: Why would the derivation cause such a result? This 
reason still comes from the establishment of a physical model-a very large ho-
mogeneous macro system, which makes it possible for the partial molar quantity 
to have the feature of a zero-degree homogeneous function. 
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In summary, no matter whether the temperature and pressure change, we can 
always obtain this equation. The acquisition of this equation is actually deter-
mined when the partial molar quantity is defined, because the physical meaning 
of the partial molar amount is a rate of change. When other factors remain un-
changed, only the change of the absolute quantity will not change the value of 
partial molar amount. However, the change of relative quantity between com-
ponents (compositions) is an absolute key to affect the partial molar quantity 
( iX ). One iX  increases, and another jX  will decreases, and the final change  

will be made according to this ratio (
d
d

ji

j i

nX
X n

= − ). 

3.2. The Application of Logical Thinking 

This essential characteristic of zero-degree homogeneous function of partial 
molar quantity determines the acquisition of G-D equation, and constant tem-
perature and pressure is only one factor, which is not the reason for the acquisi-
tion of this equation. At the same time, the logical thinking method in the deriva-
tion process of G-D equation is induction-deduction-induction, and this way of 
thinking is helpful for students to practice their creative thinking and conscious-
ness. 

Firstly, induction: the set formula is obtained from the limiting conditions of 
constant temperature and pressure. This process is from special case (constant 
temperature and pressure) to general. 

Then, deduction: the set formula ( 1 i ii
mX X n
=

= ∑ ) has a general characteristics, 
and any extension quantity (X) is a function of temperature, pressure, composi-
tions, and the ratio of compositions. The exact differentiation of ( )d d , ,X f T P n=  
is compared with the differentiation of the set formula ( )1d d ii

m
iX X n

=
= ∑ , in-

cluding the further differentiation of the partial molar quantity, and the G-D 
equation is obtained, which is not only suitable for variable temperature and 
pressure conditions, but also for constant temperature and pressure conditions. 
This process is from general to special case (constant temperature and pres-
sure). 

Finally, induction: the construction of G-D equation is based on the essential 
and basic characteristics of partial molar quantity-zero-degree homogeneous 
function. This derivation process essentially emphasizes the common attrib-
utes of partial molar quantity and G-D equation: common great homogene-
ous macro-system. 

However, at present, most textbooks in China do not consider the re-derivation 
of the partial molar quantity, ignoring the effect of temperature and pressure 
when deriving the G-D equation, which is inappropriate (Shao et al., 2017; Fu et 
al., 1990). Although the result of G-D equation is the same, the thinking mode is 
different. 

As a comparison, the conventional derivation in textbook in China is as fol-
lows. 
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Due to the set formula: 1 i i
m
i X nX
=

= ∑ . 

So, ( )
1 1

1 d dd m
i i i ii i

mX n nX X
= =

= +∑ ∑                (16) 

Due to the function ( )1, , , , mX f T P n n=  . 

So, ( )
1

,

2

,

d dd di ii
P n T n

m X XX n T P
T

X
P=

∂ ∂   = + +   ∂ ∂   
∑ . 

When dT = 0, dP = 0, obtained  
( )2

1d d i
m

ii X nX
=

= ∑                       (17) 

By comparing (16) and (17), ( ) ( )1 2d dX X= , then, 1 0di ii
m n X
=

=∑ . 
Obviously, the above process is simple and inadequate because of ( ) ( )1 2d dX X≠ . 

The dX(1) is the exact differentiation of set formula, and as a thermodynamic 
function, this X(1) has general applicability and is affected by other thermody-
namic properties. At the same time, it is also necessary to consider that partial 
molar quantity is also affected by these properties, such as temperature and 
pressure and composition. On the contrary, for X(2), its scope of application is 
reduced, because constant T and P is just a special case, which is not universalis-
tic, moreover, the re-differentiation of the partial molar quantity is not consid-
ered too. 

This mode of thinking cannot well reflect the context of logical thinking. We 
cannot only derive this equation from a special case, because it hides universal 
adaptability. Although this specific condition has always been valued by us (be-
cause it is a defined condition), this derivation does not inspire and guide stu-
dents’ thinking. Obviously, the establishment of the physical model and the as-
surance of the conditions are the key to learn this equation well. It also provides 
a good reference for students to study related majors. 

For example, reasoning is an important form of logical thinking just like con-
cepts and judgments. It is a thinking process of getting another judgment accord-
ing to one or some judgments. Formally speaking, reasoning usually reflects the 
connection between judgment and judgment, which is often expressed by some 
statements embodying conditions or causality, such as “Only the state function 
with extensive property has partial molar quantity, so the state function with 
strength property does not have partial molar quantity” and “Because of the iso-
thermal and heat-free exchange for ideal gas, there is no volume work in the proc-
ess of vacuum expansion, for the whole system Q = 0, W = 0, so the change of 
thermodynamic energy ΔU = 0. 

The following is a discussion of the significance of innovative thinking in the 
development of modern science and technology from the enlightening perspec-
tive of this thinking on innovation. 

4. The Significance of Training Thinking 

Dialectical materialism considers that thinking is an active reflection of objective 
things based on the knowledge of perceptual materials. Through thinking activi-
ties, people can gradually grasp the essence and changing law of things, further 
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form a conceptual understanding of things, and thus make judgment and rea-
soning. Therefore, the training of thinking is of great significance to college stu-
dents in future work, which can provide a convenience, rapid and effective method 
to find and solve problems. For example, for students majoring in geology, to 
deeply understand the evolution process of magmatic rocks and metamorphic 
rocks, it is an important means to use thermodynamic simulation, so it is neces-
sary to understand the relevant thermodynamic concepts and grasp an effective 
thinking ability. 

By the derivation of partial molar quantity and set formula, students can learn 
the basic form and skill of reasoning, form argumentative and logical thinking 
habits and communication skills, and form the ability to draw inferences from 
one example to another. Teachers should emphasize the derivation process of 
the formula, guide students to experience the formation process of the mathe-
matical formula personally. Only in this way can the students really understand 
the mathematical formula thoroughly. The learning of new things needs a gradual 
process, and psychological research indicates that the learning effect of meaning 
memorization is significantly better than that of mechanical memorization when 
learning a knowledge point. Therefore, teachers and students finish the learning 
process together, resulting in the students’ meaningful learning effect. Students 
can deepen their perception and understanding of the formulas they have learned, 
and produce really their internal incentive and get a sense of accomplishment. 
Compared with external incentive, internal incentive has the following two advan-
tages. Firstly, internal incentive is more effective in maintaining students’ long-term 
purposeful learning. External incentive can quickly stimulate students’ learning 
behavior, but this kind of stimulation is often temporary. The learning behavior 
resulted from internal incentive is relatively slow, but this kind of stimulation is 
lasting and even lifelong. Secondly, external incentive generally needs to set some 
specific goals, thus guiding students’ learning behavior. Once the students reach 
these set goals and get external incentives, such as some material rewards or praise, 
they are likely to stop studying or reduce the enthusiasm of studying. However, 
students with high internal incentive pay more attention to the learning activi-
ties themselves, and the achievement of the goals themselves will also become a 
stronger internal incentive. Instead of stopping learning, students may be en-
couraged to study further, so that students can spend more time and energy in 
learning activities, and thus they are more likely to achieve real achievements. 
For example, those great scientists and thinkers who can make truly outstanding 
contributions are high-intensity internal motivators. Finally, teachers should try 
their best to create a situation that is conducive to students’ concentration and 
motivation to learn, and make students produce stronger internal incentive for 
studying. 

In addition, students get the training of thinking ability through internal 
incentive studying and promote the development of innovative thinking abil-
ity, and innovative thinking refers to the thinking process of solving problems 
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with unique and novel methods. It is a high-level form of human thinking, a 
high-level expression of intelligence, and a crystallization of a variety of thinking 
with novelty and uniqueness. With divergent thinking as the core, divergent 
thinking has the characteristics of fluency (referring to thinking a lot of prob-
lems in a short period of time, very fast), flexibility (variability, the problems 
that come to mind, belonging to multiple different scopes) and originality 
(uniqueness, found by oneself alone, very novel). The acquisition and forma-
tion of creative thinking ability is not overnight, which requires college stu-
dents to hard work and active participate in various study and entrepreneurial 
activities. 

Firstly, these students study some theoretical knowledge about innovative think-
ing, including the basic concepts of creative thinking, the basic principles of crea-
tive thinking, and the methodology of creative thinking, moreover, it is more 
important to actively practice them. Of course, the study of curriculum theory is 
also very important, not only providing excellent thinking training cases, but 
also laying a solid professional foundation for future work, as discussed above. 
Next, students should dare to think independently and tap their own internal 
potential. Finally, schools should accelerate the transformation of education con-
cepts and deepen education reform, at the same time, schools and society should 
provide more practical and feasible innovation and entrepreneurship platforms 
for college students. 

The research on innovation and entrepreneurship has a long history. How-
ever, the comparative and systematic research began in the 1930s with Schum-
peter’s research on innovation theory and Osborne’s research on creativity 
(Malerba & McKelvey 2020; Penuel & Furtak 2019). The first rise appeared in 
the late 1960s, the most famous being entrepreneurship education in American 
universities. At present, entrepreneurship education in the United States has 
been incorporated into the national education system. Many famous American 
high-tech companies in the contemporary era are almost all created by college 
entrepreneurs using venture capital, such as Intel’s Moore, Grove, Microsoft’s 
Bill Gates, HP’s Hewlett and Packard, Netscape’s Andreessen, etc. Innovation 
ability includes creative thinking ability, creative practice ability, and the other 
non-intellectual factors. Of course, creative thinking ability is decisive and the 
most important because all innovation comes from the innovation of thinking. 
Therefore, the training of innovative thinking ability is very important for col-
lege students. 

With the development of modern enterprises, there are more and more high-tech 
enterprises and less and less demand for ordinary workers. Therefore, in their daily 
study, college students continuously improve their innovative thinking. Only by 
enhancing their innovative ability, changing employment concepts and actively 
participating in innovation and entrepreneurship can they develop themselves. 
In addition, the development of the country and society cannot be separated 
from the support of talents, and even from the support of innovative talents. 
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Therefore, only by improving their own innovation awareness and innovation 
ability can college students contribute to the development of society, technology, 
and economy. 

Taking the student work of Tao’s research group as an example (Jin et al., 2020a, 
2021), it is briefly introduced the training and gain of students’ innovative think-
ing in scientific research work as below. At present, the rapid growth of popula-
tion, urbanization and industrialization has recently caused more and more 
severe environmental problems including water pollution. The graphene-based 
new materials are attracting more and more attention in the scientific commu-
nity due to their unique properties. The surface of graphene oxide (GO) is rich in 
active groups such as epoxy groups, carboxyl groups, and hydroxyl groups. GO 
has a large specific surface area and good dispersibility in water and excellent 
reactive activity and becomes a preferred material with high capacity and high 
selectivity. Therefore, in our research group, some students have prepared some 
new GO monolith for coatings, such as, the application of graphene-based adsorp-
tion materials has been expanded to the anticorrosive coating industry by some 
students (Jin et al., 2020b, 2022, 2023), showing their innovation and pioneering 
consciousness, indicating the positive role of innovative thinking in the tech-
nology research work. 

5. Conclusion 

Education is a way of inheriting culture, whose ultimate goal is to make people 
beneficial to the society. Teaching is the basic way to carry out this goal. The 
most effective form of disseminating systematic knowledge is school education 
and teaching, and self-perception theory indicates that internal incentive is more 
effective in maintaining students’ long-term purposeful learning than external 
incentives. Teachers guide students to get internal incentive by an example of 
teaching, which not only strengthens the training of scientific thinking, but also 
provides a greater sense of achievement using a new method to solidify students’ 
motivation to learn. 

Taking the new establishment process of the G-D equation as a teaching ex-
ample, a heuristic teaching method is used to guide students’ thinking, and a 
distinct logical thinking process is emphasized in the derivation process: induc-
tion-deduction-induction, and this way of thinking is helpful for students to 
practice their creative thinking and consciousness. The new derivation process 
not only highlights the dialectical nature of thinking, but also clarifies the source 
of the problem: a physical model composed of a very large homogeneous macro 
system and a zero-degree homogeneous function of partial molar quantity is the 
main essential reason and characteristic of reasonable derivation. 

The study of theoretical courses is beneficial for the training of logical think-
ing and the acquisition of internal incentive, which is also helpful for the scien-
tific research and the development of society, economy and science and technol-
ogy, taking the students’ work of our research group as an example. 
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