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Physical Changes and Chemical Reactions: A Look
Into the Different Forms of Chemistry in Cleaning

to categorize its divisions. One is

to start with organic and inorganic.
Another would be to begin with physi-
cal changes and chemical reactions.
For cleaning technicians, the physical
change and chemical reaction approach
is preferred due to its inherent ability
to explain detergency and other anom-
alies. To start, let us look at what the
IICRC RI100-2015 — Reference Guide
for Professional Cleaning of Textile
Floor Coverings (IICRC R100-2015)
says about reactions: “A chemical
transformation or change. The interac-
tion of two or more substances to form
a new substance.”’

In chemistry, there are several ways

This divides chemistry into two basic
camps; however, this topic needs a

deeper clarification. Physical changes
are usually about states of matter;
whereas, chemical reactions are about
making new substances.

Next, let’s look at the IICRC R100-
2015 concerning detergency. It says:
“States of matter and polarity are the
foundational concepts that detergency is
based upon. Practical understanding of
these topics is essential.”

A self-evident reason to understand
this concept is also described by the
IICRC R100-2015 when it says: “Non-
solids have innate ease at moving freely;
therefore, some solids will have to be
transformed to another state to have
detergency.”

Now let us look at the definition
of cleaning as defined by the IICRC
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R100-2015: “the purposeful activity of
removing soil from an environment or
surface to reduce damage or harm to
human health, to improve the appear-
ance of the surface being cleaned and
to extend the useful life of that surface.
Cleaning is the process of locating, iden-
tifying, containing, removing, and prop-
erly disposing of unwanted substances
from an environment or material.”

The key words that need close atten-
tion are “removing” and “substances.”
There is a wide variety of substances
with vastly differing levels of adhe-
sion to the associated substrate. Many
substances are effectively removed by
physical changes while others require
a chemical reaction to break them
down. Here we find a misconception:
The effects cleaning products have on
soil have been referred to as “chemical
reactions.”

To understand cleaning and spot
removal, we need to have an understand-
ing of the difference between chemical
reactions (which create new substances)
and physical changes (which create mix-
tures of the original substances). While
the effect of cleaning products on soil
is often said to be a chemical reaction,
often cleaning does not make a new sub-
stance and is more accurately described
as a physical change. At the same time,
various spot removal and dyeing tech-
niques involve chemical reactions.

It is important to note that normally
physical changes are reversible whereas
many chemical reactions are perma-
nent. Physical changes do not chemi-
cally react with the substrate or soil and
hence no energy (e.g., heat, gas, odor,
color or sound) is released or absorbed
during the process. Where the deposi-
tion of a substance onto a substrate has
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involved a chemical reaction, a chemi-
cal reaction will normally be required to
remove it. For example, rust onto metal
or dye onto a fiber.

Now let’s look at the types of physical
changes and chemical reactions.

Types of Physical Changes

Physical changes create a mixture of
the original substances. In the cleaning
process this involves creating a mixture
of cleaning solutions and soil. This
mixture is released from the substrate.

Following are the five key types of
physical changes found in cleaning:

= Suspension occurs when solids are
suspended in a liquid.

e Emulsification enables the mixture of
two immiscible liquids, such as oil in
water.

 Dissolving creates a liquid solution
when a substance homogeneously
mixes into a liquid solvent.

» Absorption happens when a solid
attracts other substances into itself
without changing their state. That
solid is called an absorbent.

 Encapsulation changes substances

into films or crystals.

The effect of physical changes on
fibers, dyes, and protectants is normally
less destructive than the effects of
chemical reactions. These physical
changes represent the function of most
cleaning detergents, including traffic
lane cleaners, extraction detergents,
encapsulating detergents, absorbents,
and some spot removers (e.g., solvent
spotters). They are effective in removing
soil through physical change because
the soil is deposited and attached to
the substrate by physical means. The
primary exception to the rule is the
function of alkalis and acids in removing
soil which has a significant acid or alkali
character and is attached to the substrate
by physical means.

Types of Chemical Reactions

Chemical reactions result in new sub-
stances being created where two or
more atoms (or compounds) combine to
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Synopsis

The physical change and chemical reaction
approach to chemistry is able to explain
detergency and other anomalies. Physical
changes are usually about states of mat-
ter; whereas chemical reactions are about
making new substances. To understand
cleaning and spot removal, it is helpful to
understand the difference between chemi-
cal reactions and physical changes.

Types of Physical Changes

Following are the five key types of physi-
cal changes found in cleaning:

o Suspension occurs when solids are
suspended in a liquid.

o Fmulsification enables the mixture of
two immiscible liquids, such as oil in
water.

e Dissolving creates a liquid solution when
a substance homogeneously mixes into
a liquid solvent.

e Absorption happens when a solid
attracts other substances into itself
without changing their state. That solid
is called an absorbent.

e Encapsulation changes substances into
films or crystals.

Physical changes represent the function
of most cleaning detergents, including
traffic lane cleaners, extraction detergents,
encapsulating detergents, absorbents,
and some spot removers (e.g., solvent
spotters). They are effective in removing
soil through physical change because the
soil is attached to the substrate by physical
means. An exception is the function of
alkalis and acids in removing soil which
has a significant acid or alkali character
and is attached by physical means.

Types of Chemical Reactions

Chemical reactions result in new sub-
stances being created where two or more
atoms or compounds combine to make
a new substance or where a substance
breaks down into two or more individual
atoms or compounds. Two chemical reac-
tions which are important to cleaning
are acid-alkali and reduction-oxidation
(redox) reactions.

Acids and alkalis are substances

which ionize in aqueous solutions to form
hydrogen ions (acids) or hydroxide ions

(alkalis). lonization occurs when molecules
break down into individual ions and exist
separately in an aqueous medium.

When acidic molecules are introduced
into an aqueous solution, the molecules
ionize and the ions exist separately in the
solution. This increases the concentration
of hydrogen ions; we know this as acidity.
The higher the concentration of hydrogen
ions, the stronger the acid. Conversely,
when alkali molecules are introduced
into an aqueous solution, the molecules
ionize and the ions exist separately in the
solution. This increases the concentration
of hydroxide ions; we know this as
alkalinity. The higher the concentration of
hydroxide ions, the stronger the alkali.

When an acid reacts with an alkali in an
aqueous solution, the negative hydroxide
ions readily accept the positive hydrogen
ions and typically result in an aqueous salt.
This reaction between acid and alkali facili-
tates the release of a wide variety of soil.

Reduction-oxidation (redox) reactions
are the transfer of electrons between
reactants. Redox reactions share
similarities with ionic bonding. An
important feature of redox reactions is
that there is a direct transfer of electrons
between the two reactant atoms.

An oxidizer will gain electrons and a
reducer will lose (donate) electrons. In a
redox reaction, an atom such as oxygen will
oxidize another atom, such as iron, by the
transfer of electrons from the iron atom to
the oxygen atom. The oxygen atom which
now has more electrons than protons
becomes a negative ion and conversely
the iron atom becomes a positive ion. This
difference in negative and positive charge
creates a bond (opposites attract) between
the two ions by electronegative forces. In
this case ferric oxide (rust) is created.

It is helpful to know whether cleaning
products create a physical change or a
chemical reaction. Likewiseg, it is helpful to
know whether a dye or stain is the result of
a physical change or a chemical reaction.
The ability to measure a chemical reaction
is advantageous. We measure ionization
using electronic pH meters and redox
using electronic ORP meters.
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make changesa new substance or where
a substance breaks down into two or
more individual atoms (or compounds).
When chemical reactions occur, energy
is involved and thus a chemical reac-
tion may release or absorb heat, make
a sound, create light or a gas. Water is
an easy example of a chemical reaction
to follow. When two hydrogen atoms
and one oxygen atom react they make
a water molecule (H,0) (illustration
below). Molecules are made up of two
or more atoms. Thus two substances,
(hydrogen and oxygen), have become a
new substance, (water).

To understand chemical reactions, we
need to look inside the atom. All atoms
are composed of protons, neutrons and
electrons. Protons and neutrons com-
pose its nucleus and the electrons orbit
in shells around its nucleus. Atoms may
vary by their number of neutrons, but all
variations of a particular element will
have the same number of protons.

When atoms and molecules are in a
normal state, they will have the same
number of protons and electrons (e.g.,
for hydrogen, one proton and one
electron; for helium, two protons and
two electrons). They are thus neutral.
However, in all atoms except the noble
gases, the outer orbiting shell contains
less than eight electrons. All atoms
desire to achieve this eight electron
status like the noble gases. To achieve
this, atoms will:

» Share electrons and form covalent
bonds (most liquid and gas sub-
stances).

Water Molecule (H,0)

* Lose or gain electrons to form ions
which facilitates ionic bonds.

e Share electrons with numerous other
atoms and form metallic bonds
(metals).

In the case of ionic bonds, the atoms
or molecules gain or lose electrons
(ionization), and become ions. lons are
therefore modified versions of the atoms
or molecules. If an atom loses elec-
trons, it becomes a positive ion because
it has more protons than electrons.
Conversely, if an atom accepts electrons
it becomes a negative ion because it has
more electrons than protons. This differ-
ence in positive/negative charge attracts
the ions together (opposites attract) and
they form an ionic bond.

Two chemical reactions which are
important to cleaning are:

» Acid-alkali reactions

» Reduction-oxidation (redox) reactions

Acid-Alkali Reactions

Acids and alkalis are substances which
ionize in aqueous solutions to form
hydrogen ions (in the case of acids) or
hydroxide ions (in the case of alkalis).
The ionization which occurs here is that
the molecules break down into their
individual ions and exist separately in
the aqueous medium.

Acids consist of a hydrogen ion (H*)
which has reacted with a negative ion
such as chlorine (CI). This example com-
bination forms HCI1 (Hydrochloric acid).
Or where two hydrogen ions (H') react
with a sulphate ion (SO, *) sulphuric acid
H,SO, is created. Because the hydrogen
atom consists of a single proton and a
single electron, the hydrogen ion (H*)
is basically a proton and hence acids are
sometimes referred to as proton donors.
When an acidic molecule is introduced
into an aqueous solution, the molecule
ionizes and the ions exist separately in
the aqueous medium. This increases
the concentration of hydrogen ions in
the solution which is what we know as
acidity. The higher the concentration of
hydrogen ions, the stronger the acid.
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Conversely, alkalis consist of a
hydroxide ion (OH") and a positive ion
such as a sodium ion (Na*). This exam-
ple combination forms NaOH (Sodium
Hydroxide or Caustic Soda). When
these molecules are introduced into an
aqueous solution, the molecule ionizes
and the ions exist separately in the aque-
ous medium. This increases the concen-
tration of hydroxide ions in the solution
which is what we know as alkalinity.
The higher the concentration of hydrox-
ide ions the stronger the alkali.

We measure acidity and alkalinity by
measuring the concentration of H* ions
in the aqueous solution using an elec-
tronic pH meter, pH paper or indicator
solution.

When an acid reacts with an alkali
in an aqueous solution, the negative
hydroxide ions readily accept the posi-
tive hydrogen ions and typically results
in an aqueous salt. This reaction between
acid and alkali facilitates the release of
a wide variety of soiling. For example,
uric crystals (alkaline) are dissolved by
an acid spot remover, limescale (alka-
line) is dissolved by an acid cleaner and
kitchen grime (fatty acids) is removed
by an alkaline detergent.

Redox reactions

Redox (reduction-oxidation) reactions
can be defined by the transfer of elec-
trons between reactants. Redox reac-
tions share similarities with ionic bond-
ing except they don’t necessarily occur
between a metal and non-metal. The
other important feature of redox reac-
tions is that there is a direct transfer
of electrons between the two reactant
atoms. As described above, atoms will
gain or lose electrons to achieve eight
electrons in the outer orbiting shell.

An oxidizer will gain electrons to
achieve the eight electron status and a
reducer will lose (donate) electrons. In a
redox reaction, an atom such as oxygen
will oxidize another atom, such as iron,
by the transfer of electrons from the iron
atom to the oxygen atom. The oxygen
atom which now has more electrons
than protons becomes a negative ion
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and conversely the iron atom becomes
a positive ion. And as we described pre-
viously, this difference in negative and
positive charge creates a bond (oppo-
sites attract) between the two ions by
electronegative forces. In this case ferric
oxide (rust) is created.

» Oxidizers gain electrons by means of
reduction. E.g., oxygen is an oxidizer.

» Reducers lose electrons by means of

Redox is measured in volts or milli-
volts (mv) using an ORP meter.

Reducers are often acids, but there
are exceptions. It is important to clarify
a misconception that all reducers are
acids:
= Some newer reducers are soluble only

in alkalis and are thus accelerated

with alkalinity.
« Bleach neutralizers have traditionally
been acidic reducing agents; however,
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 Some red dye stain removers contain
sodium hydrosulphide (a strong acid)
which has been mixed with ammo-
nium hydroxide (an alkaline)

Physical Changes and Chemical
Reactions in Cleaning

It is important for cleaning technicians
to know whether the cleaning products
they are using create a physical change
or a chemical reaction. Likewise, clean-

oxidation. E.g., iron is a reducer.

newer ones are alkaline.

ing technicians need to know whether

AREA pH SOURGE ADDITIONAL ACTION
Spot Less than 3 with color loss | Strong Acid: tollet bowl & tile cleaners, Neutralize with strong alkaline to a pH from 6 to 8.
[HCI] or car battery acid, [H,SO,] or a On nylon, spot dyeing may be difficult if not impos-
rust stain spotter residue sible due to fiber degradation.
Overall 3 to 6 on crossed-dyed Manufacturer’s dye-set Check colorfastness if cleaning with alkalies and
nylon, wool & some leave at original pH after cleaning.
cellulosics
Spot From 3 10 6.0 and crusty Food related Try spotting with an enzyme.
Spot From 3 to 6.0 and darker Beverage related Try spotting with reducing bleach.
than carpet
Overall 4.0105.5 & after cleaning | Excessive use of acid detergents for For natural fibers, this is fine. For synthetics, stronger
synthetic fibers alkaline detergents will need to increase the fiber's
pH to over 7 for detergency to be adequate.
QOverall 6.1 10 6.7 & soiled Typical pH for Soil Typical pH for soil indicating no recent cleaning.
Urine Fresh urine has an acidic Urine Run other tests to confirm urine, i.e., black light &
pH however older urine has moisture. Neutralize to a pH of 6 to 8. If there is
a pH closely linked to that color oss on nylon, spot dyeing may be difficult if
of ammonia at pH 11.3 not impossible.
Spots Between 2 to 4 points lower | Metal cleaners that contain reducing Neutralize with alkaline oxygen bleach to a pH of 7 to
than surrounding carpet agents. 8, and then repair the color.
with color loss
Overall 7.0 &clean Neutral rinse, some low moisture meth- | None
ods are buffered at pH 7.0
Overall 7.3108.0 The carpet has been cleaned, likely with | Check the fluorochemical protection by gently placing
Stain-resist Detergents baby oil on the yarns to see if they bead. Check the
stain-resistance by soaking the yarns in dye for three
minutes and rinsing with tap water.
Overall 811087 HWE with pH 10.0 Detergent Recommend acid rinse in cleaning and checking the
protectants.
Overall 8.8109.2 HWE with High pH Detergent Recommend acid rinse in cleaning. Look for bleeding.
Spot 9.5 & higher with color loss | Oven cleaner or fresh bleach. If there is | Neutralize household bleach with a strong acid
a color loss on nylon or missing yarn on | and/or sodium bisulfite to a pH between 6 & 7. For
wool, the household bleach is the prob- | nylon, consider spot dyeing.
lem. Old household bleach will become
acidic after a couple of weeks.
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a dye or stain is the result of a physi-
cal change or a chemical reaction. This
explains instances of stains coming back
and, if color is lost, it helps us know
whether we can get it back. Chemical
reactions will normally be detectable
using either a pH or ORP meter.

A key example is dye bleeding or
crocking. Describing the difference
between these two has been difficult and
there has been a lack of consistency in
how they have been defined in carpet
versus upholstery. However, if the defi-
nitions are approached with chemical
reactions and physical changes as a foun-
dation, then it can be said that when dye
crocks, it had only a physical bond and
when dye bleeds, a chemical bond has
been broken.

It has been commonly understood by
cleaning technicians that oxidizers and
reducers are bleaches. Bleaches are asso-
ciated with removing color or destroy-
ing dyes and stains. Acids and alkalis
are associated with stabilizing dyes or
causing them to bleed. While gener-
ally true, there are misconceptions here.
Sometimes bleaches stabilize dyes and
acids and alkalis can make them disap-
pear or appear. Two examples of this are:
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* Lignin from plants (cotton, jute) is
soluble in acids, but not in alkalis.
Therefore, cellulosic browning is
removed with acids, but this is a mat-
ter of solubility and no reaction is
involved.

 Indigo dyes are soluble in reducers
but are insoluble in oxidizers.

Consequently, some dye stains can
flip-flop back and forth depending on
what type of solution they are soluble
in. However, many chemical reactions
are not reversible. When a dye stain is
destroyed by a chemical reaction, it will
not return.

It follows that the ability to measure a
chemical reaction is advantageous to the
cleaning technician.

Measuring Chemical Reactions

Measuring pH-: Aqueous ionization
measurements can be made using elec-
tronic pH meters. These meters have
been around for many years and their
productive use has been documented.’
The chart on page 19 will help interpret
the meaning and suggested action based
on the pH value found.

Measuring redox: Likewise, redox mea-
surements are made with electronic ORP
meters. The range of most ORP meters
is between -999 and +999 mv. Nega-
tive numbers indicate reducers; positive
numbers indicate oxidizers.

* Whereas it takes a contrast of 0.3 on
a pH meter to amount to significant
variance, a redox variance of 60 mv is
significant.

* -100 to +100 is virtually neutral in
the same way that pH 6 to 8 is close
enough to neutral for most practical
applications.
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e -100 to +100 mv is indicative of a
mild reducer or oxidizer.

* Less than -450 or over +450 indicates
a strong dye-stain remover.

We will examine stain removal and
redox more closely in a future article.

Summary

It is helpful for cleaning professionals to
be able to distinguish between physical
changes and chemical reactions. Chemi-
cal reactions create new substances
while physical changes do not. Physical
changes are generally reversible.

The proper categories for physi-
cal changes are suspension, emulsi-
fication, dissolving, absorption, and
encapsulation.

Chemical reactions are the result
of either ionization or redox. Acidity/
alkalinity (ionization) and oxidation/
reduction (redox), while related, are
independent of one another. For exam-
ple, to say that all reducers are acceler-
ated by acids is based on an inadequate
understanding of chemistry.

Finally, cleaning professionals will
benefit from a stronger emphasis on
using electronic meters for understand-
ing cleaning histories, stains and when
performing color repair. <
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