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Abstract

In this article we present an art of writing flowcharts in organic chemistry preparation practicals. We divided students into
two groups. One group of students was trained to write procedural flowchart and the other group of students was educated
to write chemical flowchart for the preparation of p-nitroacetanilde from acetanilde and preparation of hippuric acid from
glycine. The procedural flowchart simply represents the steps involved in an organic preparation. While, chemical flowchart
describes chemical species involved in each step of preparation. We found that students educated to write chemical flowchart
have gained superior knowledge in chemistry over the students who were trained to write procedural flowchart.
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Introduction

Flowcharts were first introduced in 1921 in the American society
of mechanical engineers. They were very popular in 1950s in the
area of computer science. A flowchart is an illustrative diagram
which present the steps involved in any process from beginning to
end with an aid of boxes with flow arrows. They are often called as
process maps. Besides, they represent textual relationships, which
are connected by time. Students explain a sequence of events,
phases, stages and actions which lead to an outcome. In many in-
stances, they are used in machine learning and deep learning in
physics, to describe an experiment in chemistry and to illustrate
life cycle of organisms in biology.

Explanation on the use of flowchart is complex. However, it can be
constructed based on purpose. Besides, subject expertise is needed
in constructing flowchart. Flowcharts may be classified as proce-
dural, implementation and evaluation [1]. At first, in procedural
flowchart, we represent simple and essential steps involved in a
protocol. Secondly, in implementation flowcharts, essential steps
and decisions required to implement a protocol are mentioned.
Thirdly, implementation flow charts are used to represent efficien-
cy of a particular involvement or teaching plan. It is also called as
decision making flow chart [1].

Flow charts help to identify essential steps involved and represent
the complete pictorial diagram of a process. Each step in flow chart
describes what is happening in that step. Besides, each step is ar-
ranged in chronological order. Our literature revealed the lack of
education research articles on flowcharts and their applications in
chemical education.

In the area of chemistry, we use flowcharts to describe an experi-
ment, particularly in organic chemistry practicals at the University
of Mysore. Procedural flow charts are useful in describing an ex-
periment in practical sessions of organic chemistry.

We are working full-time in chemistry and medical chemistry [2-
10]. As a part-time work on chemical education, we have recently
published an article on inquiry-based teaching method, which in-
duces cognitive thinking in post graduate students [11]. In contin-
uation of this work, we herein disclose the importance of art of
writing flowcharts in organic chemistry practicals, which enhances
logical thinking among student community.
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Experimental

We designed experiments on art of writing flowcharts in organic
chemistry practicals in two batches of students with a total strength
of forty. First twenty members were trained by the first author
and second batch of twenty students were taught by teacher X.
Post-experimental data were collected by the first author. The data
were collected by practical record books of organic chemistry stu-
dents and are analyzed in results and discussion part and conclud-
ed at the end of manuscript. In our method of writing flowchart,
we trained our students in such a way that what is happening in an
organic chemistry experiment.

Results and Discussion

We selected an experiment in organic chemistry practical and
trained two batches of students. The batch-I was trained by the
first author and the batch-II was taught by teacher X. We opted
‘preparation of p-nitroacetanilde from acetanilde by nitration’ as

a model experiment. The general procedure for the preparation of
p-nitroacetanilde from acetanilde is given below.

Dissolve 3 g of acetanilide in 5 mL of glacial acetic acid and 7
mL of concentrated sulfuric acid. Keep the warmed clear reac-
tion solution in freezing mixture. Add slowly the cold solution of
nitrating mixture (2 mL of concentrated nitric acid and 1.5 mL of
concentrated sulfuric acid) into the reaction mixture by maintain-
ing the temperature below 10°C. After addition, keep the reaction
mixture at room temperature for half an hour. Pour the reaction
mixture into a beaker containing 150 g crushed ice. Filter the
precipitate and dry. Recrystallize a small portion of product from
ethanol.

The batch-1I students trained by teacher X wrote procedural flow-
chart like below (Figure 1).

Dissolve 3g of acetanilide + 5 mL of glacial acetic acid +
7 mL of concentrated sulfuric acid

l Cool using ice

Prepare nitrating mixture (2 mL of concentrated nitric acid +
1.5 mL of concentrated sulfuric acid)

Y

Add it dropwise to beaker and let it stand for 30 min

Y

Pour the mixture into crushed ice and preciptate is formed

J

Filter using Buchner funnel and recrystallize

v

Pure p-nitroacetanilide is obtained

Figure 1: Procedural Flowchart Written by Batch-II Students Taught by Teacher X

On the other hand, the first author educated students of batch-I to

write flowchart in the other way. We taught students to write chem-

icals, reagents and compounds involved in each step. We would

like to call the flowchart which represents chemical species in-
volved in each step as ‘chemical flowchart’. The advised flowchart
to batch-I students is given below (Figure 2).
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Acetanilide + AcOH + H,SO,

Cold l HNO:s + H2SOx

£+
p-Nitroacetanilde + AcOH + H,SO,

H,O + unreacted acetanilide if any +
o-nitroacetanilde if any

Ice

Precipitate

p-Nitroacetanilde + H,O +
unreacted acetanilide if any +

o-nitroacetanilde if any

lm

p-Nitroacetanilde +
unreacted acetanilide if any +

o-nitroacetanilde if any

Recrystallizationl EtOH

| Pure p-nitroacetanilde|

y

Filtrate
|AcOH + H2S04 + H20 |

Figure 2: Chemical Flowchart Advised to Batch-I Students by the First Author

Our batch students were inspired by this kind of writing flowchart.
On the other day, we planned another experiment in organic chem-
istry practicals. We instructed batch-I students to do preparation
of hippuric acid from glycine and to write chemical flowchart.
Our students applied their knowledge to write chemical flowchart,
which is given in Figure 3. The batch-II students, as usual wrote
procedural flowchart (Figure 4). The procedure for the preparation
of hippuric acid from glycine is given below.

Dissolve 1 g of glycine in 20 mL of 10% sodium hydroxide solution
and add 7.5 mL of benzoyl chloride to it. Plug the mouth of the
flask with cotton and shake vigorously until the smell of benzoyl
chloride is no longer detected. Then add 1-2 mL of concentrated
hydrochloric acid to make the mixture acidic. Filter the product
using Buchner funnel, wash with water, dry and recrystallize a
portion of product from boiling water.

Glycine + NaOH + H,0 + benzoyl chloride |

Sodium salt of hippuric acid + Sodium benzoate
+NaOH + H,0 + sodium salt of glycine if any

HCl

Precipitate

Hippuric acid + benzoic acid if any

+ Hzo
5

| Hippuric acid + benzoic acid if any|

Hot Waterlrecrystallization

| Pure hippuric acid |

Flitrate

NaCl+ H,0 + HCl +
Glycine hydrochloride if any

Figure 3: Chemical Flowchart Written by Batch-I Students
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Dissolve 1 g of glycine in 10% NaOH solution

¢

Add 7.5 mL of benzoyl chloride to it

'

longer detected

Shake vigorously untill smell of benzoyl chloride no

'

Add 1-2 mL of concentrated HCI to make mixture acidic

'

| Filter and wash with water |

v

| Recrystallize with boiling water |

Figure 4: Procedural Flowchart Written by Batch-II Students

Thus, all students come under batch-I wrote chemical flowcharts
to all organic chemistry laboratory preparations, which took them
to a great level of logical thinking.

Conclusion

In conclusion, we trained students of organic chemistry to write
chemical flowchart to all preparations in organic chemistry labo-
ratory. We define chemical flowchart as the one which gives com-
plete chemical information in an organic preparation at each step.
Training students to write chemical flowchart rather than proce-
dural flowchart enhanced the thinking capability. Thus, students
can understand what is happening in each step of organic prepara-
tion. Also, we compared the output on students who were involved
in these experiments. The students who were educated to write
chemical flowchart were successful in passing prestigious national
level examinations for research fellowships. Besides, they were
able to get positions in pharmaceutical companies in campus in-
terviews. Thus, we recommend all teachers to introduce the con-
cept of writing chemical flowchart in organic chemistry laboratory
preparations.
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