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Tables 2 – 4 illustrate the criteria for curricula analysing: the higher education levels (bachelor, master, PhD) 
where GC courses are taught (see table 2), the programs content (see table 3) and presence/absence of the la
boratory classes (see table 4). It is pertinent to note that even the associate of science degree in GC is proposed. 
An associate degree is an undergraduate degree awarded after a course of post-secondary study lasting two 
or three years. It is a level of qualification above a high school diploma but below a bachelor’s degree. The 
associate of science degree mainly applies in the United Kingdom and the USA. 

As the data of table 2 illustrate, GC and related courses introduction into the curricula at all education levels 
is an exception not a rule. 

The analysis revealed that both specialists and people who are far from chemistry often use the terms «green 
chemistry» and «sustainable chemistry» interchangeably, although these terms are not the same. The terms 
«green chemistry» and «sustainable chemistry» are similar in meaning, because they both focus on protecting 
our planet and its natural resources, but this is the only similarity.

Nowadays the blurring borders of the GC concept are an acute problem. The authors [12, p. 69] offer to 
attach to GC only those chemical processes, which fulfill all the twelve principles, but not one or two of them. 
This proposition can be expanded on educational programs.

Sustainable chemistry comes out for ensuring environmentally friendly development while GC focuses on 
the development, production and use of chemicals and chemical processes that minimise potential pollution or 
environmental risks and are economically and technologically feasible. Table 3 shows how various universities 
tackle this issue.  

For example, the jointly hosted program of the University of Aveiro, the NOVA University Lisbon and the 
University of Porto «PhD in sustainable chemistry» includes such disciplines as new synthesis strategies, new 
catalysts design that belong to the field of GC. In addition, within the framework of the program, students study 
food safety, which is not related directly to GC, but clearly corresponds to the concept of sustainable develop-
ment. They also study analytical transfer methods (hyphenated analytical techniques) and chemical biology. 
These two disciplines can be considered as tools of green chemistry (GC-tools) actively used by green chemists.

It should be noted that both SC and GC pursue sustainable development goals. At the same time, SC includes 
such areas as human health, environmental monitoring and food safety. In addition, SC strives for resource 
efficiency. The Organisation for Economic Cooperation and Development gives the following definition to 
SC: sustainable chemistry is a scientific concept aimed at improving the resource use efficiency to meet human 
needs for chemical products and services.

It is significant that in July 2019 even US congressional panel examined two concepts for differentiating 
between GC and SC: one well-defined with history and the other never and less distinct. It was told that the 
term «sustainable chemistry» has been introduced more recently and possesses countless definitions put forth by 
individuals, companies, trade associations, not-for-profit organisations, and governmental entities. In addition, 
there is no consensus on how to measure the sustainability of chemical processes and products. But the par-
ticipants of the discussion emphasised that GC is an essential component of SC. Sustainable chemistry cannot 
be conducted in the absence of GC. Green chemistry according to IUPAC definition is the invention, design 
and application of chemical products and processes to reduce or to eliminate the use of hazardous substances 
for workers and consumers.

Fig. 2. American states, where GC presents  
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