


HONORING THE LEGACY  OF  

ACHARYA P RAFULLA CHANDRA  RAY  
 

It is a moment of 
immense pride and joy 
as the Department of 
Chemistry at Durgapur            
Government College  
presents the historic First 

Edition  of our 
departmental magazine. 
Every journey begins 
with a single step, and 
we are thrilled to take 
our very first step by 
celebrating the spirit of 
scientific inquiry and 
creativity within our 
student community.  
 

We proudly and reverently dedicate this 
inaugural edition  to the memory of Acharya 
Prafulla Chandra Ray (P.C. Ray), the revered 
"Father of Indian Chemistry ," on the occasion of 
his birth anniversary month.  
 

Acharya P.C. Ray was far more than a pioneering 
scientist. He was a visionary educator, a 
passionate patriot, and a pathbreaking 
entrepreneur who founded Bengal Chemicals & 
Pharmaceuticals I˞ndia's first indigenous 
pharmaceutical company. His groundbreaking 
discovery of Mercurous Nitrite placed Indian 
chemical research firmly on the global map. Yet, 
his true greatness lay in his  simplicity and his 
absolute dedication to nurturing young minds, 
famously believing that a nation's future depends 
entirely on the scientific curiosity of its youth.  
 
There could be no better way to begin the 
journey of our very first magazine than by 
seeking inspiration from his life and legacy. As 
students of Durgapur Government College, we 
pledge to keep his spirit of relentless inquiry, 
academic excellence, and love for science alive 
through these pages. 
 
With great honour and respect, we dedicate t his 
maiden edition to the titan of science who taught 
us that chemistry is a powerful tool to build and 
transform the world.  
 

 

Welcome to the First Edition of our 

Chemistry E -Magazine! 

ACHARYA P.C RAY 



A MESSAGE FROM DEPARTMENT  

Welcome to the inaugural edition of 
THE OCTET (August 2026), the 
annual e-magazine of the 
Department of Chemistry, Durgapur 
Government College.   
                 Under our central theme, 
"Beyond the Atom: Insights, 
Innovations, & Research," this 
platform celebrates the dynamic 
intersection where rigorous science 
meets creative imagination. 
Our goal is to highlight sustainable 
green solutions and advanced 
laboratory breakthroughs emerging 
in recent days. Dedicated reverently 
to the enduring legacy of Acharya 
P.C. Ray, this edition reflects our 
collective commitment to exploring 
matter, understanding change, and 
shaping a better tomorrow through 
education, innovation, and scientific 
curiosity. 
      We extend our warm appreciation 
to all student contributors, faculty 
members, and researchers who 
brought this publication to life. 
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SNEHA  MOSHAN  

INTRODUCTION  

Chemotherapy is a cancer treatment, that uses powerful chemicals and 
drugs to kills or stop the growth of rapidly dividing cancer cells. It may be used 

alone or with other treatments such as surgery or radiation therapy. 

Although this treatment has saved countless lives, it has several significant 

Limitations: 

1 

What if cancer treatment could do more than just attack?  
What happens when medicine learns to aim?       Imagine a tiny therapeutic package travelling 
through the bloodstream. Millions of cells surrounded it. Yet, instead of attacking every cell in its path, 
it is designed to recognise and reach the specific cancer cells ς delivering its treatment where it is 
needed most. άIƻǿ ǘƘƛǎ ǇƻǎǎƛōƭŜΚέ     .ǳǘ ōŜŦƻǊŜ ǿŜ ŜȄǇƭƻǊŜ ǘƘŜǎŜ ǇƻǎǎƛōƛƭƛǘƛŜǎΣ ƭŜǘΩǎ ŦƛǊǎǘ ǳƴŘŜǊǎǘŀƴŘ 
how cancer has traditionally been treated. 

For decades, cancer treatment followed a simple rule ς destroy the tumor  

cells ς even willing to accept severe systemic toxicity, as the price of cure ς often leaving the healthy 
cells caught in the crossfire. But cancer was never that simple. It could hide, adapt, spread ς and 
sometimes return stronger than before. 



 
 

 
Those mentioned Limitations have driven Scientists to develop a more precise, personalized, smarter 

and targeted approach to the next generation of cancer treatment CHEMOTHERAPY 2.0  

 

 

 

 

 

 

 

 
Chemotherapy 2.0 is the next generation of cancer treatment, that combines Precision medicinal 

chemistry, Nanotechnology, Genomics, and Artificial Intelligence (AI) to deliver chemotherapy with 

greater accuracy to cancer cells while sparing the healthy tissues. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

× Better  Treatment  Outcomes 

Chemotherapy 2.0 improves treatment accuracy by targeting cancer cells precisely, 

increasing effectiveness while reducing damage to healthy tissues. 

× Fewer Side Effects  

Technologies such as Antibody-Drug Conjugates (ADCs) and Targeted Drug Delivery 

minimize systemic toxicity, helping reduce common side effects like hair loss, 

nausea, and fatigue. 

× Improved  Quality  of  Life  

With safer and more personalized therapies, many patients experienced better 

treatment tolerance, faster recovery and an improved quality of life. 
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https://pmc.ncbi.nlm.nih.gov/articles/PMC10446156/ 
 

 
References: 

  

 

The future of cancer treatment is not about delivering more chemotherapy ï it is about delivering 

the right therapy to the right patient at the right time. Chemotherapy 2.0 is transforming 

precision oncology from a vision into reality, offering new hope for safer, smarter, and more 

effective cancer treatment. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC10446156/


 

Imagine an atom that has a soul, but no physical body. 

It  occupies space. It  has a shape. It  can even interact with other elements. 

But if you look for its protons, neutrons, or electrons, you find absolutely 

nothing. 

This isn't a scene from a science fiction movie. In the world of quantum and computational 

chemistry, these entities are a daily reality. They are called 

Ghost Atoms (denoted as Gh in molecular modeling programs), 

and they are the invisible heroes keeping our digital chemical 

calculations from falling apart. 

 

Ἐ  What Exactly is a Ghost Atom? 

 
In a traditional laboratory at Durgapur Government College, an 

atom is matter. It is a dense nucleus surrounded by a cloud of 

electrons. 

 

But when we move chemistry onto a supercomputer, everything changes. Computers do not see 

physical matter; they see mathematical equations called basis sets. A basis set is a collection of 

wave functions that define the exact regions of space where an electron density is likely to float 

(atomic orbitals). 

The Definition : A ghost atom is a coordinate point in a simulated molecular space that contains 

a full set of these mathematical atomic orbitals, but has zero nuclear charge and zero electrons. 

It is a disembodied mathematical phantomðall the "spatial infrastructure" of an atom, without 

any of the physical mass. 

 

 The Case of the Over-Friendly Molecules 

 
Why do computational chemists intentionally program ghosts 

into their codes? To solve a notorious mathematical glitch 

called the Basis Set Superposition Error (BSSE). 

Imagine calculating the energy of Molecule A all by itself. The 

computer uses a specific amount of math equations assigned to 

it. But when Molecule A binds to Molecule B, they get very 
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The Phantoms of Quantum Chemistry: 

Why Scientists Hunt for "Ghost Atoms" 

SEM-VII  

SAMRIDDHA ROY 



close. Suddenly, Molecule A gets lazy and starts "borrowing" the empty mathematical equations 

belonging to Molecule Bôs space . 

Because more math equations naturally make a calculation look more stable, the computer 

generates an energy reading that is artificially low. It tells the scientist: "Look! This bond is 

incredibly strong!" 

But itôs a lie. The bond isnôt strong; the computer just used extra math to make it look good. 

 

  Enter the Ghost: The Counterpoise Trick 

 
To stop this computational cheating, chemists use the famous Boys-Bernardi  Counterpoise 

Correction. 

To find the true, pure energy of Molecule A without any cheating, we must calculate it inside the 

exact same mathematical environment it had when Molecule B was next to it. 

¶ The Solution: We calculate Molecule A next to a Ghost Version of Molecule B. 

¶ We completely delete Molecule B's nucleus and its electrons. 

¶ However, we leave its empty mathematical orbitals floating right where they were. 

By measuring Molecule, A inside this ghostly shadow, we isolate the math error perfectly. The 

result? Real, uninflated, pure chemical bond energy. 

 

∞  The Secret Lives of Chemical Ghosts 

 
Fixing math errors isn't the only trick up their sleeves. Ghost atoms act as invisible multi-tools in 

modern research: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¶ X-Raying Ring Currents (NICS): How do we prove a ring like Benzene is truly aromatic? 

Scientists place a ghost atom right in the dead center of the ring. Because it has no electrons of 

its own to interfere, it acts as a clean, virtual probe to measure the hidden magnetic fields created 

by circulating (́ )-electrons. 
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¶ Symmetric Anchors: They act as invisible "dummy points" to help modeling software define 

complex bond angles and molecular geometry centers when no real atom sits at that intersection. 

 

G Real-World Showcase: The Vulnerable Water Dimer 

Take the Water Dimer (H 2Oé H2O), a system studied heavily in undergraduate physical 

chemistry. The true binding energy of a hydrogen bond between two water molecules is quite 

small (around 5 kcal/mol). Because this true interaction energy is so small, an uncorrected BSSE 

mathematical glitch can easily throw off the calculation by 10% to 20%, leading to completely 

incorrect predictions about macro-properties like boiling points or protein folding dynamics. By 

running the calculation with a ghost water molecule acting as a framework, we preserve the 

precision required for modern molecular design. 

 

 

 Quick Myth -Busting  

 

 

 

 Conclusion: The Matter of Math 

 
The story of ghost atoms reminds us that at the quantum scale, chemistry transitions from 

tangible matter into pure mathematics. As we move deeper into the future of computer-driven 

drug discovery and materials science, these mathematical ghosts will remain vital sentinels, 

ensuring our calculations stay grounded in physical truth. 

 

So, the next time you look at a complex chemical structure, remember: sometimes, the empty 

spaces are doing just as much work as the atoms themselves. 

 

References:  

             https://www.bohrium.com/en/sciencepedia/feynman/keyword/ghost_atom 
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Are they real? No. You cannot 

catch a ghost atom in a beaker. 

They only exist inside computer 

algorithms. 

Are they the same as 'Ghost 

Particles'? Absolutely not! "Ghost 

Particles" is a nickname for 

Neutrinos in astrophysics. Ghost 

atoms are pure quantum 

chemistry mathematics. 

https://www.bohrium.com/en/sciencepedia/feynman/keyword/ghost_atom
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INTRODUCTION  

From the deep blue of the ocean to the green of leaves, from the red of sunsets to the bright hues of fireworks-colours 

surround us everywhere. But have you ever wondered what gives these colours their magic? Chemistry is the artist behind 

the palette. Of nature. In this edition, we take you on a colourful journey into the fascinating world where molecules absorb, 

reflect, and emit light to create the colours we see. 

COLOURS IN CHEMISTRY 

When electrons in atoms or molecules move between energy levels, they absorb or 

emit specific colours of light. 

Colours in chemistry refer to the characteristic colours shown by different elements, 

compounds, or ions due to the way they absorb and reflect light. These colours help 

scientists identify substances and observe chemical reactions. 

ʧ Yaƴhј (Potassium permanganate) ς Purple 

ʧ Yі/Ǌіhћ (Potassium dichromate) ς Orange 

ʧ /ǳ{hј (Copper sulfate) ς Blue 

ʧ CŜ{hј (Iron (II) sulphate) ς Pale Green 

 AgCl (Silver chloride) ς White 

ʧ AgBr (Silver bromide) ς Cream 

 AgI (Silver iodide) ς Yellow 

 CuO κ aƴhі ς Black 

ʧ CŜіhї (Iron (III) oxide) ς Reddish Brown 

 Sulfur ς Yellow 
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Did you know? ῷ  

 
The purple colour of 

potassium permanganate 

solution is due to complex 

ions that absorb green light 

and reflect purple light. 

TYPES OF COLOURS 

 

 
Primary  Colours: 

Red, Blue, Yellow 

Secondary Colours: 

Green, Orange, Violet 

Tertiary Colours:  

Made by mixing primary and 

secondary colours. 



 
 
 
 

 

 
METAL  COMPLEXES &  COLOUR 

Many metal ions form complexes with ligands, and these complexes 

show stunning colours.  

Examples: - 

ώ/ǳόIіhύ6] 2+ - Blue 

[Ni (NH 3)6]2+-Green 

[Co (NH 3)6] ³+ ς Yellow 

ώ/Ǌ όIіh 6)] ³+ - Violet 

Why? 

D-orbital splitting in metal ions absorbs specific wavelengths of light 

and reflects the rest as colour. 
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COLOURS IN CHEMICAL  REACTIONS 

Many chemical reactions show beautiful colour changes, 

helping us understand and predict reactions. 

pH INDICATORS:  THE COLOR OF ACIDITY  

Commonlizzations congente to procurst the color 

indicators were spectranic (e.g., litmus, and litmus 

indicators reloulds, erspetriccv. Phenolphthalein, 

common examples are inotdable. 

DID YOU KNOW ? 

There are more than 118 elements in the 

periodic table, and each has its own unique 

properties and uses! 



 
 
 
 

NANOCHEMISTRY  &  COLOURS 

Nanochemistry studies materials at the nanoscale (1-100 nm). 

At this scale, particles interact with light in unique ways, 

producing vivid and tunable colours. 

HOW NANO SIZE CREATES COLOURS? 

When light hits nanoparticles, the electrons on their surface 

vibrate together (surface plasmon resonance). 

Different sizes absorb and reflect different wavelengths of 

light, so we see different colours. 

 

COLOUR CHANGES WITH  SIZE 

Gold nanoparticles show different colours depending on 

their size. 
 

 

TRY THIS SIMPLE  COLOUR EXPERIMENT!  

Rainbow Density Column 

Materials: Honey, Dish soap, Water, oil, Alcohol, Food colouring, Glass 

or jar 

How to do? 

1. Pour each liquid slowly in order of density. 

2. Add different food colours. 

3. Watch the beautiful rainbow layers form! 

Science behind it:  Liquids have different densities and do not mix, creating 

distinct colourful layers 

 

 

 

Did you know? 

.ǳǘǘŜǊŦƭƛŜǎ ŀǊŜƴΩǘ Ƨǳǎǘ 

pigmented ς their wings 

contain photonic structures 

that reflect certain 

wavelengths, creating brilliant 

colours without any dye! 
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 References: https://www.ias.ac.in/article/fulltext/reso/006/03/0066-0075 

 

https://www.ias.ac.in/article/fulltext/reso/006/03/0066-0075
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References:  

             https://eujournal.org/index.php/esj/article/view/6275/6047 
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https://eujournal.org/index.php/esj/article/view/6275/6047
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                                   References: https://www.gmwgroup.harvard.edu/chemical-origins-life 
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https://www.gmwgroup.harvard.edu/chemical-origins-life
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 KIRAN RAJBHAR  

 

L¦t!/Ω{ ¢ht мл 9a9wDLbD ¢9/Ibh[hDL9{ Lb /I9aL{¢w¸Σ нлнр 

This initiative showcases the strategic and innovative contribution of chemistry and chemists 
to the sustainable and the well-being of society serving as a platform to promote up-and-
coming breakthrough to catalyze commercial uptake and technologies transfer. 

XOLOGRAPHY  It is a next generation 3D printing method that creates entire 
objects inside a transparent resin using intersecting light beams. Resin reaches its 
polymerization threshold only at the intersection of violet light (405nm) and red 
light (650-660nm) and together they activate the photo chemical system, 
producing enough radical to initiate polymerization only at desired location. It is 
much faster and more precise than conventional layer-by-layer printing without 
extra scaffolds.   

CARBON DOTS 2023 Noble prize winner colorful and ubiquitous carbon quantum 
dots are used widely from LEDs to the treatment of brain tumor. Carbon dots are 
zero-dimensional carbon nano materials value for their low toxicity, solubility, 
high stability and sustainability. Major advantage is possibilities in 
personalization, simple strategies to functionalize and decorate carbon structures 
to convey application in sensing, bio-imaging, drug delivery, solar cells and 
energy storage among others. Chiral carbon dots open new pathways for sensing 
complex bimolecular and driving reaction in photo catalyst, and site-selective 
CRISPR gene editing. 

NANO CHAIN BIOSENSER It is the sensing element in the diagnostic device like 
COVID-19 testing nano chain biosensor binds with SARS-CoV-2 if it is present. 
Nano chains are chain like nanostructures used as highly sensitive biosensor. 
They are coated with antibodies, enzymes, or DNA probes to recognize specific 
targets. It can picomolar to femtomolar concentration, sometimes even single 
molecules. Its application includes COVID-19 detection, influenza diagnosis, 
cancer screening, drug delivery, lab-on-a-chip devices and personalized point-of-
care testing.  
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SYNTHETIC CELLS  We need to know the working of a normal engine understand 
the working of a Bugatti. Similarly minimal synthetic cell was created at J. Craig 
Venter institute by reducing genome to half of its usual length while still staying 
viable as an organism. This gives us the idea that how cell works such as gene 
expression, Metabolism and molecular communication in body. It provides 
pioneering application in biotechnologies and medicine for synthetic and 
selective release of drug. Overall, it could provide a better understanding of life 
and simultaneously solution to boost health.  

SINGLE ATOM CATALYST  The ŦǳǘǳǊŜ ƻŦ Ŏŀǘŀƭȅǎǘ ƛǎ ƴƻǘ ƳƻǊŜ ƳŜǘŀƭΤ ƛǘΩǎ ƳŀƪƛƴƎ 
every atom count. Single Atom Catalysis (SAC) uses isolated metal atoms 
attached to a solid support instead of metal nano particles. Since every atom 
acts as an active site, SAC achieves nearly 100% atom efficiency, improving 
catalytic activity, selectivity, and recyclability while reducing metal usages. It 
has promising applications in energy conversion, CO2 reduction and green 
chemical synthesis. Copper based configuration (Cu-N2) are especially used for 
converting CO2         

THERMO -GELLING POLYMER  A temperature-responsive polymer that remains 
liquid at one temperature but forms a gel at another temperature. Some 
examples are Poloxamers (Pluronic), Poly (N- isopropyl acryl amide). At low 
temperature it exits as free-flowing liquid with rise in temperature it forms 
miscelles. Miscelles 3D network which traps water producing a stable gel. 
                            Their injectability and sustained drug release capability make 
them high valuable in drug delivery, tissue engineering, medical imaging. And 
regenerative medicine, offering safer and more effective biomedical treatments.  

ADDITIVE MANUFACTURING T It is very commonly known as 3D printing, 
manufacturing process in which 3D object is created by adding material 
layer-by-layer based on a digital CAD (Computer Aided Design) model. It 
can produce complex geometries in much less time, reduces material 
waste, rapid protyping. It can print metal object using metal fine powder 
this is a new advancement in it. Formed metal objects are lighter yet 
strong. 
                          Using light weight 3D-printed components in aircraft an 
automobile reduces fuel consumption, lowering CO2 emissions and 
combat global warming. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

References: https://iupac.org/what-we-do/top-ten/ 
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MULTIMODAL MODELS FOR STRUCTURAL ELUCIDATION  

 

 Structure elucidation is the process of determining the exact molecular 
structure of an unknown molecule. 
Multimodal foundation models use AI to combine information from 
multiple spectroscopic techniques (IR, NMR, UV-Vis, MS, etc.) to determine 
molecular structures faster, more accurately, and at lower cost than 
traditional single-technique methods, making advanced chemical analysis 
more accessible to laboratories worldwide. It has potential to speed up 
research, improve drug discovery new material and help chemist focus on 
research and innovation rather than repetitive works. 
 
DIRECT AIR CAPTURE  One of the main environmental problems we are facing 
today is Global Warming. To tackle with this problem, we have DAC (Direct Air 
Capture). DAC removes CO2 directly from the atmosphere using chemical 
sorbents or advanced Metal-hǊƎŀƴƛŎ CǊŀƳŜǿƻǊƪǎ όahCΩǎύΦ !ƳƛƴŜ ŦǳƴŎǘƛƻƴŀƭƛȊŜŘ 
ahCΩǎ ŜƴƘŀƴŎŜ /h2 capture and selectivity while enabling easier regeneration. 
Although costs have fallen below US $100 per ton, challenges in scalability, 
energy demand and commercial viability still limit widespread deployment.  
  
ELECTROCHEMICAL CARBON CAPTURE AND CONVERSION  

 

 Electrochemical carbon capture and conversion uses electricity, preferably 
from renewable sources, to capture CO2 and transform it into valuable 
chemicals and fuels such as Methanol, Ethylene, and Hydrocarbons. By 
combining capture with utilization, this emerging technology promotes 
sustainability, carbon circularity, and a cleaner chemical manufacturing 
future.  

ῷ  DID YOU KNOW?  

Microplastics are so widespread, from the deepest oceans to one of the most protected-purest 
places on earth ς a MƻǘƘŜǊΩǎ ²ƻƳō ŀƴŘ ǿŜ ƪƴƻǿ, how they are harmful for the human health. 
Three 16-year-old Indian students (Vivaan Chhawchharia, Ariana Agarwal, and Avyana Mehta ς 
turned discarded Tamarind Seeds into Plas-Stick, a biodegradable powder capable of binding to 
microplastics in water and allows them to be pulled out using a simple magnet. For their 
remarkable innovation, they won THE EARTH PRIZE 2026. 

https://iupac.org/what-we-do/top-ten/


RAJASH REE MAJI  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 THE CHEMISTRY  BEHIND  IT  (5-STEP PROCESS)  

 
https://www.compoundchem.com/2014/01/15/why-chilli-peppers-are-spicy-the-chemistry-of-a-chilli/amp/ 

 

References:   
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RAJASHREE MAJI  

 

https://www.compoundchem.com/2014/01/15/why-chilli-peppers-are-spicy-the-chemistry-of-a-chilli/amp/
https://www.compoundchem.com/2014/01/15/why-chilli-peppers-are-spicy-the-chemistry-of-a-chilli/amp/
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SNEHA MONDAL  

 



 

 
 

https://sites.duke.edu/apep/module-4-alcohol-and-the-breathalyzer-test/science-content/redox-chemistry-inside-the-
breathalyzer/ 

References: 
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https://sites.duke.edu/apep/module-4-alcohol-and-the-breathalyzer-test/science-content/redox-chemistry-inside-the-breathalyzer/
https://sites.duke.edu/apep/module-4-alcohol-and-the-breathalyzer-test/science-content/redox-chemistry-inside-the-breathalyzer/
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