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LABYRINTH ​2019: FOREWORD 
Mrs. Brenda From, Chair, Department of Science 
 
In her introduction to ​The Best American Science and Nature Writing 2002​, Natalie Angier defines good 
science writing.  

Yet, just as it doesn’t take a doctorate in science, or even a decent high school transcript to appreciate the beauty of science, so too, 
it is not the scientist alone who can write forcefully and accurately about science... Good writing is clear, and it is 
interesting to read...Good writing, like good gnosis, is the product of greed, of writers who greedily claim their subjects for 
themselves and absorb every detail until the story is part of the latticework of their cells. Then and only then can they 
write with the passion of converts, of those who believe that this story is the most interesting story they have ever heard. 

I would argue that what you hold in your hands is a demonstration of science writing at its finest. We proudly 
present LAByrinth, the product of the greed of our students to grab hold of their education and demonstrate 
that they can write with clarity and style about a topic they have come to know intimately and passionately.   

Projects of this nature can only come to light with the hard work and cooperation of a dedicated cadre of 
professionals.  

● To Dr. Abi Haka, my fellow combatant in the trenches, who cultivated in her students the ethic of 
sustained effort as a necessary requisite for results of the highest caliber;  

● To my fellow colleagues, Dr. Shaina Trapedo, Mrs. Jackie Rosensweig, Mrs. Batsheva Badrian, and 
Mrs. Penina Manies, who read the contributions and offered their constructive comments;  

● To Mrs. Chani Kanowitz, the wizard of all things technologically related;  

● To my student editors, Gitty Boshnack, Mia Lubetski, Ahuva Mermelstein, and  Alicia Russo, who 
voluntarily took of their precious time and bore the burden of refining and honing the articles to 
perfection;  

● To Noa Garfinkel for her sensitive artistry in designing the cover; and lastly but certainly not leastly  

● To the dynamic duo Mrs. Estee Friedman, Principal, General Studies, and Mrs. Tsivia Yanofsky, 
Menahelet, for their expert stewardship of this remarkable school;  

I owe you all my thanks and a debt of gratitude. I could not ask for a more supportive team.  

This is the first time we proudly award the first place science writing prize to​: 

Rghq` Ydkderjx 

for her piece “Caution, Scientists with Scissors”  
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ACKNOWLEDGEMENTS 
Mrs. Estee Friedman-Stefansky, Principal, General Studies 
 

As the Earth rotates around the Sun, over 7 billion humans across the globe go about their day in different                                       
places, cultures and occupations. There is so much we know and understand about life on Earth, but even                                   
more that we wish to discover. Among us 7 billion, there are some who really wish to discover. They ​crave                                       
understanding. 

Scientists question and probe the complexities of our reality — to better understand the natural and physical                                 
which govern our routine lives. At the heart of science is humility. Scientists acknowledge that in spite of all                                     
the terrific energy and achievement on Earth, humans are quite small in context of this great world. Scientists                                   
persist in observing patiently and questioning thoughtfully in their quests to access something new and fresh. 

I am so grateful to Mrs. Brenda From, our Science Chair, for leading a department which fosters a rich                                     
understanding of the science content and cultivates the probing minds of our students. The journal you hold                                 
consists of discoveries each student has made — new understanding — of the science around us and within                                   
us here on Earth. Thank you to Dr. Abi Haka for also gifting our students with a love for science and to our                                             
student Editors, Gitty Boshnack, Mia Lubetski, Ahuva Mermelstein and Alicia Russo for devoting their time                             
to the creation of this academic journal. 

Congratulations to Shira Zelefsky on her excellent science research paper and to all the contributors who                               

have observed, questioned and discovered.    

  
 
   

2 



 

A METALLIC TRICKSTER 
Rebecca Gold 

This “trick” spoon is made of gallium, a soft, silvery, metallic substance.                       
Amazingly, it is a brittle solid at low temperatures, but liquefies at slightly                         
above room temperature -- very rare properties for a metal. Gallium was                       
discovered ​in 1875 by French chemist Lecoq de Boisbaudran, through a                     
technique known as spectroscopy. He was examining a sample of zinc                     
when he noticed two strange purple-colored lines in its spectrum,                   
indicating that an unidentified contaminant was mixed into the sample (1).                     
Further research revealed that it was the element number 31, previously                     
predicted by Mendeleev to occupy the position in his periodic table under                       
aluminum. Gallium, with the chemical symbol Ga, has important chemical                   
and physical properties as well as naturally occurring isotopes, lending itself                     

to​ many practical applications. 

Gallium’s location on the periodic table helps explain its properties. Gallium lies in the boron family                               
of group 13 which contains boron (B), aluminum (Al), indium (In), and thallium (Ti). These five elements                                 
have three electrons in their valence shell. Gallium is a post-transition metal sandwiched between metalloids                             
(non-metals) and transition metals. Gallium and the boron family elements, as well as tin (Sn), lead (Pb), and                                   
bismuth (Bi), are all relatively poor conductors​ (2). 

Figure 1: Gallium, with a melting point of 85.57℉,                 

can melt in one’s hand although it is a solid at room                       

temperature.  

In its natural state, gallium has a silver color.                 
However, when gallium is finely ground, it loses               
its luster and appears gray. Gallium’s liquid state               
has a higher density than the solid state, a                 
property that is shared only by water and               

bismuth. Consequently, when liquid gallium solidifies, it expands 3.1 percent. This expansion must be                           
considered when storing liquid gallium in order to prevent its container from rupturing.  

At room temperature, gallium is a solid, but it is so soft that it can easily be cut with a knife. With                                           
gallium's melting point of 85.57 ℉​, just 10 degrees above room temperature, gallium melts from the warmth of                                   
a human hand​. However, when the piece of gallium is set back down, it will become a solid again.                                     
Additionally, gallium is known for having one of the greatest ratios of any element between its boiling point,                                   
3,999 ℉, and its melting point, 85.57 ℉ (4).This means that gallium is in a liquid form over a very wide range                                           
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of temperatures because a substance at a temperature between its melting and boiling points is in liquid form.                                   
As such, gallium has to be heated to a very high temperature before it boils and turns into a gas. 

In addition to physical properties, an important chemical property is its reactivity. For example, at                             
high temperatures gallium reacts with most non-metals. It also reacts with both acids and bases (3).                               
Additionally, gallium must be kept away from metal containers or glass because gallium reacts with most                               
other metals and forms an alloy. 

Gallium has some important isotopes. Isotopes have the same number of protons but a different                             
number of neutrons. Two naturally occurring isotopes of gallium are gallium-69 and gallium-71. Radioactive                           
isotopes are isotopes with an unstable nucleus that release excess energy by emitting radiation. Gallium-67 is                               
an example of one of gallium’s radioactive isotopes. It is commonly used to detect cancer. It can be found by                                       
the radiation it gives off in the cell, showing if the cancer has spread. One dose of gallium-67 can find cancer                                         
in the spleen, kidneys, liver, breasts, and bowel​ (3). 

 

Figure 2: Gallium scans of three patients showing abnormal uptake in the left parotid region of the head represented                                     

by light regions. This is an example of how gallium-67 is used to detect diseases.  

While gallium has applications in medicine, it is also used in many electric devices. About 95% of                                 
gallium is used to produce gallium arsenide (GaAs), which has many practical applications. For one, GaAs has                                 
the ability to convert an electrical current into light. An electric current has the ability to enter one side but                                       
not the other by a device known as LED- light-emitting diode. To produce LEDs, GaAs is used. A flash of                                       
light is created when an LED flows into a piece of gallium. By the push of a button on a calculator, an                                           
electric current flows into an LED and produces light​ (3). 

In the making of lasers, similar devices are used. When an electrical current passes through a piece of                                   
gallium, the current produces an intense beam of laser light. A laser light emits electromagnetic radiation. In a                                   
laser, electrons absorb energy and emit photons which are all at the same wavelength, making the light very                                   
focused. GaAs has a high electron velocity as well as a high electron mobility. This is why it is used to make                                           
lasers; it is able to convert electrical current into light​ (3). 

Another device GaAs is used in is transistors. This device is used to ensure the flow of electricity in a                                       
circuit by keeping the electrons flowing. The transistor also acts as a switch for electrical currents. The easy                                   
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flow and mobility of the electrons in GaAs contribute to the production of this device. Although GaAs does                                   
not conduct an electrical current like metals such as silver or copper, GaAs has many properties of a                                   
semiconductor, which is used to produce controlled electrical currents. A semiconductor can regulate the                           

flow of electricity, providing the ability to turn on and off the flow of electricity. This is in contrast to a                                         

regular conductor which constantly conducts the unimpeded flow of electricity. Silicon is also used for                             

transistors; however, GaAs has an advantage over silicon because GaAs produces less heat than silicon. With                               
less heat, the transistors can work together to have a “higher computing capacity”​ (3). 

Additionally, another practical application of GaAs is in the production of smartphones. It is mostly                             
used in the LED lighting for smartphone displays. According to Ge and Liu, gallium is being studied for use                                     
in the cooling of smartphones. With its low melting point, gallium can absorb heat to maintain the                                 
temperature of the phone. Gallium can be mixed with other materials such as silicon dioxide to make its                                   
ability to absorb heat even better​ (5). 

Because gallium has so many uses, its abundance must also be considered. Gallium is not found by                                 
itself in nature but is extracted as a trace component from the mining of other minerals such as aluminum and                                       
zinc ores. Gallium is fairly abundant, found at about five parts per million in these minerals (1). Gallium isn’t                                     
produced in the United States but is majorly produced in France, Australia, and Russia. Currently, the supply                                 
chain is not in danger, but with its growing importance, this must be a significant factor in all trade                                     
negotiations.   

As neat as it is to watch gallium melt right in the palm of your hand, its unique and fascinating                                       
features go well beyond that of a mere curiosity. Scientists will continue to research and explore gallium’s                                 
promise in medicine and technology and surely discovery new ways to utilize this element in new and exciting                                   
directions. 

 
Works Cited 
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BE AWARE! WASH WITH CARE 
Chavi Golding 

His small, growing mind immediately started weighing all its options. Max                     
knew that he should be washing his hands before eating his macaroni, but the                           
faster he finished eating, the faster he could return to those tempting Lego                         
bricks. Max couldn’t let Tommy get to those bricks before him, but both                         
boys had previously been playing outside in the playground, and his hands                       
were filthy. How dirty could they possibly be? If Mommy or his teacher were                           
watching, they would surely be telling him to wash his hands. He plays with                           
the question, and he makes the final decision to wash his hands fast, but skip                             
the pink, bubbly soap.  

Fast forward eighteen years later, Max was a smart and young aspiring                       
architect standing in front of a public bathroom mirror, giving himself a pep talk before an important                                 
meeting. He knew that if he wanted to start his first business on his own, he had to land this job and excel at                                               
completing the perfect design for a school’s playground. Suddenly, Max became anxious with excitement for                             
his conference, and his childish characteristic of impatience returned to him. He knew that he would be                                 
shaking many other official-looking men’s hands and touching a lot of other people’s pens and papers. Max,                                 
eighteen years older and wiser, makes the final decision to wash his hands with his very own carry-on size                                     
antibacterial soap, instead of the building’s regular hand soap. 

We have all been taught, since we were very young, that keeping our hands clean is vital to avoid                                     
sickness and spreading germs. Many diseases and infections are spread by not washing hands with soap and                                 
clean water. We have reminders every day to perform this simple act. In public bathrooms, there are signs,                                   
and all of our friends and family are quick to remind us until we find ourselves telling others to wash their                                         
hands as well. One might ask, why use soap? What is the soap accomplishing in addition to the water?  

Using soap to wash hands is more effective than using water alone because the of surfactants which                                 
lift soil and microbes from the skin. People tend to scrub their hands more thoroughly when using soap,                                   
further removing germs. Washing hands with soap has also been proven through multiple experiments to                             
reduce respiratory illnesses, like colds, in the general population. There was an experiment done in a school                                 
where half the school had scheduled certain times a day to wash their hands, and the other half did not. The                                         
conclusion from the experiment was that washing hands reduces absenteeism due to gastrointestinal illness                           
(stomach problems) in schoolchildren (1). The next question to ask would be: what kind of soap should                                 
people use? Is there a difference in effectiveness between regular soaps and antibacterial soaps?  

Triclosan is one of the primary ingredients of antibacterial soap. Studies have shown that there is no                                   
added health benefit for consumers using soaps containing antibacterial ingredients compared with using                         
plain soaps. Some claim that the ingredients in antibacterial soaps cause more harm than good. As a result,                                   
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FDA issued a final rule in September 2016 that 19 ingredients in “antibacterial” soaps, including triclosan,                               
were no more effective than using non-antibacterial soap and water, and thus these products are no longer                                 
able to be marketed to the general public.  

Triclosan is also a part of hand sanitizers and certain kinds of toothpastes. There is FDA evidence                                 
that triclosan in toothpaste helps prevent gingivitis, ​Colgate Total being the only American Dental-Association                           
approved toothpaste with this ingredient. However, the FDA doesn’t allow companies to use triclosan in                             
their products without premarket review (7).  

Triclosan is a chemical which is famous for its exceptional germ-killing power, and for this reason,                               
it’s included in many consumer products. It has been around since the 1960s and it was originally used as a                                       
pesticide. Only in more recent years has it been used in personal care items, like toothpaste, toys, cleaning                                   
products, body washes, and soaps. In water-based products, triclosan acts as a preservative that also assists in                                 
fighting odors (4).  

No other benefits to human health have yet been established to support its widespread use in other                                   
personal care and household cleaning products. However, despite this lack of proven efficacy, triclosan is so                               
widely employed that 75% of human urine samples from both U.S. and Belgian population surveys contained                               
this biocide (a poisonous substance), triclosan. 

Triclosan has adverse long term outcomes. In experimental animal models, but not in human studies.                             
Triclosan has been reported to be an endocrine disruptor, meaning it causes glands which secrete hormones                               
directly into the blood when they are not needed (5). Triclosan can provoke cancer cells to grow, specifically                                   
breast cancer. It can also affect hormones and make it simpler for antibiotic-resistant bacteria to grow in                                 
noses and throats- which leads to diseases like pneumonia, a lung infection which can be life-threatening (2).                                 
It is unclear if all of these risks can happen in human                       
bodies because these experiments were mainly tested             

only in cells or animals​.  

Triclosan is also harmful to the environment.             
There the pollutant can affect the bacteria that break                 
down sewage (8). Studies have suggested that the               
chemical can kill off some good microbes, and it can                   
make other microbes resistant to the antiseptic.  

Triclosan is a biocide that kills a broad               
spectrum of microbial agents. In trials of toothpastes,               
triclosan is known to alter the oral flora. Whether it                   
also changes the flora of the gut remains unknown,                 
although it’s found in the blood which indicates that                 
the body absorbs it. Antibiotics have been proven to                 
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increase body mass in animals, and limited data suggests similar effects in humans. Recent animal studies                               
indicate that antibiotic use alters the gut flora, and that harms gastrointestinal metabolism.  

Historically, during the Black Plague, Jewish people were brutally accused of causing the plague by                             
poisoning the wells of the community. The Black Plague was a widespread epidemic that passed from Asia                                 

and through Europe in the mid-fourteenth century. In the span of three years, the Black Death killed                                 

one-third of the European population. They accused the Jews because the Jewish people were the only ones                                 

who didn’t seem to be affected by the disease. In reality, a possible and logical reason why the Jews were safe                                         
is because of the Jewish religious law of washing one’s hands each morning and before eating a meal.                                   
Considering that the plague took place in Europe around the 1300s, it is obvious that triclosan was not used                                     
when the Jews washed their hands, and they were saved without the supposed antibacterial triclosan soaps.                               
Looking back at this time, we see the importance of washing our hands multiple times daily. 

Returning to our story with Max, we can now understand that Max, as a toddler, should have used                                   
soap when washing his hands. In spite of that, it was not necessarily a brighter choice to use his antibacterial                                       
soap versus the building’s regular hand soap and running water. For now, since the FDA has banned the use                                     
of triclosan in products, we don’t need to worry about making such choices.  

Washing your hands should not be taken lightly, or thought of as a simple reminder only meant for                                   
dirty toddlers. Additionally, it is crucial for every person to remember to wash their hands correctly. Instead                                 
of a bowl of still water that could become easily contaminated, use running water. Make sure to use soap,                                     
because the combination of the soap and water will get rid of more disease-causing organisms than using                                 
water alone. As following these steps, always keep in mind that any soap is effective at ridding the germs,                                     
there is no additional advantage to using antibacterial soaps, especially triclosan, which may even cause more                               
significant problems in the future. 
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A STICKY SITUATION 
Ilana Katzenstein 

Whether an arts and crafts project with a glue stick or building airplanes                         
with heavy duty adhesives, it works every time. The question is: How does                         
it work to magically make things stick together—permanently or                 
temporarily? There are so many different versions and consistencies of                   
glue, yet they can all be categorized under the umbrella of adhesives.  

There are three parts of an adhesive bond; adhesive, adherent, and                     
surface. The first step of forming this adhesive bond is for the adhesive to                           
wet and spread     
over the surface of       
the adherends, the     
objects being glued     
together (1). But     
before the glue can       
stick to anything     
else, it first has to         

‘stick to itself’ through the process of cohesion. This is                   
the process in which the individual glue particles stick                 
to each other to form one single entity (Figure 1). After                     
this, there are many scientific theories and opinions as                 
to how the actual bonding occurs. Some mechanisms               
include the absorption theory, mechanical interlocking,           
interdiffusion, and the electronic or electrostatic theory             
(1). The primary method of adhesion is the absorption                 
theory. This theory states that the intermolecular or               
valence forces of the molecules in the surface layers of                   
the adherends is the cause for their sticking. The                 
second mechanism of adhesion is mechanical           
interlocking in which the adhesive flows into the pores                 
of the adherends allowing the two adherends to bond and stick to each other. Another means of adhesion is                                     
interdiffusion which occurs through liquid adhesive dissolving and diffusing into the adherend. Finally, the                           
electronic or electrostatic attraction theory suggests that there are electrostatic forces that develop between                           
the adherends with different electronic band structures, causing these attractions to occur (1).  

What comes to mind when I think of adhesives is the classic Elmer’s School Glue, but it turns out                                     
that there are actually many different kinds of adhesives, including both natural and synthetic. Most natural                               
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adhesives come from animal or vegetable origin; the primary sources of adhesives nowadays are synthetic, but                               
natural adhesives are still used with many wood and paper products. 

Although the human body may not be constructed through the process of “gluing”, both human and                               
animal muscles and ligaments are bonded through a series of proteins similar to adhesion. Animal glues come                                 
from mammalian collagen, a protein that is one of the main components of skin and bones (1). Today,                                   
collagen is even used in skincare and beauty products, and when treated with acids, alkalis, or hot water,                                   
becomes soluble and forms the basis for animal glue. Collagen proteins are made from molecules of long                                 
carbon and nitrogen backbones that stick together (8). The molecules react in the hot water by separating                                 
from one another, thus creating molecules that are available for bonding elsewhere, creating a sticky                             
substance called gelatin (8). That basically means that the glue is made from the proteins of animal skin and                                     
fat. Gross? Maybe. This is the origin the old phrase of “sent to the glue factory” regarding horses who                                     
become old and outlive their usefulness, because a good portion of animal glues are likely from those old                                   
horses. Animal glue is not a recent technological innovation; even in the ancient world, Egyptians were using                                 
animal glue to make useful household items like furniture (8). Similarly, casein is a protein found in milk, and                                     
when dissolved in an aqueous alkaline solvent, it forms an adhesive that is generally superior to animal glue                                   
for wood bonding (1). Animal glue is actually not very reliable when it comes to long term stickiness. As                                     
explained above, animal collagen dissolves in hot water, therefore, unless kept in a completely cool, dry                               
environment, the bonds will break causing it to lose its stick (8). But this can still be useful when something is                                         
meant to be temporarily sticky. 

Just as there are animals that we don't necessarily picture as glue, many vegetables that we are                                 
accustomed to seeing on our dinner plates that can also form the basis of some natural glues. The primary                                     
forms of vegetable adhesives, starch and dextrin, are extracted from corn, wheat, potato, or rice, and are used                                   
in packaging and wallpaper adhesive (1). So next time you bite into a freshly grilled piece of corn just                                     
remember- that could have been glue! Natural adhesives are quite interesting to study because they are made                                 
from pets and things we can find in our refrigerators. Synthetic adhesives on the other hand, are most                                   
important and used more in our daily lives.  

In recent studies, scientists researched the properties that allow certain sea creatures to be sticky (5).                               
Shellfish and mussels that stick to rocks and ships are two classic examples. So that image of a cartoon                                     
starfish stuck to a rock in the middle of the ocean is actually due to the wonders of the adhesive bond.                                         
Because this exciting development in the glue industry is bio-inspired, it may have significant medical                             
applications like utilization in organ transplants (5). This type of adhesive is particularly interesting because it                               
combines the two forms of adhesives– it is bio-inspired and produced naturally, yet it is being made into a                                     
synthetic glue.  

Like starfish and other water creatures, geckos also have this sticky superpower. They can actually                             
climb up a vertical wall, and I can assure you, they don't use Elmer’s glue! Rather, according to ​Robert                                     
Espinoza​, a biologist at California State University, what makes geckos’ feet sticky are setae, miniscule hairlike                               
structures (7). The way the setae stick to walls and other surfaces is actually due to the London Dispersion                                     
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Forces of Attractions between neutral molecules. According to ​Duncan Irschick of the University of                           
Massachusetts there is more to this phenomenon. Gecko foot tendons are located on their skin and when                                 
they come into contact with a surface they stiffen (7). This creates a distribution of forces and an effective                                     
adhesion.  

Once I graduated from preschool, liquid glue was not as popular anymore, and at some point                               
between third and fifth grade I made the bold transition to Scotch Tape. I never really thought of tape as a                                         
glue, but it turns out that adhesion is what actually makes it sticky. This kind of synthetic adhesive is called                                       
the pressure sensitive adhesive because the adhesion occurs when there is pressure applied to the adherend;                               
when you tape two things together you press down to make them stick. Louis H. Sharpe concludes that                                   
pressure sensitive adhesives are sticky because they are viscoelastic (2). This means that they will wet the                                 
surface to which they are pressed, and then, because of their elasticity they will resist separation (see Figure 2).                                     
Benjamin E. Russ explains that there are two components of the stickiness of tape: the aforementioned                               
adhesion and cohesion. Adhesion is the binding of two separate molecules while cohesion is the binding of                                 
two similar molecules (2). When the molecules are similar, the cohesive force causes the molecules to stick,                                 
which is the case with the glue molecules, resulting in a sticky substance. When the molecules are unlike one                                     
another, the adhesive force holds the molecules together, which is the case with the glue molecules and the                                   
molecules of the substance it is sticking to (see Figure 1). Therefore the stickiness of tape is caused by both                                       
cohesive and adhesive forces. According to researchers in the industrial tape division at 3M, a formidable                               
adhesive manufacturer, there is absolutely no chemical reaction or bonding involved in adhesive bonding                           
using pressure sensitive adhesives like tape. Rather, what determines the strength of the adhesion is the                               
degree of freeness of the flow of the glue onto the surface, which depends on the surface energy of the                                       
adherend (2).  

When I was younger, I remember not being allowed to use super glue because it is so sticky that it                                       
can glue your fingers together; now I understand why. Super glue is another synthetic adhesive. Super glue                                 
was actually invented accidentally by Harry           
Coover. Dr. Coover first came across this             
adhesive, known as cyanoacrylates, when he was             
experimenting with acrylates for use in gun-sights             
during World War II and realized that it was too                   
sticky to work with but, he disregarded this               
potentially groundbreaking discovery (3). Later,          in 
1951, he collaborated with a researcher, Fred             
Joyner, at Eastman Kodak’s laboratory in           
Tennessee. They were testing compounds for a             
temperature resistant coating for jet cockpits and             
when they got to compound number 910, they               
discovered that they could not separate the two               
lenses where it was spread in order to take a                   
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reading of the velocity of light (3). While their initial reaction was complete panic, Dr. Coover saw this as an                                       
opportunity. Later on, his serendipitous mishap hit the market, and the first Super Glue was called Eastman                                 
910 after the place and subject of his discovery. Can you imagine that the super glue we rely on today, and                                         
that can be found in any local store, was all invented by mistake?  

When I think of synthetic glue what comes to mind is arts and crafts and small household fixes.                                   
However, nowadays adhesives are used in heavy metal machinery, as well. New advances in the joint industry                                 
use adhesive bonds in place of mechanical bonding of CFRP (carbon fiber-reinforced plastics) joints.                           
However, there are still two issues with the traditional adhesive bond: the strength of the bond is low and it is                                         
unstable. Because of these issues, a new method was introduced called ultrasonic vibration-assisted bonding,                           
and it is an improvement from that of the traditional adhesive bond. According to the study, because of the                                     
high-frequency vibration between the adhesive and adherend produced by the ultrasonic vibration, the                         
adhesive penetrates the roughness of the surface which improves the adhesion strength and stability (6).                             
While it may sound simple, the process in which this bond is formed cannot be done with a Popsicle stick                                       
and some school glue, rather it has many steps and is actually quite complicated. First, the adhesive is spread                                     
on the bonding surface, then the aluminum joint is placed into a tube slowly rotating while the ultrasonic tool                                     
is touched to the surface of the bonding joint (6). The position of the surface and the vibration time and                                       
pressure are set accordingly. After much research and experimentation, the study concluded that the strength                             
of the adhesive bond increased significantly due to the ultrasonic vibration. 

While it may seem as though glue has only come to common use in the mid 1800’s, in recent studies                                       
archeologists found evidence of Neanderthals using forms of glue 200,000 years back. They found stones                             
covered in tar that was distilled from the bark of a birch tree, which they produced 100,000 years before                                     
Africans first began to use tree resins and other forms of adhesives (4). Archeologists performed numerous                               
experiments to figure out how the Neanderthals were able to produce this adhesive tar. They discovered                               
many methods of using the birch bark to make tar; yet, they will never know exactly how they made the                                       
adhesive 200,000 years before. While they may never know exactly how they made the tar, it is interesting to                                     
note that many years back, even before trade and travel, people needed something sticky to bind objects                                 
together and they used the resources available to them to make one of the earliest forms of adhesive glue.  

Glue is a perfect example of something that evolves over time. In ancients times people figured out                                 
how to create useful everyday things such as furniture with their own forms of glue. And now, hundreds of                                     
years later, scientists are figuring out how to use glue to save lives. Polyethyl glycol (PEG), is a long chain                                       
polymer that is highly attracted to water (9). Since it is so water thirsty, it has the ability to fuse cells together                                           
by detracting all the water molecules from between them. In a Nobel Prize winning experiment, César                               
Milstein and Georges Köhler discovered that they can use PEG to create “hybridomas” which dehydrate the                               
cells and break the cell membrane (9). This groundbreaking discovery was proven to cure numerous cancers                               
and other diseases through its miraculous ability to create new cells by bonding the old cells together.                                 
Recently, neurologists have become exceedingly interested in PEG’s ability to fuse cells in regard to spinal                               
cord injuries that often cause paralysis (9). This experiment is still a work in progress, however, being that it is                                       

13 



 

having significant positive effects on animals, scientists are feeling optimistic as they come closer to a final                                 
cure for spinal cord injuries.   

I use glue all the time in my daily life, but I never used to think twice about how adhesives work. The                                           
sun comes up, streams flow downhill, and glue makes things stick- that's just the way the world works. But it                                       
turns out that there is much more to it. There are many scientific forces playing a role in this miraculous                                       
process called adhesion, and it is not one that should be underestimated or taken for granted. This is true with                                       
everything in life. Nothing can be perceived by how it functions on the basic level; there is always a greater                                       
force and an explanation for how things work and nothing just happens on its own. In our world we often                                       
make the mistake of taking things for granted. However, through my research of the adhesive bond and the                                   
scientific and historical background of glue, I have learned that everything has a precise and intricate design                                 
and structure and it should be recognized and appreciated that Hashem runs the world in this wondrous way.  
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HONEY- HISTORICAL, HEALTHY & HEALING 
Tamar Lewin 
 

The Rav sits down next to the father and his son and points to a laminated                               
sheet of paper with honey drizzled over it. 

"Aleph," the Rav says, "Can you point to the Aleph?" 

"Aleph," repeats the child as points to the letter and he licks the honey the                             
honey off his small chubby finger. 

"May the Torah always be as sweet as honey," the father whispers. 

In our culture and many others, honey is a beloved and universal substance                         
that has different uses and properties. It is also an ancient substance with                         
records going back thousands of years. Honey is fascinating because while                     

it seems to be a simple product, enjoyed by children and adults alike, it is quite complex. Most people know                                       
that honey is useful for eating and cooking. Some people also know that there is something about honey that                                     
makes it unsafe for infants to eat before the age of one. However, what most don’t know is that it also has                                           
medicinal and antibacterial properties which makes honey super fascinating and far more interesting than                           
what meets the eye. 

The first record of beekeeping is believed to be from paintings that were found in caves in Spain that                                     
date back to the year 7000 BC. In Cairo, Egypt, historians have found records of beekeeping in a sun temple                                       
that dates back to the year 2400 BC. Bees were represented in hieroglyphics and, because they were beloved                                   
by kings, were often used as a symbol of royalty. The Egyptians used honey as a sweetener, as part of the                                         
embalming process, and as an offering to their gods. As far back as 2600 B.C.E, scholars have translated a                                     
formula from hieroglyphics, in which the Ancient Egyptians used honey, together with grease and cloth                             
fibers, as a balm to heal wounds. Greeks and Romans used honey for food, such as in cakes, cheeses, and                                       
meats and as offerings to gods as well. The Greeks and Romans also used honey to remedy wounds but also                                       
intestinal diseases. Hippocrates, a Greek physician who is considered to be one of the fathers of medicine, did                                   
not prescribe many medications but he did encourage the ingestion of honey, combined with other                             
substances such as vinegar or water, as a remedy for pain or fevers. Because it was such a valuable                                     
commodity, beekeeping became a popular job at that time. Soon, after the development of Christianity, honey                               
and beeswax became essential parts of religious services. (Honeyassociation.com)  

Honey has a variety of uses, and it comes in different forms. It also has a very stable shelf-life and                                       
never spoils, as long as it is kept in a well-sealed container. Honey has been discovered in ancient Egyptian                                     
tombs, making it thousands of years old. Because honey is acidic and contains very little moisture, these                                 
conditions help it stay well-preserved because bacteria are unable to grow. The stomach of bees contains an                                 
enzyme that makes its way into the honey and this enzyme also contains substances that inhibit the growth of                                     
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bacteria. Among the different types of honey are the commonly known clover, orange blossom, and                             
buckwheat as well as the less known alfalfa, eucalyptus, sage, and neem varieties. 

Each variety of honey has its unique characteristics and therefore is useful in different ways. Clover                               
honey is used to regulate blood pressure and cholesterol levels, provide antioxidants, to assist in healing                               
coughs and sore throats and to treat minor cuts and burns. Clover honey was used, in addition to blueberry                                     
honey, to determine its effectiveness against oxidation when in salad dressings. The antioxidant properties can                             
contribute to treating many health problems. For example, they can help prevent cancer, and they heal                               
wounds and infections. They can also treat heart, brain, and immune system diseases. These compounds can                               
also be used for food preservatives (Khalil 14).  

Other versions of honey have different uses. Buckwheat honey, in addition to having antioxidant                           
properties, also has enzymes, vitamins, and minerals and it has antibiotic properties. It helps treating diabetes,                               
correcting iron deficiencies, and treating infections from bacteria. For example, in a study done in India,                               
honey was found to help the body absorb iron which was useful in treating patients with iron deficiencies.                                   
(Sharma 124). Bee honey was also found to protect the body’s immune system while fighting allergies.  

Incredibly, it also has been studied as an anti-cancer agent. Bee honey is effective in fighting some                                 
cancer cells. “​In vitro study showed that diluted honey affected the growth patterns of some bladder cancer                                 
cells” (Akaza 219). Research is continuing to be done to see how else it can be helpful as an antitumor                                       
mechanism, as well as to understand precisely what qualities honey has that gives it this characteristic. The                                 
image below shows the effects that honey solutions had on the average tumor volume, and it is clear that the                                       
effect is an auspicious one because the volume decreased when exposed to the honey solution.   

Another study that involved the use of honey for cancer research, conducted by Israeli researchers,                             
looked at the effect that honey           
had on patients suffering from         
head and neck cancers. It has           
been found to prevent the         
buildup of oral mucositis       
because scientists recognized     
honey’s ability to heal wounds         
and burns. One such study, as           
seen in Image 1 below, was not             
able to reach a specific         
conclusion because of     
insufficient data, but the       
researchers did admit that there         
were some excellent results.       
However, researchers did admit       
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that the “results of the study support the potential for a mix of manuka and kanuka (honey) essential oils as a                                         
gargle to prevent mucositis” (Yarom 3217). 

 

Not only does honey help relieve sore throats, but it also has medicinal properties in the realm of                                   
wound-healing. As far back as ancient times, honey has been “known to possess antimicrobial property as                               
well as wound-healing activity” (Mandal 154). Honey has been used in ancient times as an antibiotic to fight                                   
against bacteria. Today, as diseases are becoming immune to the various forms of antibiotics that have                               
become available, researchers are moving back to traditional and ancient remedies, including honey. A certain                             
type of honey called ​L. scoparium​, “has been reported to have an inhibitory effect on around 60 species of                                     
bacteria” (Mandal 155). So while it continues to be effective in helping to soothe sore throats, it has many                                     
more critical functions in the realm of health and wellness. 

Honey has been known to have both antibacterial and antifungal properties. Honey has been proven                             
to kill bacteria such as ​Salmonella Shigella​, enteropathogenic ​Escherichia coli and Vibrio cholera​- all of which are                                 
dominant causes of morbidity and mortality worldwide (Zumla 384). This characteristic is extraordinary                         
considering how ordinary honey seems to be. Honey has also been shown to treat burns, certain types of                                   
ulcers, and even wounds as a result of surgery. When honey is applied to surgical incision sites, the wounds                                     
healed faster and with less bacterial growth. Other studies have shown that when honey was given to children,                                   
in addition to rehydration fluid, it shortened the length of time that these children suffered from bacterial                                 
diarrhea. Another study, conducted with mice, showed that wounds healed significantly faster when honey                           
was applied than when not (384).  

Honey contains these healing properties for several reasons. There is an enzyme in honey called                             
glucose oxidase that produces hydrogen peroxide within the substance. The amount of hydrogen peroxide                           
that is present depends on the level of the glucose oxidase which is determined by the bee and the type of                                         
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flower pollen. Honey contains another enzyme called catalase which helps the wound to absorb water,                             
allowing the wound to become clean and to heal faster and prevent infection (Zumla 384). Honey is also very                                     
thick and provides a solid barrier against particles and other elements that can cause infection. The fact that                                   
honey contains a high sugar content, as well as a low pH level prevents the growth of bacteria and other                                       
substances. Another essential characteristic of honey is that it keeps the wound moist which allows it to heal                                   
more quickly and more effectively. Honey has also been found to help the body with the absorption of both                                     
water and sodium.  

Aside from the mundane use of Honey, it can also be a very beneficial and vital medical substance.                                   
There is still much that needs to be researched and discovered about honey and its healing properties.                                 
Scientists believe that the various types of fructose contained in honey can help with the treatment of leprosy.                                   
Honey is valued for its well-known characteristics such as its delicious taste and its versatility as an ingredient.                                   
It has also lent itself to traditional medicine, playing its role in fighting bacteria and healing wounds. What                                   
needs further study is how else honey can be utilized in the world of medicine. “The time has now come for                                         
conventional medicine to lift the blinds off this ‘traditional remedy’ and give it its due recognition” (Zumla                                 
385).  
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FROM FARM TO FRAPPUCCINO 
Chana Lipschutz 
 

He concludes his paragraph with saying that it is a mistake for people to                           
drink the processed liquid extracted from this bean with milk as they will be                           
in danger of leprosy (1). This is irony at its finest as today many people                             
drink it with lots of milk. And caramel. And an extra dollop of whipped                           
cream. But what about the bean that’s at the center of everyone’s favorite                         
pick-me-up? 

In the ninth century, a shepherd from Ethiopia named Kaldi noticed that                       
his goats became more energetic when eating berries from a certain bush.                       
He tried the beans and experienced the same rush of energy as the goats                           

did. He took these beans to a religious figure who was skeptical of this new discovery and threw them into                                       
the fire. A delicious aroma wafted up from the fire as the beans roasted and so began the world’s obsession                                       
with coffee. (14) This is a legend and whether it is true or not, C. Arabica’s origins lie in Ethiopia and by the                                             
end of the fifteenth century, the bean had made its way across the Islamic world. Coffee was probably                                   
introduced to Europe by Muslim merchants in the sixteenth century. By 1700, there were 2,000 coffee houses                                 
in London frequented by working class men. Coffee has been credited with increasing the sobriety of these                                 
men who previously drank lots of ale. Today, coffee shop chains such as Starbucks and Dunkin Donuts give                                   
people all over the world their morning boost. And it is all caused by one little bean. (10)  

Let’s start with the origins of the coffee bean. Coffea Arabica is a member of the Rubiaceae plant                                   
family. A family of flowering plants, these white flowers will eventually produce cherries. The “seeds” of                               
these cherries are what we call coffee beans. There are many steps involved in growing the perfect coffee                                   
beans, before they can be processed. Firstly, they have to be grown in ideal place of growth where they can                                       
mature and grow properly. Although Coffea Arabica’s origins lie in Ethiopia, today it is grown in Latin                                 
American, Asian, African and European countries. For commercial purposes, coffee beans are grown in large                             
scale nurseries or even small scale farms. The plant is tolerant of different climates, having a range of suitable                                     
zones that are defined as “Hot-Wet,” “Constant,” “Cool-Dry,” “Cool-Variable.” These zones vary between                         
945-1580 meters above sea level. Air temperature should be between 18-23 degrees celsius. (2) At a higher                                 
temperature the coffee plant will grow at a faster rate, which can reduce the quality and cause severe damages                                     
to the plant’s health. Shadier regions seem to be better areas to plant coffee. Coffee plants grow better under                                     
more humid conditions, and research has shown that planting under trees that provide shade, versus planting                               
in direct sunlight increases the humidity levels thereby increasing the plant’s growth. (5)  

The soil the plant is grown in is also important to consider. It is most preferable for the acidity levels                                       
of the soil to be between a PH of 4.1 and 6.3 (2). While coffee beans can tolerate a wide range of soils,                                             
volcanic soil is best because of its multitude of nutrients, such as carbon and nitrogen (3). Even if the soil is                                         
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nutrient dense, often its nutrient supply will not be enough to sustain a growing coffee plant. This is where                                     
fertilizer comes in. Experiments show that when soil is fertilized with nutrients such as Phosphorus and                               
Nitrogen, there is about an 1,000 kg increase in bean yield as opposed to when not fertilized. (2) 

If one was interested in growing their own coffee plant instead of just popping into Starbucks, they                                 
would need to buy some green Coffee Arabica seeds. A dark brown bean would not have the potential to                                     
germinate because it has already been roasted. A bean’s viability is its potential to germinate. Coffee seeds                                 
generally lose their viability after six months of being picked from its mother plant. However, they can be                                   
properly stored in humid condition for about 1-3 years, although there is a significant decrease in cup quality                                   
as storage time increases (3). Coffee has a specific germination type called “intermediate.” This means that                               
coffee seeds can still be viable even when it is partially dried of its natural moisture. 

There are many factors that affect the germination process of Coffee Arabica beans. The process                             
begins with a red cherry. Inside a red cherry lives two coffee beans and each coffee bean has layers that add                                         
nutrients, body, and flavor to your cup of coffee. The fruit has three layers, exocarp, pulp, and mucilage. The                                     
exocarp is the outer skin of the fruit, then comes a layer of pulp or mesocarp, the final layer, the flesh of the                                             
fruit is called the mucilage; a slimy layer that is usually removed through various methods of coffee                                 
processing. The parchment or endocarp serves as a separation layer between the fruit and the seeds. The                                 
parchment contains chlorophyll, responsible for the green color of a raw coffee bean. Each bean is encased in                                   
the silver skin or spermoderm. Finally, under all those layers is the bean. The bean has an embryo that is                                       
involved in the process of germination (8). The endocarp acts as a barrier to the growth of the embryo and                                       
can often delay or prevent germination (11).  

Research has shown that an enzyme called Endo-β- Mannanase will                   
help quicken seed germination by breaking down the endosperm                 
barrier through hydrolysis of the mannans (polymers of mannose).                 
Hydrolysis is the chemical breakdown of a compound due to a reaction                       
with water. ​The enzyme is more effective when the bean is subject to                         
various methods of processing, such as fully washing, semi-washing,                 
and drying, versus no interference (12). Therefore, a coffee farmer                   
must be extremely selective when choosing the method of preparation                   
for the germination of the beans.  

What happens to the bean as the plant grows? Eight weeks after the                         
flowers of the C. Arabica plant self-pollinate, cell division occurs                   
inside the seeds. This is the pinhead stage in which there is little to no                             
growth of the bean inside the fruit (13). Next comes rapid periods of                         
growth of the fruit that ends about seventeen weeks after pollination.                     
Now, the outer layers (integument) of the bean have fully grown to                       
accommodate the endosperm (food storage part of the bean) which                   
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consumes the integument until it’s all gone except for the silver skin. The coffee bean is now formed. When                                     
first formed, the bean is jelly-like but hardens over the next couple months (9). 

Growing coffee does have its risks. There are all sorts of diseases and insects that can easily affect the                                     
bean due to environmental change and improper maintenance. In 2013, Roman Lec’s two thousand dollars                             
worth of borrowed fertilizer was of no help. Jose Obispo Tax Tale was having even more trouble feeding his                                     
eight kids. The perpetrator? “La Roya,” the notorious coffee rust (7). This fungus is just one of the many                                     
diseases that will cause damage to the coffee bean and its massive industry. In 2013, coffee dependant                                 
countries such as Honduras and El Salvador declared a state of emergency when the rust barreled its way                                   
through coffee plantations and farmers were desperate. Often the coffee berry will be infected and this will                                 
affect the seed’s roasting quality as opposed to harming the physical seed. Coffee Berry Disease is especially                                 
prominent in Africa, and dark brown spots will blanket the cherry about 4-14 weeks after the plant flowers.                                   
However, many of these potential epidemics can be controlled by careful selection of seeds to germinate a                                 
new plant, as in the case of oily spot and coffee berry disease. These are both fungi that are derived from the                                           
same pathogen group (​Colletotrichum kahawae​). Maintaining proper balances of soil acidity, humidity and shade                           
can also decrease risks.  

Unfortunately, this isn't the only disease that ravages coffee plants; there are also tiny insects which                               
destroy coffee. The coffee weevil is an insect that measures about 4-5 mm long, and is infamous for infesting                                     
stored coffee, however, researchers have seen weevils burrow into coffee berries from the field (6). The                               
female weevil enters the coffee berry and lays eggs inside the berry. The eggs will grow to become larvae by                                       
living in and feeding on the beans, and then exit by chewing a hole through the disc, the area that connects                                         
the two seeds, or beans of the coffee berry. The coffee weevil not only damages the beans with physical holes.                                       
It also affects the grading to measure the quality of the bean. 

But what is so significant about coffee that around 120 million people depend on it daily (12)? The                                   
caffeine of course! An eight ounce cup of coffee contains around 100 grams of ​C8H10N4O2​, (caffeine’s                               

molecular formula). Caffeine is a methylxanthine alkaloid, which is a                   
substance containing xanthine (an organic compound) from which               
many stimulants are produced. The natural process for turning                 
xanthosine into caffeine is a complex one, with the coffee plant using                       
various enzymes to rearrange atoms of xanthosine until eventually a                   
caffeine compound is formed (14). Caffeine is a naturally occurring                   
alkaloid in coffee and although is not classified as an addictive, has                       
similar properties to those of popular drugs. Dopamine is a chemical                     
that has several pathways for neurotransmitters in the brain, and                   

controls motivation and rewards emotional responses. Caffeine heightens dopamine’s alertness in the brain.                         
This is why one gets that rush of energy and alertness after downing a steaming cup of coffee. As mentioned                                       
before, caffeine is not an addictive but it can lead to withdrawals if one is too dependent on it (13). Doctors                                         
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do not advise drinking more than 400 mg a day. If one drinks the right amount, caffeine could decrease the                                       
risks of Parkinson ’s disease, stroke, heart attacks and other cardiovascular diseases. 

Learning about a coffee bean’s growth process, not only helps increase awareness of our bodies’                             
health, but also the health of our environment. Researchers have found a link between extreme weather and                                 
coffee rust. Imagine not being able to pick up your Espresso Frappuccino​® ​because of some fungus? It is                                   
important that we are conscious of nature’s well-being because it is the catalyst of so much good in our                                     
society. Coffee fuels millions of people’s days, whether they pick up a steaming cup for pleasure or out of                                     
necessity. Millions of people across the world start their day the exact same way with a piping cup of morning                                       
energy. And all this starts with one little bean. 
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