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HONORING THE LEGACY OF
ACHARYA P RAFULLA CHANDRA RAY

ﬂ proudly and reverently dedicate this \
inaugural edition to the memory of Acharya
Prafulla Chandra Ray (P.C. Ray)ithe revered

"Father of Indian Chemistry," on the occasion of ACHARYAP.C RAY
his birth anniversary month.

Acharya P.C. Ray was far more than a pioneering
sclentist. He was a visionary educator, a
passionate patriot, and a pathbreaking
entrepreneur who founded Bengal Chemicals &
Pharmaceuticals+- India’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 dedlication to nurturing young minds,

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

famously believing that a nation'’s future depends presents the historic First
entirely on the scientific curiosity of its youth. Edition of our
departmental magazine.
There could be no better way to begin the Every journey begins
Journey of our very first magazine than by with a single step, and
seeking inspiration from his life and legacy. As we are thrilled to take
students of Durgapur Government College, we our very first step by
pledge to keep his spirit of relentless inquiry, celebrating the spirit of
academic excellence, and love for science alive scientific inquiry and
through these pages. creativity within our

student community.
With great honour and respect, we dedicate this
maliden 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!




A MESSAGE FROM DEPARTMENT

to the inaugural edition of§
ET (August 2026), the
emagazine of the

ment of ChemistryDurgapur
rnment College.

Under our central theme,
eyond the Atom: Insights,
novations, & Research," this
platform celebrates the dynamic
Intersection where rigorous science-
meets creative imagination.

Our goal is to highlightsustainable
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
shaphng a better tomorrow through
education, innovation, and scientific
curiosity. _T

We extend our warm appreciatior
to all student contributors, faculty
members, and researchers who
brought this publication to life.
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¢ CHEMOTHERAPY

Smarter Targeted. Personalized.

The Next Era of Cancer Treatment

but to transform lives with science,

TARGETED :

The goal is not just to treat cancer,
. THERAPY | .

precision and hope.

29

INTRODUCTION I For decades;ancer treatment followed a simple rugedestroythe tumor

cells¢ even willing toaccept severe systemic toxicity, as the price of @woéen leavinghe healthy
cellscaught in the crossfire. Bataincer was never that simpli.could hide, adapt, spreagiand
sometimes return stronger than before.

What if cancer treatment could do more thajust attack?

What happens when medicine learns to aim?-Imagine a tiny therapeutipackage travelling
through the bloodstream. Millions of cells surrounded it. Yet, instead of attacking evemny telbath,
it is designed to recognise and reach the specific cancercogdiBvering its treatment where it is
neededmostd | 2 ¢ (KA G—.LiEA0STBENME S SELX 2NB (KSas$s
how cancer has traditionally been treate

TRADITIONAL CHEMOTHERAPY KCommon Side Effects
Chemotherapys acancertreatment, that usespowerfulchemicalsand of Traditional
drugs to kills or stop the growth of rapidly dividing cancer cells. It may be Chemotherapy
alone or with other treatments such as surgery or radiation therapy.

Althoughthis treatment hassavedcountlesdives,it hasseveralsignificant ‘ Hair loss
Limitations:
@ NON—SELEFTIVE ATION @ SﬂERE SIDE EfFECTS @ DRUG RESISTANCE & Nausea
G e Yy [ =
> — L 4 . g Fatigue
HEALTHY CELL "‘"G"‘@i\ ' \'.’.E.‘.ﬁi’.‘f? cAncencelLs cAncenceiss
: VARIABLE PATIENT RESPONSE LIMITED PRECISION RISK OF CANCER RECURRENCE
' ‘ [*\ © () s bt e Low immunity
@ ﬁ Damage to
e Drugs spread throughout the body, ::::;:‘Z:;::llse:‘;i:::’rc:ﬁ::::m heanhy tissue

3 S\ 7




Thosementioned.imitationshavedriven Scientistdo developa moreprecise personalizedsmarter
and targeted approach to the ngdneration of cancer treatment-CHEMOTHERAPY 2.0

T P
-(;7)- DID YOU KNOW?

e A tumor can contain billions of cells, but not all are genetically identical.

e Nanoparticles used in cancer therapy can be thousands of times
smaller than the width of a human hair.

e Some modern cancer drugs act like “guided missiles,” targeting
cancer cells while largely sparing healthy ones.

CHEMOTHERAPY 2.0

Chemotherapy 2.0s the next generation of cancer treatment, that combines Precision medicinal
chemistry,Nanotechnology(senomicsand Atrtificial Intelligence(Al)to deliverchemotherapywith
greater accuracy to cancer cells while sparing the healthy tissues.

[1745 SCIENCE BEHIND CHEMOTHERAPY 2-0 ]

g | ANTIBODY-DRUG CONJUGATES (ADCs)

The Guided Missile Against Cancer

Antibody
Targets cancer
ADCs are at the heart of Chemotherapy 2.0. cell antigen
They combine the targeting ability of antibodies
with the cell-killing power of chemotherapy drugs.
The antibody recognizes a specific protein on
cancer cells, binds to it, and delivers the potent
drug directly inside. This precision attack Cytotoxic
maximizes cancer cell destruction while Drug

minimizing damage to healthy cells. Kil:ls cancer
cells

Linker
Joins antibody
to the drug

ADC binds to — . S
coneer et Ot et o et
cancer cell
e TARGETED DRUG DELIVERY Targeted

] - " o Nanocarrier
Delivering Drugs with Precision

Targeted drug delivery systems transport chemotherapy
drugs directly to the tumor site. This increases drug
concentration in cancer cells while reducing exposure
to healthy tissues, leading to fewer side effects and
better treatment results.

Drug
Release in




9 PRECISION MEDICINE & GENOMICS

Treatment Tailored to the Individual

Genomic profiling identifies the unique mutations
and biomarkers driving a patient’s cancer.

This enables doctors to choose the most

effective drugs for that specific genetic profile,
ensuring personalized and more effective therapy.

Genetic
Testing

o NANOTECHNOLOGY

Tiny Particles, Big Impact

Nanoparticles carry drugs safely through the bloodstream,
protect them from degradation, and release them
selectively in the tumor environment. This enhances
drug stability, improves effectiveness, and minimizes
harm to normal cells.

Biomarker
Identification

Personalized
Treatment

Nanoparticle
with Drug

Drug Release
in Tumor

e ARTIFICIAL INTELLIGENCE (Al) /’2' '@b

-l
Smarter Decisions in Cancer Care ‘wma
Al analyzes vast amounts of clinical, imaging, and genomic v, ‘4% el —
data to predict treatment responses, identify the best drug L\ " ‘-'e\‘.
combinations, accelerate drug discovery, and support 1\"“'

doctors in making accurate, personalized treatment
decisions.

— Predicts Treatment
%  Response
L= @ Identifies Best Drug
Combinations
Lt Q Speeds Up
Drug Discovery
Supports Clinical

- @

Decision Making

2. HOW CHEMOTHERAPY 2.0 IS CHANGING CANCER CAREI

x Better Treatment Outcomes

Chemotherapy.0improvestreatment accuracyby targetingcancercellsprecisely
increasing effectiveness while reducing damage to healthy tissues.

x Fewer Side Effects

TechnologiesuchasAntibody-DrugConjugatefADCsand TargetedDrugDelivery
minimize systemic toxicity, helpimgduce common side effects like hair loss,
nausea, and fatigue.

Quick Facts

x Improved Quality of Life

With saferandmore personalizedherapies,manypatientsexperienceetter
treatment tolerance, faster recovery and an improved quality of life.

effective cancer treatment.

&

N

1940s — Chemotherapy was first
introduced for cancer treatment.
More than 100+ chemotherapy
medicines are used worldwide
Precision Medicine — Uses a
patient’s genetic information to
guide treatment decisions.
Nanotechnology — Drug carriers
are measured in nanometers (10°
meters). /

- Thefutureof cancertreatmenis not aboutdeliveringmorechemotherapy it is aboutdelivering
theright 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 mor

References:

https://pmc.ncbi.nlm.nih.gov/articles/PMC10446156/
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Imagine an atom that has &oul, butno physicalbody.

It occupiesspacelt hasa shape.lt caneveninteractwith otherelements.
But if you look for its protons, neutrons, or electrons, you find absolutely
nothing.

Thisisn'ta scendrom a sciencdiction movie. In thevorld of guantumand computational »——
chemistry, these entities are a daily reality. They are called

RSN R LAWY (o 1SNl GhostAtoms(denotedasGhin molecularmodelingprograms’,
RS ER L LLLA EIl  and they are the invisible heroes keeping our digital chemical X
‘?\1

& &
£ @

calculations from falling apart

‘E What Exactly is a Ghost Atom?

~
o

T)?\Tn :LCLAngigLSLT: HAUNT In atraditionallaboratoryat DurgapurGovernmentCollege,an
SOME LIVE INSIDE atom is matter. It is a dense nucleus surrounded by a cloud of o

MOLECULES! electrons.

But when we move chemistry onto a supercomputer, everything changes. Computers do not see >
physicalmatter;they seemathematical equationscalled basissets A basissetis a collectionof

wave functions that define the exact regions of space where an electron density is likely to float
(atomic orbitals).

The Definition: A ghostatomis a coordinatepointin a simulatedmolecularspacethat contains
a full setof thesemathematicahtomicorbitals, buthaszeronuclear chargeand zeroelectrons
It is a disembodied mathematical phantosil the "spatial infrastructuré of an atomwithout

any of the physical mass.

A The Case of the Over-Friendly Molecules

Why do computationathemistgntentionallyprogramghosts
into their codes? To solve a notorious mathematical glitch
called theBasis Set Superposition Error (BSSE)

Imaginecalculatingthe energyof Molecule A all by itself. The
computer uses gpecific amount of math equations assigned
_it, But when Mdecule A binds tdVlolecule B, they get very



uddenlyMoleculeA getslazy andstarts'borrowing™ theemptymathematlcaéquanons \
onging to Molecule B6s space J

ause more math equations naturally mat@@ulation look more stable, the computer
nerateanenergyreadingthatis artificially low. It tells thescientist:"Look! Thisbondis
credibly strong!"

Buti tadies Theb o n d strosgnt@etomputerjust used extranath to maket look good.

) To stopthis computationatheating chemistausethefamousBoys-Bernardi Counterpoise
Correction.

Tofind thetrue,pureenergyof MoleculeA withoutany cheatingwe mustcalculatat insidethe
exact same mathematical environment it had when Molecule B was next to it.

1 The Solution: We calculate Molecul& nextto aGhost Versionof MoleculeB.

1 Wecompletely deletélolecule B's nucleuand itselectrons.

T However,we leaveits emptymathematical orbitalBoating right wheretheywere.
By measuringMolecule,A insidethis ghostlyshadowwe isolatethematherrorperfectly. The
result? Real, uninflated, pure chemical bond energy.

?
o
- Fixing matherrorsisn'tthe only trick up their sleevesGhostatomsactasinvisible multi-toolsin
. modern research:
|
®

1 “ X-Raying Ring Currents (NICS): How do we prove a ring like Benzene is truly aromatic?
Scientists place a ghost atom righthe dead center of the ring. Because it has no electrons of
its own'to interfere,it actsasaclean,virtual probeto measurghe hiddenmagnetidields created

» by circulating ()-electrons.



metric Anchors: They act as invisible "dumnypoints” to help modeling software defime
omplexbondanglesandmoleculargeometrycentersvhenno realatomsitsatthatintersection.

Take thewater Dimer (H20 é  4@), a system studied heavily in undergraduate physical
chemistry. The true binding energy of a hydrogen bond between two water molecules is quite

all(arounds kcal/mol).Becausehis trueinteractionenergyis sosmall,anuncorrectedBSSE @
mathematical gich can easily throw off the calculation by 10% to 20%, leading to completely
incorrect predictions about maepooperties like boiling points or protein folding dynamics. By
running the calculation with a ghost water molecule acting as a frameworkesesys the
precision required for modern molecular design.

Basis set superposition error

(BSSE)

Are they realNo. You cannot
catcha ghostatomin a beaker.
Theyonly existinsidecomputer
algorithms.

When computing interaction energies of dimers as

g
®

Energy of monomer A
in monomer basis (A)

4
AEi = Eap(AB) — Ex(A) — E;,(B)

Enentgy of dir,'ner ABin Energy of monomer B Are they the Same aS IG hOSt
dimer basis (AB) in monomer basis (B) PartIC|ES"7AbSO|Ute|y']Ot' "G hOSt
» e ST ;
- . Particles" is a nickname for
Neutrinos in astrophysics. Ghos
one may observe artificial stabilization due to BSSE atoms are pure quantum

resulting in overbinding of the complex.

chemistry mathematics.

The story of ghost atoms reminds us that at the quantum scale, chemistry transitions from
tangiblematterinto puremathematicsAs we movedeepeinto thefutureof computerdriven

drug discovery and materials science, these mathematical ghosts will remain vital sentlnels
ensuring our calculations stay grounded in physical truth.

So,thenexttime you look atacomplexchemicalstructureyemembersometimesthe 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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of CHEMISTRY

Exploring the Spectrum of Science, Beauty & Life

INTRODUCTION

From the deep blue of the ocean to the green of leaves, from the red of sunsets to the bright hues ofciilewasrks
surroundus everywhere But haveyou everwonderedvhatgivesthesecolourstheir magic?Chemistryis the artistbehind
thepalette Of nature In this edition,wetakeyou ona colourfuljourneyinto thefascinatingvorld wheremoleculesabsorb,
reflect, and emilight to create the colours we see.

i ?
COLOURIBI CHEMISTRY Didyouknow
Whenelectronsin atomsor moleculesmovebetweenenergylevels they absorbor
emit specific colours of light. The purple colour of
potassium permangana

Colours in chemistry refer to the characteristic colours shown by diffeiements,
compounds, or ions due to the way they absorb and reflect light. These colours help
scientists identify substances and observe chemical reactions.

solution is due to comple
ions that absorb green ligh
and reflect purple light.

Y a Yy [fPotassiunpermanganatey;, Purple i
Y i / NRotassiumdichromate)q Orange ‘

g
g / dz{ (€¢ppersulfate)c Blue
g

C S { (mgn(ll) sulphate) PaleGreen TYPES OF COLOURS
AgCI(Silverchloride)¢ White

AgBIr(Silverbromide)¢ Cream Primary Colours:

Agl(Silveriodide)¢ Yellow Red Blue,
CuCk a ¥ Black | Secondary Colours:
tf C S i (lnon (Ill)oxide)c ReddisiBrown Green >Violet

Sulfurg Yellow Tertiary Colours:

Madeby mixing primaryand
secondary colours.




COLOURS IN CHEMICAL REACTIONS

Many chemicalreactionsshow beautiful colour changes,

COLOURS IN CHEMICAL REACTIONS

NN

helping us understand and predict reactions. -
2KMnO, + 16HCI - 2KCl + 2MnCl, + 8H,0 + 5Cl,
(Purple) (Colourless) (Orange) (Green) (Yellow-Green)
pH INDICATORS: THE COLOR OF ACIDITY
The purple solution of KMnO, turns green in acidic medlum
Commonlizzationgongenteto procurstthe color
indicatorswerespectranide.g. litmus,andlitmus
indicators relouldserspetriccv. Phenolphthalei
common examples are inotdable.
77 100
Lctmus pH Phenolphthalem
Copper(ll) Sulfate Potassium Dichromate Potassium Permanganate Nickel(ll) Chioride Mercury(ll) lodide ulf o " ot
(CuSO,5H,0) (K,Cr0,) (KM':‘L) i ACIDIC HO. ol
Blue Orange Purple Green ellow = = i
_ g (e.g., Pink Phenolphthalein) L ) L, BASIC
Q ‘ Fah ° (e.g., Blue Litmus)
N = S— S—— —
Used in fungicides Umm‘lab U::nmﬂrﬂccnm mzn&«mwm / Used in lab. . Ds::nmmmt
Cobalt(1l) Chloride Iron(ll) Sulfate Iron(lll) Oxide Manganese Dioxide Zinc Oxide
{(CoCl,) (FeSO,) (Fe,0,) (MnO,) (Zn0)
Pink (in solution) Pale Green Reddish Brown Black White
|l ‘ ‘ DID YOU KNOW ?
IR P/
N —_—— S —— .
e s oo, Thereare more than 118 elements inthe
lodine p S P periodictable,andeachhas its own unique
(3] (in plants) (in carrot) (in flowers) (in turmeric) (in blue jeans) .
Violet-Black Green Orange Red / Purple / Blue eliow Blue propertles anduses!
o b &
od i ok R irebad B |edniaetoe: | e e b

METAL COMPLEXES & COLOUR

Manymetalionsform complexeswith ligands.andthesecomplexes

show stunningcolours.
Examples:
®/ dzoe) *i- Blug

[Ni (NH3)s]?>*-Green

@/ NJ g ¥ -Viblet

Higher
Ligands absorbs Energy
light and reflects
colour. Lower
Energy

Why?

D-orbital splittingin metalionsabsorbsspecificwavelength®f light

and reflects the rest as colour.

Light Absorbed

Colour Seen



White Light

i \ Reflected
- Light

NANOCHEMISTRY & COLOURS

Nanochemistrgtudiesmaterialsatthe nanoscal¢1-100nm).

At this scale,particlesinteractwith light in uniqueways,
producing vivid and tunable colours.

HOWNANGSIZEEREATE3OLOURS

Nanoparticle

When light hits nanoparticles, the electrons on their surface
vibrate together (surface plasmon resonance). Size

(nm)
Different sizesabsorband reflect different wavelengthsof 0 0 u 0 0 0

light, so we see different colours.
————— Increasing Size —————

COLOUR CHANGES WITH SIZE

Gold nanoparticleshowdifferentcoloursdependingn
their size.

Didyou know?

10 nm 100 nm

. dzd GSNFEASaA
pigmentedg their wings
contain photonic structures
that reflect certain
wavelengthscreatingbrilliant
colours without any dye!

Increasing Particle Size

SN As size increases, the colour shifts
Q from blue — green — ¢ — red — purple.

TRY THIS SIMPLE COLOUR EXPERIMENT!
RainbowDensityColumn

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

How to do?
1. Poureachliquid slowly in orderof density.
2. Add differentfood colours.

3. Watchthebeautifulrainbowlayersform!

Sciencebehindit: Liquidshavedifferentdensitiesanddonotmix, creating
distinct colourful layers

References: hitps://lwww.ias.ac.in/article/fulltext/reso/006/03/0066-0075
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What if the biggest scientific breakthrough was hiding
in the smallest kitchen waste?

We eat tamarind.

We enjoy its tangy flavour.

Then we throw away the seeds.

But hidden inside these tiny seeds is a remarkable natural polymer
called xyloglucan—a material with unique binding and thickening
properties.

Today, scientists are exploring tamarind seeds for clean water,
green materials, medicine, and sustainable technology.

Galactose

HO
OH
HO
uuuuu

OH

- MO% %7\%0'

Xylose

fltm.gseed flworldofposs:bdtues

10



EN——
SMALL SEED, BIG SCIENCE

The real magic of tamarind seeds lies in
their chemistry.

e Scientists have found that their
natural polymers can bind tiny
particles together. In experimental
studies, this property has been
explored for removing microplastics
from water by combining tamarind
seed extracts with magnetic iron oxide
particles. The resulting material helps
gather plastic particles into clusters
that can then be separated using a
magnet.

Researchers are also
studying tamarind seeds for:

Eco-friendly water
purification &
Biodegradable packaging E&
materials }"—:
Controlled drug delivery kig
systems

Natural food thickeners

and stabilizers

Sometimes, the smallest discoveries create the biggest

impact.




From Kitchen Waste to Clobal Tnnovation

The story of tamarind seeds reminds us that science often begins with
curiosity. Instead of asking, "What is this?" researchers asked, "What
can this become?"

This simple question has transformed
an ordinary seed into a symbol of
green chemistry—using nature-
inspired solutions to solve
environmental challenges.

Although many applications are still
being researched, tamarind seeds
have already shown enormous
promise in building a more
sustainable future.

Perhaps the next life-changing
discovery won't come from a rare
material or an expensive machine.

It may begin with something we once
threw away.

Think Green. Think Chemistry. Think

Bishnupriya Pal Beycnd Waste.

Sem - 07

References:
https://eujournal.org/index.php/esj/article/view/6275/6047
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Chemistry is often called the science of matter, but it could just as easily
be called the science of mysteries. Behind every element on the
periodic table, every chemical bond, and every reaction lies a question
that scientists are still frying to answer. The more chemistry advances,
the more it reveals how much remains unknown.

One of chemistry's greatest mysteries begins with the atom. Everything
around us is made of atoms, yet no one has ever seen an atom in the
way we see everyday objects. Instead, scientists have developed
models to explain its behaviour. From Dalton's solid sphere to Thomson's
plum pudding model, Rutherford's nuclear model, Bohr's planetary
model, and today's quantum mechanical model, each has brought us
closer to understanding atomic structure. Yet none is considered the
final description of reality. The quantum mechanical model predicts
where an electron is most likely to be found, but its exact nature
remains one of the most fascinating questions in science.

Another enduring mystery is the chemical origin of life. How did simple
molecules on the early Earth assemble into the first self-replicating
system?2 How did non-living matter give rise to living cellse Chemists,
biologists, and geologists have proposed many ideas, but no single
explanation has been universally accepted. Solving this puzzle would
not only explain our own beginnings but also help us understand
whether life could exist elsewhere in the universe.

Because chemistry is filled with such unanswered questions, it is
sometimes viewed as a subject of mysteries. But that is not a
weakness—it is the very reason chemistry continues to grow. Every
mystery inspires a hypothesis. Every hypothesis leads to experiments.
Every experiment brings us closer to the truth while revealing new
questions waiting to be explored.

The history of chemistry is a history of curiosity. Every major
breakthrough—from atomic theory to the periodic table and modern
molecular science—began with someone asking a question that had
no answer at the time. What was once considered a mystery became
knowledge, and today's mysteries may become tomorrow's discoveries.

Perhaps, then, mystery should not be seen as something that makes
chemistry difficult. It is what makes chemistry exciting. Mystery is the fuel
of chemistry. It inspires curiosity, challenges imagination, and drives
scientific discovery. As long as there are unanswered questions,
chemistry will continue to evolve, revealing new secrets about matter,
life, and the universe itself.

References: hitps://wwwy. roup.harvard.edu/chemicalriginslife
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This initiative showcases the strategic and innovative contribution of chemistry and chemists
to the sustainable and the weHbeing of society serving as a platform tgpromote 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. Resaiches its
polymerization threshold only at the intersection of violet light (405nm) and re
light (650660nm) and together they activate the photo chemical system,
producing enough radical to initiate polymerization only at desired location. It i
much faster and more precise than conventional layby-layer printing without  xoj0graphy
extra scaffolds.

CARBON DOTS 2023 Noble prize winner colorful and ubiquitous carbon quantur
dots are used widely from LEDs to the treatment of brain tumor. Carbon dots ¢ ,® ©
zero-dimensional carbon nano materials valder their low toxicity, solubility, e _
high stability and sustanability. Major advantage is possibilities in
personalization simple strategies to functionalize and decorate carbon structur *® o
to conveyapplication in sensing, biamaging, drug delivery, solar cells and

. Carbon dots
energy storage among others. Chiral carbon dots open new pathways for sens
complex bimolecular and driving reaction in photo catalyst, and s#elective
CRISPR gene editing.

&
‘
i,

®

L J

NANO CHAIN BIOSENSER It is the sensing element in the diagnostic device like
COVIDB19 testing nano chain biosensor binds with SARS\V2 if it is present.
Nano chains are chain like nanostructures used as highly sensitive biosens
They arecoatedwith antibodies, enzymes, or DNA probes tecognizespecific
targets. It can picomolar to femtomolar concentration, sometimes even single
molecules. Its applicatiomcludesCOVIBL19 detection, influenza diagnosis,

) . ) . ) ) Nanochain
cancer screening, drug delivery, laim-a-chip devices and personalized pohtif- biosensors

care testing.




SYNTHETIC CELLS We need to know the working of a normal engine understar _
the working of a Bugatti. Similarly minimal synthetic cell was created at J. Crai, 8
Venter institute by reducing genome to half of its usual length while still stayiny
viable as an organism. This @& 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 betterderstanding of life Sygterlxlgtic

and simultaneously solution to boost health.

SINGLE ATOM CATALYST TheT dziidzNBE 2 F Ol Gl fead Aa
every atom count. Single Atom Catalysis (SAC) uses isolated metal atoms
attached to a solicsupport 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 eeersion, CQreduction andgreen

chemical synthesis. Copper based configuration {&) are especially used for Sigagt'ael istiosm

converting CO2

THERMO -GELLING POLYMER A temperatureresponsivepolymer that remains
liquid at one temperature but forms a gel at another temperature. Some
examples are Poloxamers (Pluroni®ply (N- isopropyl acyl amide). At low
temperature it exits as fredlowing 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. Athermogelling
regenerative medicineoffering safer and more effective biomedical treatments.Polymers

ADDITIVE MANUFACTURING T It is very commonly known as 3D printing
manufacturing process in which 3D object is created by adding materic
layer-by-layer based on a digital CAl@omputer 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 powde
this is a new advancement in it.dfmed metal objects are lighter yet
strong.

Using light weight 3Eprinted components in aircraft an Adfditive_
automobile reduces fuel consumption, lowering @@missions and manufacturing
combat global warming.




MULTIMODAL MODELS FOR STRUCTURAL ELUCIDATION

Structure elucidation is the process of determining the exact molecular
structure of an unknown molecule.

Multimodal foundation models use Al to combine information from
multiple spectroscopic techniques (IR, NMR, W5, MS, etc.) to determine
molecular structures faster, more accurately, and at lower cost than
traditional singletechnique methods, making advanced chemical analysis
more accessible to laboratories worldwide. It has potential to speed up Multimodal models for
research, improve drug discovery new matatiand help chemist focus on structiral ecidation

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 (Dikéc
Capture). DAC removes e@irectly from the atmosphere using chemical
sorbents or advanced Metah NHIF YA O CNJI YSg2NJ a oahcC
ahCQa Sy fapii® 8nd selectivity while enabling easier regeneration.
Although costs have fallen below US $100 per ton, chalies in scalability, Direct air
energy demand and commercial viability still limit widespread deployment. capture

ELECTROCHEMICAL CARBON CAPTURE AND CONVERSION

Electrochemical carbon capture and conversion uses electricity, preferak
from renewable sources, to capture CO2 and transform it into valuable
chemicals and fuels such as Methanol, Ethylene, and Hydrocarbons. By
combiningcapture with utilization, this emerging technologypromotes

sustainability, carbon circularity, and a cleaner chemical manufacturing Electrochemical
future. carbon conversion

- _DID YOU KNOW?

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



https://iupac.org/what-we-do/top-ten/
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*¢* Chilli contains a natural chemical called Capsaicin (an alkaloid
like compound).
' e Capsaicin doesn’t increase the temperature
of your mouth
Instead, Capsaicin binds to a specific binding
site on TRPV1 (TRANSIENT RECEPTOR
P POTENTIAL VANILLOID 1) receptor found on
CHILTLAND £ CAPSAICIN pain—sensing nerve cells in the mouth and

CONTENT to ngue e Capsalcm

e This binding changes the receptor’s shape, opens its ion channel, _____
and allows Na* and Ca?* ions to enter the cell, sending a signal to '
the brain that is perceived as a burning sensation.

THE CHEMISTRY BEHIND IT (5-STEPPROCESS)

1. You Bite 2. Capsaicin Binds 3. The Receptors 4. Brain 5. Body Reacts
The Chilli Activate Responds
Capsaicin is It attaches to the The receptors Then feel a You may sweat,
released into the TRPV1 heat send “heat” burning Your eyes may
mouth. receptors on the signals to the sensation, water, as the
mouth. Brain. even through body responds to

there is no real the sensation.
—@heat -

€% DID YOU KNOW?

; Drinking water usually doesn’t stop the burning feelings St

_‘ '_ because Capsaicin is a nor_l—polar (hydrophobic) FUN FAE':T: Chili can make you
TOIeZ‘."e’ twttxre‘reag W?tler,',f.i pg_lar S|°|Ve:1}(' - . sweat on a cold day. (Capsaicin
ccording to the principle “like dissolves like”, non activates TRPV1 heat receptors,

polar substances do not dissolve well in polar solvents. making the brain perceive a sensatir

s

4 Milk contains fat and Casein, which can dissolve of heat. As a result, the body
. dissolve and bind to capsaicin. Hence, milk triggers sweating to cool itself, even
A " removes capsaicin more effectively than water, though no actual increase in
reducing the burning sensation. temperature has occurred.)
References:

https://www.compoundchem.com/2014/01/15/whychilli-peppersare-spicythe-chemistryof-a-chilli/amp/



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/

9 7w, The Chemistry Behind
s \_* Police Breathalyzers

Did you know?

Just one deep breathe can reveal whether you've
been drinking or not. But how can a machine
know what’s inside your body? The answer is
chemistry!

A police breathalyzer doesn’t detect alcohol
directly—it measures tiny amounts of ethanol in
your breath using a chemical or electrochemical

reaction. Because alcohol in your blood enters

your lungs, one breath can reveal your blood alcohol

level in just a few seconds!

Why does alcohol show up in your breath?

When someone drinks alcohol (ethanol), it is absorbed into the bloodstream
through the stomach and intestines. As blood flows through the lungs,

a small amount of alcohol evaporates into the air inside the lungs.

Every time you exhale, this alcohol leaves your body with your breath.
This is why your breath acts like a “chemical fingerprint” of the alcohol in your blood.

\

1. You drink 2. Alcohol is absorbed 3. Blood carries alcohol 4. A small amount of 5. You exhale, and

alcohol (ethanol) into the bloodstream to the lungs alcohol evaporates alcohol leaves your
through the stomach into the air inside body in your breath
and intestines the lungs
A4 il

18



<~ The Chemistry In51de a Breathalyzer <

a o k'
A. Fuel Cell Breathalyzer B. Chemical Breathalyzer
’ Person blows into the Person blows into
= breathalyzer and alcohol — reathalyw
(ethanol) in breath enters e
the sensor
J Breath passes t.hmugh acidic
potassium dichromate (K,Cr,0,) solution
Ethanol undergoes a
chemical reaction
(oxidation) Ethanol is oxxdlzed to acetic acid
$
- The reaction produces Orzmgedﬂlmmatelom(CrzO-, )
— T " are reduced to green fl'lrunnnn(III)
l - ions (Cr‘ )
The device measures Solution changes
the signal strength from orange I green
4
Blood Alcohol Concentration | | Greater the color change =
JL Alcohol level is estimated. y
Fun Chemistry Fun Facts

' Inside a breathalyzer, ethanol (alcohol) reacts with
' oxygen in a special reaction called oxidation.

. Inshor: R—
: : Ethanol + Oxygen —
f " Acetic Acid + Water + Electrons

i More alcohol in your breath means more electrons

, are produced, which creates a stronger signal and
. shows a higher Blood Alcohol Concentration (BAC).

it’s chemistry measuring it!

... One breath, one reaction, one result—
o chemistry has the power to save lives!

References:

Takeaway
The next time you see someone blowing into a breathalyzer,
remember: it’s not the machine smelling alcohol—

Thanks to clever chemical reactions, a single breath can help
prevent accidents and make our roads safer.

@ The first practical breathalyzer was @ :

‘ invented in 1954 by American scientist :
@ Your breath contains hundreds of i

j different chemicals, but breathalyzers }
are specially designed to detect ethanol. }

@ Modern fuel-cell breathalyzers are so i
traces of alcohol within seconds. |

https://sites.duke.edu/apep/moduled-alcohotand-the-breathalyzestest/sciencecontent/redoxchemistryinsidethe-

breathalvzer/


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/


























































