
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



                   

Dr.V.Selladurai 

Principal,  

Coimbatore Institute of Technology,  

Coimbatore-641014.  

                                         MESSAGE 

 SYNERGY-18 is indeed a work of art and a treasure of true ideas and the 

creativity of students. This is a gateway for our students to put forth their talent, 

ideas and the technical knowledge. I have no doubt that these articles and features 

will be informative and interesting. Nothing is achieved without the sweat of hard 

work. Here the hard work is reflected in the quality of articles.  

I congratulate the ―DEPARTMENT OF CHEMICAL ENGINEERING‖ and the 

students who have contributed their articles 

 

 

 

 

 

 

 

 

 

 



 

 

Dr.M.Thirumarimurugan  

Professor and Head,  

Department of Chemical Engineering, 

Coimbatore Institute of Technology,  

Coimbatore-641014.  

                                                    MESSAGE 

 

SYNERGY our department magazine has always come out with flying colours 

which portrays the distinguished articles. It also gives them a wonderful 

opportunity  for young minds to think beyond the horizon and to bring the 

innovative thinking of my students and my co-staff members to different and 

various  extent. I am very much happy, that  this special  edition of synergy has 

come out as pictured with perfection for Aavishkar 2k18 and I thank the editorial 

board for their perpetual work and passion in the making of SYNERGY. With 

more expectation I wish the success to prevail and may the Almighty bless you 

all with all the desires and wishes. 

 

 

 

 

 

 



 

 

Mr.A.Vivek Joe Bharath  

Staff Coordinator,  

Student chapter IIChE, 

Coimbatore Institute of Technology,  

Coimbatore-641014.  

                                                 MESSAGE  

It is indeed my pleasure to appreciate the editors who worked hard for compiling 

every information and ideas of various students into a well organized magazine. 

Information once shared gets multiplied leading to innovations. I hope this 

magazine would serve this purpose of spreading such information. I am glad that 

the information delivered will live to the hearts of the people who come across it. 

On behalf of IIChE students chapter I wish to continue their success in upcoming 

editions. 

 

 

 

 

 

 



 

 Mr.A.Gnanaprakasam 

 Staff Advisor, 

 Chemical engineering association, 

 Coimbatore Institute of Technology, 

 Coimbatore-641014.  

                                               MESSAGE  

I am elated to extend my best wishes to the editors of SYNERGY .This is indeed 

a key to continuous changing engineering environment in the world. It not only 

triggers the minds of students to be cognizant of the recent developments but also 

nurtures them to be a part of the development which would result in the 

betterment of the people and society on the whole.  

 

 

 

 

 

 

 

 

 



 FROM THE EDITORIAL BOARD 

 Always  first and foremost , Obviously we are debted to thank the Almighty God 

without whom our work is incomplete we are immensely happy to release our 

Aavishkar 2k18 edition of synergy . We are very much privileged to be the editors 

of Synergy magazine. Our hearty thanks to our Head of department who 

motivated us with his enthusiastic and valuable words .We hope and pray that our 

work should carry more momentum in future progress and editions.      

                                                                                           EUNICE ARUL RAJ .J 

                                                                                           VIGNESHWAR.A 

                                                                                           SUKANYA G.S 

                                                                                           PRIYADHARSHINI. S 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Using Sunlight To Make Spaceship Fuel And Breathable Air. 

Spaceflight is like backpacking. If you can’t restock supplies like food and water along the way, how 
far you can travel is limited by how much you can carry. And in space, you also have to worry about 
having enough fuel for your spacecraft and breathable air for your crew. 

That’s why some researchers are looking toward technology that they call artificial photosynthesis — 
a way of harnessing the sun’s light to generate fuel and breathable air for longer missions. This system 
would mimic, in a sense, the way plants perform natural photosynthesis by converting light energy 
into chemical energy and producing oxygen in the process. 

Research published Tuesday in Nature Communications brings us one step closer to this goal. For the 
first time, researchers performed photoelectrochemical experiments — chemical reactions that use 
light and the electrical properties of chemicals — in an outer space-like microgravity environment. 

Currently, the International Space Station (ISS) has systems in place that split water into hydrogen and 
oxygen, which astronauts breathe in. The ISS also makes water and methane from the carbon dioxide 
that astronauts breathe out. The systems aren’t the most efficient, but they work fine for the space 
station, which is in constant orbit just a couple hundred miles from Earth’s surface where it receives 
regular shipments of fuel and other supplies from Earth. But a more distant space mission, like an 
outpost orbiting the Moon or a journey to Mars, can’t rely on frequent care packages from home. 

Caltech chemist Katharina Brinkert wants to tackle this challenge. So she and her collaborators devised 
an experiment to make light-powered, fuel-producing chemical reactions happen inside Germany’s 
Bremen Drop Tower. The drop tower gives scientists just 9.3 seconds of microgravity. 

 “Doing electrochemistry is already difficult,” Brinkert says. “Doing it […] in 9.3 seconds is even more 
difficult.” Happily, the experiments were a success, and Brinkert and the team were able to produce 
hydrogen gas — a valuable fuel source — from a water-based acid solution.They even demonstrated 
a solution to a problem the ISS’s water-splitter sometimes suffers. Because buoyancy needs gravity to 
work, gas bubbles formed in the microgravity water-splitter tend to stick to the solid surfaces of its 
electrodes rather than rise to the surface of the water, which makes the process less efficient. 
Brinkert’s team created electrodes whose surfaces were bumpy rather than smooth at a nanoscale 
level and showed that gas bubbles don’t accumulate as much on the bumpier surfaces. 

 

Natural Antifreeze Keeps Beetles Unfrozen. 

Without an insulating coat of fat or fur, what’s an insect to do to survive cold winters? Some insects, 
like the mealworm beetle, are blessed with antifreeze proteins that keep them from freezing from the 
inside out.For decades, scientists knew this natural antifreeze existed, but they only had a vague idea 
of how it worked. Somehow, the proteins attach to tiny ice crystals that begin forming in cold water 
to keep the crystals from growing larger and harming the insect.Chemists at the University of Utah 
and the University of California San Diego used computer simulations of antifreeze proteins and water 
to understand what’s going on at a molecular level. They found that the protein molecules just need 
to be parallel to ice crystal surfaces to bind to the ice — no need for the surrounding water molecules 
to organize into an ice-like structure before the proteins attached, like scientists previously supposed. 
The scientists anticipate that their findings will help other researchers understand how ice crystals 
form in clouds or develop more effective antifreeze products inspired by insects’ natural 
antifreeze.“There’s a big potential market for antifreeze based on the same mechanism,” said study 
author Valeria Molinero in a press release, “but if you don’t understand the mechanism, it’s difficult 
to define and optimize molecules.” 



 

 

Chemists Forge Custom Molecules Upon ‘Diamond Anvils’. 

Chemistry, Walter White once said, is the study of change. Apply the right combination of materials 
and heat, electricity, or light — some kind of energy — and the results can literally be explosive.In 
their quest to manipulate matter, scientists have explored different ways of poking molecules to see 
how they react. According to a paper that appeared in the journal Nature this week, they’ve found a 
new one, and possibly the most cartoonish one yet: using tiny anvils to literally bend atoms into shape. 

Scientists had studied pulling molecules apart before, but this is the first time “mechanochemistry” 
has used a mechanical force to squeeze molecules in order to alter their chemical bonds. To generate 
that force, they used two kinds of anvils: tiny diamond anvils, applying force to the molecule as a 
whole, and tinier molecular anvils, “harder” bits of the molecules to transfer that force to specific 
atoms.The diamond anvils are standard science equipment in the SLAC National Accelerator 
Laboratory where the work took place. A contraption roughly the size of a Solo cup puts two small 
diamonds (just about a quarter of a carat each) in close proximity, and tightening screws brings them 
closer together. Anything caught in between can face some extremely strong pressures — like 10,000 
times surface atmospheric pressure strong. The tool is useful for seeing how specific materials behave 
in environments with extreme pressures, like planetary cores.Usually when scientists do that, the 
material in question deforms “isotropically” — roughly equally throughout. But what if you took a 
material with some hard and soft bits (“compressible mechanophores” and “incompressible ligands,” 
in the paper’s language). Would the soft bits give way, but not the hard bits? 

The team successfully changed the sample’s atomic structure, bending and breaking chemical bonds 
and even re-distributing electrons. X-rays and computations showed it truly was the work of diamond 
anvils pushing molecular anvils pushing the softer bits around. The team even refined their approach 
and embedded “diamondoids” — the smallest diamonds possible, just billionths of billionths of a carat 
— to better control exactly how a material bends and breaks. 

It’s cool enough to think we’ve gotten to the point where we can literally shove around the pieces of 
a molecule. But beyond that, the work gives scientists one more tool in their arsenal for understanding 
and working with matter, possibly leading to unexpected breakthroughs and cool new materials. Plus, 
unlike work with heat or caustic solvents or electricity, pushing around molecules is more 
environmentally friendly, and more energy efficient. 

 

Yes, Scotch Whiskey Is Better With a Splash of Water. 

A true Scotch drinker doesn’t pour an aged Macallan in order to, as less refined revelers might say, 
“get the party started.” Quite the contrary, the seasoned aficionado attends to certain norms and 
customs before imbibing, not unlike a traditional tea ceremony, in a nod to enlightenment, restraint 
and discernment—the finer things.The experts recommend pouring Scotch into a tulip-shaped glass 
to swirl the matured flavors. Sip, but never gulp, as that would be heresy to the history that’s sloshing 
around in your cup. And it is generally considered poor form to add ice; instead it’s better to add a 
splash of water to enhance the overall experience.These seem like formalities meant to winnow the 
amateurs from the seasoned drinker, but science shows there’s a reason for this coordinated act—
especially adding that splash of water.Bjorn Karlsson and Ran Friedman of the Linnaeus University 
Center for Biomaterials Chemistry recently set out to explain why the splash of water seems to work. 

The finest Scotch whiskies are known for their rich, smoky flavors. These signature notes are the 
product of phenols, or aromatic chemical compounds, in the whiskey. A particularly smoky phenol, 



guaiacol, is found in higher concentrations in Scotch whiskies than in American and Irish ones, because 
the malted barley used in the fermentation process is smoked over a peat fire. Guaiacol also happens 
to be active compound in an oral anti-cough medication. 

Karlsson and Friedman narrowed their focus to the interplay of three primary ingredients in Scotch 
whiskey: water, guaiacol and ethanol. Then, they ran simulations that modeled the molecular 
composition of whiskey when the concentrations of these “big three” ingredients varied. 

Ethanol, they discovered, grabs onto guaiacol molecules and clusters them together in clumps. When 
Scotch is distilled, ethanol concentrations reach 59 percent, and the aromatic guaiacol compounds are 
stuck to their partners throughout the liquid’s volume. Whiskey is then diluted, to roughly 40 percent, 
before it’s bottled, which causes ethanol to accumulate near the surface accompanied by guaiacol. 
When ethanol levels are diluted to 27 percent—say, when a Scotch drinker adds that splash of water—
ethanol and guaiacol aerosolize, and those fragrant compounds waft into your nose. 

Taste and smell, of course, go hand in hand, so it appears the right amount water will indeed enhance 
the flavors. However, there is a fine balance, as the authors write, “between diluting the whiskey to 
taste and diluting the whiskey to waste.” Too much dilution, and you lose that aerosolizing affect. 

 

Duncan Grapefruits and Chemistry Court. 

The Duncan grapefruit has been described as “the finest, sweetest grapefruit” in the world, but after 
187 years as the reigning champion of the American breakfast, the grapefruit inexplicably disappeared 
from grocery shelves. After only a few decades, it seems like the Duncan is making a comeback in 
Maitland, Florida. 

Meanwhile, a conflict over the essences of sweeteners like Equal and Splenda brings chemistry into 
the courtrooms. 

 

Phosphorus Is Vital for Life, and We’re Running Low. 

All life needs phosphorus and agricultural yields are improved when phosphorus is added to growing 
plants and the diet of livestock. Consequently, it is used globally as a fertilizer – and plays an important 
role in meeting the world’s food requirements. A farmer sprays field with a nitrogen, phosphorus, 
potassium fertilizer.All life needs phosphorus and agricultural yields are improved when phosphorus 
is added to growing plants and the diet of livestock. Consequently, it is used globally as a fertilizer – 
and plays an important role in meeting the world’s food requirements.In order for us to add it, 
however, we first need to extract it from a concentrated form – and the supply comes almost 
exclusively from phosphate mines in Morocco (with far smaller quantities coming from China, the US, 
Jordan and South Africa). Within Morocco, most of the mines are in Western Sahara, a former Spanish 
colony which was annexed by Morocco in 1975.The fact that more than 70 percent of the global supply 
comes from this single location is problematic, especially as scientists are warning that we are 
approaching “peak phosphorus”, the point at which demand begins to outstrip supply and intensive 
agriculture cannot continue to provide current yields. In the worst case scenario, mineable reserves 
could be exhausted within as little as 35 years. 

In nature, phosphorus only exists bound to oxygen, which is called phosphate. It is in this form that it 
is mined. Chemists can remove the oxygens bound to it to get elemental white phosphorus, which 
glows in the dark, but it is so unstable that it spontaneously ignites on exposure to air. 

Phosphate easily diffuses through soil or water and can be taken up by cells. When phosphate meets 
free calcium or iron, they combine to give highly insoluble salts. 



In the first half of the 19th century, Justus von Liebig popularized the law of the minimum for 
agriculture, which states that growth is limited by the least available resource. It was soon discovered 
that this was often some form of phosphorus.As a consequence, bones – comprised mostly of calcium 
and phosphate – from old battlefields were dug up to use in farming. Guano, large accumulations of 
bird droppings, also contains high concentrations of phosphorus and was used to fertilize crops. But 
supplies of this were soon depleted. As demand increased, supplies had to be mined instead. 

But this applied inorganic phosphate fertilizer is highly mobile and leaches into watercourses. In 
addition, phosphate rock weathers and is also ultimately washed into the ocean where it either 
deposits as calcium phosphate or is taken up by marine organisms who also eventually deposit on the 
ocean floor when they die. Consequently, terrestrial phosphorus doesn’t really disappear, but it can 
move beyond our reach. 

 

Urine Is Sugary and Swimming Pools Are Sweet. 

Calorie-free, artificial sweeteners aren’t metabolized in the body—they go in, and they come out 
unscathed.With that in mind, take a moment to metabolize the title of a new study: “Sweetened 
Swimming Pools and Hot Tubs.”Indeed, in a study published Wednesday in Environmental Science & 
Technology Letters, researchers describe a new test that measures levels of acesulfame-K, a widely 
consumed artificial sweetener, floating in dubious pool water. Of course, researchers put their method 
to the test in pools and hot tubs in Canada, and the results may be disconcerting for some. It’s yet 
another addition to the corpus of research focusing on the cocktail of chemicals we swim in for 
fun.They cross-analyzed those results with Canadian urine samples and found that concentrations of 
acesulfame-K in pools and hot tubs ranged between 30 to 7,110 nanograms per liter, which, on the 
high end of that range, is 570 times higher than what’s found in tap water.They followed that up by 
monitoring the levels of acesulfame-K in two pools over a three-week timeframe. Based on their 
results, a 222,000 gallon pool may contain up to 20 gallons of urine. Put another way, that’s about 0.1 
percent. When the uric acid in pee and the chlorine in pool water react, they create cyanogen chloride. 
In high concentrations it can cause a host of nasty symptoms and even death—it was once used as a 
chemical weapon. But, as Ars Technica calculated, for urine in pools to produce toxic agents, one 
would “need a pool that is two parts water to one part chlorine and would probably burn the eyeballs 
out of your sockets and make your skin peel away from your bones.” Researchers have now identified 
over 100 byproducts from disinfection agents in pool water, but the concentrations of these 
potentially harmful chemicals aren’t high enough to cause real trouble. Nevertheless, researchers in 
the current study say chemical byproducts in pools are “more mutagenic than corresponding tap 
water extracts,” so doesn’t hurt to have more data. 

 

This Is What Every Element Is Used For. 

When it comes to the elements, humans are pretty good at ensuring that nothing goes to waste. We’ve 
put nearly every element on the periodic table to work, whether it’s fueling chemical reactions within 
our bodies or propelling payloads to orbit.We all know what some of the 118 elements are used for 
— we breathe oxygen, pour chlorine in our swimming pools and wrap gold around our fingers — but 
what about some of the more underrated members of the periodic table? Take, for example,  yttrium, 
hafnium and samarium — did you even know they existed?This interactive periodic table from Seattle-
based designer Keith Enevoldsen puts the elements in the context of their uses, making for a far more 
relevant way to study chemistry. Along with the name and atomic number of each element, 
Enevoldsen added helpful graphics and a short explanation of how each element is put to use. Some 
of those more obscure elements play fundamental roles in shaping modern-day society: lighter flints 
use cerium, smoke detectors have americium inside, and color televisions need Europium to 



function.A few elements have no current uses, such as protactinium and berkelium. The short-lived, 
man-made elements starting with einsteinium have no uses at the moment either, as they don’t stick 
around long enough for scientists to experiment on them. As the search for new elements continues, 
however, we may yet find something useful, especially if researchers ever happen upon the “island of 
stability” a point where large elements become stable enough to stick around again. 

 

The Chemical Reactions That Make Food Taste Awesome. 

Have you ever wondered how freshly baked bread gets its golden brown crust and why it smells so 
good? Or how nondescript green berries turn into beautiful brown coffee beans with a rich alluring 
aroma? 

The answers to these questions lie in a series of complex of chemical reactions, known as Maillard 
reactions, which give many foods their familiar flavors and colors. These sensory properties even guide 
us in how we choose foods and help create our initial perceptions of their quality.As the name 
suggests, Maillard reactions were first described by a French physician and biochemist, Louis-Camille 
Maillard, in 1912. These reactions produce hundreds of chemical compounds that give color and 
aroma to some of our favorite foods such as roast meat, potato chips, bread and other bakery 
products, coffee, chocolate and confectionery.Maillard reactions occur between amine groups of 
amino acids or proteins and “reducing” sugars, such as glucose and fructose. These sugars are so 
named because they act as chemical reducing agents.These reactions occur most rapidly under 
conditions of low moisture and at temperatures above about 130℃. Hence, they tend to kick in when 
we fry, bake, grill or roast.Maillard reactions are also referred to as browning reactions because of the 
color they impart to foods cooked in this way. When meat is grilled or roasted, only the surface is 
usually hot enough to cause browning. The interior can retain a pinkish color because the cooking 
temperature stays below that required for Maillard reactions to occur rapidly.Foods cooked by boiling 
or steaming do not turn brown or acquire the complexity of flavors because the temperature only 
reaches about 100℃. Likewise with cooking in a microwave oven.The color of chocolates, fudges and 
toffees are produced by the reaction of sugars with milk proteins. 

Dark Side of Maillard Reactions. 

Maillard reactions can also have detrimental consequences. Unsightly blemishes may appear on chips 
after frying if their reducing sugar content exceeds 0.03 percent of dry matter. Potatoes destined for 
commercial chip production are carefully monitored to ensure reducing sugars are below this level.An 
undesirable product of Maillard chemistry is acrylamide. This is a chemical that can be detected in tiny 
amounts in a range of fried or roasted foods, including potato chips, coffee, cocoa, chocolate and 
cereal-based bakery products, sweet biscuits and toasted bread (but not in steamed buns). 

Acrylamide has been mentioned as a possible carcinogen, although according to Food Standards of 
Australia and New Zealand, the body that oversees the safety of our food, there is no direct evidence 
it causes cancer in humans. Acrylamide does not occur in raw foods or foods cooked by boiling or 
steaming. 

Beyond the Kitchen. 

Some aspects of the Maillard reaction have long been implicated in human aging and health 
conditions.Examples include loss of elasticity of connective tissue and the appearance dark spots on 
skin due to effects on collagen, cataract formation due to reactions with the lens protein crystallin, 
changes in neural proteins contributing to neuropathology and dementia, and glycation of 
haemoglobin due to elevated blood glucose levels in diabetes.The importance of Maillard reactions in 
the kitchen and beyond is well established, even though these reactions are still not well understood 



more than a century after they were first described.Nevertheless, we can take advantage of their 
benefits while continuing to learn about this fascinating area of chemistry. 


