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IntelliChem Identifier∗
An Intelligent Search Engine at Your Fingertips for the Identification of
Unknown Organic Compounds
Suchandra Chakraborty, Kaushik Basu, Sanjib Halder and Chandan Saha
Qualitative organic analysis (QOA) has long been an integral
part of the undergraduate and postgraduate organic chemistry curriculum. QOA sessions typically involve dealing with
a lot of information that includes experimental procedures,
derivatization methods and a tedious, time-consuming literature survey. Finding a single source of all these data can often
prove challenging. In this article, we describe an Androidbased smartphone application named ‘IntelliChem Identifier’
(CI) that can act as a virtual assistant and consultant for students providing on-the-fly access to all the relevant information required in an ongoing QOA assignment. Along with the
detailed descriptions of the chemical tests and derivatization
techniques, this app provides a digital database enlisting numerous organic compounds and their characteristic response
to the series of experiments routinely carried out in QOA. CI
also features a quiz section with separate problem sets and
answer keys that can act as a self-assessment guide to the students. Presently, when e-learning resources are in high demand, CI can make the lab work more engaging and exciting
to students, as evident from the users-feedback and rating of
the app.
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Qualitative organic
analysis has been an
integral part of the
curriculum since the
inception of organic
chemistry teaching, and
has served as a valuable
tool for young learners
to develop analytical and
laboratory skills.
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Qualitative organic analysis (QOA) has been an integral part of
the curriculum since the inception of organic chemistry teaching, and has served as a valuable tool for young learners to develop analytical and laboratory skills. QOA involves carrying
out a series of simple, yet logic-based sequential and systematic
qualitative tests, based upon which the special element (if any),
the nature of the compound, and the functional group present in
the given organic sample are identified [1–10]. The other part
of QOA is forming suitable derivatives based on the functional
groups present followed by a literature survey. Finally, by comparing the melting points of the derivatives with those reported
in the databases, the given organic sample is identified. These
databases containing hundreds of organic compounds are wellorganized in several publications [1–5, 11] that have served the
students for years. However, all of these have the drawback of
being rather humongous in volumes. Over the years, concurrent
with the progress of organic chemistry as a subject, new reactions
to detect the functional groups have been added to the curriculum
and modern, more user-friendly methods have been developed for
derivatization purpose [12, 13]. With the advent of green chemistry, QOA now also features several tests and reactions based on
those principles [14–17]. All these have contributed to a steady
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increase in the volume of information that a student needs to typically handle in his/her QOA assignment. It is understandably
difficult for a single book to contain all this information and even
more so for students to rapidly access and extract the required
data or experimental procedure from the massive database. If this
information can be stored digitally, it becomes much more accessible to educators and students alike. Although many manuals
[18–20] outlining the experiments relating to QOA are available
online, a comprehensive ‘digital vault’ is still very much lacking. The landscape of chemical education is rapidly changing in
favour of online learning. This has prompted a keen demand for
e-learning resource development. We feel that the time is right
for moving the compound database and information relating to
reaction procedures and derivatization methods into the digital
domain.

It is understandably
difficult for a single book
to contain all this
information related to
QOA and even more so
for students to rapidly
access and extract the
required data or
experimental procedure
from the massive
database. If this
information can be
stored digitally, it
becomes much more
accessible to educators
and students alike.

Qualitative organic analysis is an essential core curriculum for
undergraduate as well as postgraduate courses of almost all of
the Indian universities and institutes of higher learning [21–27].
However, the task of literature survey and suitable derivatization
of the sample supplied in QOA turn out to be quite a tedious
task for many students. The success of derivative preparation
depends critically on the exact experimental condition. Moreover, for some samples, some particular derivative must be prepared, the method of which is not a generalized one. Although
there are a few books [1–5] available to carry out this literature
survey, in our experience, students usually do not get all the information from a single source and are thus forced to consult a
number of such resources. It must also be emphasized that not
all of these resources can be made readily available to all of the
students, due to obvious financial constraints. Under this circumstance, most of the students have to depend upon the instructor of
the practical classes to get the information necessary to complete
the assignments. In classrooms where the student-to-teacher ratio is typically high, it is not easy for a trainer to pay individual
attention to each and every student and providing personalized
feedback may prove rather difficult. This situation dictates that
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the students should be empowered with all the information necessary to tackle the problem at hand where they should depend
upon minimal but proper support from the trainers. With the everincreasing use of massive open online courseware (MOOC) programs and homeschooling, there is a need for a standard research
effort to encourage the students to direct their self-regulated learning in QOA assignments. Concurrent with the expansion of the
computing powers of the machines, recent times have seen significant growth in the development of mobile learning environments. Hand-held devices, such as smartphones and tablets have
become affordable and easily accessible to the student community
throughout the world. A large number of chemistry-related teaching and learning-related applications [28–32], popularly termed
as ‘apps’, have been designed for such hand-held devices. Quite a
few of these apps [33–35] are freely available. The positive reception and increasing approval rate of these apps indicate that there
is a high demand for such digital learning resources among the
intended audience that include students in high schools, colleges,
and graduate schools, chemical professionals, and educators.

IntelliChem Identifier
(CI) an online search
engine and a
comprehensive resource
center to assist the
students in identifying
the unknown organic
compound during
qualitative analysis.
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The present work describes the design and development of a new
Android OS-based smartphone tutor app called IntelliChem Identifier (CI). CI is an online search engine and a comprehensive resource center to assist the students in identifying the unknown organic compound during qualitative analysis. This involves several
steps. Detailed procedure of the tests relating to the identification
of the functional group is outlined in this app. Armed with the information of the functional group present and the melting/boiling
point of the supplied sample, the student can browse through the
online database of compounds to decide on probable candidates
and select an appropriate derivative. The detailed procedure of
derivatization is also embedded in the app. Once the derivative is
prepared and its melting point noted, the student can finally decide on the identity of the unknown sample by tallying this data
with the online dataset. Overall, this app serves as a standalone
guide for students to independently carry out all the experiments
required in QOA laboratory sessions by providing every neces-
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sary information literally at their fingertips.

Operational Principle
IntelliChem Identifier is designed and developed to extend the
benefits of smartphones to a chemistry laboratory. This online
application is straightforward and easy for everyone to handle.
The operational principle of the application includes the following steps:
1. On opening the app, the users can view the search page, where
they have to select first whether their compound of interest is
solid or liquid.

IntelliChem Identifier is
designed and developed
to extend the benefits of
smartphones to a
chemistry laboratory.
This online application is
straightforward and easy
for everyone to handle.

2. To get a precise search result, users have to put in the melting/boiling points determined. The deviation ranges for the melting/boiling points can be adjusted from the settings tab. However, melting/boiling points is not a mandatory field, and this can
be controlled from the settings tab.
3. Next, the users have to select whether the compound contains any
special elements such as N, S or halogens. This is not a mandatory field, but this input helps in narrowing down the search result
to keep it at a manageable size.
4. Finally, the users have to select the functional group(s) detected
in their sample of interest from the nitrogenous and non-nitrogenous
functional groups menu and then they have to go for the search.

The search result is displayed as a list of probable compounds
(compound list) with the name, chemical structure, physical state
(solid/liquid) and the melting/boiling points tagged with each entry. Against each of these entries is placed a view button that
takes the user to the dedicated page for that compound. Within
this page, the user will find a detailed account of the chemical
characteristics of that compound along with the list of names of
the sample’s best probable derivatives and their melting points.
From this section, it is easy to navigate to the pages that outline
the preparative procedure for each of those derivatives.
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Figure 1. Screenshots of
the sequence of a typical
search operation in IntelliChem Identifier (CI).

Following these steps, a user is systematically and efficiently guided
by this tutor app CI in his/her quest to identify an unknown organic compound. The screenshots of the application are shown in
Figure 1.
As a standalone guide to
its users, CI contains a
MENU section from
where the details of the
experimental procedures
for the detection of
special elements, along
with tests for the
detection of nitrogenous
and non-nitrogenous
functional groups can be
extracted.

Apart from the core features of CI to act as a search engine during
organic qualitative analysis, we have executed certain supplementary functions for the application to work as an analytical tool as
well. As a standalone guide to its users, CI contains a MENU
section from where the details of the experimental procedures for
the detection of special elements, along with tests for the detection of nitrogenous and non-nitrogenous functional groups (Figure 2) can be extracted. Additional information is provided for
each functional group, where the possibility of interference from
other groups and a few critical points relevant to the chemical test
are discussed.
Although the analysis is qualitative in nature, rigorous procedures
must be followed in preparing the appropriate reagents for some
experiments in a QOA. Otherwise, the test might afford a false
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Figure 2.

Screenshots
of the menu and sub-menu
screen.

positive or a false negative result, leading to erroneous conclusions. CI includes the methods of preparation of a few laboratory reagents, particularly those that are required in the relatively
sensitive tests during the qualitative analysis of unknown samples. Additionally, CI also features a directory for the preparation
of common derivatives in the menu tab. This feature allows the
users to take a peek into these procedures without executing a
full-fledged search operation. Users will also find a quiz section
in this menu where multiple problem sets are provided featuring questions based upon the theoretical principles and working
knowledge required for QOA. The answer keys to these problem
sets are separately given in the same tab. This section is designed
as a self-assessment guide for the students.

CI includes the methods
of preparation of a few
laboratory reagents,
particularly those that
are required in the
relatively sensitive tests
during the qualitative
analysis of unknown
samples. Additionally,
CI also features a
directory for the
preparation of common
derivatives in the menu
tab.

Built-in Technologies
IntelliChem Identifier has been developed entirely for the Android platform of Google Inc. This application is structured by
Java programming language. As CI is an online searching ap-
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plication, a panel is created in the cloud using database MySQL.
All the data is stored in the database, and the application retrieves
the data from backend PHP/CI during searching. The cloud panel
platform can be updated as required, and the update is reflected
on the application immediately.

Discussion
The objective behind the
development of the app
is to make available to its
users a hazard-free,
friendly tool for
literature survey and
procedures for derivative
preparation during the
identification of
unknown organic
compounds through
qualitative analysis.
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The objective behind the development of the app is to make available to its users a hazard-free, friendly tool for literature survey
and procedures for derivative preparation during the identification of unknown organic compounds through qualitative analysis.
Presently, the application includes four nitrogenous functional
groups (aromatic primary amine, amide, anilide and aromatic nitro) and six non-nitrogenous functional groups (carboxylic acid,
phenolic hydroxyl, keto, aldehyde, ester and ethylenic unsaturation) based on the most widely incorporated moieties in the QOA
curriculum of universities, mainly at the undergraduate level. The
app’s continuously growing database currently features more than
one hundred and eighty organic samples. For the accurate identification of a given unknown organic compound, a user would look
for a precise search result that is available only on furnishing the
accurately determined melting/boiling point of the unknown compound. If this information is not fed into the app and the search is
executed based only upon special elements found and functional
groups detected, the result would include numerous possible candidates. On the other hand, when the mp/bp is fed into the system along with other relevant information, the search result would
typically comprise of only 3–4 compounds as the likely suspects.
The true identity of the unknown compound can now be easily
revealed by forming the appropriate derivative and further crosschecking with the small dataset. This idea has prompted us to
keep the mp/bp field mandatory as default in the search setting.
When used in this way, CI can be seamlessly integrated with an
ongoing laboratory session where it serves as a real-time search
engine and virtual consultant to the students. For the convenience
of the users who are more interested in browsing the dataset and
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not be limited by a range of mp/bp, this option can be switched
off from the settings of the application. The app now assumes
the form of a comprehensive data pool from where the user can
extract information about the character of various organic compounds and the methods of derivatizing those by exploring the
dataset based upon search queries that use several combinations
of functional groups of the users’ interest.

IntelliChem Identifier: Identification of an Unknown Organic
Compound
Example of Laboratory Activity
In a typical QOA assignment, an unknown solid organic compound is identified through the following sequence:
1. Preliminary tests
(a) State of aggregation
(b) Colour
(c) Determination of mp/bp
2. Solubility classification
3. Detection of special elements
4. Detection of functional groups
5. Literature survey based on melting point of the unknown compound and the functional groups detected
6. Preparation of one or more suitable derivative(s) and determination of melting point of those.
7. Conclusion

Let us exemplify how an organic compound (unknown sample
marked “X”) can be identified using the IntelliChem Identifier
app. We will have to assume some hypothetical physical and
chemical characteristics of X. These data are outlined below:

RESONANCE | May 2021

693

GENERAL ARTICLE

1. Physical characteristics
a) Physical state: Crystalline
b) Colour: White
c) Melting point: 125o C
2. Solubility classification: 0.1 g sample was taken in 3.0 ml of the
solvent during solubility test and the order of the solvents during
the solubility test was maintained as below:

Water
-

5% HCl
-

5% NaOH
-

5% NaHCO3
NP

Conclusion
Given compound is neutral in nature

Where + = Soluble; – = Insoluble; NP = Not performed.
3. Detection of special elements: Lassaigne’s Test
A pea-sized amount of sodium was taken in a clean and dry fusion tube. It was heated on a Bunsen flame till it melted and a
shining surface appeared. A pinch of the supplied sample was
added to it. Then it was heated first gently and then strongly to
red hot. The hot tube was plunged immediately into 8–10 ml of
distilled water taken in a mortar. It was pestled well and then
filtered. With the filtrate, the tests for the detection of special
elements were performed as per Table 1.
4. Detection of Functional Groups
[A] Detection of nirogenous functional groups (Table 2).
[B] Detection of non-nitrogenous functional groups (Table 3).
5. Literature survey
Based on the experimental observations outlined for “X”, the student will feed the relevant data to IntelliChem Identifier, which
will yield the results shown in Figure 3.
The search result indicates that three probable candidates correspond to the data furnished. All of these contain amide as a
functional group, and the melting point of each belongs in the
range of ± 5o C of the melting point determined for “X” (125oC).
The characteristic details of each of these probable compounds
can be easily accessed from the app (Figure 4):
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Experiment
i) Test for Nitrogen:
To a portion of the filtrate (2 ml)
few drops of freshly prepared
FeSO4 solution was added. This
was heated gently till it boiled
and then cooled. The solution was then acidified with dil.
H2 SO4
ii) Test for Sulfur:
To a part of the filtrate few drops
of sodium nitroprusside solution
was added.
iii) Test Halogens:
To a part of the filtrate equal volume of conic. HNO3 was added.
It was boiled till the volume was
reduced to 1/2 of its original,
the solution was cooled. To this
AgNO3 solution was added.

Observation

Inference

Prussian blue coloration
was observed.

Nitrogen was present and
confirmed.

No violet/purple coloration was observed.

Sulfur was absent.

No ppt. was obtained.

Halogen was absent.

Table 1. Tests for the deThe characteristic details of the three probable compounds reveal
that nicotinamide is soluble in 5% HCl, succinimide is watersoluble, and benzamide is insoluble in all of the given solvents.
This solubility classification indicates “X” was probably benzamide. This prediction should be confirmed by proper derivatization of “X” and determination of the melting point of the derivative.

tection of special elements.

6. Suitable derivative preparation and melting point determination

CI provides the necessary information about the appropriate derivative, its melting point and its method of preparation. These materials can be easily accessed (Figure 5) from the page dedicated to
benzamide.
With the aid of the procedure provided by CI, the acid derivative of the given amide was prepared by hydrolyzing “X”, the
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Experiment
i) Test for Aromatic Primary Amine (ArNH2 :
A small amount of the sample was suspended in dil. HCl. It was cooled under tap
water. To it aq. NaNO2 solution was added
drop wise with stirring. The resulting solution was poured into cold alkaline β naphthol
solution.
ii) Test for Anilido (-CONHAr):
A small amount of the sample was heated in
a test tube with 2-3 beads of NaOH. The oily
droplets condensed at the upper cooler part
of the test tube was soaked by a filter paper
stip. The strip was taken in another test tube.
To this 1 ml of 1:5 HCl is added, cooled and
diazotized with four drops of ice-cooled 10%
NaNO2 2 solution. Five drops of this diazotized solution are added to ice-cooled solution of β-naphthol
iii) Test for Amide (-CONH2 ):
A small amount of the sample was heated in
a test tube with few drops of water and 2-3
beads of NaOH.
iii) Test for Aromatic Nitro:
a) A small amount of the sample was taken
in a test tube with Zn-dust and c. HCl. This
was heated gently for 5 minutes. The resulting solution was cooled, filtered and diluted.
With the cold filtrate, the diazo test was performed as usual.

Observation

Inference

No red or orange dye was observed.

Aromatic primary amine (Ar-NH2 )
absent.

No red or orange dye was observed.

Anilido group (-CONHAr) absent.

Pungent smell of ammonia was perceived and the issuing gas turned a
phenolphthalein-soaked filter paper
temporarily pink

Amide group (-CONH2 ) present.

No red azo dye.

Aromatic -NO2 absent.

No black / grey ppt. was observed.

Aromatic -NO2 absent.

b) b) Mulliken–Barker’s test: A small
amount of the sample was dissolved in 50%
aq. alcohol. To it was added Zn-dust and a
pinch of NH4 Cl. This mixture was boiled for
few minutes, cooled and allowed to stand for
5 minutes. This was then filtered into Tollens’ reagent.

Table 2.

Detection of
Nitrogenous
Functional
Groups.

derivative was recrystallized and its melting point was determined
which turned out to be 122o C.

Conclusion
The melting point of the given unknown compound “X” was determined to be 125o C, nitrogen was present as a special element,
and the functional group detected was amide. After the preparation of the acid derivative of “X”, it was determined that the melt-
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Experiment
i) Test for carboxylic acid (-CO2 H):
To an aq. alcoholic solution of the sample a
pinch of solid NaHCO3 was added.
ii) ) Test for phenolic –OH:
a) A drop of neutral ferric chloride solution
was added to alcoholic solution of the sample.
iii) Test for carbonyl group:
A small amount of the sample was dissolved in minimum volume of absolute alcohol taken in a dry test tube. To it was added
equal volume of Brady’s reagent (2, 4-dinitro
phenylhydrazine (2, 4-DNP)) solution. This
was shaken vigorously; the inner walls of the
test tube were scratched with glass rod. Finally this was kept in a hot water bath for 10
minutes.
iv) Test for ester (-CO2 R):
a) A small amount of the sample was
dissolved in aq.
alcoholic solution of
NH2 OH.HCl. This was made alkaline by
the addition of alcoholic NaOH solution, the
alkalinity of the solution was tested with a
drop of phenolphthalein. This was boiled for
few minutes, cooled, acidified with d. HCl
and a drop of FeCl3 solution was added.
v) Test for ethylenic unsaturation:
Dilute KMnO4 solution was added drop wise
to acetone solution of the sample and shaken.

Observation
No effervescence
noted.

Inference
was

Carboxylic acid (-CO2 H) absent.

No
Violet/green/blue/winered
colouration
was
noted.

Phenolic –OH absent.

No
Red/orange/yellow
crystalling ppt. appeared

Carbonyl group absent.

No Burgundy/
magenta/violet color was
observed

Ester (-CO2 R) absent.

Purple color of permanganate was not discharged

Ethylenic unsaturation/easily oxidizable group absent.

Table 3.
122o C,

ing point of the acid is
which tallies with that of benzoic
acid. Thus, it can be concluded that the given unknown organic
compound “X” is benzamide.

Users Experience Feedback
Users were requested to share their experiences with us about using this app. This group comprised undergraduate and postgraduate students, research scholars, faculties and chemists working in
the industry. Their feedback was carefully evaluated, and the few
suggestions made by them were also incorporated to make the
application more comprehensive. Totally 45 individuals shared
their opinions based upon a fixed set of a questionnaire (5-point
scale) provided to them (Figure 6.). More than 90% of these users
believe that CI would be helpful in an ongoing QOA session. A
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Detection of
non-nitrogenous functional
groups.
More than 90% of these
users believe that CI
would be helpful in an
ongoing QOA session. A
vast majority (>80%) of
these individuals also
agree that carrying out
the literature survey in
the conventional method
by consulting books,
particularly when
engaged in a QOA
session, is extremely
difficult.
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Figure 3. Screenshots of
the search results shown by
CI, based upon relevant data
fed to it.

Figure 4.

Characteristic details of the probable compounds displayed by
the app: (a) Nicotiamide,
(b) Succinimide, (c) Benzamide.

vast majority (>80%) of these individuals also agree that carrying out the literature survey in the conventional method by consulting books, particularly when engaged in a QOA session, is
extremely difficult. Moreover, 60% of these people find it difficult to access the information provided by this app from alternative sources, thus highlighting the limited availability of those
resources to them. Finally, an overwhelming majority (>90%) of
the users would prefer to use this app compared to the conven-

698

RESONANCE | May 2021

GENERAL ARTICLE

Figure 5.

(a) Characteristic details of the expected
compound with the derivative tab, (b) Detailed procedure of derivative preparation.

Figure 6. User’s feedback
analysis charts and overall
result.

tional literature survey.
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In the short time since this app was launched in the Google Play
Store, a large number of encouraging user reviews have also appeared in that platform, indicating a generally favorable response
of the community to this application.

Conclusion
IntelliChem Identifier can be freely downloaded from the Google
Play Store on any Android devices with platform version 1.0.1
and up. With the aid of this user-friendly application, students can
independently carry out their work related to the identification of
unknown organic compounds in the laboratory. All the relevant
details of experimental procedures, derivatization methods and
most importantly, the tedious literature survey is brought to the
students in a concise yet comprehensive digital platform. We also
believe that this app is of valuable assistance to the laboratory instructors and educators for saving time so that they can interact
more fruitfully with the students during practical sessions. Being
a digital platform, the expansion possibility of CI is ‘virtually’
limitless, and we plan to add a number of features in near future,
based upon the user feedback that we continue to receive. The
compound database and the quiz section are regularly and continually upgraded by adding new entries and problem sets. Work on
a section dedicated to the theoretical principles of the chemical
tests and reactions associated with derivative preparation are also
underway. We hope that in its present avatar and in future versions, CI would serve as a virtual assistant and confidant to the
student community and will make the laboratory sessions more
engaging and exciting for them.

IntelliChem Identifier 1.0.1 (April 2020)
The app has been designed and developed in the SynthChem Lab,
Suchandra Chakraborty & Associates.
Google Play Download URL: https://play.google.com/store/apps/
details?id=io.ci.compoundidentifier
Watch Demonstration Video:
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https://youtu.be/2otk3-mNL0Q
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