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pH Scale and Its Effects on Compounds

Smt. Kripa Sharma
Assistant Professor (Deptt. of Science and Technology)
Hukumchand Noble Institute of Science and Technology, Ajmer

1. Introduction

In chemistry, some concepts are small in definition but huge in
impact. The pH scale 1s one such i1dea. At first glance, it looks like
just a number between 0 and 14, but in reality, it tells us a lot about
how substances behave, react, and even how they affect our lives.
The sour taste of a lemon, the bitter feel of soap, the burning sensation
of acid, and the freshness of drinking water - all are connected to pH.

In this Chapter, we will slowly explore what pH means, how it
is measured, and most importantly, how it influences compounds and
processes around us.

2. Whatis pH?

The term pH stands for the "potential of Hydrogen." Simply
put, it measures how acidic or basic a solution is. Scientifically, pH 1s
connected to the concentration of hydrogen ions (H") present.

* A solution with a high concentration of hydrogen ions is
acidic.

* A solution with fewer hydrogen ions is basic.
The formula used is:
pH = -log [H']

Don't worry if this looks too technical - the idea is simple: the
more H" ions, the lower the pH. The fewer H" ions, the higher the pH.
This is why vinegar (which has lots of H") has a low pH, while soap
(which has very few H" 1ons) has a high pH.

3. The pH Scale Explained

The pH scale runs from 0 to 14, with 7 as neutral.

* Values below 7 mean the solution is acidic.
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* Values above 7 mean the solution is basic (alkaline).
* Exactly 7 means neutral, like pure water.

One important thing to understand is that the scale is logarithmic.
This means each step is not just "one point," but ten times more or
less acidic/basic than the next.

For example:
* pH 3 is ten times more acidic than pH 4.
* pH 2 1s a hundred times more acidic than pH 4.

This shows why even small changes in pH can make a big
difference in reactions and in real life.

4. Everyday Examples of pH

To make the idea more relatable, let's see some common
substances and their pH values:

* Stomach acid (pH 1-2): very acidic, helps digest food.
* Vinegar (pH ~3): acidic, gives a sharp taste.

*

Orange juice (pH 3-4): mildly acidic, gives the tangy taste.

*

Milk (pH ~6.5): slightly acidic, almost neutral.

*

Pure water (pH 7): neutral and safe to drink.

*

Baking soda solution (pH ~9): mildly basic, used in cooking.

+*

Soap (pH 9-10): basic, feels slippery.
* Bleach (pH 12-13): strongly basic and dangerous.

By looking at these examples, students can connect the idea of
pH directly to things they use daily.

5. Importance of pH in Chemistry

pH is not just about taste or household products; it plays a major
role in chemical behavior:

* It decides how fast reactions happen. For example, some
reactions only occur in acidic medium, while others need a basic
environment,

* It affects solubility. Certain salts dissolve only at a specific
pH.
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* It changes the shape and activity of molecules. Proteins, for
instance, lose their natural structure when pH changes drastically.

So, without understanding pH, we cannot control or predict
many chemical reactions.

6. Effects of pH on Compounds
(a) Acids (pH <7)

Acids have a sour taste and are reactive in nature. Their main
effect on compounds is due to the presence of free hydrogen ions.

* Acids react with metals to release hydrogen gas. Example:
hydrochloric acid reacting with zinc produces hydrogen bubbles.

* Acids react with carbonates to produce carbon dioxide gas.
This 1s why adding vinegar to baking soda fizzes instantly.

* They change the color of indicators. Acids turn blue litmus
paper red.

(b) Bases (pH>17)

Bases are the opposite of acids. They release hydroxide ions
(OH") in solution.

* Bases react with oils and fats to form soap, a process called
saponification.

* They feel slippery and taste bitter (though tasting bases is
not recommended for safety).

* They also change indicators: bases turn red litmus paper blue.
(c) Neutral Compounds (pH ~7)

Some compounds are neither strongly acidic nor basic.

* Pure water is the best example.

* Many biological fluids remain near neutral to maintain
stability.

* Neutral solutions do not show strong reactions with indicators.
7. pH in the Human Body

The human body is like a living laboratory, and pH balance is
crucial for survival.

* Blood pH is about 7.4, slightly basic. If it changes even a
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little (below 7.2 or above 7.6), it can be dangerous.

* Stomach acid is strongly acidic (pH 1.5-3.5). This helps break
down food and kill germs, but excess acid leads to acidity and ulcers.

* Skin pH is around 5.5, slightly acidic. This acidic layer
protects against harmful bacteria.

* Urine pH varies between 4.5-8 depending on food and health,
which is why doctors sometimes test urine pH during health check-
ups.

This shows how important pH is in maintaining body health.
8. Industrial Importance of pH
Industries rely on pH for producing safe and effective products.

* Food industry: Fermentation of bread, cheese, and yogurt
needs the right pH. Preservatives also work only at specific acidity
levels.

* Pharmaceuticals: Medicines can lose effectiveness if pH is
not controlled. Injections are adjusted to match blood pH to avoid
pain or irritation.

* Cosmetics: Shampoos, soaps, and creams are carefully
designed to match the natural pH of skin and hair.

* Agriculture: Fertilizers are effective only at the right soil
pH.

* Water treatment: Drinking water should have a safe pH (6.5-
8.5).

9. Environmental Importance of pH
pH also plays a major role in environmental balance.

* Acid rain (pH < 5.6) occurs when sulfur and nitrogen oxides
mix with water. It damages monuments, kills plants, and pollutes soil.

* QOcean acidification happens when oceans absorb excess
carbon dioxide from the air. This lowers the pH of seawater, harming
corals and marine animals.

* Rivers and lakes with too low or too high pH cannot support
fish and aquatic life.
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10. Buffer Solutions and pH Control
Nature and industries both use buffer solutions to keep pH stable.
* A buffer is a solution that resists sudden pH change.

* Blood has a natural buffer (bicarbonate buffer) that keeps its
pH around 7.4.

* In industries, buffers are used in fermentation, chemical
manufacturing, and even cosmetic products to keep them safe and
effective.

11. pH in Agriculture and Soil Chemistry
Soil pH directly controls plant growth.

* Acidic soil (below pH 6) leads to poor crop yield because
essential nutrients are unavailable. Farmers add lime (calcium
carbonate) to correct it.

* Alkaline soil (above pH 8) causes nutrient imbalance, which
can be corrected by adding sulfur compounds.

* Farmers test soil pH before planting to ensure maximum
productivity.

12. pH in Food Science and Preservation

* Foods like yogurt, cheese, and bread rely on pH control during
fermentation.

* Pickles and sauces are kept acidic so that bacteria cannot spoil
them.

* Baking involves pH control, where baking soda reacts to
release carbon dioxide, making cakes fluffy.

* Soft drinks are acidic, which not only gives them tangy flavor
but also prevents spoilage.

13. pH in Pharmaceuticals and Medicines
Medicines are sensitive to pH.

* For example, aspirin is stable in acidic conditions but breaks
down in alkaline conditions.

* Injections are carefully formulated to match blood pH (around
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7.4) so they don't cause irritation.

* Even creams and syrups are designed at the right pH so they
remain effective.

14. pH in Water Chemistry and Treatment
Water quality is judged partly by its pH.

* Drinking water must have a pH between 6.5 and 8.5 to be
safe.

* Acidic water can corrode pipes and carry heavy metals,
making it dangerous.

* Alkaline water can form scales inside boilers and pipes.

* Swimming pools are also adjusted to a slightly basic pH to
kill bacteria but still be safe for swimmers.

15. Case Studies (Real-Life Situations)

* Tooth decay: When mouth pH drops below 5.5 due to sugary
food, enamel starts to dissolve.

* Fish deaths in lakes: Acid rain lowers water pH, making it
unsuitable for fish.

* Shampoos: Designed with pH 5.5 to match scalp acidity.

* Antacids: Medicines like milk of magnesia neutralize stomach
acid by increasing pH.

16. Common Misconceptions about pH

* "All acids are harmful" False. Lemon juice and vinegar are
acids but safe in small amounts.

* "All bases are safe" False. Strong bases like sodium hydroxide
can burn skin.

* "Neutral means harmless" False. Neutral water can still carry
dangerous microbes.

17. Summary

* The pH scale (0-14) 1s a simple but powerful tool to measure
acidity and basicity.

* Acids (pH < 7), bases (pH > 7), and neutral substances (pH =
7) behave differently with compounds.
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* pH affects human health, industry, environment, agriculture,
food, and medicines.

* Buffers help keep pH stable.

* Understanding pH allows us to control chemical reactions,
protect nature, and improve everyday life.

The pH scale runs from 0 to 14. It may seem like a
straightforward ruler, but there is a hidden power here: the scale is
logarithmic. This means that each number represents a tenfold change.
A solution at pH 3 is not just slightly more acidic than pH 4; it is ten
times more acidic. A pH 2 solution is a hundred times more acidic
than pH 4. Such a setup highlights why even small shifts in pH can
cause dramatic effects. For example, in the human body, blood
normally stays at pH 7.4. A drop to 7.2 or a rise to 7.6 may look tiny,
but it can threaten survival. Similarly, soil pH shifting by a small
margin can determine whether crops thrive or fail. This logarithmic
scale emphasizes the sensitivity of nature and chemistry to pH balance.

pH is not just something we study in textbooks - it is present all
around us. When you sip orange juice in the morning, the tangy
sourness 1s due to its acidic pH. The freshness of milk depends on it
being close to neutral. Soap feels slippery because it is basic, while
bleach, a strong base, is harsh enough to cause burns. The bubbling
of soda, the sourness of vinegar, the bitterness of coffee, and even the
effectiveness of shampoo are all tied to pH. These daily encounters
make it clear that pH is not just abstract science but an experience we
live with constantly. Recognizing this connection helps students
appreciate why it deserves attention in chemistry.

Compounds behave differently depending on the pH of their
environment. Acids, with low pH, tend to release hydrogen ions that
actively react with metals, carbonates, and even proteins. For example,
hydrochloric acid dissolves zinc while producing hydrogen gas. Bases,
with high pH, release hydroxide ions that react with oils and fats to
form soap - a process humans have used for centuries. Neutral
compounds, on the other hand, do not display extreme reactivity, but
their importance cannot be understated. Water, with a neutral pH of
7, 1s the very basis of life. From this perspective, pH can be thought
of as the "mood" of a compound: acidic, basic, or neutral, each mood
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leading to a different type of reaction.

Perhaps one of the most striking areas where pH reveals its
importance is the human body. Blood operates in a narrow window
of pH 7.35 to 7.45. Deviations from this can lead to acidosis or
alkalosis, conditions that disrupt normal functioning. The stomach,
in contrast, thrives on strong acidity, with pH values as low as 1.5.
This acidity is vital for breaking down food and killing harmful
microbes, but when acid levels rise too much, people experience
heartburn or ulcers. The skin maintains a slightly acidic pH of 5.5,
which acts as a natural barrier against bacteria. Even urine pH 1is
monitored by doctors because it reflects diet and health conditions.
In short, every system of the human body has its own pH requirement,
and balance 1s key to good health.

Our environment, too, is deeply affected by pH. Acid rain,
formed when sulfur and nitrogen oxides dissolve in water, lowers the
pH of rain below 5.6. This damages crops, corrodes buildings, and
harms aquatic life. Ocean acidification is another alarming
consequence of human activity. When oceans absorb carbon dioxide,
their pH drops, threatening corals and marine biodiversity. Rivers
and lakes are equally sensitive - fish and aquatic plants can only survive
within specific pH ranges. Environmentalists constantly monitor pH
to protect ecosystems. Without balance, entire habitats are at risk,
making pH a silent yet powerful factor in environmental stability.

Conclusion

The pH scale may look like a simple range from 0 to 14, but it
is a gateway to understanding chemical behavior, biological balance,
industrial processes, and environmental health. Acids, bases, and
neutrals each have unique roles, and their interactions shape everything
from digestion in our stomach to the functioning of ecosystems.
Buffers step in to maintain balance, preventing dangerous swings.
Industries, farmers, doctors, and scientists all depend on pH knowledge
to sustain life, produce goods, and protect nature. In short, pH is one
of those rare concepts that connects the micro world of atoms with
the macro world of life, making it an indispensable part of chemistry
and daily existence.
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