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            INTRODUCTION

          

          CHEMISTRY: THE FORCE THAT SHAPES EVERYTHING IN OUR WORLD

        

      

    

    
      Our bodies—and indeed everything around us—are made of chemicals. Even the stars twinkling in the night sky and the cosmic dust scattered throughout the universe consist of chemical substances. If you dream of a world without chemicals, sadly, that’s impossible. Without chemicals, we humans simply wouldn’t exist.

      Chemistry is a vital science that explains what substances are and how they change. Modern chemistry begins with 118 known elements. Ninety-two of these are naturally found on Earth, while the remaining twenty-six are synthetic, created in laboratories with particle accelerators. Scientists developed these artificial elements as science and technology advanced during the twentieth century.

      Synthesizing new elements has become a major goal for many countries. The United States, Russia, and Germany have long been leaders in this field. Then, in the twenty-first century, Japan became the first Asian country to discover a synthetic radioactive chemical element—element 113. They named it nihonium (Nh), meaning element of Japan. This achievement inspired scientists in South Korea, who now aspire to create their own element, koreanium, someday soon.

      Chemical substances lie at the heart of chemistry. They are made of molecules formed by chemical bonds between atoms. There is an astonishing number of these substances—over 70 million known—and thousands more are discovered or created each year. Chemistry can seem complicated simply because there are so many different substances to study.

      Just like people, each chemical has its own unique character. Dye molecules paint autumn leaves in vibrant colors, while flavor enhancers make our food deliciously savory. Some chemicals, like glucose (sugar) and salt, are necessary for us to live. Others, like tetrodotoxin and dioxin, are deadly if they enter our bodies.

      Yet not all harmful chemicals are entirely bad. The truth is, there is no clear line separating good chemicals from bad ones. Even helpful chemicals can become dangerous if misused, and harmful ones can become beneficial when handled carefully.

      For instance, sodium hydroxide and hydrochloric acid are both highly toxic. However, when mixed together, they transform into harmless water and salt—two substances we rely on daily. Indeed, all living creatures depend on similar chemical changes to produce the energy necessary for life.

      Our understanding of the world grows as we learn more about it. If you think chemistry is too complicated, you might miss discovering the fascinating truths hidden within chemicals. Since chemicals are everywhere, understanding chemistry is essential for modern life.

      This book commemorates the seventy-fifth anniversary of the Korean Chemical Society, the oldest academic science organization in Korea. We hope this book helps clarify many common misunderstandings about chemistry.

      We also hope it encourages more young people to explore the sciences—especially chemistry, which makes our daily lives safer and more convenient. Remember, chemistry is helping our planet become greener and more sustainable.

      
        
        December 10, 2020

      

        

      
        Lee Duckhwan & Seok Wonkyung
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            1. IS EATING A LOT OF CAPSAICIN HARMFUL TO YOUR HEALTH?

          

        

      

    

    
      Plants produce compounds called alkaloids, which contain nitrogen. Different plants produce various alkaloids, and when we consume them, these chemicals trigger diverse reactions in our bodies.

      Capsaicin is a type of alkaloid known as a capsaicinoid. It is found in the seeds of chili peppers, bell peppers, and other hot peppers. When consumed, capsaicin activates specialized cells in our mouths that detect spiciness, causing the body’s sympathetic nervous system to release adrenaline from the adrenal glands.

      Adrenaline increases breathing and heart rates, generating excitement and elevating mood. This is why eating spicy food causes sweating, boosts circulation, and appeals to many people. However, too much capsaicin can result in dizziness, vomiting, stomach pain, and severe diarrhea.

      Capsaicin: The Pepper’s Chemical Weapon

      Capsaicin serves as a chemical defense for peppers, protecting their seeds from mammals. Peppers concentrate capsaicin in their seeds, so mammals biting into them experience a painful burning sensation. This irritation discourages mammals from eating peppers again.

      Birds, however, lack teeth and swallow peppers whole without harm. Their digestive enzymes cannot break down pepper seeds. Instead, the seeds pass intact through the birds’ digestive tracts and land in their droppings. These droppings act as fertilizer when they reach the soil, allowing new pepper plants to sprout the following year. In this mutually beneficial relationship, the pepper nourishes the bird while the bird helps spread the pepper’s seeds. Additionally, capsaicin in bird droppings prevents fungal infections, helping the new pepper plants grow healthy and strong.
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      Spiciness Is Not a Flavor—It’s Pain

      Although we consume capsaicin in food, it doesn't create flavor; rather, it causes pain. Our tongues detect flavors such as sweet, salty, sour, bitter, and umami through taste buds called papillae. These flavors activate specialized taste bud receptors known as G-protein-coupled receptors (GPCRs). Professors Robert Lefkowitz of Duke University and Brian Kobilka of Stanford University received the 2012 Nobel Prize in Chemistry for their research on GPCRs.

      However, the molecule responsible for capsaicin’s spiciness isn't detected by GPCRs. Instead, capsaicin binds to sensory receptors on the tongue that detect temperature and pain rather than taste. Tongue cells contain protein receptors activated by heat, and capsaicin stimulates these temperature-sensitive receptors.

      Warm-blooded animals use various receptors to maintain stable body temperatures. For instance, TRPA1 activates at temperatures below 17°C, while TRPM8 responds to temperatures between 22°C and 26°C. TRPV3 is active from 23°C to 39°C, and TRPV1 activates at temperatures above 43°C.

      Capsaicin in chili peppers stimulates the TRPV1 receptor, which detects temperatures above 43°C. When capsaicin enters the mouth and binds to TRPV1, it opens an ion channel, releasing calcium ions that activate nerve cells responsible for sensing pain.

      Through this process, the brain confuses the spiciness of chili peppers with actual heat. This explains why eating spicy food causes sweating and creates cravings for cold water. When capsaicin triggers pain, the body responds by releasing endorphins—natural hormones that help relieve pain. At one time, capsaicin was even fed to racehorses to enhance their performance. However, beginning with the 2008 Beijing Olympics, the International Equestrian Federation classified capsaicin as a banned substance.

      Scoville Heat Unit (SHU): Measuring Spiciness

      Spiciness is measured using the Scoville Heat Unit (SHU), developed by American chemist Wilbur Scoville in 1912. The SHU measures how much a substance must be diluted before it no longer tastes spicy—the higher the SHU, the spicier the substance.

      Sweet peppers rank at 0 SHU, and bell peppers score about 1 SHU. Korea’s spicy Cheongyang pepper measures around 10,000 SHU but isn’t among the world’s hottest peppers. Bhut Jolokia (a cultivar of the Indian naga jolokia) peppers reach 1,000,000 SHU, Carolina Reapers, cultivated from a Chinese chili plant, hit 2.2 million SHU, and Pepper X, identified in 2017, reaches 3.18 million SHU. Other capsaicinoids like nordihydrocapsaicin score up to 9.1 million SHU, and pure capsaicin itself rates 16 million SHU.

      Even stronger compounds exist. Resiniferatoxin from the Moroccan cactus Euphorbia resinifera scores a staggering 16 billion SHU—1,000 times stronger than pure capsaicin.

      Cultural Fascination with Capsaicin: From Pain to Passion

      Despite its painful effects, capsaicin has become a cultural fascination. Initially, most people avoided spicy peppers due to their burning sensation and sweating. There seemed little reason to endure such discomfort.

      However, some people began consuming them effortlessly, earning reputations as brave. Gradually, tolerance for the pain became associated with bravery. Eventually, many cultures embraced spicy food, making capsaicin a permanent part of global cuisine, with chili pepper use dating back around 5,000 years.

      How Spicy Food Affects the Body

      Originally, traditional Korean kimchi was white, made by salting and fermenting napa cabbage. The spicy red version became popular in the seventeenth century when chili peppers arrived in Korea via Japan.

      The real passion for spicy food in Korea intensified during rapid industrialization in the 1960s. As Korea transitioned from agriculture to industry, spicy dishes became trendy. In the 1970s, hot dishes like Mugyo-dong stir-fried octopus gained popularity, and cultivation of the extremely spicy Cheongyang pepper expanded.

      Recently, the popularity of online mukbang (eating shows) increased interest in spicy dishes such as spicy tteokbokki, stir-fried noodles, and buldak (fire chicken). Economic challenges and social stress have also led people to crave spicy meals more often.

      Frequent consumption of spicy foods can decrease the body’s ability to feel pain. Over time, the brain may lose its sensitivity to the stimulus provided by capsaicin. Medical researchers are exploring this desensitizing effect of capsaicin for potential therapeutic applications. If temperature-sensitive receptors can be deactivated using capsaicin, it could offer relief for conditions such as shingles or nerve damage.

      However, there is ongoing debate regarding capsaicin’s health benefits. Some studies suggest it promotes blood flow, improves skin health, relieves stress, and may help prevent neuralgia and arthritis. A 2007 study from Yonsei University Medical School found capsaicin reduced stomach inflammation caused by Helicobacter pylori infection.

      Other research presents different findings. In 2014, researchers at Asan Medical Center in Seoul found that excessive spicy food intake could weaken natural killer (NK) cells, which fight cancer cells, potentially increasing cancer risk.

      Thus, any claim that foods containing capsaicin can prevent or treat specific diseases should be viewed cautiously. Scientific experiments confirming medical effectiveness are conducted under highly controlled conditions. According to South Korea’s laws on food labeling and advertising, food products cannot be promoted as having curative or preventive effects comparable to pharmaceutical drugs.
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            2. IF YOU EAT A LOT OF VEGETABLES LIKE AN ELEPHANT, CAN YOU MAKE PAPER FROM YOUR POOP? ANSWERED BY PROFESSOR LEE DUCKHWAN

          

        

      

    

    
      Elephant dung is valuable to many living organisms. Newborn elephants even eat their mother’s dung immediately after birth to acquire essential microbes needed to digest grass.

      Numerous creatures rely on elephant dung—frogs hide beneath it and mushrooms grow from it. Elephant dung also helps spread plant seeds, making it ecologically valuable.

      The issue with elephant dung arises from the enormous quantities elephants produce daily. To maintain their large bodies, elephants must eat and defecate substantial amounts, resulting in overwhelming piles of dung. Recognizing this challenge, social enterprises in Sri Lanka and Thailand have begun transforming elephant dung into paper. This innovative solution helps manage the surplus dung while also creating sustainable and eco-friendly products.

      An Elephant’s Daily Waste Makes 660 Sheets of A4 Paper

      Elephants eat grass, fruits, and leaves, making their dung rich in cellulose—the primary ingredient for paper production. Converting elephant dung into paper is surprisingly straightforward.

      First, the dung is thoroughly washed, boiled extensively, and heated at high temperatures to separate cellulose fibers. These fibers are then evenly spread over screens and dried. Sometimes, additional fibers from coconut, corn, banana, or pineapple plants are added to enhance the paper’s quality.

      A single elephant produces over 100 kilograms of dung daily. Consuming about 300 kilograms of grass for 18 hours each day, elephants defecate approximately 16 times. From the daily dung of one elephant, around 660 sheets of A4 paper can be produced.

      Although other herbivores such as cows, horses, sheep, and camels also produce fibrous dung, none produce as much as elephants. Elephants eat and defecate extensively due to their inefficient digestive systems. They have only four molars and cannot repeatedly chew their food as cows do.

      Even though elephants have a large, 70-liter stomach, it lacks essential digestive enzymes. Most digestion occurs in their 19-meter-long small intestine, causing elephants to fail at digesting more than half the food they consume.
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      Cellulose: The Secret Ingredient of Paper

      The primary fiber in elephant dung is cellulose, the most abundant organic material on Earth. Cellulose is a major component of plant stems and leaves, constituting 90 percent of cotton fiber, 57 percent of dried hemp, and about half of wood. Green plants produce around 100 billion tons of cellulose annually through photosynthesis.

      Cellulose was first discovered in 1833 by the French chemist Anselme Payen. Later, German chemist Hermann Staudinger revealed its chemical structure. Cellulose consists of six-carbon D-glucose units linked in chains, represented chemically as (C₆H₁₂O₆)n.

      Thousands of glucose molecules in cellulose are tightly connected by glycosidic linkages. Each glucose unit contains hydroxyl groups (-OH), which form strong hydrogen bonds with oxygen atoms in adjacent glucose rings. These bonds give cellulose its characteristic toughness and rigidity.

      The physical and chemical properties of cellulose depend on the number of glucose units and chain length. Wood pulp generally has between 300 and 1,700 glucose units, whereas cotton and bacterial cellulose have 8,000–10,000 units. This high number of units makes cotton and bacterial cellulose insoluble in water or organic solvents. In contrast, shorter cellulose chains, called cellodextrins
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